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Preface 

The present book contains selected chapters on ten different subjects that were included in 
the Programme of the first Congress of CIB, held in September 1959 in Rotterdam, the 
Netherlands. 

The reports that were presented in advance to the participants in that Congress are all 
included in this book together with concise accounts of the discussions at the Congress. 

The accomplishment of the editorial task by the General Secretariat of CIB has been 
greatly facilitated by the valuable assistance of staff of the British Building Research 
Station and by ttie extensive collaboration of the staff of Bouwcentrum, the Netherlands. 

Thanks may also be expressed to the publislier of the present book whose cooperative 
efforts have been an indispensable element in its completion. 

Rotterdam, July 1961 
J .  G ~ u s  
General Secretary of CIB. 





Introduction 

J. V A N  E T T I N G E R ,  

President of ~ h e  first CIB Cor~grrsr 

In 1959 it fell to me, as President of the International Council for Building Research, 
Studies and Documentation - CIB, to preside at the first Congress of this organization held 
at Rotterdam. 

It is now my great pleasure to introduce this book which may be considered a direct 
result of the said Congress; a great pleasure because 1 am of the opinion that the 44 reports 
which constituted the basis of the Congress and on which the contents of this book are also 
based can bc a valuable contribution to the aim which concerns us all, either consciously 
or unconsciously, the aim to achieve a habitable world. 

Although it is not possible to calculate in an exact way the building consequences, 
involved in the assumption that the world must be habitable for everybody e.g. in the 
year 2000, it seems nevertheless important to fix the order of magnitude in order to throw 
light on the scope of the task to be acconiplished. Calculations, based on certain estimates, 
I have made earlier have brought me to the conclusion that of the 1958 stock of 500 million 
dwellings only 100 million need not be replaced before the year 2000, whcn the need will 
have grown out to 1100 million dwellings. This leaves us with the task to build 1000 million 
dwellings before the year 2000. (From "Towards a Habitable World" by J. van Ettinger, 
published by Elsevier Publishing Company, Ainsterdam, 1960.) 

Obviously a balanced development of our human society cannot be achieved by building 
dwellings alone, but there is a vast additional task with regard to the construction of other 
buildings, such as schools, hospitals, churches, factories, etc., as well as in the domain of 
what might be termed as public works and services. The total volume of building required 
can in ternis of money be estimated a t  2.5 times the required house-building. 

B U I L D I N G  R E S E A R C H  

T o  achieve this aim means a lot of building research, a rational transmission of knowledge 
on the basis of objective, practical and active building documentation. In these respects 
considerable arrears must be made up; it is remarkable to note what a small proportion of 
building output is devoted to building research. Whereas in the aircraft industry for instance 
up to 10 per Cent and in the pharmaceutical industry up to 5 pcr cent of production is 
devoted to research and development, in the sphere of planning, building, housing and 
civil engineering this figure lies between 0.1 and 0.2 per cent in some countries, and in 
inany countries it is even lower or non-existent. Ln these figures no allowance is made, of 
Course, for what is being done in industry in the way of research with respect to specific 
materials that benefit building and other branches of industry. 

If we consider it reasonable that in building and civil engineering I per Cent of the produc- 
tion should be spent on research and development, the capacity of research, docunientation 
and development will, expressed in terms of money, have to grow from 100 million dollars 
which is roughly the amount now spent on this work, to 1.500 million dollars in 1999 *, 

- ~ -  

* 104 building capacity in 1999 equals 3.000 million dollars if the gross investments in building and civil 
engineering are estimated to be 300 milliard dollars in that year. Assuming that 50 per Cent of this amount 
would be spent in industry, 1500 million would correspond to the 100 million dollars mentioned above. 



a n  increase of  fifteen times in a few generations. Especially in  the  first ten years, this 
increase will have to  be very fast t o  enable the rapidly increasing building capacity t o  be  
used t o  maximum effect. 

Apart  from the basic problems. research for  planning, building a n d  civil engineering c a n  
be subdivided in to  three categories. The  first category, which a t  tlie Same time detern-iines 
the manner  in whieh the otlier problems a re  tackled, relates t o  functional research. This  
should be taken as the starting point if it is de\ired to  direct building research t o  the ultimate 
a im:  improvement of the  functioning of o u r  society o n  behalf of  the individual, the  faniily 
and  the con-in-iunity. Here we a re  not interested primarily in the buildings as   such^, bu t  rather  
in the way in which they function. I n  this connection the notions "function" ,arid "funct- 
ioning" should be interpreted in their widest sense. 

T h e  second category that  can  be  distinguislied relates t o  technical research into the 
best possible technical realisation of the functional requirements t o  be  fulfilled by  
buildings. T h e  technical realisation itself involves a nuinbei of small- a n d  Jargescale organi- 
sation probleins, i .r.  management problems. which constitute the third categor:y. All these 
three a re  interdependent. 

B U I L D I N G  D E V E L O P M E N T  

There is little sense in researcli work a s  such if it is not followed by  a direct o r  indirect 
improvement of the product  t o  which the research relates. This  is particularlq difficult in 
the building industry, where s o  inuch uncoordinated activity takes place a n d  unity can  
only be sought  prior t o  production (with the prineipal) and after production (in the finished 
product). 

Many buildings a re  prototypes. whicli a s  a rule a r e  not  followed u p  witli series production. 
There is n o  continuity in the development. 

With complicated production problems n o  improvemeiit of  a n y  kind can be obtained 
quickly witliout systematic development work. 

Systematic developinent work a t  the Same tinie prevents the research work being split 
up  in to  a iiumber of  small \ub-iects which o n  the  face of it would not  appear  t o  be  inter- 
related. Systematic development work therefore leadr to unity in research activities. There 
is never full value frorn extensive developnient work. however, unless standardisation, inass 
production and  repetition a re  accepted. It is only in this waq that  a well thought o u t  develop- 
n-ient cycle can be achieved, wliich can lead t o  ratioiial production a n d  a high living va!ue o f  
o u r  buildings. 

T R A N S M I S S I O N  O F  B U I  L D I N G  K N O W L E D C i E  

There is a n  important iiiatter, however, which must not be overlooked, viz. transmission 
of  knowledge. Without transmission of knowledge rapid development is iinpossible, 
because the right knowledge and  experieiice cannot  then find their way to the right place a t  
the right time. In our  present-day world with its increaring differentiation and specialisation, 
transniission of knowledge is becon-iing nioie and  inore a factor of  importanlie. Without  
exaggeration, the development of  a n  eficient System of  transmission of  knowlledge is o n e  
of  the most iinportant basic problems of  o u r  tin-ie, insepariibly bound  u p  with research and  
developi-i-ient. 

Essentially, transiiiission of  knowledge means bridging the g a p  between science a n d  
practice. 

Already in the national sphere this is a many-sided problem because it implies overcoming 
all kinds of  resistance and  leading the constantly increasing flood of  knowledge into proper  
channels. 

111 the international sphere the additional diificulty is tliat of  overcon-iing differences in 



language and behaviour between nations and differences in behaviour and mode of expres- 
sion between groups. The conclusion has been reached in CIB that realisation of inter- 
national transmission of knowledge involves as main elements: 
a) Unity in presentation: 

methodology, standardisation of formats, refcrcnces, classification, filing and other 
documentation techniques ; 

b) Machinery for organisation: 
a network of information centres working in close cooperation; 

C) Media 
publications as media for the transniission. 

The CIB and especially its former Documentation Section have always paid special 
attention to the problems of efficient transmission of knowledge. 

l t  is for this very reason that I was very happy at the success of the first CIB Congress, 
during whicli the results of many years' intensive research work was presented publicly, 
thus making its start on the road called transmission of kiiowledge. It is for the same reason 
that I introduce this book to you with much pleasure. 

May the knowledge of so many, collected here with so much care, find its way to practice, 
in order that it may bear fruit tliousandfold. 

Rotterdam, May 1961 
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I N T R O D U C T I O N  

Until recently wc badly gauged tlie effects of tl-ie industrial rcvolution oii tlie ti-ansl'orination of 
housing and the consequent changes of social life. Houscs cxpressed, througl-i i.he ages, tlie 
relatioi-i between ii~iture and society: towi-is reflected the functions of tlie social groups and 
their rclatioiis. 

In modern times architects aiid plaiiners are no longer faced only by harinonious arrange- 
inent of clear functioi-is. Cities became nionstcr5, housing shortages disorganked social life. 
Replanning, decentralisatioi.i, new towns in deserts and enorn-ious I-iousing programines 
becaine cveryday tasks. The pressing nature of problems suggested only techiiical rolutions 
to be iinportant. But psycliological disturbanccs in new houses, poorly defined or new req~iire- 
iiients and disquiet about distant consequences oi' plans drawii up liastily nccessitated a 
different approach. Other forn-is of research asserted tliemselves. Not tlie usc of material to 
scrve inan. but man hiii-iself tends to be overlool<ed. Before we house him, wc must ki-iow hin-i. 

This necessity to solve urgent problcms and to forecast tlie future by study in advance 
united architects, engineers and sociologists iiito one team. What arc the results, wl-iiit problems 
are left '? 

We recently published a study on the birtli and developineiit of sociology in housing 1 

and apologise for not referring to inany other works on whicli inforination n-iay be obtained 
from tlie CSTB "aniphlets. 

We mcrely recall tlie first contact bctwecn cxperts at the 1956 CIB Conference in Paris aiid 
tlic second meeting in London, parallel to  the efforts of thc Housing Committcc and of the 
European Bureau of the U.N. Technical Assistance Administration. 

The 1958 study cycle at Skvres, organised with the Frencli Ministry of Health, is such an 
exainple :3. 

Considerable docunientation also resulted from tlic work of related orgaiiisations 4. We 
rcgret that our documentation on various countrics, in pai-ticular Eastern European, is in- 
complete but this gap may bc filled at tliis Congress. With this knowledgc and the zxperinicnts 
our teain followed closely, we try to  define sociology of housing, to dcterrnine inain subjccts 
ünd methods and to give some examples of results. in order to see prospects in this alrnost 
virgin iield. 

In this report we shall not list all tlie work but spotliglit some basic problems to stirnulate a 
discussion. 

T H E  T H E M E S  O F  R E S E A R C H  

Repeatedly we urged towards simultancous study of Iiciusing as an integral part of social lifc 

F(ii~li l lr  H(rhirutiorr, Vol~ime I (Sciences H~iniaines et Conccption de I'Habitation), Works of tlic Social 
Ethnology Gro~ip, Paris, published by the CNRS. 1959. 
Irlforti~(itiors Iirtrrr~ntior~cilcs. in Cahiers d ~ i  CSTB siiice 1956, particularly Nos. 27 and 29. 

" E~iropean St~idy Cycle on thc social aspecls of housirig. United Nations, Geneva, 1958. 
Ho~ising Coniniittee r>i' thc IU F0 Br~isscls. 



aiid oi' interiial social life of the family or faniilie4 in liousing 1. Defining thc civilisation of the 
occupants and the town plan niust prccede plans of dwcllings and, furthermore, studying tlie 
iieeds of liouseholds, their behaviour and their relations to the interior of dwcllings niust 
prccedc tlic toun plan. 

Study of functions is only oiic aspcct of sociology of Iiousing. First needs and aspirations. 
kiniily groups, iieighbourhoods. rclations, structures in rclation to ecoiioiiiic and deniographic 
evolutioii, etc., must be studicd. Through such studies the dcterinination of quantitative and 
qualitative iieeds. forecasts, programines. standards of fioor space, typcs and groups of 
houses, collective facilities, integral wholes, etc.. bccoines possible. 

Tliesc three maior groups of rescarch thcines cari be: 
I. housing and the fainily, 
2. from tlie "small neiglibourhood" to the "integral whole". 
3. liousing in society, thc town and tlic region. 

H O U S I N G  A N D  TtII: F A M I L Y  

Frcnch arcliitects and enginecrs witli whom wc discussed interior layout insist o n  separating 
functions i i i  spacc. taking cithcr day and night (Prieur), parents aiid childrcn (Wogeiiscki) or 
private and comniunal lifc (Pingusson) as tlie main division, but all trying, as Le Coi-busier 
stated. to interrclatc thesc. 

Their remarks contiriii, tliougli only partly, tlic conclusions of our investigations into 
behaviour and wishes of familics in new housing. 

On the oiie hand we niciitioned iiisutlicient knowledge of tlic requirements tlie functioiis 
must satisfy. T'licy still are inadcquately iiiventoriscd, poorly analysed aiid badly gradcd. Their 
variations äccording to social catcgorics and regions are largcly ignored. 

On the otlicr Iiand, tlic analysis of the notion of "function" tlirough the history of function- 
alism. the coiiiparative studics in various cultuics aiid tlie rcceiit investigations in inany 
different typcs of housing. emphasize a dangcrous ainbiguity. Thc word is given too restrictive 
a ineuniiig and too technical a sense, wliicli suppress tlie eiitire frcedoni of thc individual. as if 
we were housing rabbits or rnicc and not huinaii beings. 

A i'aniily's house is not an ordinary nieclianisiii. It forins a colierent wliole, a structure wliich 
should express the structurc of tlie fainily and allow tlie Iiitter to livc in Iiarinony, making 
allowancc not only for tlie function of eacli rneinber at any nioment but also for tlic rolc whicli 
lhe plays in relation to the othei- membcrs. Tlie possibilities of cornmunication between persons 
inust be respccted. It is not siniply a niattcr of beirig logical. practical or utilitarian. 

Tliough functionalisin opencd up new vistas, too iiarrow functionalism can lcad to tecli- 
nically perfect housing which, lhowevcr. docs not suit tlie Iiuinan tenipcramcnt. 

Detailcd research on floor spacc per Person, Tor instance, has taught 11s tliat improveincnt 
of interior layouts only allows a iniiiiinal reduction of standards of dwelling occupaiicy. For a 
particular civilisation thc needs of spacc and its appropriation cannot be limited wliilst 
trying to satisfy other iieeds. 

Nunierous authors attemptcd to inventorise the arisiiig iieeds of housing and 10 show thc 
effects if thcse nccds wcre not satislied (Abrams and Dean. Kennedy. Brockinan). Soinc 
(Kennedy) make an interesting aiialysis of tlie nceds of tlie liusbaiid, wife, children, grand- 
parents aiid domestic sci-vants, but only deal with well-off fainilies, tlie only oncs for wlioin 
suitable Iiousing can be provided today. Others (Abrains and Dcan) dcal witli familics of 
every iiiconie group and the necessity of constant adaptatioii to new requiremcnts and 
structui-es, stressing tlie consequcnces of depressions, clianges of residence, class contlict, etc., 
but their study should bcconipleted by tlie work ofarcliitccis, taking tlicir reiiiarks into account. 

1 cf: Hnhirnlioir <,I C'ie .so<~i~rl<, in Cahizrs   LI CSTB 1956. Vol. 27, and ;il.;o I:<ruiill<, <,I Hnhirtrrioir (op.  
< . i t . i ,  Introduction rind Chapier I I. 



Others (the work oi'the Norwegian group described by Brockinan) gave remarkable descrip- 
tions of family behaviour but did not study its motivations deeply enough. 

Others confine themselves to polls on needs we shall criticise below from the viewpoint of 
methodology. In any case we have enough studies to attei-iipt a useful synthe:jis. Various 
bodies in different countries do this. We do it in Francc together with the "Centre Scientifique 
et Technique du Bitimcnt". 

An excellent stai-ting point for the study of housing needs for families is to observe how 
they organise their space in relation to the planning of their time and budget. The interrelation 
of these problems is oiie reason why it is difficult to get fainilies with different w,ays of life to 
live in the sarne group of dwellings. We have shown that, according to salary, profession and 
the role of the head of the fainily in the production process, monthly or daily rhytlims of 
expenditure vary considerably. 

Siniultaneously the place of housing expenditure and the importance attliched to it vary. 
How can housing Programmes be planned in advance if the finaiicial means of families and 
the importance of housing to them are unkiiown? 

Lack of understanding between specialists is often caused by lack of knowledge of ilie con- 
sequences of variations in livirig standard. It is trite to state that if you are hungiy and warm 
the need for housing is less imperative. l3ut it is difficult to evaluate this need in t:ach country. 
Tlierefore, simultaneous general and detailed study of the econoinic situation is needed. 

TIir clrlturul asl~ect ancl usj~irritions 

The variation in needs is also due to differente in types of culture, in the guiding images to 
which the population is attacl-ied and the trends of thought behind the conception of housing. 
TIiat is why we stressed tlie necessity of ethnological i-esearch and of the history of ideas. 

If this is already important for industrialised regions, what pitfalls beset the unwary who 
draw up housing Programmes for countries described as economically underdeveloped! 
What will be the evolution of the Moslem or the coloured fainily in tall blocks of flats? Must 
one disregard the psychological, emotional and spiritual needs linked to roles and structures? 
Would allowance for these retard necessary changes'? What shocks are caused by lack of 
adaptation of these people to their new liouses'? These cluestions would inipel us to start 
from entirely new bases. 

Instead of studying frustrations and conflicts due to failure to satisfy elementary needs, 
instead of attacliing too much importance to subconscious sexual instincts to explain behaviour, 
we migl-it give real priority to the above-mentioned frustrations of laek of hope and absence of 
anything to live for, which in wealthy countries unbrilance many people more certainly tliaii 
einotional frustratiori in infancy. 

The merit of certain architects, such as Le Corbusier, is to present over-all views which can 
doubtless be criticised but iire, nevertheless, a call to new life. We have not only to study the 
needs of people or their temporary wislies, translated by curt and inaccurate aniiwers to hasty 
questionnaires: we rnust study what they live for. Disillusioned young people have started 
revolutions for no reason at all. If they took part in collective work and felt thetnselves part 
and parcel of their town, if they had tlie opportunity of self-expression and creation in their 
own honies, would they still turn to revolution'! 

Here we return to the freedorn of families and individuals. We were glad to see our efforts 
here reinforced riot only by the architects with wliom we published interviews, but also by 
doctors, such as Dr. Hazemann. who recently dealt at  lengtli with the subject in a series of 
articles 1. 

klowever, for us it is not a question of freeing nian in his hoine from the physical and mental 

1 R. H. HAZEMANN, La Libeite concretc, condition de la Sante physique et mentale. R I J V .  1 1 . 1 ~ .  cf tur;cl. 

.socirilc. VII. 1 (1959) 34-35. 



ills lying in wait for him. We must envisage a freer life in a inore constructive, a more dynarnic 
sense. Architects and sociologists wishing to work togetlier sliould bear that iii mind before 
they start. 

F R O M  1 H E  S M A L L  N F I G I I B O U R H O O D  T 0  T k I E  I N T E G R A L  W H O L E  

We can envisage a free life only by studying faniilies i i i  a larger framework than the tiome 
and by defining steadily increasing entities: such as groups of dwellings, ncighbourhoods, 
districts and to\vns. However, Nie d o  not favour over-rigid definition of categories on thc basis 
of persoiial ideas and beliefs as inore exact studies show tlie errors of plans that overlook these 
needs of regrouping. 

There is no shortage of works by sociologists on  tlic "priniary" o r  "elementary" groups. 
However. i t  is surprising that town planners defining a neighbourhood unit sometimes 
indicate a small number of households and sonietirnes a group uf 10.000 dwellings. 

Both in rural aiid urban areas, groups of houseliolds have tended to h r i i i  a t  local level. 
TIie urban equivalent of the hanilet and its iiiternal tensions is the world of the staircase or  
landing. However. wc riote enormous differentes wliich d o  not deperid on civilisation - the 
phenomenori is universal for villages, but depends on social class in urban environment. 1s the 
"neighbourhood" a lower-class need? Are the classes that free themselves of it and tliat create 
otlier tensions in their relations with both tlie outside world and relations better off? 

It seems with a view to  this freeiiig theinselves that solutions allowing families themselves t o  
choose the neiglibours they would prefer in a fairly large unit would bc thc best. But what are 
tlie bcst of these solutions? Wc caniiot believe that detached or  semi-detaclied houses give 
inorc freedom in urban centres than properly desigiied blocks of tlats ki th generous landings I .  

Tlie few investigations into this subject only allow us to state tliat more research is possible and 
profitable here. 

The  diniensions of a larger living uiiit might appear easier to define. In rural life villages 
- for instance, in France - rarely exceed 1500 iiihabitants without becoming small towns. 
Tlie small urban residential districts studied i i i  working-class areas of large agglomerations 
such a s  Paris varied from 800 t o  2000 iiihabitants. 

In France thc plans of the Ministry of Construction provide for uriits of 200 to 300 house- 
liolds. districts of 800 to 1200 households, "arrondicsements" (rouglily equivalent t o  wards) 
of 1500 t o  2500 households aiid towns of 10.000 households 1 .  But the Programmes d o  not 
make allowance for tlie variation in needs from onc social class to anothcr. Ori tlie otlier hand, 
which of the above units should contain the inain collectivc facilities? T o  answer tliis question 
a deeper knowledge of tlie needs is required. 

What needs Iiave to be satisfied by these provisions? What is the structure of a unit? How 
do rclations tend t o  establisli theniselves betweeii fainilies, and between families aiid singlc 
persons? Whnt are the relations between thc various generations? What is the pyrainid uf 
optiiiiuni ages? What are the relatioris estahlished between tlie different social classes? What 
groups appear spontaneously? What organised groups arc to be expccted? Have the plans for 
housing groups aii answer to all tlie sociül riceds that underlie these questions? Only niethod- 
ical investigations and experimental studies can give tl-ie riglit solutions. In this case, too, these 
studies can be relatively rapid if the researchers have thc nccessary means at their disposal. 

All ~ h e s e  problems recur on a mucli grcater scalc with the regrouping of residential districts 

1 Sec on ihis matter the criticisni which follows of polls which claiin to show that :I hause is always widely 
preferred to n tlat. 





betueen civilisations i n  an age when cultural contacts between the variouc people of tlie world 
occupy a siinilar place, we inust inake tliis effort of ,omprehension to solve technical problems 
in a valid manner. We sliall coiiie back a Iittle later to the subject of rcspecting the Iiberty of thc 
individual and of liuiiiaii groups in our civilisation. 

T H E  M E T H O D S  

We cannot discuss every approach to the foregoiiig themes. We shall, therefore, concentrate 
on housing proper and iieiglibourhood units, i.e. Subjcct I and part of Subjcct 2. 

In every form of research tlie procedure is, progressively, to dcfine in an increasingly exact 
fashioii criteria whose variations caii be discei-ncd. The analysis of thc variables inakes it 
possible in particular to determine thresholds which will give indicatioiis of tlie ineasures to bc 
takeii by thc builders. On tlie othcr lhand, the study of functions and structures and the study 
of thc behaviour patterri of tlie users and its inotiviition will allow us to delinc tlie needs and 
the aspiratioiis with wliich urban housing and towns must comply. 

Tlie extent of tlie problems prevents the exclusive use of inethods peculiar to one branch of 
science. The study of social life in housing is the result of tcamwork by specialists from vaiious 
branches. 011 the othcr hand, if the airn is to ;ichieve precise applications in the sliortest 
possiblc tirrie, we sliall sec that fuiidaniental rcsearch has. nevertheless. to occupy a major 
position in the interests of successivc applications. 

In the first investigations into housing, sociologists set out chiefl y to find tlie opinions of the 
occupants. Useful information has bcen collccted i i i  this way, but nowadays these inass polls 
appear inadequate, for tlie persons questioned reply without beiiig adequately üware of tlic 
inforniation required in answer to the problems being put to them. For instaiice, the preference 
for a house, rioted in various countrics. has no significaiicr as long as the users do not kiiow 
what they can cxpect from flats. In a recent i-iquiry we found tliat a large nuniber of persons 
who had previously expressed the desirc to have a house had. in fact, becn happy in a f at. 
Their true needs, wliich they were unable to formulate clearly, were. in fact, satislied in a 
manner they did not expect. It is nonetheless true that many familics prefer a house, but tlie 
figures of public opinion polls cannot always be directly used. Now that tlie constructioii of 
large blocks of Bats is imperative in many towns. it is essential to review these methods of 
observation seriously. 

We think it necessary that nowadays the opiriion of the population at largc, of  whoni a 
representative saniple was taken (10,000-20.000 houscliolds. in  national inquiries), be sup- 
pleniented by cxpcrimcntal reseai-ch into limited sets of subjects chosen in particular housing 
groups. These few subjects are then studied more deeply, the conditions under which they are 
obseri~ed being supervised more and inore precisely. Such research lias been conducted in 
Britain. Holland, France, Gerinany, the Scandinavian countries, etc. 

More and iilorc it is proving necessary to follow the I~ouseholds stiidied for longer periods 
and possibly to make experiiiients by observing the saine Iiouseliolds before rehousing, jusl 
after rehousing and iwo or three yeai-s later. The construction of groups of dwellings based on 
tlic results of investigations is the best metliod of arriving at an exact check. Tlie Norwegian 
work in tliis respect is ainong tlie rnost advanced research. 

' T H E  I i S ' T I M A I ' I O N  Ot N E L J U S  

Careful study of tlie way of lifc, bchaviour and attitudc of households is a first incans to 
estimate theit needs. Questionnaires taking into account the situation in whicli the households 
are observed sliould bc used and tliai situation inust be dcscribed extciisivcly. TIius a series 
of variables to be relatcd to variables of behaviour and attitudes is collectcd. 

Thc tcrni "sitiiation" denotes tlie place occupicd in professional life, in the financial scale, 



the social classes, the cthnic aiid age groups, etc. Living standards and way of life vary accord- 
ing to  cultural influences and material conditions. 

Behavioural Patterns and attitudes of housel-iolds vary considerably with tl-ie above variables. 
Behaviour towards children. food, neighbourhood. etc., is linked with ways oi' use of the 
dwelliiig and also witli attitude to society and life. 

Sufficiently extensive questionnaires requiring "yes" or "iio" as answers and allowing 
elaborate replies by iriterested parties, and scales permitting precise classificatiori of subjects 
n-iust be used simultaneously. For example, for households who want their rneals in the 
kitclien tlie nceds architects niust satisfy carinot be determined without exact observation of 
social life during the privileged moiiients of these meals. The significance of a meal varies froni 
country to country and from oiie social class to another in one country, but it is easy to 
establish types of households corresponding to types of situations and to base housing pro- 
grammcs on these observations. 

In this research a privileged Part must be given to the study of the relations between the 
plaiining of time and the utilisation of space, to those of economic behaviour (place of housing 
in the family budget and consumption habits) and to those of the social parts played by the 
various n-iembers of the family and of the transforniations of family structure and relations. 

The observatioii of families selected at random in the housing groups must be supplemented 
by researcli into pathological cases. The study of tlie deterioration of beliaviour linked to 
material Iiousing problems has cnabled us largcly to  deterniine tliresholds of floor space arid 
occupancy below wliich one cannot go without almost certainly exposing the occupants to 
serious disturbances. 

Taking these various elen-ients into account, we can list tlie needs inentioried above and we 
can try to see at what morrieiit and in what way the satisiaction of the occupants niariifests 
itself. Beyond the pathological threshold we can then determine the equally importaiit thresh- 
olds of satisfaction. 

Finally, it is also possible to study the aspirations of households, but this can nt:ver simply be 
a matter of asking questions about wishcs regarding facilities. Many questions, often seerning 
irrelevant, enahle investigators to find out the aspirations of households that they cannot always 
express clearly. 

T H I :  D Y N 4 M I C  A N D  E X P E R I M E N T A L  S T U I I Y  

A valid study of the many complex variables requires a call upon the notion of "social 
eiivironment". Bcliaviour and attitudes of individuals or groups are related to a11 elements of 
the social environment in which they exist. Often relations are establislied betwcen variables 
of behaviour and of environment which do not correspond to the questions asked. Choice of 
adequate variables requires a general table that often is drawn up with difficulty. Such a 
table perinits the choice of variables to  be isolated and regrouped. For example, the variable 
of floor space per Person or number of inhabitants per rooii-i can bc isolated with certain 
accuracy and related to another: the degree of satisfaction. But tlie latter niay have a strongcr 
tie to  the variable of soundproofing (see p. 10). 

lndividuals in their environment cannot bc studied witliout observation of their past expe- 
rience and thc inHuence of earlier erivironn-ients. 

The subjects obrerved cannot be situated in a material thrce-dimensional space but must be 
located in a multi-dinieii:ional social space. Siniultaneous allowance niust be niade for the 
position OS subjects in the dwelling or group of dwellings and for social differentes aeparating 
them in terms OS their prejudices, dcgrces of coniprehension and possibilities c~f communica- 
tion. Different uays of life may separate households living closely together materially. 
Nevertheless, layouts of houses and rooms influence social relations and communications. 
Builders should think of the channels of communication and the clianges due to  their plans. 
Though with certain reaervatioiis, the tcchnique of group dynamics can be used for these 
sociometrie ecology studies. So far this researcli lias led to the creation of artificial groups 



and llie cstablisliment of comrnunications. In our casc the usual cnvironment and tlie 
relations of daily lifc arc the major factors. 

Thus active participation of the households obscrved, posing problcms of introduction and 
contacts, is rcquired. Tliis becomes cven more complcx in the experimentation proper, but 
subjects niay bc much more cooperativc if thcy understand the endcavours: of architects and 
sociologists to be of direct usc to thcm and to tlie entire population. 

T H E  E T H I C A L  A S P E C T  

If it is impossible to work effectively without winning the confidence of the households 
concerned, the sociologists assume certain responsibilities in respect to thcm. I t  would be 
dangerous to ask households to Iielp produce solutions contrary to their aspirations. It is 
possible that the econoinic interests of thc builders are inconsistent with those of the users. 
The sociologists inust, tlierefore, contribute towards better understanding betweeii tlie two 
groups. The only correct method is to communicate the results of research to tlie two parties 
siinultaneously. We Iiave already had an opportunity to convince builders of the necessity of 
these measurcs. We do not think tliey have regretted it. 

Another moral problem arises. T o  what extent do  we havc tlie right to make experinienls'? 
I n  fact. every new construction is an e-ipcrimeiit and the systeinatic studies that we must make 
caii even allow experiments in a more favourable sense. However. it is impossible to use the 
results of tlic investigations to facilitate tlie implementation of a political or social reforni of 
which thc population is not aware and which may run against their aspirations. There is thus a 
duty to inform the public so that town planning is envisaged as Iiaving tlic maxiinum possible 
participation of all classes and of representatives of cvery group and trend. 

E X A M P L E S  O F  R E S L I L T S  

What results caii Iieiicefortli bc obtained froin tlic work done? The accounts given by various 
countries in publishcd works and articles sliow very different examplcs, but almost everywherc 
the intcrest aroused by research has inipclled architects. rngineers and builders to usc certain 
data from the investigations of tlie researchers. Tlie papcrs which are to be read at this coiigress 
will give a more cxact idea of the possibilities of practical utilisation. 

For our part, we should merely like to take a fcw very Iimited examplcs relating to various 
studics we have undertaken in recent ycars. 

D I : T I ' R M I N A T I O N  01' T H E  F L O O R - S P A C E  T f l R I . S H O L D  

We havc urged thc importance of detcrniining thresholds for various indices. On. tlie matter 
of occupaiicy (floor space per person or nunibcr of residcnts per room) several cross-check 
invcstigations Iiave allowed us provisionally to suggest two floor-space thresholds which can 
be utilised only in a country like France. These thresholds should bc revised for other areas. 
but tlie principle of dcteriiiination rnay reniain thc same. 

From 3 preliniinary sei-ies of in\iestigations we fouiid that certain forms of bcliaviour of 
parents towards childreii vary signilicantly according to the floor space availüble. We found 
that in houscs that arc too sinall the tension betwccii iiiothcr and children in particular bccanic 
critical bcyond a certain occupancy thresliold. 

Research carried out later by Mrs. Cliombart de Lauwe shows that misbcliaviour of 
children becomes inuch niorc frequent beyoi~d a certain occupancy threshold. 

111 terms of these two sets of research, we Iiavc estimalcd that there was a critical threshold 
of about 8 square nietres per person or 2.3 residcnts per room. 



Dcspite various remarks on tliis matter, we d o  not believe that  a better layout of tlie ground 
plan o r  facilities caii change the critical threshold very mucli, but  investigations made to  da te  
have not yet been very nuiiierous. so tha t  we increly put f'orward these figures as  a workiiig 
hypotliesis requiriiig cliecking. 

In other investigations among fainilies in old dwellings o r  new groups of housiiig, we noticed 
tliat the degree of satisfaction varied very significantly, as might be expected, witli tlie floor 
space pcr person and tliat tlie curves of satisfaction displayed a n  abrupt  chaiige beyond a 
certain thresliold. We tliink tliat we can now locate tliis tliresliold at  approx.  I4 to  I6 Square 
nietres pcr person. But. a s  for  the preceding thresliold, studies inust bc continued t o  arrivc a t  
grcater precisioii. 

This second threshold probably variesalittlemoreaccording t o  the layoutof theground plans 
iind the arrangement of rooms tlian tlie preceding tlircshold. Howevcr. cross-chcckiiig of these 
remarks witli othi'r observations of attitudes and motivations leads us t o  believe that tlie rieed 
for space and  for  adaptatioii of  space niust be considered and tliat a reduction of tlie s tandards 
of Boor space in excliange for a rcarrangcment cif rooiiis may  have grave psycliological and 
sciciological consequenccs. T o  furnisli all the proof required i t  would be neccssary t o  resuiiie 
rescarch into thc need for independence felt by thc individual and groups of persons iiiside 
the dwclling, tlic need for rest and relaxatioii, for external social relations, etc.. a s  we began to  
conduct in groups of new dwellings. 

It sccins that therc a rc  not only lowcr but also upper thresholds in a particular civilisatiori 
and  country, although u p  to  iiow wc Iiavc few clemeiits t o  support this hyp~th~es i s .  We have 
merely found tliat in ovcrspacious dwellings corrcsponding to  the standard of living of very 
well-to-do f:iniilics, the social distances bctwecn tlie members of tlie family were influcnced by 
the material distances and tliat the emotional developinent ofcliildren was affected very badly. 

Consequently, a coinparisoii of tliesc lower arid upper thresholds should facilitate the scarch 
for the optiina to  deterinine thc prograiiimes. Thesc optiina would probably vary in a quite 
distiiict fasliion not oiily from one  country t o  another, but froin one  social clas:; to  another  in 
the saine country. 

S<)MF O T H C K  E S S I I N T I A L S  

During o u r  inquiries we iioted that aniong tlie needs that we brouglit to  the fore ccrtaiii 
other esscntials are now called for  in construction. Of these. we may cite the fclllowing: 

During coinparative rcsearcli embracing three groups of new liousing, we found that,  a s  
inentioncd above, the degrec of satisfaction varied radically wlien the  dwellings wcre sound- 
proofed o r  not. Looking a t  it from another  angle, wc found, as  in iiiany other investigations, 
that noise had c:itastropliic efects  not only o n  nervous fatigue but  also o n  :.ocial relatioiis 
bctween families and witliiii one  family. 

It was possiblc t o  aiialysc the iinportance of iioises in the dwelling. tliose coiniiig from tlie 
flat above beiiig by far tlie inost iiiiportant in oiie of tlie liousing projccts, thosc of tlic pipes 
in another, followed closely by tliose of the flat below, of tlie lifts and of the st;~ircases sliared 
by the flats. 111 tlie only really soundproofed pro-ject tliere wcre only occasioinal coniplaiiits 
about pipcs and lifts. T h e  wliole social life of the project Iiad been transforiiied and,  a special 
point, one of thc maiii objectioiis to  communal liousiiig was now reinoved. 

During the last fcw years in Fraiicc and otlicr countrics. obscrvations have bcen made  oii tlic 



absolute nccessity of developing collective facilities in groups of kiousiiig aiid integral wlioles. 
In the Course of inquiries carried on for some years we, as well as othcr obscrvers (c;f: the studies 
of Houist, Dayre, etc.), contiiiually stress the grave dangers of bringing togetlier large nuiiibers 
of families in groups of housing without giving them certain indispensable nieans. 

In particular, we accentuated the necessity of crkchcs. day nurscries for cliildrcn, preniises 
for youiig people, sports ficlds, playgruunds, guided activities. etc. And, of coursc. with 
greatcr rc;ison, tlie traditional facilities froni the conimercial point of view and from the angle 
of t he social services, etc., must bc provided. 

Collcctive nceds can. just as individual needs in houses, be graded by precise sociological 
studies. T1ie above-mentioncd prograinines of the Ministry of Construction fortunatcly 
iiiclude much morc collective provisions than fornierly. 

The observations cited secni to have been takcn into account. Nevertlicless, much remains 
to bc done to specify the organisational consequenccs in social life of the use of these facilities. 
For exainple, real cfforts to stiidy assistancc for the forrnation of groups and expansion of 
cultural activities of youiig pcople Iiavc becn made. But who are tliey. liow do they form 
groups spontaneously, how do tlieir nceds vary with social class, what do tliey think aiid expect 
of life? We know we are badly informed Iieie. May the studies inade by our team mcinber 
Jcnny soon bring us food for thought liere! It would bc a pity if facilities for young people 
inerely projected thc idcas of older generations on today's youtli, which could itself Iiave 
niade a real coiitribution. 

Facilities for young people being iniportant, tliose for supervision and educatioii of children 
below the age of 14 are even inorc iniportant. In all the housing estates and groups of dwellings 
iii whicli we inade investigations the sanie problein was raised by inost families. If unobtrusive 
supervision arid educatioiial carc, whicli should lead to creatio~i of specialist posts for ad- 
equately traiiied staff, are not taken into consideration. veritable catastrophes threatcn to 
occur. The presencc of a single cliild ~ ~ l i o  inisbchaves may then result in tlie rnisbehaviour of 
iriany others. The rcsult is a systcmatic distrust by families which cannot be overcoinc ris Jong 
as educationists will not give them the necessary guarantccs. Conversely, if supervision and 
cducation arc sufficiently well conceived. we bclicve that tlic childrcn may benefit widely froin 
tlie casicr contacts establishing theinselves in thc groups of dwellings and that thcir einotioiial 
and social development will be bctter tlian if they were isolated. 

SOMI '  T R E N D S  

Otlier csccntialc could be indicated. Meanwhile. we may point out a nuniber of trends 
whicli could niake it possiblc progressively to specify nicasures as iniportant as the pre- 
ceding ones. 

The possibility of cstablishing social relations witli nciglibours is a coiisidcrablc advantage 
PI-ovidcd tllat thc frecst possible clioice of tliese relatioiis caii be niadc. 

So far tlie only solution that appearcd to us to sive satisfaction to the residents of conimunal 
housiiig projects was thr iiiterior street as conccived. for instance, by Le Corbusier. The pos- 
sibility of having tlie front doors of 50 dwellings open oii tlie samc street autoinatically 
eliminates quarrels betwecn residents of tlie sainc landiiig, whilst at ttie saine tiinc rendcring 
possible elective rclations betweeii q~ii te a large group of neighbours. 

But tliese neighbnui~liood probleins reqiiire a much deeper study, sucli as we startcd in our 
last iiivestigatiori. 

Wc arc re-encountering inany problcms raised by research workers i n  other countries. It 
would secni that the layout of flnts inside blocks should really be influcnccd by tlie results of 
tliis work. 



Housing andfaniilj budget 

From quite a difyerent point of view housing Programmes must make allowance for faniily 
means in order to determine the assistance the State must give to houseliolds in cocial classcs 
wliicli cannot entirely meet the cost ofaccommodation. We thus return to the study of thresh- 
olds in connection witli another subject. If we analyse fan-iily budgets and dcfiiie witli close 
precision the various parts of the item "housing", we find tliat below a certain income thresh- 
old families cannot devote a sufficient part of that incorne to Iiousing. Tlie systcrn of housing 
allocation practised in France must be developed furtlier, otherwise dwellings built for less 
weil-to-do farnilies will be occupied by otliers. However, all tlie reniarks niadc a t  the end of 
investigations seem to have been studied sutticiently by the authoi-ities, sinc:c steps Iiave 
receiitly beeil taken to exclude certain income groups from housing built with the aid of State 
grants. But continuation of study for estimating needs and corresponding assistance is 
difficult, as work on family budgets and consumption units has to start again at tl-ie beginning 
for certain aspects. We have already provisionally deterniined a series of thrcsholds, but it 
would be necessary to resuine this research by using new scales of consumption units, since 
the preseiit (the Oxford scale and others) no longer appear to be valid. 

111 various investigations we have studied the role of food in social life of tlic family. In 
France the meal is, in particular for working-class families, the essential moincnt of social 
fainily life. The place of the meal is, tlierefore. fundamental. As investigations of recent years 
sliow, n-iost fainilies dislike tlie kitchen as an integral part of the living-rooin i~nd they often 
build a partition to make a kitchen to take tlieir meals. A sinall separate kitchen (kitchenette) 
niay be eiivisaged if meals can be eaten in the living-room. But the solution requircs material 
coriditions above a certain income thresliold and certain cultural treiids. 

Recently, kitcliens with a dining recess have been proposed. This certainly corresponds to a 
psycho-sociological need, but the transformation of faniily life in a rapid sc~cial cvolution 
requires. with such plans. to facilitate simultaneously tlie cliange from eatiiig in kitcliens to  
eating in living-rooms. Tlius the enlarged kitchen should be so close to the living-room tliat 
changing would not require great effort. 

Here we sl-iare the opinion of certain architects whose preoccupation Ure Iiave notcd to be 
that of anticipating requirements. For there is an educational aspect of iiitertial arrangement 
which must remain of priine iinportance. But we urge that educatioii be based on obscrvations 
so that families have inore awareness of their own aspirations and are given riieiins of satisfying 
these aspirations. 

W I D E R  P R O B L E M S  

These few evamples - unfortunately too few. and described too briefly - illustrate the 
necessity for a general stock-taking of requireinents. The work we started in this direction 
should be compared with sin-iilar work in other regions or countries, so as to make it possible 
to spotliglit thr needs common to various societies and the special needs corresponding to 
certnin cultural trends. 

The satisfaction of these needs may lead to functioiis beiiig determincd more precisely. 
We again stress tlie value of general studies. not only froin the psychological and sociological 
angle, but also on the basis of liistorical data and ethnology. Tlie points of similarity wliich 
we l-iave recently found in the history of functioiialisn-i since ihe 17th centurq, in the study of 
functions in various civilisations and in the study of functioiis in old and iicw dwellings in 
France gives us a greater awareness of the underlying and often bädly exprcssed hypotheses 
whicli form a guidance in the conceiving of plans. The concepts of needs, functions and 
structures require to be discussed. The exchange of ideas which we Iiave h:id with a group 
of architects allows us to see a little inore clearly into this tield. 



T h e  investigatjons which we have recently conducted in the form of interviews with Frarice's 
leading architects could be extended t o  other countries to  bring about  a better understanding 
and to bring to the fore the definitions o n  which it would be possible t o  rcach agrcement. 

C O N C L U S I O N  

At tlie end of this report we return t o  the problem posed at the beginning. O n  the one  Iiand, it 
is possible t o  stipulate the fundamental needs and  the aspirations of tlie population with which 
the nrchitects, engineers and town planners n i u ~ t  comply and,  on the other Iiand, the major  
obstacles nre being defined with increasing clarity. The  fundamental question that continues 
to  be raised is tliat of  the freedom of thc farriily and  the individual in social life. Housing car-i 
play a vital part in this field. 

W e  have spoken elsewhere of liberation ratlier than of freedom, as tlie very detinition of 
freedom could provoke long discussions and,  on occasion, lead t o  a gi-eater lack of  under- 
standing instead of possibilities of coming closer together. Moreover, the idea of a progressive 
liberation of inan from the sliackles tliat impede hiin in social life may be a very certain guide 
fcx town planners who wish t o  benefit humanity. 

The  point a t  issue is, tlierefore, t o  free iiiari from his fetters ratlier than to impose upoii him 
a n  idea of liberty which niay be peculiar t o  one civilisation o r  another. t o  o n e  religion o r  
another o r  t o  one  ideology o r  another. 

W e  have stressed the necessity of working in this way and the need for  extensive research t o  
obtain a general picture rather than special local applications. We believe that basic research, 
detached from any  obligations o r  contacts. is tlic only possibility of arriving a t  this broad 
pict ure. 

Finally, wc should like t o  conclude by emphasizing the  nccessity of defiriing the moral  
conditions in  which this research can take place and by returnirig to  the problems of ethics 
which we posed earlier. A code of  ethics must be drawn up for town planners and tlie rep- 
resentatives of  the social sciences. This would be one of the tasks t o  be solved in collaboration 
by tenms consisting of both researchers and tcchnicians working t o  draw up  plans. 



A practical example of a functional study of housing 
UDC 72 1.001 : 728 (492) 

J .  M E I H L I l Z E N - T E R  B R A A K E  

Horr.veliolrl Coriricil, .4 t l i~ i .~or  ro Boirwc<~~iiriorr ( / / I ( ,  N ~ ~ r l ~ ~ ~ r . l u t r ~ l ~ J  

I n  tlie Netherlands, wherc by early 1959 650.000 dwellings Iiad been built since the Second 
World War, the quantitative aspect of I-iousing was of primary importance, but to prevent 
the creation of vast nurnbers of rapid ly depreciating dwcllings the quality also requircd due 
attcntioii. Tl-iereforc in 1953, at  the initiative of Bouwcentrun-i and of tl-ie Nethcrlands Housc- 
hold Council, the study of thc functional principlcs of housing was initiated under the 
auspiccs of a Study Co~iiicil tl-iat embraces iiumerous authoritics and institutions interested in 
housing and domestic efficiency. 

O R G A N I S A T I O N  O F  T H E  S T U D Y  

The study is guided aiid its results are assesscd and sanctioncd by the Study Council "Func- 
tionnl Principles of the Dwelling", i1-i whicl-i are represented: 

Nethcrlands Housel-iold Council, 
Roman Catholic Institute of Housing, 
Foundation "Good Housing", 
Study Group "Efficicnt House Construction", 
Bond of Nctl-ierlands Arcliitccts (BNA). 
Bouwcentrun-i, 
Ratiobouw, 
Netherlands Institute for Housing and Town Planiiing, 
National Housing Council. 
Agricultural Domestic Science Dcpartn-ient of the Agricultural Univcrbity. 
Research Institute for Public Healtl-i T.N.O. 

A ccntral study group is, as executivc and coordinating body, responsible for the practical 
execution of tl-ie study arid for each of tlie scvcn subjects of study inentioncd bclow a separate 
sub-coriin-iittcc was created. 

The task of tlicse sub-comiiiittecs of experts is primarily to forniulate essential requirements 
for the various functions of housing. Rcpeated discussions on thc notion "essr:ntial requirc- 
rncnts" resulted in the following definition: 

"By 'essential requireinciits' is undcrstood requireinents which arc csscntial for a harmo- 
i-iious dcvcloprnent of thc faniily and thc individual and tlie fulfilmcnt of which ii;, in principlc, 
rcgarded by thc majority of Dutch people as an csseiitial condition for achieving an acceptable 
standard of living and housing from thc material, moral, cultural and social points of vicw." 
This detinition lcaves ample rooiii for diffcrcnt interpretatioii but was found sufliciently clear, 
sincc emphasis was laid on "constants" - gencrally applicable rcquirements - ri-itlier than on 
rcgional or social "variables". 

TI-ic cornplicated organisation witl-i independently operatirig sub-con-imittees tkiat should not 
embark on different roads nccessitated a clearly defined starting point for the study. The 
difficultics encountered initially in this respect werc ovcrcon-ie by the establishment of a spccial 
teaiii responsiblc for con-ipiling rcports. 

Apart from formulating cssential requiremeiits tlie sub-committees Iiad to collect as inuch 



inforiiiation as possible froni literature. Tlius the expericncc of, for exaiiiple, Cornell Univcrsity 
and of Heinmcns Forskningsinstitut in Stockholm was uscd. Finally tlic sub-comniittces 
individually conducted in\lestigatioiis. 

I'his organisation niight appcat t» bc uiiwieldy, but in tlie course of the study i t  bccamc clear 
tliat close collaboration bctwcen experts from widely different spheres was ncccssary. 

T H E  I N V E S T I C A T I O N  

Thr  functional stud~es were not cntirely exhaustive nor liave they been coinpleted as yet: 
for exaiiiple. in tlic tield of job aiialysis and tin-ic and inotion study it  lias not becn f~illy coni- 
prchensivc. 

It was bzlsrd oii orclinary daily actions and moveinents of liousewivcs acting as tcst persons. 

1. working p a r t y  for 

d rawing  up inventory I 
2.1 working p a r t y  for 

preparat ion o f  food. 

etc.  

2 . 2 .  work ing  p a r t y  for 

laundering. e t c .  

2 . 3  working p a r t y  for 
sleeping ,etc.  

Central Study Group 
2.1 working par ty  for 

cleaning. etc 

- 

2 5 working p a r t y  for  menta l  

and physical recreat ion.etc 

technical and publ ic  

h e a l t h  a s p e c t s  

3.2. working p a r t y  for  

vertical t ransport  
- 

Objections can be raised against this iiiethod, but in practicc oiic docs not mcet only "ideal" 
liousewives pcrforniing "idcal" actioiis and movemciits. Adaptation of layout and cquipmei-it 
of a dwclling to ideal actions and movrments would probably nccessitate an instruction booklct 
or physical training i n  order to perform these ideal actions. 

However. application of job analysis to hnusiiig would allow a grcat deal of iinprovemeiit. 
l'he investigation was carried out as follows. First the desidcrata and coniplaints u r  ilie 

housewives were ascertairied by a general preliininary incluiry i i i  1954. 
It becainc evident froin this tentative inquiry that tlie probleni of storagc in tlic dwclling is 

of great importancc. Therefore. an inquiry was conducted among 2000 Iio~iscwives iii 1955 to 
obtain exact inforination oii the invcntory of Dutcti dwellings, which cauld be used as ;L 
starting point for dctermining tlie Storage space aiid ilie essential furniturc reqliired in tlic 
dwclling. 



The inquiry was carried out with five cxisting inquiry groups of 400 housewives of the 
Household Council of the Netherlaiids, *liich had already been used for this type of work. 
All tlie national uoinen's organisations engaged in furthering the welfare of women in the 
doniestic sphere are represeiited in the Houschold Council of the Nettierlands, which aims a t :  

(a) The promotion. in the geiieral iiiterests, of efficient housekeeping: 
(b)  Tlie representation and safcguarding of consuiners' interests and honie intercsts with 

government institutions, scieritific institutions, trade and industry. 
More than 500,000 fainilies are thus relatcd to the Houseliold Council. 
111 1953 thc Household Council uiidertook the formation of inquiry groups to be able to 

test the opinions of Dutch liouscwives. Thc Netherlaiids Foundation for Statistics furnished 
the basic information required foi- the composition of the inquiry groups. By means of 
advertisements in the journals of woinen's associations and announcements 011 the radio it 
was possible to enlist the cooperation of a large number of Dutcli liousewives. Thus fike 
inquiry groups each of 400 housewives were forined. Each group represented as closely as 
possible tlie characteristic features uf Dutcli Iiouseliolds of two or niore persons and the groups 
had to reflcct four aspects of the Dutcli peoplc: 

(a) Distribution according to province and sizc of municipality: 
(b)  Size of fainily; 

(C)  Religion of tlie menibers of the family; 
(d) Profession or occupatiori of the rnenibcrs of tlie family (iiidication of the social 

status). 
Thc exteiit to whicli the inquiry groups arc represcntative of tlie Dutcli people must 

be coinmented upoii. 
Tlic groups uere coniposed on a basis of koluntary participation, which iriiplies that the 

niore active Iiousewi~es werc represented foremost. TIiis. liowcver. niay have h:id a favourable 
cffcct on thc quality of the answcrs io qucstionnaircs and it was an advnntagc that use was 
made of tlie opinions of tliese moi-e coiiscietitious houscwivcs. 

Tlie inquiry was conducted by correbpondence. 
It proved necessary to subdividc the inventory into groups of articles. For this purpose tlie 

division into subjccts of study discussed (p. 20) later in this report, was observed as mucli 
as possible. 

The bureau of the Household Council, in collaboration with the Central Study Group and 
thc appropriate sub-coininittees, cornpiled a qucstionnaire for each inquiry group, stating a 
series of articles associated with the subject of study. As the inquiry groups were practically 
idcntical iii size and coniposition, i t  was possiblc to obtain froni each grolrp informatioii about 
part of the iiiventory. 

A single questionnaire was submitted to two different inquiry groups, th~ i s  providing an 
opportunity to check the results of the groups agaiiist each other. 

E X A M P L E  

Parts of U yua\tionrlaire u.vrcl./ur tlze i txp i r j ,  to rstahlisli t lw i~7sentnr~~ ~j 'd~l~el1 i~ ig.v NI thp Nelher- 
1untl.s 

Explanatory notes to the questions conceriiirig the kitchcri inventory. 
Please read this explanation caret'ully before Iilling in tlie qucstionnaire 

C O M I ' I  t T l N C i  T H L  Q U t S T I O N N A I K t  

YOLI will find qciite a nuniber o f  ~irticlcs in  the list which y o ~ i  probably do not possess ;it  all. We should be 
glad i f  y o ~ i  would mention those articles which yoci havc tu store and iiot the articles wliicli you should like 
to possess. We ure probably causiiig you a littlc ~ r c ~ ~ i b l c  with thc pans, etc., but in order to  give us the right 
itlea about tIie space requircd to  store these ~itensils we iiiust ask you to nieasure thc diariieter o f  your largest 
paiis and to fill in the riumber of  a certain size in the relevant colunin. 

If yvu possess any articles not incntioned i i i  the list, please statc these articlcs i n  ihc blaiik sprice provided 
i'or this purpose. 





Fig. I .  Pliotographs of a tesl persori to deteriuine reaching height. 

Fig. 2. Photograph for the dctcrriiinatioii uf the space reqliircd for using a washing niachirie 

Fig. 3. Photograph Sor the deterinination of the length «f Storage space reqliired for six pnns and a niilk hoiler. 
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degree of flexibility. which can be achicved by adoptirig standard diinensions whenever possible. 
Pliotographs were made of the articles to be storcd togetlier in a single storage space. froni 
which tlie required dimensions of the storage space could be read off (Fig. 3). 

Tliis metliod of measuring relates solely to the eleinents, but it  was also necessary to establish 
the spatial consequeiiccs of combinations of elements. To this end a iiuinber of combincd 
arrangements were set up, among others. of kitchens and of laundering equipment, an efor t  
being made to acliieve tlie inost efficient "production line". 

These arrangenients also allowed overlapping of work space, circulation space, etc., to be 
determined. Tlie investigatioii was not extended beyond this coinbination of elcnients into 
certain arrangcnicnts. N o  floor plans of the rooins wert drawn. 

P R O V U C T I O N  LINF. FOR PRl iPARATION O F  FOO11, COOKINC; A N D  t:ATING 

Water Water Crockery Crockery 
Detcrgeiits Provisioiis Provisions Ciitlery 
Refiise disposril Equipment Equipnient 

Pans 

Purchasing 0 
Storing Cooking Serving Cleaning 

E a t ~ n g  

Diagra171 of artions ancl rcquiret71ent.v 

Acrioti 5 

Cleaninq 
I Preparing Cooking Serving 

7, " 

In the preccding section reference was made to the photographing of actions, articles, etc. 

+ 

This niethod was adopted partly for practical reasons and partly with the object of producing 
convincing material. Thcre is nothing new in ineasuriiig tlie spacc required for various pieces 
of furniture and apparatus, which is clearly illustratcd by the well-known standard work 
"Baiientu'urfslehre" by Neufert. Nor is therc anything ncu in tlie photographing of a house- 
wife working at tlie drainboard. However. a more convincing result is undoubtedly obtained 
by photographing a lhousewife at the drainboard in such a way tliat the diinciisions can be read 
from the background and the Roor than by making an artist's drawing of a woman at thc 
drainboard witll tlic dimensions written i n  or by photographing her witliout indication of 
d imensions. 

Tlie aids used for photographing are very simple. viz. an L-shaped rack with one sidc of 2 in 
and one of 3 m and witti a Iieight of 2.40 m, divided into 10 cni squares, a number of Roor 

+ -  

slabs divided in10 squares and further a nuinbcr of slielves likewiae divided into squares 
and of different sizes, which can be mounted against the rack and are adjustable in Iieight. 

A L  1, AL 



D I V I S I O N  I N T O  S U B J E C T S  O F  S T U D Y  

As the functions in a duelling are highly divergent, tlie study has becn dicided up iiito a number 
of subjects, which together form a series with a ccrtain relationship. Purchasing of food, 
storage of provisions, preparütioii of food, cooking, boiling, etc., sercing, eating, wasl~ing-up, 
and storage of leibt-overs constitute, for example. a series. The subjects heat~ng, lighting, 
ventilation, sun protection, etc., exhibit a certain relationship. Thc study is divided into the 
fc)ll«wiiig subjects: 

I .  preparation of food. cooking, eating; 
2. washing. drying, ironing, mending; 
3. sleeping, dressing, personal hygiene, baby care and nursing tlie sick in the home; 
4. cleaning and riiaintenance, with respect to clioice of materials and finish of floors. walls 

and ceilings: 
5. liousing requirements with respect to mental aiid physical recreation and acticities; 
6. physico-teclinical and sanitary requirenients; 
7. vertical transport. 
Final reports oii tlie first five subjects are available i r i  English arid in Dutch. Tlie study of 

anotlier subject has been completcd but the results havc not yet been published, while work is 
still in Progress on tlie last subject. viz. vertical transport in the home. 

The subjects ofstudy more or less overlap one another. TIie purchasing of foodstuffs suggests 
the tradesman's problem in multistorey buildings and thus the probleni of  vei-tical transport. 
Eating usually takes place at a table which can also be used for sewing, mending and playing 
ganies. If the bedroom is lieated, it can also be used for study, etc. 

The reports have not been contined to concrete data but also contain an account of the 
backgrounds involced, so as to provide insight into tlie "process" referred to earlier. The object 
is that the architect can thus inake a proper choice from the various solutions. 

S O M E  R E S L I L T S  O F  T H E  S T l J D Y  

D I M E N S I O N S  f O R  A V A R I E T Y  O F  P U K P O S E S  

The reports contain dimensions for the storage space required in a dwelling - indeed a 
novelty - diniensions and arrangements for laundering and kitchen equipment, dimensions 
for the Iieight of cupboard shelves in connection with accessibility, dimensions of tlie space 
required in front of a bed to bc able to make it and sweep underneath it, working heights for 
drainboard. sink and kitchen cooker,dimensions for the arrangernent of furniture in living-room 
and bedroom, data conccrning thc desirable location of rooms with respect to one another. etc. 

Exarlll~le 

Part of a guidc with diinensions for elements of the kitchen. 

Drainboard witli a double sink: 
Length double sink . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65 cni 

drainboard betwecii sink and cooking nppnratus . . . . . . . . . . .  100 c n ~  
drainboard on the otlier side . . . . . . . . . . . . . . . . . . . . .  60 cni 

total 225 cni 
General data on storage space: 
Heiglit of shelves for articles: 
(a) not required very often . . . . . . . . . . . . . . . . . . . . . . .  max. 185 cm 
(b) often requircd . . . . . . . . . . . . . . . . . . . . . . . . . . .  niax. 170 cm 

Distance bctween underside of cabinets and work surface of drainboard . . niin. 35 cin 
Depth of cabinets above drainboard . . . . . . . . . . . . . . . . . . .  30 cin 
etc. 



B A C K G R O U N D S  

The reports also contain the backgrounds involved. This can be illustrated with the following 
passage frorn tlie report on "Housing Requirements with respect to mental and physical 
recreatioii and activitics", in wliich the point is raised tliat each member of the farnily should 
have a rooni of his own: 

Wlien disciissing the requjrcments for  activity and rccrcation of each meniber of the faniily it was found 
that, in addition to  the common living space, the infant, the school-going child and  the adolescent, as well a s  
the h~isband and in some cases also the wife, should have a domain of their own, thus in many cases a room 
of their own. 

F o r  the yolinger childrcn a sharcd room is more acceyitable than for the older chjldren, who can hardly do 
witho~it  a room of their own. Hence, it is a first rcquirement for the habitability of the dwelling that ctie 
bedroonis should also be suitablc for dwelling purposes. This irnplies that a not too  expensive interniittent 
heating js indispensable. 

To provide efficient solutions fo r  this will prove to  be one of the most serioiis problems. A further inves- 
tigation hill have to  be carried out to establish the most suitahle form of heating for this plirpose: central 
heating. gns heating, etc. For vcry large faniilies it will not be neccssary to  provide a separate room for each 
member of the family in view of thc grcater llexibility which a fainily of this type presenis. 

This passage sliows that tlie results of this study are not made to  measure. It is not sufficient 
just to  copy the data furnished. They musl be interpreted in the right way and an effort mlist 
be made to find new combinations and the required degree of flexibility, like at the exhibition 
"Everyman's home of tomorrow". in whicli a group of young architects under the direction 
of W. van Tijen have realised the requirenients and desiderata presented by the results of the 
study as far as possible. 

In this flat a clear distinction has been niade between bedrooms and living-rooms, ari attempt 
hitherto only inacie i r i  tlie single-faniily house (living-rooms on the ground floor and bedrooms 
ori the floor above). This advantage of the single-family house has now also been introduced 
for flats. Tlie multi-purpose room,which is conimonly provided in many countries and has 
inore tliai~ proved its value, has been realised in this dwelling in the form of a play corridor. 
Togetlier witli the cliildren's bedrooms tliis space is a cliildren's dornain witli many possibilities, 
while, inoreover, it provides excelleiit iiisulation between tlie living-room and the kitclien on 
the onc hand, and the children's bedroom on the otlier. 

Another point in tliis conncction is that in the reports oii the study i t  is recommended that 
an effort should be rnade to reduce the noise level in tlie dwelling botli by the application of 
sound-absorbing materials and by a proper arrangenient of the rooms (e.g. no bedrooms next 
to a common staircase). 

In a way the design of "Everyman's home of tomorrow" caii be regardcd as one of tlie 
results of the study. Howe\~er. it should only be regarded as a typical idea and it is not yet a 
Prototype to  be put jnto production (Fig. 4). 

Another result of the way in which the study was organised is to bring the housewife into 
thc picture in a very early stage. even before the architect starts on his design. Information 
beconies available on the point of view of the User of the dwelling, even though tliis does not 
provide anything definite about the desiderata of tlic individual future occupant. 

C O N T I N U A T I O N  A N D  P E R S P E C T I V E S  

A milestone has been reached with the publication of thc reports and with the realisation of tlie 
results of the study in "Everyman's home of toniorrow", but the end of the road has certainly 
not yet been rcachcd. In fact, it is opeii to question whetlier there is an  end to this road at  all. 
The great mobility of our society and tlie rapid Progress in eiigineering alone make it necessary 
to  revise and supplement tlie reports frequently. There are yet a iiuniber of other aspects 
which nccessitate continuation of tlie study. 

The reiults of the  study should find their way into building practice not only as regards tlie 



Fig. 4. "Everynian's home of t » i i l ~ r r ~ ~ " .  

diincrisioiis of the kitchen equipmcnt or of thc laundcring fiicilities, but especially as  regards 
the "backgrounds". It will bc necessary, tlierefore, t o  dcvelop a prototypc of "Everyiiian's 
home of tomorrow", of which thc costs permit large-scale realisation on bchalf of low-cost 
housing. 

Thc  standard of "Everymaii's Home" could iiot be obtaincd on a large scale cven riow. Thc 
thousands of premium dwellings produced in the Netlicrlands could well be "Everyrnan's 
Hoines" as  regards area and finish without involving any  dificulties froiii tlie Iinancial point of 
view. For the broader sections of the population, Iiowever, tlicy are still too expensive. Consid- 
ering thc dcvclopnient of low-cost housing in recent decades, there is no doubt  that in tlie near 
future there will be a general deniand backed by the necessary funds for a dwellirig of the 
"Everynian's Home" type. The  present dwellings u i th  a total floor space of from '70 to 90 m2 
at a price of DR 20,000 indicate tliat we are no longer so very far reriioved from tlie standard 
"Everyinan's Home", wliich has a floor space of approx. 100 rn2. This will ccrtainly necessitate 
budgct clianges. but I believe tliat tlie need for efficient Iiousing will bc so generally felt tlial 
people will be preparcd to make the riecessary sacrifices. Apart from developing a prototype, 



it will be  necessary to  devote closer attention t o  numerous other problems. It is essential tha t  
the insight should be  both deepened a n d  widened. Some attempts in this direction have already 
been niade. A study is being made, for  example, of the dimensions and  layout of  cupboards, 
deepening the basic knowledge of Storage space hitherto acquired. 7 h e  widening of  tlie scope 
of the study is illustrated by the work recently taken in hand on the development of housing 
accommodation for independent persons. S o  far the study has been confined to dwellings fo r  
the family. 

W O M E N ' S  A D V I S O R Y  C O M M I T T E E S  

T h e  idea of  bringing the housewife, thus the user of the dwelling. into the picture is quite a new 
feature for functional studies. Tha t  this is certainly not the only way in which the Dutch 
housewife can exercise her influence in the sphere of housc building, since "Women's Advisory 
Committees for  House Building" have been set up  in a number of Dutch municipalities. T h e  
task of  these committees is t o  assess house-building plans froni the point of view of the house- 
wife, to  suggest improvements and ,  in some cases, t o  institute inquiries into and make a study 
of, for example, the establisliment of central laundry facilities in a new neighbourhood. 

In some towns such committees were set u p  on tlie initiative of  lady members of  the town 
council, by a federatiori of women's associations o r  by tlie mayor and  councillors of  the  
municipality concerned. T h e  methods adopted by the committees for the performance of their 
task also vary from town to town. Generally, tlie procedure followed is that the women's 
advisory committees receive municipal house-building plans for low-rent o r  premium-built 
liousingor siniilar plans of building societies for assessment and subsequent discussion with the 
architect concerned or  with a technical oficial. It is no doubt  very desirable that the members 
of the various advisory committees should perform their task as  expertly as  possible a n d  it is 
expected that the study "Functional Principles of the Dwelling" will also constitute a valuable 
contribution in this respect. It is satisfactory to  note that study days have been organised for 
the women's advisory committees a t  which the functional studies and the design of "Every- 
man's home of tomorrow" are  explained and tliat it is intended t o  organise more meetings o f  
this type in the future. 

A R C H I T E C T U R E  A N D  F C I N C T I O N A L  S T U D I E S  

In conclusion, it will be worth while t o  devote some attention t o  a point which has been the 
subject of numerous discussions: naniely, tlie relationship between architecture and function- 
alism. 

In the Netherlands the functional study has been applied for a number of specific reasons. 
The  labour market,  tlie shortage of materials aiid. in fact, the whole of the economic and social 
life made  it essential in the postwar years for the government to  play a very active part in 
house building. 

T h e  efforts of tlie government were not confined to increasing the production of  Iiouses to  
the fullest possible extent. The  quality also had to be of a n  acceptable standard. 

Qualitative requirements were combined with the financing scheines and the licensing 
policy, but these requirements are  based o n  a kind of gencral opinion of what is and  what is 
not acceptable. which is not exactly an objective yardstick. Therefore, the requirements were 
subject t o  a fair amount  offluctuation and were adapted t o  circumstances and  to the pessimistic 
o r  optimistic expectations of the moment. The  architect was confronted with different "stand- 
ards" all the time and ineach individual case he had t o  make allowance for different regulations. 
Functional studies of  tlie dwelling give the "standards" a steadier character. This does not in 
a n y  way iinply that the studies must immediately be raised to  the level of standards. In various 
respects the level indicated as  desirable is at present still too  high for tlie Netherlands, although 
not entirely unattainable. The  functional studies, however. indicate a level which can be used 



to test the level indicated by tlie authorities and to draw attention to the points which require 
improvement. 

We have touched on the subject of the practical policy of Dutch housing. It is worth while to 
revert to a fundamental aspect of the problem. The architect is expected to habe insight into 
the "processes", i.e. the actions, functions, etc., which will ultimately have to be performed in 
the building. As a dwelling is a place where it sliould be possible to cook and eat, bring up 
children, receive ~isi tors,  sleep. study, listen to the radio, watch television and nurse the sick, 
tliis "process" of living in a dwelling is more complicated than would appear a t  first sight. 

Mr. H. B. J. Witte, former Minister of Housing and Building of the Netherlands. once said: 
"Tlie building of a dwelling is still regarded too much as a fairly simple matter, of which the 
problematics can be intuitively sensed by any architect and any principal. We havecertainly 
not yet advanced that far. Tlie dwelling is an extrernely cornplicated mechanisrri. It is at once 
a hotcl, a restaurant. a church, a cafk, a place of recreation, a workshop, a laundry. a children's 
playground, a study, etc. It is very difficult to establish a harmonious relationship between all 
t hese things." 

In view of tlie importance of all these varying functions it is essential that they sliould be 
performed in a proper manner. The layout of the dwelling should not determine what functions 
can or cannot be perforrned and it should not be left to the occupants to adapt thernselves to the 
dwellings as well as possible. The object of the functional studies is to turn this state of affairs 
the other way round. 

Tlie first thing to be done is to formulate tlie requireinents of the family and the individual 
members of the family and only then can the layout of the dwelling be laid down on the 
strength of these requirements. Therefore, the functional studies give the architect insight into 
tlie process and provide him with fundamental data for his design. 
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As this report inay serve both as a contribution for the CIB Congress and as a basis for a 
study by the "Conseil Sup6rieur" of the "lnstitut National du Logement" of Belgium. its 
title might, in line with the latter study, better read: lntroduction to the study on standard 
specifications and norms of location of living quarters, dwellings. etc. 

Since this study may lead to legislation. not only social but also human and economic 
aspects must be scrutinised, and the variety of interwoven factors can hardly be dealt with 
separately. 

The author, not being a sociologist, will gladly leave it to that profession to judge the in-ipor- 
tance of his findings. He takes the viewpoint of the town planner and thus the study corresponds 
with the particular mission of l-iis Institute to help prepare laws that fix location standards. 

This report presents general thoughts, studies existing conditions, develops a synthesis, 
derivcs principles, and concludes witli a progranime aiined at their application. 

L O C A T I O N  O F  D W E L L I N G S  

The problenl of developing housing projects is as many-sided and as interestingas thefunctions 
such development is based upon. Towns were built to nleet military, administrative, religious, 
cultural and commercial nccds. Smaller concentrations were based on needs of land cultivation. 
Sometimes sites were even selected by chance. 

The rliythm in the composition of townships is tl-iat of fortune and misfortune, of epidemics 
and cataclysms. of whims and capriccs of nien. There is no balance between the needs of the 
population and their satisfaction. since these needs develop with civilisation itself and with 
tecl-inical Progress. If the latter slows down a balance may be struck by accepting a certain 
amount of mediocrity. 

But the advent of the machine upset everything. The various forms of exchange soared with 
the invention of railways, telegraph, telephone. automobiles, planes, radio. TV, etc., and 
civilization obtained an entirely new substructure. 

Also the inilitary world changed. Dispersion of units superseded concentration and towns 
with a military function lost their rui .~on d'efre. 

The cornplexity of life cornpelled States to take an interest in niany problems and the 
political and administrative functions of towns changed accordingly. 

Also tht: cultural and educational function changed. Separate university towns are no longer 
created. Institutes of learning are scattered over a wide arca in line with the tendency toward 
democratization of learning. 

The crcation of cominercial concentrations today is seldom based solely on the cornmercial 
functions. Fairs are being organised cverywliere since modern transport brings both goods 
and customers, and old traditional markets beconle less important. This scattering over a wide 
area is also found in the rcligious sector. 

The niachine entirely changed the agricultural sector and introduced a great exodus of 
people. 

Siinultaneously with these changcs thc character of tht: town itself altered. The industrial 
function largely dominates the other functions and has led to great agglomerations. Furtl-ier- 





it may go and they may either be ~cattered widely or concenti-ated in large towns. Location 
of industries now depends largely on the will of man, provided that certain geographical 
requirernents are niet. It appears that there were no rules or regulations and that "chance" 
played a prcdominant rule. 

That is why Belgium, like other countrics, lias a highly industrialiscd capital that pro- 
vides an important consumption market, that lies in the centre of a road systern conccntrated 
on the capital and that includes facilities for transport of a labour force at rates well below 
cost pricc. 

We may conclude that the era of industrialisation has known two great epochs: that of the 
concentration of the indiistry on sites where raw materialc were available, when man came to 
tlie place of einployment, and that of industrial concentration totally free from any rule or 
rcgulation, without any consideration of human requircments and needs. In both cascs it was 
the economic fiinction which was the dccisive factor in determining urbanisatioii. 

P R E S E N T - D A Y  C O N D I T I O N S  

The analysis of the situation thus created in the towns will be carried out along the lines 
of the main components of urbanisation, which are, according to thc Chartci- of Athens, 
dwelling, work, recreation (off hours) and circulation. And, in addition. educatiori 2nd 
enlightenment. 

L I V I K G  Q U A R T E R S  

The sites selected for agglomerations do not always incet the niinimuni requiremcnts. 
Often an industrial establishment and a housing project are jarnmed together in a narrow 
valley which industry renders unsuitable to inhabit. 'lhis is the cace with tlic Liege industrial 
agglomeration, which crowds tlie Meuse valley. Often. the niarshy nature of certain regions, 
such as the vdlcy of tlie lower Haine, is accentuated by the cxploitation of coal mines. This 
equally applies to the coal basins of the Province of Limburg and certain Ruhrdistricts. I i i  

other cascs, the sites selectcd for building housing projects do not meet the ncccssary require- 
nlents of geography, orientation, hydrology, etc. Industrial plants neai-ly always cocxist with 
living quarters. and this is why coriditions in those areas are bound to be insalubrious. Sizes 
of towns seldom result from human decision, but iiistcad froin a bundle of forccs which arc 
eitlicr bcyond human control or with which Inan has no wish to interfere. 

This explains how monstrous urban concentrations with millions of inhabitants came into 
being, hotbeds for all sorts of sociological problems: ruiining of public scrviccs at proliibitivc 
cost, undue slowncss and operational cost of urban transport, abnormally low birth rate, 
juvenilc delinquency, increase of neurophysiological accidents, etc. Thcse agglomerations 
develop at tlie expense of tlie rural areas. which sufer froin the very reverse evils, i.'. from 
underpopulation which, in turn. is the reason of insufficient pliblic facilities, in  particular 
with regard to cultural aspects. leisurc time and transport facilitics. 

It is for the sociologists to gauge the drawbacks just mentioned and to provide town planncrs 
and town builders with such norins for urban and rural popiilation as inay appcar justiiied 
in tlie circumstances. 

As a rule, density of living quarters in urban districts is excessive. This, of coiirse, Opens tlie 
way to evils such as pliysical insalubrity. inoral and pliysical diseases. lack of urban equiprnenl 
and, conseqiiently, of social contacts. It is also up to the sociologists to set norn-is and stai~dards 
for urban density. 

In this connection it must be pointcd out that insufficient density of living quartcrs sliould 
also be avoided. In cascs such as these, rational public facilities are barred owing to prohibitive 
cost; hence liiiman contacts will bc too scarcc to creatc a cornmunity. Ai~other aspect not to be 
overlooked regards the integration of immigrants into a homogeneous community. R. Duo- 
castella studies the phcnomenon of adaptation of a population immigrated into the city of 



Mataro, Spain 1. He Stresses in particular the regrouping of immigrants district by disti-ict 
and even street by street. according to their geographical origins; ihia, of Course, adversely 
affects adaptation. 

Similar facts have been ascertained in various towns of the Borinage coal-mining district, 
wliere Flemish miners have settled. In this coiinectioii, the power of a certain population to 
assimilatz populations immigrating froni other regions or other countries shoulti be assessed. 
I n  Belgium, this problem is coniparatively urgent owing to the large-scale inirnigration of 
foreign labour into the various Belgian coal-mining districts. Here is yet another task for the 
sociologist. 

Particularly where localisation of livirig quarters is being considered, tlie fact should be 
stressed that, since these dwellings are built with a view to providing slieltcr for many decades 
to come, their natural force of inertia strongly wilhstands both the desirable intrinsic adaptations 
and the practical application of new techniques to newly constructed houses; rhis applies to  
tlie general adop~ion and practice of such iiew techniques, to the geography atid equipnient 
of such modern living quarters, and tinally to the use of new materials. 

Assuniing a constant density of population in tlie Course of time and a 100-year expccted 
life-time of dwellings, 50'1„ of the population would have to live in houses of at least 50 years 
of age, whilst 75";; would be put up in livirig quarters of rnore than 25 years oT age; in other 
words, in houses constructed by the previous generations. In the light orthese facts, the delayed 
adaptation of dnellings to new needs and particularly to new possibilities, is obvious. 

The overwhelmirig majority of houses is uncomfortable for want of essential and elementary 
equipinent and facilities. The gencral census of the Kingdom at December 31, 1947, reveals 
tlial oiily 7 "„ of tlie dwelliiigs in Belgium are equipped with a bathroom. 

Tlie comnion systein of building houses closely bordering roads and streets is a source of 
considerable incoiivenieiices and complaints owing to noise. dust and traffic dangers. Not 
infrequently, entire blocks of houses are of such narrow construction that insa.lubrity is com- 
pletely irretrievable. 

Public facilities are ill-distributed. owing to  the circunistance that urbanisation was entirely 
left to the initiative of speculators. Consequently. communications between residential areas 
arid other town districts ai-e insufficicnt aiid. moreover, dangerous, owing to unavoidable 
crossirigs of niain roads, Iiigliways, etc. 

Lastly, apart from a very considerable riuinber of uncomfortable buildings which niight be 
described as "pre-insalubrious", there are further large numbers of badly insalubrious houses 
that should be evacuated and demolished. The number of these may be rated at 200,000, i.e. 
approximately 6.;, of tlie Belgian total. As a rule. tllese slum dwellings are agglomerated in 
rows or blocks. 

L A I 3 O U R  A N V  T H E  KI:I.ATIONS H E T W E E N  L A H O l J R  A N D  L I V I N C i  Q U A R T E R S  

Mostly tlie placc of employment is either too near to, or too far froni tlie worker's home. 
The inconveniences due to distance stand to reason. Norietlieless, it should be worth while 
for sociologists to examine the consequences on the morality and careers of children by a 
prolonged absence from home of the head of tlie family. 

Tlie iniportance of tlie distance between liviiig quarters and place ol' einploynicnt is 
eniphasized in the following statistical tables, which niairily refer to thc situation of miners. 

( I )  According to the census of 1947, Tablc I sliows for the Borinage districii, town by town, 
tlie origiii of workeri, tlie site wherc the town's inliabitants are employed and tlie number of 
woi-kei-s travelling more tliaii one hour to reach their work. 

(2) Table I 1  shows for the miriing areas Borinage, Ceritre, Charleroi. Liege and Campine, 
the origin of miners employed in the colleries at June 30, 1953 '. 

(3) Table 111 sliows. for all ininers working ii i  Belgium, the distance tietween place of 

I Po~~rrlr/iorr, Jaiiiiary, 1957. 
Particulars taken from ihc dociinientary records of the Office National du Placement et du ChGiiiüge. 



employnient and living quarters in each coal-mining district. These data were compiled as a 
result of an investigation carried out in 1958 by means of an inquiry supervised by the Institut 
National de Statistique (National Board for Statistics), acting on instructions of the European 
Coal and Steel Community (C.E.C.A.). 

(4) Table IV. from the Same source of information, shows the details of distances in terms 
of time between the place of employment aiid the living quarters for all miners working in 
Belgium. 

(5) Table V, also from the samc source of information, shows how often miners working in 
Belgium return home in average. 

(6) Table VI, published by the European Coal aiid Steel Coinmunity (C.E.C.A.), shows 
travelling tirnes of more than one hour performed by miners and workers in the iron industry 
of the afliliated nations (1958 census). 

(7) According to the 1947 census, Table VII shows the origin of the woiking population in 
the Brussels urban and suburban districts. 

T A B L E  1 

Persoli.s worhiirg in tlic, ~~iroiicipolit.i, 
-- -~ - ~ 

Comi~ig 
. frorn 

Comilrg oictsirlo 
TOtu  f io i i l  t/le ~ I T P  

Mu~ric~ipulit i<~s cOtni'X ' o r i ~ u c  ' " Bori~rugc," 
fronl ~ ~ I I c I / / ~ I ~ ~ /  U I I ~ I  

rlvrwliere in colr tn i~~ I ) r r u~c~ l l i i ~g  
clt leust 
one liour 

- -~ 

I 2 3 

Bernissart 
Boussu 
Ciply 
Cuesnie~ 
Dnur 
Elouges 
Eugies 
FIknil 
Frameries 
Ghlin 
Harchies 
Harniignies 
Hautrage 
Hensics 
Hernii 
Hyon 
Jemappcs 
La Bo~iveric 
M 011s 
Nimy 
Paturages 
Quaregnon 
Quievrain 
St-Ghislairi 
Tertre 
Thulin 
Warquignies 
Wasnies 
WasmiiEl 

Total 

Persons lirilzg itl the n ~ u ~ i i r ~ j ~ u l i t y  

Workitrg 
Workitlg orrtsicle tlie 

in or " Borinuge " 
a~it.si</e the crnd 
nru~~icip(i l- or~tsicle tlie I n  tru i~ellirrg 
it.v hl,t " Boriiiuge" Froiice 

U /  /<'u.F~ 
t l lr 

(tot<//) 
olle 1101ir 

" Boril la~e" ( i ~ r c ~ l i ~ ~ l e d  
itl colr~lnll 5 )  

4 5 6 7 



Antwerp 
Maliiies 
Turnhciut 
Briissels 
Lo~ iva in  
Nivelles 
Br~iggc 
Courtrai 
Dixmiide 
Furnes 
Ostend 
Ro~i lc rs  
Thielt 
Y pres 
Ghent 
Alost 
Audeiiai.de 
Ecrlo 
St. Nicolas 
Tcrinunde 
M o n s  
Ath 
Charleroi 
Soigilics 
Thuin 
Touri iai 
Liege 
HUY 
Vcrvicrs 
Warcmine 
Nai~~ci i .  
Dii iant 
Philippeville 
Hassel t 
Mascyck 
Tongrcs 
Bastogiie 
Marche 
Virton 

T A B L E  III 

L>ISrAN<:t. IN Khl 13ETWtl.N PLACl <)P WOIIK A N D  IIFSl[>tNC'E POK MINI WOKKERS IN BELGIUM 

(Investication by nieans o f  inquiry undertaken by tlie High Authority of the Europeiiii Coal and Steel 
Commiinity i n  1958) 

Charleroi 626 21 3 77 17 27 6 Y66 

Centre 323 1 1 1  36 10 17 5 502 

Borinage 362 126 40 18 52 6 604 

Total: Mine 2246 705 492 168 20 1 4 1 3853 
iiidustrics (58 3 '„) (18.3"„) (128" „ )  (44'„)  (5 Zn,,) (1 6"„) 



IIISTANCE IN Tlh lE  B t T W t E N  P L A C F  OF W O R K  AN11 KtSll)FNCt FUK MlNL WOKKERS IN HE1 G I U M  

(Iiivestigatioii hy  meaiis «f  iiiyiiiry iindertaken iii I958 h y  ihe High A~it l ior i ty of ihe E~iropeaii Coal and 
Sieel Coii i~l i i i i i i ty) 

Cainpine Total 
Belgiaii 
Italiaii 
Others 

-- 

Liege Total 
Belgiaii 
ltalian 
Others 

Charleroi Total 
Belgian 
Italidil 
Others 

Centre Total 
0elgi;iii 
Iialiaii 
Others 

Boriiiage Total 
Belgian 
ltalian 
Oiliers 

Total 

Belgiaii 
Italiaii 
Others 

From these statistical tables it appcars that inovements of workers to and troni tlie places 
of employrnent aie estreinely considei-able. Sorne of tliesc peoplc have to frice iiicredibly long. 
strenuous arid expensive trips to reach thcir placc of eniploymcnt. 

These facts are due to industrial conccntration, and are particularly striking where workcrs 
and employees in the Brussels urban arid suburban districts are concerned. No doubt the 
reasons in tliis particular case havc their origin in  the industrial concentration bcing of niore 
recent date in tliis area. as a result of wliich workers and eniployees had no opportunity of 
settling down in liviiig quarters close to tlieir places of employment. It is. nioreover. not 
unlikely that the high cost of houses, flats, etc., availablc for sale or to let is suficient reason 
to these people to kecp on living in their own district. where lowcr housing charges coinpcnsatc 
for the cost and inconveniences resulting from tlie unavoidablc trip to and from work. Thesc 
lower chargcs are accounted for by the decreasing deinand for living quarters in rural arcas, 
due to thc rural euodus. Whilst eniploynient is transfcrred to other regions, tlic perennial 
cliaractcr of real estate causcs reiitals and purcliase prices to declinc to eiisurc continuity of 
occupation. 

Whilst trips between the industrial agglonieration and the hintcrland are considcrablc, 
tliose inade witliin the geographical liniits of the industrial centre are far froni bcing negligible, 
the less so as the agglonieration coinprises large numbers of inhabitants. Studies have revealcd 
the serious character of this travelling probleni. reacliiiig the conclusion that a decrease of 
population in these ccntres is imperative. 

The sociologist faces thc task of linding and establisliing limits to thc density of population 
and to areas of urban agglomerations wliicli should not bc exceedcd. Tlie town plailner will 



T A B L E  V 

FREQUENCY OF I l t T U R N  T 0  THE t A M I L Y  OF M l N t  WORKERS IN BELGIUM 

(Investigation by means of i n q ~ i i r y  ~indertaken by the High Authority lor the European Coal and Steel 
Community in 1958) 

A rcw Ntr~icinulit I '  
Evrr,v clu,. 01rcr per 01rce pcr M o ~ ~ t h l y  ot 111 Total 

ivrrh fortii~~qht r r / u r l  h o I i ( l u ~ ~  

Cainpinc Total 
Belgidn 
Itdlian 
O t h e ~  

Liege Total 
Belgian 
ltalian 
Otheri 

Charleroi Total 
Belgian 
ltalian 
Others 

Centrc Total 
Belgiali 
ltalian 
Otliers 

Boriiidgc Total 
Belgian 
1tali:iri 
Other\ 

- 

Total 

P 

Coal mine industriei 
Belgian 
Italiaii 
Otheri 

have to  suggest appropriate mearis of action with a view to confining o r  t o  reducing industrial 
centres t o  these limits. 

C U L T U R A L ,  A N D  R E C R E A T I O N A L  A S P E C T S  

Considered from the cultural and recreational angle, the deficiency of built-up areas  is 
particularly striking in rural dictricts. T h e  exodus t o  wliich these districts are subjected is not 
a n  improvement. 

The  situation is particularly serious for  scliooling, whatever the  level. Conditions for  
primary education are unfavourable owing to the shortage of pupils. Sccondary schools a re  
difficult to  enter. 

The  "Institut National d u  Logenient" has delimited the areas covered by the activities of 
evening schools for technical tuition. From this m a p  it appears that vast areas hiive insufficient 
ineans of  communication witti these institutes. 

Movemerits i n  the field of  culture are  equally scarce and unsatisfactory in rural districts. 
Lack of  equipnient is the barrier that impedes Progress in this field. T h e  Same applies t o  sport- 
ing facilities. General use of T V  receivers is n o  more than a n  insufficient expedient, the cultural 
value of whicti is very questionable and  even far from Iiarinless. 

Generally speaking, recreational equipment and  possibilities iri most cities a re  insufficient. 
City-development due  to  private enterprice reinained free from any niuntcipal control. 



T A B L E  V1 

ULIMBEI< OF W O R K L R S  OF T H E  C ( I U N l ' l < l t S  OF T H E  kUI<OPEAN COAL AN11 S l E E L  COhlMUNlTY W H 0  L l V t  A T  A 

TIlAVtL.LINCi DISTANCt OF MORE T H 4 N  O N E  HOUR FllOM ' T H t l R  P L A C t  OF WORK. 

(Iiivrsiigation by means of iiiquiry ~indertakeii in 1958 hy the High Authority of the Europeaii Coal aiid 
Steel Conim~inity) 

-- 
~ .~ -~ 

Germaiiy 23.7 of 551. 1 ;.C,. 4.3 ":, 12.5 of 276.6 ;.P. 4.5 Y,: 
Belyi~im 17.7 of 154.2 ;.P. 1 1.5 " ,  6.9 of 5 1.5 i.p. 13.4 "C 
France 7.2 of 209.2 ;.V. 3.5 :'„ 6.1 of 164.2 i .r. 3.7";, 
Italy 0.5 of 5.6 i . ~ .  8.9"„ 4.7 of 53.4 ;.V. 8.8", 
Luxemburg 1.8 of 20 i.1,. 9<'; 
The Neihcrlaiids 2.5 O S  55.6 i . ~ .  4.5 I:;, 1.4 of 7.9 i.e. 17.8?;, 

T A R L E  VII 

WORKING POPULATION IN T H F  HRUSSELS AGGL~OMEKATION ACCOI<[lING 1.0 OI<I<;INAL BOIIOUGI4S (1947 < . t ~ ~ i l S )  

OriL?i/rol horo~rgli Nir~irhrr Or i~gi~inl  huror~,ph N I I I I I ~ < , ~  

Antwcrp 
Malines 
Turnhout 

Brussels L 

Louvain 
Nivelles 

Bruggc 
Dixniude 
Y prcs 
Courtrai 
Ostend 
Rij~ilers 
Thicll 
F~iriies 

Alost 
Teriiiondr 
Eckloo 
Ghent 
A~idena rde 
St. Nicolas 

Atli 
Charleroi 

M 011.; 
Soignies 
Thuin 
To~iriiai 

H'Jy 
Likgc 
Vcrviers 
Warcirime 

Hasselt 
Maaseik 
Tongrei 

Arlon 
Bastociie 
Marche-en-Famennc 
Ne~ifchitea~i 
Virlon 

Dinant 
Nnmiir 
Philippevillc 

1087 I Total 
3161 I 

I Populatioii living in the borough of Br~issels outside the agglomeration of Br~issels. 

Municipal authorities proved iiicapable of coinpelling speculative oprrlltors to provide 
sufficient green areas and free ground for recreatiorial purposes. No interference Iias come 
from goverriment officials; indeed, legislation up to 1945 was silent in matters of territorial 
development. 

Whilst municipalities did i r i  fact impose on coritractors the obligation of coristructing 
roads and sewers, they have on oiily rare occasioris shown sonie interest i n  matters of collec- 
tive property in the cultural, social and recreatioiial fields. They have neglected this problem 
by sheer ignorance, wliilst, on  the other hand, the absence of any legislatiori ori towri planning 
was the cause of similar carelessiiess at govcrnment level. In consequence of this situation, 
coriditioris of recreational facilities in industrial centres are deplorable. The Charleroi district 
coritains 36 hectares of public parks for a population of 450.000, which means ayproxi- 



niately I sq. yd. per inhabilant. The situation in otlier aggloineratiuris is Iiardly better, 
if at all. 

As regards the recreational czntres, leisure time organisation calls for the creation of 
adecluate equipment. 

Both the autliorities and private enterprise have an important task to fulfill in this Reld. 
Tliey should undertake to organise tl-ie creation of social centres for relaxation, recreation 
and cultural development in all districts of coinparatively sufficient importance. These centres 
should be erected in the inliiiediate vicinity of tlie agglornerations, in preservcd parks casily 
accessible to the public; any such parks should becoiiie municipal trust pioperties. Ariy 
urban agglomerations wliich still have this kind of natural resources on tlieir outskirts - tliis 
applies in particular to the forests of tlie Charleroi and Liege districts - should make it a point 
of duty to prekent speculators froni being a constant menacc to these nat~iral riches, tlie 
perennial character of which should be ensured. initially by way of deeree and at a later stage 
by converting it inlo inunicipal trust property. 

At the time of horse-powered traction, there was no real objection to  tlie buildirig of houses 
closely alongside traffic roads. No\vadays things are quite different. Streets 2nd roads are a 
nuisance to inhabitants. Fast and dense ear trafic is a source of niany incoriveriienccs of 
safety, hygiene and comfort. Hygienists are engaged in nieasuring tlie ill-effect. of traffic noise 
and exhaust gas air pollution on tlie human organisni. Conclusions will have to be drawn 
froni these investigations with a view to ehtablisliing tlie standards of distancs to be kept up 
between niain traffic roads and living quarters alongsidc these. The niain road, taken as  a 
basis for tlie location of a group of dwellings, should not cause any nuisance 1.0 tlie residents. 
It should be kept fully apart from these living quarters without, however, being too distant 
for easy transport at the lowest possible cost. This is a matter of appropriate proportions, 
which the town planncr knows best how to deline. 

C O N C L U S I O N S  

The situation ol'living quarters brielly dcscribed here and considered oii its intriiisic inerits and 
its relations to wurk, to cultural ünd recreatioiial equipinent and to traffic roads, may be 
synihesized as follows: 

(1) Thc absence of any rules and regulations in matters of industrial Icication is noted, 
heiice the inipossibility to coordinate the econoniic developinent of a district and the location 
of living quarters. 

(2) The site of certain urban concentrations does not nieet the material requireinerits of 
location. 

(3) Living quarters sutfer from tlie close viciniiy of industry. 
. (4) Towns and industrial cenires ai-e overcrowded whilst rural districts are underpopulated. 

(5) Densiiy of living quarters is often too high, sometimes too low. 
(6) Public facilities are ill-distributed. 
(7) Ancient town planning and the age of houses are the main causes of discomfort in 

niany living quarters. 
(8) The nuniber of insalubrious living quarters is considerable. 
(9) Long and strenuous trips to and froni work are inflicted on a considerablc iiunibcr of 

workers. 
(10) Cultur;ll and recreational facilities are inadequate, particularly in rural districts 
( I  I) Recreational facilities in cities are insuficient wherc green areas lind free ground, 

popular relaxation ceritres and accessible niunicipal reserves are concerned. 
(12) Traffic causcs serious inconveniences, whether from the angles of safety, Iiygieiie or 

conifort. 



The sociological rcsponse to the situation of living quarters has been discloscd and explaincd 
in thc coursc of the pr-cceding paragraphs. Studies, invcstigations aiid research are to be carried 
out by sociologists, and this work should be done in  association with the studics of norms aiid 
standards for the location of living quarters. 

L O C A T I O N  O F  L I V I N G  Q U A R T E R S  

Thc principles tliat sliould be applied with a view to laying down norms and standards for the 
location of living quarters are founded on thc hypothcsis that tlie econoniic devclopmen~ aiid 
dcmographic evolution of a certain area arc closcly associated and interwovcn; Iieiice, tlie 
location of living quarters calls for tlie regulation of iiidustrial location. 

U K A F T  O F  PKINC1I 'LI :S 

( I )  lndustrial locatioii shall not be chosen Iiaphazardly, but shall instead be subjccted to 
rules aiid regulations commanding tlie developinent of the national territory, conditional on 
the dernographic needs of eacli individual district, on the needs for eiiiployinent of tlie popula- 
tion arid on the iiecessity to use the existing liviiig quarters. In this connection, tlicse various 
factors shall be investigated on a long-terrn basis.1 

(2) Fluidity of labour shall be ensured by adequate meaiis of transport interconnecting tlie 
rcsideritial areas witli tlie iiidustrial sites. 

(3) Tlie riglit to work shall be coupled with tlie freedom of choicc, materializing as a rcsult 
of plurality of industries in each region. 

(4) Carc shall be taken thal the critical point of urban congestion never be exceeded. 
( 5 )  The rural population, i.0. thc population living on the produce of agriculture and 

associated enterprises. sliall be inixed - to the extent of the needs for providing common 
facilitics - with an urban population to be employed in carcfully selected rui-al-urban centres. 

(6) Tlie national sclienic for development lays down the importance and the evolutioii of 
population in each district. tlie volume and tlic employment, the means of transport, tlie 
collectivc cquipment of national and regional interest and tlie reserved natural sites and parks. 

(7) Each region shall be provided with a scheme for development dcfiniiig the network of 
communications and the zoning conditional on the general iiistructions held in thc national 
scheme. 

(8) Each niuiiicipality shall adopt the scheme for development laid down for tlie area under 
its control, particularly in respect of tlie insalubrious districts to be rcstored to sound living 
conditions, of the districts to be reb~iilt or to be ncwly creatcd. 

W O R K I N G  P L A N  A N D  P R A C T I C A L  A P P L I C A T I O N  O F  

P R O G R A M  R I E S  

The Institut National du Logement (National Housing Board) suggests the following working 
plan for thc st~idy of these probleins. 

( I )  Elaborate study of tlic existing situation, pai-ticularly with regard to the followiiig 
subjects: (a) Relations betwecn ernployrnerit and liviiig quartei-s, per district ; frequcncy of trips 
to aiid froin work. distünces, duratioi~ and cvst oT these: influeiice of this travelling on the 
workcr's productivity; how does tlie absence froin home of the head of family affect the 
farnily life? (b) Relations between living cluarters and secondary. high and technical schools. 
(C) Needs for work in areas with undcr-employineiit. 

(2) Study of maximum sizes of the great urban centrcs: population. surface areas, dcnsity. 
Criteria of congestion and overcrowding. 

(3) Study of tlie ininimuni distribution of rural population. both in quantity and in density. 

1 I r i  the Octobcr, 1951, issi~e of Popiilrrtio~~. R. Ziegel proposes thc ssttii ig at E~ i rv l i ea i i  lcvel of the rules 
comi i ianding indi istr ial settle:iieiit ai id pop i~ la l io i i .  



(4) Study of criteria to be enforced on creating ne- urban concentrations: figures of 
population, origiii of this population, time schedule, collective equipment a r ~ d  cominunity 
spirit. 

(5) Study of criteria to be applied in inatters of receptivity of inhabited built-iip areas where 
inimigration and distribution of industrial population are concerned. 

(6) Establisliing of noriiis for industrial location and for thc location of living quarters; 
application of ihese standards to the study of building programmes. 

(7) Study of the legislation to be proposed in connection with the national scheme for 
development and town planning. 

(8) Propositions dealing with the rules and regulations corninariding industr-ial location as 
scheduled by the national scheme for development arid town planning, with the methods of 
application of these i-ules. and with the adniinistrative machinery best suited to achieve this 
industrial location; propositions concerning interdictions. assistance provided by the State 
and obligations. 

(9) Propositions dealing with the materializing of building programmes, whether carried 
out by private enterprise or  by public enterprise, dealirig also with the kind of organisation 
capable of carrying out these programnies and, Iinally, witli tlie policy to be adopted in 
matters of land and real estate. 

(10) Study of urban renewal: inethods for material and sociological investig;itinns, proposi- 
tions concerning financial assistance granted by the State to municipalities carrying oul ilieir 
own restoring and renovation. Problems of re-designing the structures of satelljte cities and 
neighbouring units will be studied with a particular view to living quarters. 



Housing design based on furniture and functional 
studies ULK 721.01 I.2 

A. D. R A S M U S S E N  A N D  F. V E D E L - P E T E R S E N  

Architeci.~, Natiorrai Institi~tr .fur Biiilrlirrfi Re.~rarrh (Deirr~7urk) 

Housing represents a considerable amount of society's aniassed investments. Therefore it is of 
great importance that the most is made of thc nieans which are at its disposal. In recent 
years a lot of work has been done on rationalization of the building industry, a niatter often 
simply regarded as a teclinological one or, in other words, a problem of liow to use more 
economic materials and constructions aiid time-saving work methods. Tlie fact that rational- 
ization or increase of productivity is not only a question of rational production methods is 
largely ignored. It seeins to be forgotten that productivity, roughly speaking, is the usable 
valuc of tlie product in proportion to the productive power spent. A higher productivity may 
just as well be gained by increasing the usable value of the product as by decreasing the 
contribution of productive power. In the case of housing this line of thought needs careful 
investigation. It is necessary to establish whether or not the usable value of the dwelling is as 
high as we can at present make it. and also if we can show ways of incrcasing the value of the 
dwelling witliout having to increase the contribution of productive power or introduce more 
inaterials, more working hours, or increase the area of the dwelling. The main task of housing 
research niust be to ascertain the factors whicli decide the usable value of the dwelling and 
through investigations to decide on those proposals which ensure a high iisable value. Re- 
search work should be carried out continuously in order to  ensure that recommendations and 
other design data correspond to tlie changes in conditions and in this way do not discourage 
development. 

The work in recent years on housing research at the Danish National Institute of Building 
Research Iias been aimed at establishing a practical useful tool for the designing architects. 
By nieans of this tool the designers can avoid a great number of the niany mistakes and 
ornissions which are found even in the Latest schenies through some preliminary studies of 
plan types. This work has been inainly concerned with the plan solutions of tlie dwelling 
whereas research into practical detail solutions - the housewife's gadgets as well as more 
sociological research into the cultural Pattern of certain layers of populations - has been 
purposely avoided. 

This choice of subjcct was partly due to tw« factors. Firstly. tlie problem of planning of the 
dwelling was the most important at the time and, secondly. these investigations were expectcd 
quickly to give results suitable for publication. By researchinto what is demanded of dwellings 
it Iias been found that there are some elementary and quite general demands which should 
be fulfilled by all normal family dwellings. These demands can fairly easily be stipulated as 
standards to be used hy the designers. First of all, space must be allowed for the normal 
fuiictions: the members of the family must be ablc to sleep. work, eat, wash. etc. Also the 
dwelling must be planned so that each individual has the opportunity of being with other 
memhers of the family and of being alone. 

In order to satisfy the above-mentioncd functions, the dwelling must be planned with ample 
space for furniture and installations, including spacc for the use of these things. 

The usable value of the dwelling cannot be measured by its size alone, because the dimensions 
and planning of each room determine to a great extent the possibilities of furnishing. Room 
area alone is not sufficicnt. I t  must be possible to use it conveniently. Tlie lengths of the walls, 
the position of windows and doors are critical to the efficiency of the dwelling and must, 



therefore, be deterinined on the basis of standards for tlie position of furnitiire. l'he basis for 
setting standards of furnishing is laid in the following way. First, by investigations into 
dwelling an exact knowledge is acquired of what type of furniture the tenants possess. tlie size 
of cach article and how eacli piece of furniture is placed and used. Secondly, this knowledge is 
compared with the demand of space for each article of furniture, based on its function, and an 
analysis of the furiiiture on tlie market. Standards for furnishing do not aini to  dictate how 
to place the furniture in a certain dwelliiig. but makc sure that there are one or inore ways of 
placing the most comnion types of furniture. 

lnquiries into the use of the dwelling have shown that one type of dwelling is used i n  
several different ways. not oiily when the families arc coniposed differeiitly, but also when they 
are, broadly speakii-ig. the same in number, scx and agc. For exainple, tlie sarne type of room 
may by different faiiiilies be used for parerits, for children or for dining. It is, therefore, very 
important that tlie standards for thc furnisliing of each room of the dwelling are worked out 
in a way to allour for several different types of furnishing. In this way there is a better chance oT 
satisfying tlie present and tlie future families' dernands during tlie often very long Span of 
life of the building. This demand for the possibility of clianging furniture in certain rooms. 
when needed, creates a certain relationship of dimensions of a range of furiiit~ire, furniture 
groups and free areas desirable. A coordination of dimensions and tlie required Roor areas of 
furniture - possibly by deciding on a furniture rnodule or certain preferred diinensions of 
furniture itcms and groups of itcms - will not necessarily Iiave to be tied to tht building n~odule. 
For instance. different wall thicki-iesses will caiise the room dimensions to be non-inodular. 

To coinply wiili the deniands of the furnishing of individual rooins is not sufficient to 
ensure an appropriaie utilization of tlie dwelling. The wrong interrelationship of rooins will 

Fig. I. Two Rats from ho~ising rstatcs built recently in Cupenhageii. Both flats habe ;in area oT 74 ni?, 
incliiding balcony, and thcrefore the biiildiiig Force Tor each is approximately the saiiie. However, there i:, a 
coiisidcrablc dimcrence i r i  the iisablc valiie ohtained with the recluircrneiits o f  an ordiiiary frimily in  view. 
The Hat oi i  the Icft has three roums, all with acceis i'rorn thc eiitrance lohby, and iiiay be fiiriiished with foiir 
beds. Thc fint on thc right Iias oiily two rooins ond orily one po\sihle bed position, not coiinting tlic liviiig- 

rooni. Thiis thc eficioicy o f  thc Hat on the left is essentiall>, higher, both iii area and cost. 

Fig. 2. Two childreri's bcdroo~iis each »C 10 in?. The rooin »ii the righi 
I Iias diinensions enahliiig the beds to be placed end to ciid and is, therefore, 

the riiurt: ~iscfi i l .  



often result in the dwelling's use being unsuitable to the particular demands of the occuparits. 
This has bccn demonstraterl by investigations of dwellirigs with different layouts. The inves- 
tigations have been ainied niainly at conipariiig two types of plan: one in which theentrance 
lobby gives access to all rooins, arid tlie other in wliich one or more roorns have their only 
access through the living-room. It is found that the usable value is far greater in the first case. 
Aiiiongst other advantages the direct access to the room from the lobby gives greater freedom 
of choice in different uses of the room. Proposals for the access conditions of a dwelling must, 
tlierefore, first of all inake the demand that all habitable rooms in normal types of dwelling 
should be entered from the entrancc lobby or its adjacent Passage. In particular, no bedroom 
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Fig. 3. Exaniples of proposed rurnishing arrangenients. On the right the group of furniturc thc living-room 
niust contain i s  shown. The dotted scluarcs beside the furnit~ire indicate the areas neccssary for passage in 
the room and for tising the piecei of fiirniture. 011 the left the principle for cstablishirig ihe vperarive areas 
is illustrated. The lowcr sketches show a sitting-room dimensioned to accommodate the varinus groiips of 

furnitiire iind. at the same time. eiiabling more ihan oiie possible pvsitivn Vor each piece. 



must give the only access to  another habitable room. Nor should the living-roorii give the only 
access to  anothcr habitablc room, as the peace in the room is disturbed and the use of the 
adjacent rooms restricted. The deinands are of special importance in dwellings with only a 
few rooms. 

It is evidcnt that such demands on the access conditions of the dwelling must eliniinate 
certain plans as unsuitable. Demands of furnishing also cause a reduction of possible solutions. 
This condition, however, gives a distinct perspective to work with the usable value of thc 

Fig. 4. Bedroom diinensioneti with a special 
view to flexibility. As shown, the room may be 
used by parents, parents anti a baby, two 

childreii o r  as 11 dinirig-rooni. 

Fig. 5.  Four examples from ii hoiising stirvey in  Copenhageii. Thc way the inhabiianls Iiave used thc 
accomnmdation shows that the plans contairicd some grave errors. Firstly, the living-room wil l not contain 
the necessary furniture and, secondly, the largest bedroom, undoubtedly intended as the parerits' bedroom, 
has access only from the livirig-room. The corisequence «f this is that niost farnilies use tlie largest bedroom 
as a living-room. iisually as dining-room, and the two remaining snlall bedrooms are overcrowded with 
heds. Note specially the positions o f  the double beds. They have been adopted regardless o f  inconvenience 
in daily iise. This can be regarded as a sign o f  the necessity to provide space for this type o f  furniture. 



dwclling in view. The dwellings designed today vary from scheme to scheme and are, therefore, 
as a whole not suitable for industrial production. When certain standards for the dwelling 
have been stipulated through investigation it may be permissible to decrease the present 
freedom and lay down a fcw models or standard solutioils. These will - apart from complying 
with the most important demands of the dwelling - be far more suitable for a rational pro- 
duction than the present dwellings. Comparative investigation into what is being built has 
shown that a great deal of plans and details is oftcn repeated with relativcly small variations. 
Almost identical requirements have given rise to a sort of voluntary "type-plan" making. These 
"type solutions" cannot all be of thc Same quality and the multitude of small variations makes 
dificult the possibility of a technical rationalization of the building industry. Rcsearch in tlie 
usable value of tlie dwelling can, therefore, not only lead to a greater eficiency but also create 
thc basis of a iiiore rational and, possibly, industrial production. 



Discussion 

T H E  S T U D Y  O F  V A R I O I J S  T Y P E S  O F  F A M I L Y  

More and inorc i t  is renlized that the decisions on programmiiig, design and equipineilt of 
dwellings influence directly the social and individual life of their occupants. Today's growing 
large-s~ilc pi-oduction o f  dwcllings increases tlie architect's need for assistance by sociologists 
to aid i i i  tlic ui-iderstanding of the necds of inan in inodcrn society. 

Tlic rapporteur M r. P. C:HOMI<ART DI: L A C ~ W I ~  (Fraiicc), i-eferriiig to sociological work in this 
field in various countries, considers such work far from easy. Each faniily meinber has his own 
social rolc aild fainily life should be uilderstood in this sense. Tlie analysis of f;iinily striictiii-e 
instcad of the functional study should be our basis. 

It is not bad to live, as we do, i i i  a period of traiisition if oiily we stay aware of this fact. 
Siinple public opinion polls seldoin result in unbiassed inforniation. which can only be 
acquircd by tlie application of complicated investigation techniques. There is always tlie risk 
of a too narrow-iiiirided judgmcnt bascd cxclusivcly on the terins of reference of the research 
worker, architect and housing authority. 

Ii-iquiries sliould, according Miss V A N  RANDEN (tlic Ncthcrlai~ds), not bc rcstricted to onc 
but cmbrace all inembcrs of tlie fainily. Tlie advice of tlic maiii uscr. the liousewife, favourcd 
by the rapporteur Mrs. J .  MI:I I IUIZFN (tlie Nctlierlaiids) is, as Mrs. D I  VESTEL (Belgium) says, 
~indoubtedly useful, but iiivolves the dificulty of obtaining advice froin non-specialists. 

Mr. FROMMI~S (Luxemburg) warns against tlie fallacies of inadequate ques~ionnaires. The 
inan in thc strect can ncitlier read drawings nor sutficiently understand seale models. Cat- 
aloguing Man on thc basis of investigation of his needs and maintaining tlie categories thus 
establislied too rigidly niay, as says Mrs. DE VE~-rr .~ ,  cxclude every eonception of progresi and 
liberty. Dr. KUMINI:K (Poland) states that observation at one inonient only is also inadequate. 
His organization studies tlie family before it moves into the new dwelling, after thc movc 
and again after two ycars. 

Our cliai-iging society i-nakes it necessary, according to Mr. BASART (tlie Netherlands), to 
consider sociology as a norinati\~c science and sociological research as a continuous process. 

It is not iinportant to liave in every dwelling rooms indicated by theii priinary functions. 
says Prof. BAYLON (Yugoslavia), but there should bc all thosc spacei and arrangenients tliat 
correspoiid with all indispensable social. Iiygienic and functioiial activities. In this sense 
Prof. BAYLON is preparing an exhaustive geiici-al schei-iie. 

I A S K ,  KO1.I-: A N 1 1  T R A I K I N C i  < > F  ' l I I I !  S O < ' I O L O G I S l ~  

What is tlie scope of tlie task of the sociologist? The rapporteiir Mr. C I I ~ M B A R T  DE LAUWE 
sces as tasks tlie iilvestigation into satisfaction of Users and into their inotivation, tlie deter- 
iiiinaticin of critical thresholds and tlie haiinonizatioii oi' needs. 

Architects sliould see tlie sociologist :is a iiien-iber of the tcam arid not use hiin to rationalize 
their owii pre.iudiccs. 

Mr. B A R ~ T S  (France) finds that teams often lead to a coinpromise of opinions and wonders 
who should lead the team. 1-he role of the sociologist is predominant in the very initial stage 
of thc study of a dwelling prolect and great care is required not to act on behalf of preconeeived 
idcas of often iniddle-dass I-escarch workers. Mr. CHOMI<ART DE L A U W ~ .  concudes [hat Liie 
training of sociologists n-iiist cn-ibrace boih fundainental and practical aspects to avoid cither 
too theoretical an approach or an  approach in  the sphere of "small business". 



W I l Y  I N T E R N A T I O N A L  COOPERATION? 

Sociological research cannot. as technical rcsearch oftcn can, procure a kind of universal 
law. Results are applicablc under unique coiiditions that diffir widely from area to area. What. 
then, is thc use of international talks'! Why do spccialists favour inteiisified ni~itual contact? 
Can, as asks Mrs. DI: VESTEL, a valuable conimon nicthod of investigation, applicable every- 
whire, be elaborated? 

Tlie conclusion is, states Dr. KUMINEK. that different mcthods are applicable in all niodcrn 
countrics and the rapporteur Mr. CHOMBART DE LAUWE Sees a cornmon solution in the 
determination of thresholds of satisfaction which may greatly differ froin area to area, but 
which allows the samc metliod of investipütion. Intensified cxchangc ofexpei-ierice is afirst step. 

C O M M O N  T E R M I N O L O G Y  

Mrs. ur- VISTI L and Mr. FRO~IMFS stress the need in this rcspect for a coinrnon multilingual 
terniinology of social conccpts. 

S T C D Y  O F  S P E C I A L  CASIJS 

Mr. FROMMES indicates tlie abundant possibilities in the study of pathological cases, though 
the rapporteur Mr. CFIOMHART DE LAUWI: warns against oversimplification. Better surround- 
ings do not autoniatically reduce tension. 

Mrs. DE VESTEL asks for attcntioii to thc nceds of rural populations inigrating to urban 
areas. Lack of open spaccs and inadequate technical provisions may inflict great liarm. 

F 1 , E X I B I L I T Y  O F  D E S I G N  

F R E I :  CHOICI :  

Dwellings iiiust, as states tlie rapporteur Mrs. M ~ : I I ~ U I Z I : N .  scrve several gcnerations and 
Mrs. IIE VESTI~L adds that flexibility in design is required to pcrinit adaptatiori to tlie changiiig 
necds in our agc of Progress. 

Mr. SCAILLON (Belgiuin) wonders whether man should adapt himself to his house or the 
liousc sliould be adapted to man. Tlie rapporteur Mr. CIIOMRART DF: LAUWE prefers tlie Iirst 
principle tliougli great care not to  eliminatc existing values, such as spontaneous help to 
ncighbours. is requircd. 

The rapporteurs Mr. C H ~ M U A R . ~  D!: LAUWE and Mr. C. CRAPPE (Belgiuiii) prcfer to house 
families in  big citics in flats rathcr thari moving them to the outskirts. 1s not sociai life ali-iiost 
entirely absent in citics like Los Angeles? 

Mr. T C R I N  (E.C.E. of the United Nations) enipliasizes tliat the existing variety i i i  designs is 
mainly a variety in details, :ind classification according to a limitcd nurnber of staiidiir-d types 
of dwelling seeiiis quite possible. A reasonablc variety of types according to i'amily types and 
at reasonable prices seeins well within rcach. TIic Chaii-inan, Mr. ARCTANDIIR, thinks that 
sociological and functional studics inay well servc the purpose of standardization. 

M A T T E R S  R E L A T I N G  T 0  D E S I G N  

O P E N  A I R  S P A C E S  

The rapporteur Mrs. MEIHUIZCN eiiiphasizes tlie iieed for spaces whcre childrcn and hoiise- 
wives can freely develop themselvcs. and MI-s. ur Vrrsrr~ inakes it clear that thc role of 
exteiior space is just as important as tliat of intcrior space. 



S O U N D  I N S U L A T l O N  

Both Mr. BASART and Mr. FROMMES consider further study of soundproofiiig ii~dispcn- 
sable. The worst nuisance Comes from sounds from neighbours, the next from street 
sounds, the last from sounds inside the house, but all three are serious nuisances, according 
Mr. CHOMBAK~ ~t LAUWE. 

F U R T H E R  N A T I O N A L .  I N F O R M A T I O N  

C Z E C H O S L O V A K I A  

Mr. H R ~ I Z A  indicates the approach in long-term planniiig. Tlie first step is evaluation of 
existing dwellings aiid deterinination of conditions for development and of users' needs. 
The latter are exaniined by discussions between arcliitects ai-id users. by inquiries with the help 
of trade unions, etc. The next step is the preparation of experimental pro!ects. e.g. by 
arcliitectural competitions. The following phase i s  elaboration of standards, obligatory over a 
certain period, by teams enibracing various disciplines. The last phase is preparation of con- 
crete mass projects witli the fullest possible industrializatioii. The work is in full development 
and good expcriences arc already availablc. 

Dr. WEST, feariiig that the coniplexity of problems suggested by Mr. C H ~ M B A R T  DE LAUWE 
might discourage young investigators, underlines that first a few major factors to  be studied 
should be selected. 

His organization studies users' needs by ineans of teams; it consists of some 20 members, 
representing various disciplines so that different outlooks aiid appropriate presentation of the 
results achieved can be made. Housing by local autliorities is studied by field surveys before 
and aftcr occupation and by field and laboratory experiments witli full-scale models. The aim 
is not to  rcplace the architect but to provide compreliensive. reliable and unbiassed data. 
The teaiii wishes to speak for the inarticulate typical client of the local authorities. In recent 
years research has been carried out over a wide field - acceptability of sizcs, sliapes, heating 
Systems, etc. - so that standards for good housing, though never static, can better be recoin- 
mended. 

U.S.S.R. 

Mr. B o ~ o ~ o ~ o v  indicates how thorough long-term planning of quantitative and qualitative 
aspects in aii over-all planning of production is envisaged. 

In housing it is striven to  gain a coiiception as a whole witli dur attentioii to comniunity 
requirements. Different categories of families are takeri into account. standardization is 
pursued and industrial production is developed. 

At least 15 j:',, of the available area is used for green spaces in each pro-ject. Special provisions 
are made for special categories, such as the single, the aged, etc. 

T H C  N E T I I E R L A N D S  

A papei- in English on "Tlie housirig problem and the integration of the disciplines con- 
cerned" by Mr. BASART a i ~ d  Miss LINDCREEN is iiiade available to iiiterestcd spccialists. 
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DESIGN AND CALCULATION OF CONSTRUCTIONS: 
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A few years ago a working group was set up within the C.I.B. to study advisable irnposed 
loads in buildings. A report oii this was presented aboui a year ago, and corisequently tl-iis 
subject has been iiieluded in tlie discussions of the current Congress. 

Alniost as soon as Professor Rinaldi initiated liis investigations it was realised that it was 
pointless to study irnposed loads witliout at tlie sarne time considering the question of safety 
factors. I t  was also realised that all this was rclated, in turn, to the strength of inaterials. -Phis 
subjcct really goes beyond the scopc of activities of the C.I.B., and belongs rnore properly to 
other orgaiiisations of an international cliaracter. such as the European Concrete Cornmittee. 
This coiiiniittec conccriied itself actively with tliese niatters in  tlic feld of reinforced concrete 
structures. 

Consequcntly, a joint conirnittee was formed between tlie two organisations (tlieir findings 
are presentcd in a separate report). consisting of Messrs. Rinaldi, Rüsch, Mazure, Esquillan, 
Tho~iias and myself. 

Tl-ic ideas previously claborated by Levi. Prat and Freudenthal, arnong others, provcd 
niost useful. as \vell as the statistical inforination collected by Paez and applied to a statistical 
and inatheniatical study of tlie problein. All this prior work constituted the starting basis of 
the investigation. 

Having marshalled all these facts, the Joint Coinmittce rapidly reaehed tlie agrceinent that, 
it not being possible to reduce to nil the probability of collapse, it is advisable to relate the 
optimurn estiniated probability of collapse to the rninirnurn generalised cost of construction, 
i.e. the sum of tliecost oftlie structure and the product of tlie probability ofeollapse niultiplied 
by the cost of coilstruction, plus the estiiiiated damage in the event of collapse. However, 
the application of this principle leads to highly coiiiplicated calculations, which are rnost 
inconvenient in practical application. 

The probability of collapse is a function of a Set of other probabilities, e.g. that the loads 
may surpass the design estin-iate. that tlie strength or characteristic limitinp; values of the 
rnaterials may be smaller than anticipated, that the assurnptions in the calculations do not 
exactly correspond witl-i the facts (botli as regards the divergence between the tlieoretical 
hypothesis underlying these calculations and tlie true rheological bchaviour of the rnaterials, 
and because actual calculation errors inay be included in these calculations) and. fnally, 
because workrnaiisliip is always liable to iniperfections which are difficult to avoid in view of 
the complex nature of the Iiunian element and material factors involved. 

Tlie fact that many of tlie statistical laws describingthese plienomena do not havea Gaussian 
distribution or eveii a syrnilietrical one, enorn~ously coiiiplicates the study of the eornbincd 
probabilitics. Levi's idea of ernploying logaritliinic laws certainly simplifies tlie problern and 
even witliout resorting to this technique satisfactory results can be reaclied, iis Paez has shown. 
thougli at the cost of much greater complexity. But the Conimittee decided that in any case 
it was better, if only provisionally. to obtain design laws whicli should be as simple as possible, 
without attcinpting suddenly to propose exeeedingly revolutionary methods. 

Hence tlie proposal of the Joint Comn-iittee was liniited to tlie following: firstly, to establish 
certain, simply forrnulatcd eriteria defining tlie design irnposed loads and, secondly, the 
limiting strength properties of the materials. These forrnulations should take accout-it of the 



greater or smaller deviations wliich, in each particular case, the various types of loads o r  
rnaterials may exhibit. 

The type of formula adopted and discussed in the Report of the Joint Committee is of the 
form CM ( 1  -1- o'), wherc C is a safety factor, M is the corresponding niean value and 0 tlie 
coefficient of variation. This formula differs from that proposed by other authors. wlio have 
suggested an expression of tlie form M(I 1 ko'). 

Tlie Joint Cornmittee provisionally adoptcd thc f rst of tlicse two formulae, not only becausc 
it is siinpler than tlie more general onc, givcn by M(1 ! /CO'), but also becausc they fecl that 
this sccond formula docs not express otlicr facts, in addition to tlie actual deviation of tlie 
plicnoinenon (eitlier the load or the strength of the material), which are at lcast as iiiiportant. 
These otlicr facts arc, for exaniple, tlic inaccuracy in placing the reinforcemcnt within concrete, 
crrors i n  tlie alignment and geometry of structural parts, variations in stiffness of foundations 
and thc possibility of other accidcnts, wliich are eitlier unforeseen or unsatisfactorily anticipat- 
cd due to weather circuinstances or to accidcnts whicli cannot be estiinated, ctc. All these 
possible sources of error can best bc covered by a factor C, which inultiplics the wliole ex- 
pression. 

These are matters of opinion, and such opinions are niore likely to diffcr than to coincide. 
But there is a nccessity of iuore compelling power than personal views wliich makes i t  necessary 
to adopt a singlc solution. I do  not tliink that it is Ior tlic mcnibers of this Congress or that 
this is tlic right monicnt or circumstance to embark upon a detailed technical discussion, 
wliich would easily bcconie very lengtliy and whicli niight evcn lead to friction when tlie large 
number of possible opinions exponcntially dccreases tlie probability of reaching agreement. 

Tlie proposal of thc Joint Committee inerely seeks to solve the problem in rclation to the 
limiting strength of the material. Besides this, as mentioned in the Gvozdev, Streletsky and 
Talil report, there reinain otlier questions to consider before the dimensions of any structure 
can bc fixed. Such questions include the limiting conditions for cracks in concrcte (wliich are 
acceptable only within certain limitations), maxiinuin permissible deformation, etc. There is 
also the possibility of introducing a third niultiplying factor o r  a corrector of tlie two proposed 
by tlie Joint Committee - to niodulatc tlie rangc of the above sources of weakness in terms of 
the uses and functional circumstaiiccs of tlie particular structure that is being coiisidered. But 
it is dificult to envisage a statistical and mathcniatical nieans of arriving objectively at specific 
values for this kind of problem. Whcther it is done in onc nianner or anotlier, it is certainly 
necessary to establish values to provide guidance in practice: values that should incorporate 
tlie largest possible ainount of information and tliought on the subject. 

TIie delegates from Eastern Europe werc not prcsent until after the work of thc Joint 
Committee had bccn conipleted and summarised in the report compilcd by this Congress. 
Consequently, among thc Papers submitted to the Congrcss there are new and important 
reports of these delegations but none from Western Europe. Such reports include the following: 

(a)  Reseal-cli on the concrete strength thro,-3, by 0. Y .  Berg. A new tlieory of failure is 
prescnted, applicable to stone materials and founded on thc cleavagc effcct in heterogeneous 
materials, such as concrete. 

(b) Shear strength qf'reinfurcetl concl-ete cln7qents, by M .  S. Borishansky. This presents the 
theory and formulac utilized in U.S.S.R. for the calculation of beams submitted to the 
combincd action of bending momcnts and shear forces. It is one of thc most interesting 
contributions to this subject, which so greatly engrosses specialists in all parts of the world. 

(C) Investigations into tl7e r ig id i t j '  an(/ the openi i~g U/)  of'cracks in l-ei11f0rced concrete he i~t l ing 

i~iei71hers, by V .  1. Murashev. This paper summarizes tlie work of this well-known specialist on 
tlie subject of calculating tlie deflections to be expected in beams under bending. This is a 
particularly important problem at prcscnt with the iiicreasing use of high-tensile steels, wliich 
lead to much larger stresses and hence also larger dcformations than in the case of normal 
quality steels. In many cases the ininimum dimensions of a structural Part inay therefore be 
fixed by tlie permissiblc n~aximuin deflections rather than by questions of strength. 



(d) COn~puting .rhell.r h j ,  the t i~ethod qf critical equilihriunl, by A. R. Rzhaiiitsin, presents 
an original mctliod of fixing the limiting loads to be supportcd by a shell. In a way it 
can be regarded as a praiseworthy attempt to generalise the rnethods of lines of failure, 
duc to Professor Johanssen. This subject has also been investigated in Great Britain by 
Professor Baker. If this can be experirnentally supported, it would represent a rnost in~portant 
simplification of the complex theories which are currently uscd to analyse the strength of 
tliese structural forms. 

In the field of nietal structures, the following should be mcntioned: 
(e) An irlr*estigation irlto tlie uctuul conditions qfi.i'ork und the l i n ~ i t  states q/ ' .~teel  skeletons U / '  

inclustrial huiltlin,ps, by E .  I. Belenya. This paper discovers the appreciable dilferences which 
are experimentally observed between the strength of this type of structure and tlie theoretically 
calculated results which are obtained currently on the basis of existing hypotheses. Related to 
this problem, and independently of the inaterial, there is the problem of the redistribution of 
rnoments in statically determinate structures. Both matters are dealt with in tliis paper. 

(f ) 1 Reclistrihution cles twotwents t1an.s Ies poutres continues dd'al)ri.s la thPorie des tlkforn~a- 

tions linlites, by M. Tichy. This paper dcnlonstratcs tlie practical difficulties involved in 
calculations when taking into account the real, non-linear, stress-strain diagranis of materials. 

(g) 1 Zu/ i i l l ig  veriinderliche Nachgiehrgkeit bei den Durchlaufträgern und Ruhnlenkonstruk- 

tionen, by M.Tichy and M.Vorlicek. This introduces, for the first time as far as I am aware, 
the concept of statistical variability in the flexibility indices along beams, such as they may 
arise in practice. 

In thc field of prestressed concrete only one paper was submitted: 

(h) Vorscl lr~/ten~fi i r  die Bruchn1on1enthen7essung der Sl~atlnhetonquerschnitte. by J. Krohov. 
This work crudely indicates the unjustified difference in criterion, as applied on the one hand 
to the own-weight and. on the other, to the imposed loads, in accordance with present-day 
requirements of the specifications of the various countries. 

I have left to the last, because of its irnportance, the following report, of a general character: 
( i  ) Present state antl current prohlerl~s qfstructural design, by A. A. Gvozdev, N. S. Streletsky 

and K .  E. Tahl. This paper constitutes a first-class general exposition of the current situation 
of the conibined Set of problems cornprising the basic calculations of structures: not only 
concrete and steel structures, but also stone, brick and timber structures. It provides guid- 
ance for research workers in the immediate future. The present brief conimentary on this 
paper, for whose proper judgrnent and comment 1 lack the necessary time and capacity, 
shows the enorrnous quantity of problems - perhaps problems of detail, but nonetheless very 
irnportant - which arise wlien it is attempted to advance from the general principles to the 
practical applications of calculating methods applicable to each type of structure and each 
kind of constructional medium. The volurne of problems is so great and it requires such a 
varied measure of specialization that this is not the proper place to tackle them, nor is it the 
function of the C.I.B. to attempt the encompass the whole field. This field is at  present distrib- 
uted among many associations and organisations, both national and international. 

Making recommendations on the values of specific imposed loads for the various types of 
construction projects seems to be a typical form of activity of the C.I.B., and it would not 
appear that what it does in this direction could interfere with or molest other organisations. 
As an international organisation specially created to deal with problems connected specifically 
with housing, and covering an enorrnous variety of facets --human, social, technical and legal - 
it has the authority and, in a sense, the responsibility to deal with these questions, and its 
activity in that well-defined field should be well received by all. 

Having made recommendations on the conditions for niinimum safe strength and for the 
iniposed loads that should be applicable to housing it would be iinportant for the C.I.B. to 
occupy itself also, through its own working groups, with the setting up of specifications for 

Papers (T), (g) aiid (h) noi includcd in this book. 



otlier types of buildiiigs (hospitals, schools, public halls, etc.). On the 0 t h  Iiand, I believe 
tliat it is the mission and responsibility of other organisations specific to each type of problem 
(and wliosc existencc in large iiuinbers evidently proves the complexity of the field and the 
niultiplicity of its specialised aspects) to deal with the very complex detail of calculation 
mctliods as they are applicable to metal, reinforced concrete, prestresscd concrete and other 
structures. The International Associatioii for Bridgc and Structural Engineering, the Soil 
Mechanics Association. the organisation dealing with shell structures and those dealing witli 
welding and with applicd mecliariics, the Europcan Co~iimittee for Concretc, Tlic Intcrna- 
tional Union of Laboratories for Testing Building Materials and many others arc occupying 
tlicmselves actively with thcse inatters. Thcy sharc these activities in a friendly cooperation 
and noble cornpetition. 

The C.I.B. has full confidence in these organisations. and caii continuc to collaborate with 
thcm, as it has dune up to the present (with tlic C.E.B.), considering those problems whose 
social purpose demands that it seeks tlie aid of othcr tcchnologies. 

Furtherinore, the contributions subniitted to this Cornniittee show an agreement of opinion 
on tlic development of the principles and systcnis based on lirnil design in prcference 10 thc 
classical idea of permissible stresses. Tliere is also agrecmcnt on the fundamental criteria that 
safety sliould be calculated by probability or statistical niathematical theory. Hence I feel that 
tlie results of this nieeting could be well summarized as follows. 

1 .  The nornial iinposed load of ptrsons and furniture for housing inay be tixed at 150 kg/ni2. 
2. The proposal of the Joint C.1.B.C.E.B. Coii~rnittee may serve as a startiiig point for tlie 

calculation of concrete and steel structurcs of ordinary buildiiigs. 
3. It would be irnportant to complete an investigation whereby a third factor of safety 

could be determined. This would be a corrzction factor applicable 10 c:lscs of structurcs 
exposed to weathering, or special kinds of structural parts of various types. 

4. To defiiie the appropriate permissible limits of stntes of fissuration in reinforccd and 
prcstrcssed concrete and for fixing the inaximum allowable deflectioiis, it would be important 
to recoinniend to thc pertinent organisations and. especially. the European Concrete Coiiirnit- 
tee ünd the International Fcderatioii for Prestressing. that tlie necessary studies be undertakeii. 
Thc C.I.B., for its part, would offer whnt collaboration thcse organisations might rcquire of i t .  
considcring that the C.I.B. is specialised in the functional problems of housing. 

5. It would be advantageous if the C.I.B. were to organise a working group whose object 
would be to determinc the bases for calculatioii and safety applicable to stone and brick 
structurcs and tu tiinber structures. These are of tlie greatest iniportance in building. The 
C.I.B. sliould seek tlie aid, in this evcnt. of specialised bodies which arc occupied witli problems 
related to these materials. 

6. I t  is also proposed to set up a working group to investigate tlic imposed loads wliich 
are appropriate to such types of buildings as hospitals. schools and public halls. 





possible to search for design scheines conforrning to the combination of requirements set in 
advancc. 

The creation by Professor I. M.  Rabinovicli of a broad range of trusses serves as a distinct 
illustration of thc fruitfulness of such investigations. There are still very few reports of investi- 
gation of thc synthetic trend in structural n-iechanics, perhaps because of tlie grcat diversity of 
rcquircincnts for structures arid tlie possibility of inecting tliem by various typcs of coristruc- 
tion. 

Practical coiiiputation dtmands that structural incchanics should have certain methods of 
estiinating non-elastic dcformations. such as the plastic crecp of wood. thc crcep and plasticity 
of steel, inortars and concrete, tlie kxination and growth of cracks in stone. coiicreic and 
reiiiforced concrcte structures and other phenomena characteristic of various materials. 

Indeed. tlie irilluciice of thesc factors on thc state of structures can, as showii by experience, 
be vcry important, whereas calculatioii based on classical inethods, either underestimating 
these factors or disregardiiig them altogether. frequently proves in actual fact to  be a very 
rougli approximation to reality, notwithsianding tlicir apparent harmony and accuracy. 

The clastic charactcristics of materials are the saine in principle, but different materials have 
their own peculiar ways of deviation from clasticity. This has put great obstacles in the way of 
creating inore advanced theorics which, according to tlic above. inust bc numerous and inostly 
non-lincar. Practice makcs it imperative. Iiowever, to introduce basic ainendmcnts whicli take 
into account tlie deficiency of the simplificd deiigns eiiiploycd. This would lead us to the 
consideration of cornplex spatial Systems und evüluation of interactions of numerous aiid 
often Iieterogeneous construction elements and the structure foundations. To have all these 
rcquircments satislied wo~ild seriously overburden structural mechaiiics and deprive it of 
thosc simplifications and schematization of various phenoinena which eiisured its succcssful 
development in the past. Several ways can be outlined. Iiowever, which caii facilitate the 
solution of the task. 

In contrast to the calculation of elastic systcms, wliicli ordinarily inakes it possible to 
detcrmine tlie stress aiid strain conditions at any stage of loading, a spccial method oClimiting 
equilibrium is heing developed. This inethod docs not pcrniit thc prcdiction of deforinations 
aiid frequently fails to detect the state of strcss in any part of thc structure. Nevertlielcss, it 
helps to ascertain the conditioiis of the advcnt of limitiiig equilibriuin; for instance. to  find 
the load inteiisity puttiiig the structurc into thic state. 

The sphere of application of the liniiting equilibrium inethod, discovercd at the time of 
Coulomb (17731, becarne iricreasingly narrow throughout the 19th century i i i  view of the 
succcssful dcvelopment of the theory of elastic system calculation. It was only iised in coniiec- 
tion with detcrmining earth prcssure. Its ilorescencc caine with the successes of the theory of 
plasticity. 

The method of liinit equilibrium includes the equalisation of bending inoments in stecl 
continuous beams used in a number of countries, in particular in USSR, and also the calcula- 
tion of cross sections of beams working statically at the plastic stagc. It &ually takes into 
consideration only strcsses normal to the principal cross sections, though tlic effect of inorc 
coniplex stress conditions O n  tlie plastic strain devclopment inay bc substantial. Thc USSR 
building code considers this fact arid iiicludes the normal (0,) arid tangential (T,) stresses i n  the 
calculation. The iiiethod of taking into account tlie stresses a, is also worked out. For short 
beams tlie stresses T „  ünd o, inay arid sliould be taken into coiisideration. 

When tlic nietliod of liinit cquilibriuin is used for the streiigth calculations of rcinforced 
scctions, then tlic strcss throughout the comprcsscd Zone may be takeii to bc equal to the yield- 
point stress. Theoretical and expcriinental invcstigations show that thc error introduced by 
eccentric tension and bcnding when the calculation is based on this simplitied method is 
negligible. Thc method has been acccptcd in the USSR aiid allowed in the USA and also in 
the other countrics for the ultimate strciigth calculation. In tlie Soviet Union this mcthod is 
used also for the design of structural members rcsisting cccciitric loads if tlie reinforcement on 





in tlie USSR is explained in a paper submitted to the Congress by M. S. Borishansky. Equilib- 
rium conditions are Set out for part of a beaiii separated by an oblique cross section; only one 
part of the transverse force resisted by the concrete compression area would be difficult to 
determine in advance. 

Experimental data and an empirical formula are. tlierefore, used to iil l  the gap. Though this 
forniula probably does not take account of all influencing factors, it helps t« achieve a much 
better conformity between coiiiputatioii results and experimental data than could be made 
witli the help of the "classical" theory. 

As a rule, the stiffness of reinforced concrete structures was not in the past cliecked by 
calculation. lt was considered adequate to use rules cstablishing the required depth of cross 
section in different parts of tlie span. Wliile in tlie past this was acceptable, today the calcula- 
tion of deflection in reinforced concrete structures Iias becoine indispensable for a number of 
reasoiis. Tlie prevailing use of prefabricated structural ineiiibers leads to frequent use of one- 
span beams or slabs without end restraint. The construction hcight is often deliberately reduced 
in order to decrease the weight of assembled elcments. but the principal reason for reductioii 
in stiffness is the application of high-strengt11 stcel in ordinary reinforced concrete, which is 
subjected to larger stresses, leading to larger elongations of reinforcenient than in the case of 
thc steel that was formerly used. 

l'he calculation of the stiffness of reinforced concrete slabs aiid bearns regarded as homoge- 
neous elastic elements led, as was established long ago. to grave underesti~nation of tlie actual 
deflection if the construction had cracks. Therefore, it was necersary to work out a better 
design method which would take account of several peculiarities of reinforced concrete, 
including the influence of sustained loads at thc deflection increment. 

The paper subrnitted to the Congress by V. I. Murashev studies the stiffness of reinforced 
concrete beams with vertical cracks in tlicir tension areas. Certain factors are introduced here 
by the author which can undoubtedly exert considerablc influence on the deflectioii value. 
These are: 

Tlie influence of the concrcte between tlie cracks in tlie tcnsion area on the elongation of the 
reinforcement ; 
The presence, in the compression area of concrete, not only of elastic deformations but also 
of creep and plastic strains. 
The significance of these circunistances depends on the particular kind of reinforcement, 

percentage of reinforcement, tlie value of reinforcenient stress i n  tlie areas of cracks and 
otlier factors. Speculation alone is not an adequate basis for tlieir estimation, which is, there- 
fore, carried out with tlie aid of eiiipirical data. There is a series of works by other authors 
devoted to the appreciation of the saiiie factors. particularly Doctor S. Soretz's report, 
recently submitted to tlie European Concrete Coinmittce. In  all works on the stiffness of 
cracked reinforced concrete empirical Parameters play a substantial role. 

The design of masonry. concrete and reinforced concrete nieinbers subjected to cornpressioti 
with a relative sniall eccentricity is a typical example of using the empirical relations. One 
gi-oup of research workers (especially Prof. H .  Rush) takes the curved stress-strain relations 
found for soine concretes at different rates of deformation, held constant during the test, at an  
artificially iixed neutral axis. These curves help to compose the graphs for reinforced eccentri- 
cally compressed nieinbers which may be used in designiiig. Directly from tcstingeccentrically 
coinpressed menibers of masonry. concrete and reinforced concrete. research workers in the 
USSR, USA and in otlier countries came to conclusion that for tlie definite range ofeccentricity 
the linear law of load-moment relation is well confirmed at reaching tlie limit of bearing 
capacity. In  other words, the nioment of the ultiinate force relative to sonie axis in tlie consid- 
ered section is constant and independent of tlie eccentricity (as long as this eccentricity does 
not evceed definite liniits). In tlie Soviet Union a large number of reinforced concrete columns 
and also masonry and concrcte pillars have been tested. 

According to tlie designing code the monient axis noted above in inasonry and concrete 



inenibers coincides with the more weakly stressed section cdge. In reinforced niembcrs the 
axis goes througli the reinforcemeiit close to this edge. According to the Americai-i data the 
axis goes closer to the centre of tlie section. This small divergei-ice is probably explained by the 
difference in the process of preparing and testing specimens. The relations noted above are 
accepted in codes of the USSR. USA, England, Sweden and other coui-itries. It seems that the 
simple relatioris are more convenient ii i  practice even though tliey are establislied empirically. 
The investigations such as Prof. Rush's work mentioned above may give valuable data on which 
to base these relations or to make thein niore precise. Foi example, they may be used in order 
to determine the effect of sustained axial load in relation to which the uli.iniate moment 
should be calculated. 

A typical exai-iiple of a problem in which enipirical values play a large role is tlie question 
of tlie width of crack openings in reinforced concrete constructions, which is worked out 
intensively i i i  son-ie countries, including tlie USSR. 

An example of a different sort is provided in the paper by E. I. Belenya, whose experimen- 
tal study of connectioiis between structural elements aiid even wliolc steel structures o f  
industrial buildiiigs lias revealed substaritial difference between the actual ;ind theoretical 
strciigtli, thc latter bcing estimatcd oii the basis of gencrally accepted and largcly conven- 
tional design schenies. As a result of this work certain corrections have been worked out. 
Even though tlizy do not claiin to be absolutcly accurate these amendnients are Iielpful in 
designing ccoiioinical structures of uniform strength. 

Some eminent engineers arc reluctant to use empirical relations for designing in the belief 
that this would prevent the structural engincer froin exercising a logical control over 
computation technique and complicate theoretical trainiiig in construction. In practice, 
howcver, the final formulae can be equally obscurc. whatcver tlieir origin, if no effort has 
been made to tracc their derivation froin tlie basic propositions of tlieory or to exainine the 
enipirical data they result from. But botli practical engiiieers and students show a good 
grasp and confidence in these formulac if they have made a conscious stiidy of their cx- 
perimental and tlicoretical substantiation. 

Determination of loads and other exteriial actions acting on tlie structurcs ininost cases 
goes bcyond the boundaries of structural meclianics. This is the task for aerodynamics, 
hydrodynamics, structural heat engineering and other disciplines. Determination of these 
actions, espccially loads, is rarely based ori tlicoretical proporitions but it is inerely a result 
of observations. The question of actions on structures lias never, on  the wliole, been the 
subjcct of broad systeinatic iiivcstigation. Characteristics assumed in practical calculation 
too often lack adcquatc substantiation and rnay carry big errors. 

The pressurc of loose substanccs on tlie walls of silo towers had a theory of its own, and 
the formulae employcd foi. tlie coniputation of thesc pressures were still believed valid both 
theoretically and experiniciitally i i i  tlie inid tliirties. Cases of unsatisfactory servicc oF silo 
towers wcre ~isiially ascribed cxclusively to  bad consti-uction work. Howcver, extensive 
investigations conducted by Tahktamyshev on grain silo towcrs in the city of ßaku in 1938 
and 1939 proved tliat tlie former conception of the pressure excrted by loose substances on 
tlic walls was inadequate arid ovcroptiniistic.Tliey discovercd that cxcess of actual pressures 
ovcr those computed, cspecially towards thc iniddle of tlie tower's Iicight when releasing tlie 
substancc. as well as thc uncvenncss of pressure distribution alorig the perinicter in the silo 
horizontal sections, wcre so great that they could explain tlie unsatisfactory service of even 
tliose structures tliat had not becn so very poorly built. In 1943, the Freiich engineers 
M .  and A. Reinibert obtaincd similar results concerning thc pressuic of thc loose substances 
on the bottoni and tlie walls of silo towcrs. 

After investigations by American and Soviet scientists in rccent yeai-i, former conceptions 
of tlie value and distribution of seisniic foi-ces Iiave substantially changed. Iinportant 
research has been carried out in thc Soviet Union into wind pressure On. highly flexible 
structurcs and rathcr extcnsivc observations are currently under way with ri:gard to snow 



loads. The loads on dwellings aiid public utility buildings differ substantially in various 
countries, wliich is not, of course, a reflcction of actual diKereiices in the use of thesc 
structures but just a tribute to  tradition. Nor is there sufficient clarity about tlie choice of 
load values resulting from industrial equipinent. 011 tlie whole. progress in tlie question 
of tlie values of external actions to be taken into account in structural design can by iio 
nieans be regarded as satisfactory. 

There is an increasing number of iiivestigations of construction materials, which is very 
iiseful both to the iinprovenient of tlie tcchnology of their nianufacture and to  ttic correct 
selectioii of inaterials appropriate to tlieir application, and also to a clearer ~inderstandiiig 
of tlieir behaviour in construction. Big gaps, howcver. are still to be found in tlie theory 
dcaling with tlic strength of mctals. concrete. brickwork and wood. Indeed. stccl is regarded 
i n  coinputations as an  elastic-plastic inaterial, whercas it often proves to be brittle in rupture 
undcr conditioiis wc caiinot foresee with sufiicient clarity. 

Considerablc progress Iias been niade in the Soviet Unioii by Onislichik and liis scliool 
in tlie question of strcngth of masonry. The establishment of the fact that in a column 
subjcctcd to  coinpressioii iiidividual stones arc exposed to bending and sliear has been very 
helpful in undcrstanding the iinportance of tlie absolute sizc of tlic stone aiid the reasons 
why inasoiiry of bricks possessing cqual resistancc to compressioii aiid ccmented with tlie 
samz mortar inay so substantially differ in slrength. Tlie cori-ect understaiidiiig of the rolc 
of joints i i i  brickwork Iias to led to  tlie developinent of iiew and bcttcr inetliods of brick- 
Inying (vibratioii). 

Great significaiicc for tlie elaboration of the theory orconcrcte strength will probably 
attach to tlie establislinient of a certain limit i i i  tlie load-bearing capacity, for example, in 
comprcssion, defined by a signifcant increase in transverse deforination. Tlic investigations 
of this problein have been described in a paper prcscnted by 0. Y. Berg. By devcloping 
his own views he was able to forecast a more favourable relation between enduraiice and 
ultiniate strengt11 for high-strength concretes, wliich was then corroborated experimentally. 
It rcmains to  be lcarned why certain grades of concrcte (of low strciigth), after beiiig loaded 
up to the above-meiitioned tlireshold of behaviour, are relatively bctter adaptcd for carrying 
further loads than high-strengt11 grades of concrcte. 

Therc is still mucli that rcinains obscure in tlie q~iestion of strain developinent and rupturc 
conditions for concrete in tension. Investigations carried out in different parts of thc world 
durii~g the last years in this field have yiclded a coiisiderable aniount of iiew data. 

An adequate theory of coiicrete stretigtli sliould be linked with the theory of its deforma- 
tioiis, liiiear and iion-linear creep and plasticity, to wliich exteiicive analytical and exper- 
iiiiental stiidics have bcen devoted in thc USA, USSR, and other European Co~intries. 
It cari bc expected that with tlie advanccment of tlie theory of concrete strength. a nuinber 
of enipirical relatioiis used i n  coniputation at the present tinie will be better substantiated. 

Design problenis bccoine much clearer as soon as the structure's fitness for utilization 
is undcr corisideration. Indeed. uiisuitable structures Iiave no practical value. Tlic purpose 
of computatioii, tlierefore, sliould be to determine tlie dimcnsions of the construction (or 
to check them) in ordcr to avoid conditions undcr wliich tlie fitness of the structure for 
utilization might become cxhausted. 

-1-lie critcria oP liiniting coiiditioiis tlieii~selvcs fi-equently lie beyond conceptions of 
structui-al mechanics. Strcngth criteria. for iiistance. fall within thc competciicc of tlie 
scieiice of iiiaterials; tlie liniitiiig dcforrnatioiis of tlie structure of industrial buildiiigs are 
drteriiiined by pcculiarities of tlie teclinological process occurriiig, and tlie deforiiiation of 
buildings and structures intended for h o ~ i ~ i i i g  peoplc (primarily. apartineiit and public 
iitility liouses) by the conveiiience of pcoplc, ctc. 

l t  is possible. as a inatter of principlc. to imagine a wide raiige of conditions where the 
structure no longer ineets certain functional requirements. According to Soviet standards, 
thcse conditions bcar tlie name of limit conditions and tlie whole variety of tlieni has beeil 



reduced to tliree n-iain groups. The first limit condition is cl-iaracterized by the loss of load- 
carrying capacity or the appearance of permanent deformations which make tlie furtl-ier 
utilization of the structure either impossible or inexpedient. 

The second limit condition is distinguished by deforiiiations of inadmissible value (even 
if elastic) and tlie excessive vibration of the structure. Tlie third limit condition occurs witli 
the appearaiice and expansion of cracks which preclude the further utilization of the struc- 
turc. This condition prirnarily concerns reinforced concrete and masonry structures. 

Let us exarnirie now in niore detail the first limit state. Since the values of limit residual 
deilections are not yet specified a stress lirnitation serves as their substitute. This is especially 
true for steel constructioiis. Thc destruction of masonry piers and reinforced concrete 
columns or the stability loss of steel constructions is a typical case of exhaiistion of the 
cairying capacity. From the theoretical point of view Shanley's revision of the Engesser- 
Karman-Yasinsky conception of the loss of stability of columns undoubtedly deserves 
full atteiition because i t  reflects more correctly the actual phenomena. 

Frorn the practical point of view the main aim is the unification of design methods. 
Although stability problems have been studied in detail both by tlieoretical and experimen- 
tal methods. diffsi-eilt countrics Iiave adopted different design metliods whicli can be ex- 
plained only by tradition.This relates to  the design of centrally or eccentrically led, plain or 
latticed struts. Meanwhile this divergence complicates international comparison of design 
data. That is why- the unifcation of coinputation inetliods is very urgent. 

In practice, loss of stability is always connected with exhaustion of carrying capacity, the 
latter occurring in tlie plastic range. Therefore it is logical to take plastic strains into 
consideration in the stability study, as providcd for in the USSR building code. Thc same 
remains true for the much lcss developed study of beai-ii stability. Here, roo, practical 
design inethods are at variance. The influence of eccentric loading on beam stability is 
important. This questioi-i has not up to now been reflected i n  practical design, althougli it has 
theoretically been sufficiently studied in desigri specificatioris witliout ir-iconvenience. 

The intricate stress state of the beam web receives due consideration in the LISSR building 
code, where thrse stress components (a„ o, and T,.,) are examiried, and also i i i  German 
design standards, whicli consider two stress cornponents (0, and T„). The great effect of  
this cornplcx strcss state leads us to recominend sin-iilar solutioris for other countries. 

Cornputations based on structural mechanics methods give no answer to tlie question of 
the degree of reliability of the designed structure, i .e. about the margin of safety against 
the arrival of one or another limit condition. If a construction unit is loaded t i l l  breakdown 
it becomes possible to reveal directly the ultimate load, which depends ori the actual dimen- 
sions and form of tlie unit and also on the properties of the material employed. In design 
work, however, the actual strengtli values of materials of the future structure are still 
unknowri bccause of their possible scatter. 

The possible load value is also not exactly certain for the Same reason. There is, soinetimes, 
no reliable information on a nurnber of other circumstances relating to the fuiure life of the 
structure. ,411 tliis makes it imperative to proceed in computation froin tlie "worst" possible 
suppositions regarding possible overload. reduction in the strengtli of materials, etc. It is 
self-evident that this important aspect of designing "reliable" structures is not a product of 
structural meclianics or siinply supplements it. 

As is well known, the former approach to providing reliability consisted of the coinparison 
of design aiid available stresses. This approach has a fault beca~lse i t  assun-ies tacitly the 
proportional increase of stress with the load. In fact, this proportionaliiy is broken by 
non-elastic deroriiiation as a result of the different pi-obabilities of increase of different 
types of load. 

111 tlie ultimate load rnethod, which had been used for sorne years i n  the Soviet Union 
for the design of reinforced concrete ai-id masonry coiistructions and as nou recorninended 
in sornc countries for the design of reinforced and, especially, prestressed constructions, 





values of a number of design factors, such as tlie least design strength of niaterials, the 
greatest design load, etc.. as well as for evaluating tlie relative degree of danger presented by 
conibiiiations of unfavourable factors in tlie service of structures. 

At the same time. when dctermining the absolute values of security factors iritroduced in 
the design, it is the expcrience accumulated in designiiig, construction aiid maintenancc 
that is primarily used in order to  secure reliability and economy of the structure. 

I i i  this kind of appi-oach. special importance attaches to thc collection aiid analysis of 
data rclating to cases of damage or complete destruction of structures. 

Unfortuiiatcly. no systematic work is carricd out on thcse probleins. 
On tlie whole, thc reiiunciation of the so-called "classical" dcsign inethods of calculation 

bascd on the laws of resistance of elastic matcrials, considcration of tlie "exploitation"stage 
in the service of the structure and tlie use of allowable Stress, has brouglit forth results of 
great practical and theoretical irnportance. A definite though not very big economy Iias beeil 
obtained in steel structures by taking account of plastic deforniatioiis. 

Substantial saviiigs have becn obtained in rcinforccd concrete structures by reducing. 
and sometimes clirninating altogcther, the usc of comprcssion rcinforcerncnt in tlcxural 
niernbers, and also by saving web reinforcciiient (bent-up bars, stirrups). Thcre was a 
considcrablc cut in material expenditure for ecccntrically coinpressed members of reinforced 
concrete and masonry. 

Only the renunciation of the "classical" design niethods Iias inade it possible to build up 
a theory of deflcctions for reinforced concrctc beams producing rcsults agrceing wcll with 
experimental data. Tlie limit statcs mcthod has logically led to a unification of dcsign of 
rcinforced and prestressed concrete structurcs, due regard still bcing given tci peculiarities 
resulting froiii thc properties of the structurcs and of thc rnaterials used. Tlic renunciatioii 
of tlie "classical" niethods Iias made it possible to avoid certain errors that followed froin 
thcm and to tackle design problcins wliicli did not yicld to tlie old mcthods, whicli stated 
expressly or by iniplication that loads lcad to  the proportional increment of all stresscs. A 
separate consideration of different design coeficients improvesconncctions among dcsigning. 
construction and operation of buildings and structurcs. For exainple, account in the calcula- 
tion of possible reduction in tlie strengtli of materials can be linked with Ihe statistical 
approach to cvaluating the quality of materials at plants and construction sites. 

A mcthod has bcen developed i i i  thc USSR for cliecking thc strength of concretc used i i i  

the mariufacturing of precast uiiits and in larger pro-iects. As an expcriniciit, this inetliod 
has bccn included in standard tcchnical rules. By this rncthod. two indices arc used to 
deteriniiie concrete strength: one is the mcan value and the other tlie value of strengtli 
devirition of individual samples. Thc value of perrnissiblc reductiori in tlic strength of 
individual sample.; liad bcen cstablislied in relation to tlie number of tests. 

Thc statistical niethod for evaluating tlic results of tests of mass-produced rcinforced 
concrete units has bcen rccommended by Soviet standard technical rules. 

A comparativc study of design standards functioning in different countrics has revealed 
that tlie safety factors uscd in the USSR for rcinforced concrete, inasonry and steel struc- 
tures are in most cases lower than abroad. At the sarrie tinic, it lias bccn provcd hy experience 
tliat structures designed accordiiig to Soviet standards are. on  tlie wholc, perff:ctly reliable. 
Individual dcfccts in these structures result for tlie inost part from violatioiis of coiistruction 
rules or maintennncc requircmcnts. 

Nonethelcss. it is ccrtainly desirablc, iind in some cases eveii nccessary, that there should 
be furthcr rescarcli to  improvc and specify individual design factors. 

Structural dcsign methods wcre discusscd a t  a joint mceting hcld in Moscow in Dcceinbcr, 
1958, by a Coniiiiission of tlie International Council for Building Research, Studies aiid 
Docuinentation and tlie USSR Acadeiny of Construction and Arcliitecturc. l'liis Confereiicc 
pointed out the interest prescnted by tlie method of l i i i i i t  state dcsign both in the theoretical 
aspect and froin the viewpoint of its econornic prospects. I t  recognized tlie necessity to  take 



account, in appropriate cases, of the actual properties of materials (not elasticity alonc, but 
also plaslicity, creep, crack forination, etc.) and recommended tlie application of the 
calculus of probability for finding a number of design pararneters. Besides that, tlie con- 
ference outlined for the coniing period an urgent Programme of research into tlie following 
five problems: 

I .  Factors actirig upon structures. 
3. Load-carrying capacity of structures. 
3. Crack resistance of struct~ires. 
4. Deflections of structures. 
5. Statically indeterminate Systems beyond the limit of elasticity. 
Each of tliese problems consists of several parts, to a large extent indepeiidcnt, wliich in 

turn represent extensive and often little-investigatcd braiiches of knowledge. 
The fulfilment of tliis programnie would give a fresli impetus to the furtlier i~nprovemcnt 

of calculation and dcsign niethods, and to tlie construction of structures reliable in service 
and cconomical at the Same tinie. Structural eiigineers of all countries, thercfore. havc an  
cqual interest in this prograninie. 

International cooperation is indispensable in view of the great scope of the prograinme, 
as was specially noted by thc Moscow Conference. 

l t  is desirablc that the Design Commission of the International Council for Building 
Research, Studies and Docuinentation should undertake to promote this cooperation. 

The following steps in this direction are suggested: 

1 .  The establislimc~it of coritacts witli international aiid national organizations dealing 
witli structural design. 

2. The forwarding to tliese organizations of tlie abovc-mentioned draft prograrnnie of 
researcli (amendcd if necessary) so that thc members of organizations engaged in research 
on some of the problems on the prograinrne and desirous of taking part in this international 
cooperation could iriforin the con~mission about it. 

3. The information of scientists and scientific research organizations wliicti have estab- 
lislied contact with t l ~ e  commission regarding similar research conducted by otlier scientists, 
and help in tlie organization of scientific contacts. Conferenccs on particular problems 
should be orgrinizcd if necessary. 

4. The discussion of all taiigible results of research carried out in accordance with the 
plan. 

Ensuring full freedom of research Tor all individual participants. this cooperation would 
unquestionably accelerate and enlarge scientific studies. and bring the viewpoints of spe- 
cialists in different countries closer togetlier. 



Research on the concrete strength theory 
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Tlie presence of the conibined states of sti-ess is characteristic of tlie inajority of concrete 
structures. The  calculation of the strengtli of concrete under tlie action of combined stresses 
is possible on  tlie basis of any theory of failure. 111 tlie native literaturc as well as in that 
abroad thc results of niany expcriniental and tlieoretical researches of failure of concrete 
and of ntl-ier niaterials that have a difTereiit coinprcssive and tensile strengtli under combined 
state of stress are described. 

Exteiisivc study was acconiplislied by Ros and Eicliiiiger I ,  Ricliart. Braiidtzaeg arid 
Brown ', Gvozdev :'. Rosnowski, Peredcrij. etc. Measurenients in most of the experiments 
wei-e lirnited t o  tlie deteriiiination of the largest loadiiig the 5pecimen sustained by the 
conibincd state nf stress. Sonietinies concrete and lateral reinforcement itrains were 
iiicasurcd. 

Tlie tlieoretical study of strengtli of  niaterials under tlie actiori oP coinbined stress was 
accoiiiplislied by two priiicipal proccsscs: (1) the creatioii of the general rnatliematical 
tlieory of strength of inaterials whieh have diferent  conipressive and tensile strength. and 
(2) tlie analytical generalization of investigation results of the physical eKects in the inaterial. 

So Par tlie theory of brittle failure of solids has not beeil suficieiitly developed ? Thc 
tlieory proposed by Mohr is used for the analysis of failure under these conditioiis 
However. tliis theory does iiot include tlie pllysizal cffects wliich determine the failure. 
Soiue autliors 1 conclude that Mohr's theory in many cases proves to bc quite useless. 

Difirei i t  sugpcstions that coiicerned tlie matlieiiiatical interpretation of the failure 
criteria wcrc inade t o  aniend the tlicory proposed by Mohr. Philoneiiko-Boroditsch applied 
in his work a wicle generalization of i\.lolir-'s theory and proposed to value the approacliing 
of tlie ultirnate state by ineans of an ultirnate surface plotted by hiin in a system of coordinate 
axes (oi. G!, GZ), \vliere 01.  0 2 .  0-3 arc pri~icipal nornial stresses. Using tlie equations of 
Pl-iiloneiiko-Boroditscli as a base. it is possible to deduce tlie criteriori of plasticity proposed 
by Mises-Hencky and tlic otlier criteria of failure that were proposed earlier. 

Gvozdev :j has developed tlie rnetliod of analysis of the strcngth of reinforced concrete 
structures by triaxial statcs of stress. This inethod has been accepted for the USSR standards 
of dcsigii. T o  deterinine tlie coefficient of the eflectiveness of side pressure, Gvozdev lias 
given the thcoretic:il solutiori bascd on the analysis of ultiiiiate plastic flow of the thin- 
walled pipe filled with concrete urider uniaxial coniprcssioii and internal pressure. 

Tlie deterriiiriatioii of the coeficient of tlie cffectivcness of tlie sidc pressure. consideriiig 
tlie reduced thickiiess of  the pipc wall, I-ias also been exposed by Lipatoff H. 

Wheii stiidyiiig hiaxial statcs of stress, Bressler aiid Pister 9 have introduced the linear 
relrztion between the octahedric sliearing alress and thc first invariant of the stress tensor. 
This relation was deterinined einpirically when analyzing the ciiipirical data of testing of the 
liollow concretc cylindei- under varying cornbinations of torsion and con-ipression. Blakey 
and Beresford 1 ' )  Iiave proposed a similar equation governing thc fracture of concrete that 
differs only by soine coetiicicnts. 

The  above-nientioned general tlieoretical solutions iinprovc t o  sornc degree the eq~iat ions 



of tlie Mohr tlieory. However, the coiitradictioiis which art. observed soiiietimes when 
evaluating tlie empirical data, and tlic deviation of tlic ciiipirical data from tlie thcoretical, 
cannot bc analyzed at the present state of the tlieory. As before, tlie mathematical generali- 
zations do not give a good representation of tlie physical plienomena determining the 
friilure of materials. Therefore the other trend of the development of the thcory is interesting 
when exaininiiig tlie streiigth of concrcte and otlier niiiterials that have different coiiipressive 
and tensile strengtlis. 

Tlie first preniisc of this trend that tliis paper deals with is the forniulatioii of a failure 
criterion based on tlie physical process of cleavage or slicar failure under tlic action of 
coinbined stresses. 

P H Y S I C A L  B A S E S  O F  S T R E N G T H  A N D  D E F O R M A T I O N S  

O F  C O N C R E T E  

When iinalyzing the failure of coiicrete only tlie final phase of the plicnomenon. i.'. the 
state of thc speciineii after the failure, is considered. The statc of tlie spcciincii beforc 
failure reniains unconsidercd. All the existiiig theorics of failui-c are based on tlic critical 
notion of the criterioti of failure. on reacliing of wliich tlic material instantly fails. 

Many tests rcvealed tlie facts of influciice of different inicrodesti-uctiotis of the texture of 
material on tlie final failure. Bridgniaii observcd chaiiges of volume of speciinens of 
marblc. talc, diabüse and otlier materials that were sub.jected to uiiconlined compression 
tests. At a definite stagc of loadiiig iiii increasing voluine of solid was occurritig instead of a 
diminution. which does not agree with thc priiiciples of tlie physics of solids. Bridgman 
supposed tliat the increasiiig volume is thc result of thc disturbancc of solid eontinuity 
and of thc developing of a cleavage proccss. Gvozdev suggested that different niicro- 
destructions causiiig tlie failure of thc speciincii are the result of non-unilormity in tlic 
texture of concretc. 

This author First proved in 1950 1 2 ,  followed by otlicr authors, that the brittle fiiilure of 
concrctc under uncontined compression tcsts of specimens in the shape of prisnis bcgins 
whcn irreversible cracks appear along tlic direction of ttie effectivc force. Thc appearance 
of microcracks under tlie stresses R,,- long before the attainment of thc ultimate strcngth 
of the spccimen R„ (prisni strength) is revealed by nieans of microscopy and microphotog- 
raphy. I t  is possible to determine the limit R,., accordiiig to tlie curve pi-esenting thc coelli- 
cient of tlie transverse strain 

where is the iiicreinent of the value of transvcrse strain at a definite rtage of loading; 
A c i  the increment of tlie value of longitudinal deformation at a definite stage of 

loading. 
The value v when tlie stresses increase to R,., attaiiis the maxinium possible theoretical 

value for the solid (1 ,  0.5) and theii excecds i t ,  wliich is possible oiily as a result of rupture 
of the material. 

Thc foregoirig data are corroboratcd in a number of  rcsearches wliich were carried out by 
different inethods. Tlie cxperiments of Jones 1". 1-I were accomplished by means of ultrasoiiic 
apparatus. L'Hermite l.5 observed the appcarance of niicrocracks by meaiis of a sensitive 
sound appiiratus wliich registered tlie sound iinpulses at the monieiit of cracking. Both 
mcthods were applied to experiments by Rüsch I('. Blakey and Bercsford 10 observcd the 
same effect under tensometric measurement of the transverse and longitudinal strains. 

Thc readings of apparatus obtaincd by different inethods of discovering inicrocracks i i i  

concrete when loading on the spccimen is clianging. are shown scheinatically on conditional 
scales on Fig. I 



The bordcr of microcracks formatioii R„- corresponds to the initial stage of tlie process 
of overcoming cleavage strength of concrete RCl in the direction normal to the direction of 
axial compressive loading. 

At reacliing the boundiiry Ru, cleavage strength of thr transverse direction is overcome 
only on ccrtain clementary planes. The reason for the linal failure of tlie specinien is the 
successivc rupture of concretc which develops in a direction longitudinal to the compressive 
stress. The possibility of tensilc stresses appearing on thc planes normal to direction of 
unconfined coniprcssion is proved theoretically in the works of Volkoff ". 

The classic thcorics of strength deny thc prescncc of strcsses on these planes. The average 
tensilc strcsses in  the transverse dircction ai-e coiisidered to increase frorn values approaching 
Zero to R„ when the stress is changing from X„ to R„; the state when cleavage of concretc 
is overconie over the entire longitudinal section of specimen corresponds to the stage of 
failure. Thcrefore the process of the development of microdestructions is tlie physical 
basis of strcngth of material under compression. 

Rc r 

Choi~g. of roluini  Change of the coefficient Wove velosity of Intenrity of 
01 transvorse stroin ultrosonis P U I S ~ S  sound wav. p u l m  

Fig. I .  Conditioniil scalcs of readings obtained hy various methods Tor discovering rnicrocracks in coiicrete. 

In soine institiites of the USSR Academy of Science, investigationsl~, 19 were carried out o n  
small spccimens of different materials with careful observation and regisiratiori of the 
process arising on the surface of specimen. These studies have led to  the conclusion that if 
the microcracks caused by ttie local overcoming of thc clcavage strength were formed at  the 
initial loading on the spccimen, then the carrying of the load - without i t  being increased - 
over prolonged periods results in  failure of the specimen. 

The failure arises because of gradual developrnent of microcracks that occurs in the large 
surface of failure. Therefore the process of appearance and development of inicrocracks is 
determinant for the loiig-time strength of material. 

The researches "lade by the author have revealed that the strength of concrete under the 
action of repeated load depends also o n  the volume of initial microdestruction of tlie 
material. 

The level of the formation of microcracks is variablc and depends on the value of the 
absolute strength, as inay be secn on the diagram of Fig. 2, i.4. the value 

increases with the iiicrease of R„y. 
The data of the experimcnts have a definite similarity concernirig the position of the limit 

of the formation of microcracks in tlie specimens of different inaterials. wliich evidently 
proves tlie preseiice of certain gcncral laws. 



The analysis of niicrophenoinena in coiicrete helps to  explain certain laws of coiicretc 
strainiiig under load. 

Tlie plastic deformations examined i n  thc thcory of plasticity are results of micro- 
disturbances of conliiiuity that are following the shearing stresses, as with inetals. Onc of 
Ilie essential features of microcrack forniatioii i n  metals is the possibility of their closing. 
Thc absolute dirnensions of inicrocracl<s up to the inomeiit of failure of plastic materials 
arnount to microns and to parts of micrnns. The niicrocracks developing i n  concrete under 
conipression have other features. 

Tlie inicrocracks caused by stresses K,.,. arc irrcvcrsible oncs; ihcir dcvclopinent is 
cliaracterizcd by tlie appcaraiicc of tlie cocfliciciit of trarisverse strain of concrete, the välue 
of wliicli exceeds 1, - 0.5. 

I i i  contradistinction to plastic strains (of thc first type) of metals, tlie non-elastic strains 

1 1 b Concrele. bv Rüsch I161 I 

Fig. 2. Depcndeiice of ttie levcl «I foriiiniion «f  iiiicrocracks on tlie bal~ic of the absolute strcngth of thc 
material. 

which are accompanied by irreversible cracking at brittle failuremust bccalled conditionally 
"plastic deformations of tlie second type". The opinion that it is necessary to distinguish 
plastic strains developiiig in concrete and those developing in metals is supported by 
L'Hermite Cowan 2" arid Mehmcl '1. 

The law of change of strains caused by stresses in concrete o - f ( c )  is cxpressed in thr 
compression diagram -'?. The geiieral shape of this diagran-i is presented on Fig. 3. 
Thc full strüin niay consist of elementary straiiis of thc following types: 

I .  The elastic strains with the linear stress-strain relation. 
2. Thc creep strains with the non-linear strain-time and linear stress-strain relations. 
3. Plastic strains of tlie "sccond type". wliicli have iion-linear stress-strain and straiii- 

time relatioiis. 
4. "Pseudo-plastic" strains. which havc coinbined iioii-linear stress-slrain and strain- 



time relatioris wlien the large surfaces of failure are forming and the speciinen collapses. 
Plastic strains of the second type are of tlie greatest practical irnportance for tlie evalua- 

tion of strength at unconfined compression because they directly cause the failure tliat 
appears already at pseudo-plastic strains. 

I he side pressure at ttie triaxial statc of strcss considerably changes the process of tlie 
developrncnt of plastic strains of the srcoiid type. whicli prevent the developrnent of 
longitudinal microcracks. Tlierefore the values OE tlie longitudinal and transverse strains 
whicli can be sustaii~ed by the specimen increase immeasur;ibly as cornpared with uncom- 
biiied deformation. 

C P ~  strain E 

Fig. 3. C'oniprcssioii diagrani f o r  tlie law of changz OS sirains caused hy srrcsst:s. 

E Q U A T I O N S  O F  C O N C R E T E  S T R E N G T H  T H E O R Y  

The brittle failure of material at unconfined compression (U:! = U:< 0), as it was shown, 
is a result of cleavage failure. Tlie developnient of irreversible microcracks, the disturbance 
of the continuity of solid and its failure because of breaking, wliich is directed alorlg tlie 
activc force (Fig. 4a). occur when the stresses increase from R „  to Ru. This combined 
process is plotted on Fig. 4b. The energy spent for the successive failure of the specimen 
under iiiicrocrack formation is equivalent. according to the diagram. tu the riier-gy that is 
required for overcoining cleavage strengt11 i r i  tlie transvcrse direction over the wliole section 
of the speciiiier~. Thercforc, if the side pressure (Fig. 4c), the value of wliicl~r is equal to  
cleavage strength R„ of niatrrial, is applied in the process of unconfined cornpression of the 
specimen (wlien tlie stresses R,, are attained), the energy required for rnicrocrack forniation 
will be absorbed by the energy of forces caused by compressive stresses a- =: 0 3  Rcl. 

The first microcracks would arise only undei- comprcssive stresses 0-1 - RJ,r. 
It is possible to assumc, as the first approximation. that for the failure of a concrcte 

specinien under tlie action of combined stresses, the stress ai must be raised over tlie value 
R„, by the quantity within which under the unconfined cornpression tlie cleavage strength 
ovcr the whole longitudinal section of the specinien is overcome, 1.e. by the Stage 

R , ,  - R,;, -- KR,, 

wlierc 

R,.,/R„ must be taken from the diagrain on Fig. 2. 



lf the value of side pressure differs from R,,, the value of the strength is increased propor- 
tionally to the value 

i.e. it is takeii that the absolute value of the priiicipal Stresses does not inf uence the proccss of 
failurc. TI-iis influence can evidently become quite apprcciable under strcsses (01, ai, 03) of 
great values. 

I 
Fig. 5. Rcs~ilts of experirnent3 for the deterrninri- 

Fig. 4. I)cvelopment of microcracks. (See text.) tion »f strrrigth at the triaxial state of stress. 

The cquation of strength of the triaxial state of stress will have the following shape bascd 
on tl-ic hypothcsis that was formulaicd above 

wl-iere all syinbols are the same as above. This equation is plotted in the coordinate systcm 

as a faniily of curves, the inclination of which depends oii the strengt11 of the material (on 
the cocficient K ) .  

The values R,.[ aiid R „  for concrete, accoi-ding to USSR Design Standards. and thc 
avcrage values of the coefficient 

taken froin the diagram of Fig. 2, are givcn in Table I for the application of equation ( I ) .  
The equatiori can be generalized if one substitutes a,  and R„ by the averagc full strcss 

P a ,  as the average characteristic of the triaxial statc of strcss. It is possible to derive the 



T A B L E  I 

Compressivc strengt11 of prisiii R„, 80 145 2 10 280 350 420 
Axial tensilc strengrh (cleavagc strcngth) R, I 10 16 2 1 25 28 30 
Rrr/RjM 0.50 0.58 0.63 0.69 0.72 0.74 
K 0.50 0.42 0.37 0.3 1 0.28 0.26 

Units ürc kg/cni2. 

average full strcss if the average of all possible full stresses that appear o n  the elenientary 
planes which are situated on the surface of tlie infinitesimal sphere containing the given 
point will be considered as suggested by Novoziloff -:j, who gave the solution for tlie 
average shearing stress. 

It is possible to determine the value of the average full stress from tlie equation 

where Pf is the full stress at a given point and determined from equations of the theory of 
elasticity. 

I t  should be noted tliat the basic hypotliesis of tlie classic theory of elasticity about tlie 
continuity of tlie mediuin is not realized when the value of concrete stresses is more than 
R,,.. However, it is possible to present eonditionally the non-uniform mediuni as thc 
honiogeneous olle when the average characteristics are used. 

Solution of equation (2) in the spheric coordinates for the value of full stres:; at the triaxial 
state of stress gives the expression 

Hence for the biaxial state of strecs (03 0 )  

and for tlie uiiconlined coiiipression (0. 0) 

It is possible to modify ecluation ( 1 )  for the gcneral case ofstress conditions :- az >, a3), 
proceeding from equations (3) arid ( 5 ) ,  as follows 

and after tlie transformation 

The curves from equation (7) are plotted and the results of experiments for tlie deterniiiia- 
tion of the strength at  the triaxial state of stress are given on Fig. 5  in view of c.omparison of 



theoretical and experimental data. Tlie data of experiments which were carried out by 
Ricliart - on concretc, on cement niortar by Smith aiid Brown '-', arid on rnarble by Karinan 1 

were used for plotting the curvcs. The value R,l 6 5 0 9  is taken for inarblc. 
Tlie thcorctical curves conform to thc cxpcrimeiits. Thc greatest scatter of individual 

expcriineiital data in comparisoii with thc tlicoretical curve attains 27':„. This scatter caii 
not be considered cxccssive if oiie takes into account tliat in tlie absencc of soinc characteris- 
tics thc data wcrc takcn according to averagc normative figurcs. 

I t  is possiblc to use tlic liricar equation o i  strengtli, suggcsted as a first approxirnation, 
for the aiialytical cvaluation of the brittle failure of concrete aiid othcr niaterials which have 
differciit values of both tcnsile and coiiiprcssive strength when they work under tlie coin- 
bined states of stress. The initial Parameters, R„,., Rcr. R,.,, are detcriniiicd froin pure- 
coinpression arid pure-tension tests. 

I t  is possible at great pressures (when the overcoiiiing of the cleavage strengtli in thc 
transverse direction is impossible) to attain statcs of plasticity (plastic strains of the first 
type) il the value of shearing stress is a considerably great one. The liniit of the transition 
fi-orri thc brittle state to the plastic one requircs additional study. 

It is also possible to study tlii- conditioiis of tlie appearance of brittle failure at the biaxial 
state of stress by thc general equation (6). Under tlie biaxial state of stress. whcn both thc 
stresscs 0-1 and U% are compressive, failurc can occur only i n  tlie axial direction 03. wlicre 
sidc pressure is absent. 

Substituting in equation (6) GS 0 one may obtain the cq~iatioii of failure for tliis case 
in  the following shape 

The examination of equatioii (8) is diffcrcnt bccause of the scanty experiinental data. 
Tlie decrease of strengtli according to cquatioii (8) is not revealcd by nieans of soine 
cxperinicnts ', -". 

Tliere is a siifficient number of cxperiiiieiits for the otlicr biaxial state of stress, wlien ai 

is tlie compressive stress, 02 -: 0 and v3 - - 0 : 3  is the tensile stress. Failurc of the speciiiien 
inust occur in  this case becausc of tlie ovcrcoiniiig of the cleavage streiigth in tlie direction 
of the tension 03 .  

I t  is possible to transforin equation ( 6 )  Tor tliis state of stress to the next one 

or, ncglecting 

because of its sinall valuc 

I t  is nccessai-y for tlie conipai-ison of results obtained from equation (10) and the data of 
cuperinicrits to make thc value of the coet3cient K, depicted on tlic diagrain of Fig. 3 
(uniaxial comprcssion), the more pi-ecise onc. A lowering of the liniit Rcr. i . ~ .  tlie iiicrcasing 



of K under tcnsile stresses aa in the direction normal to the direction of the actiori ai, 
should bc expected. The wliole range of stresses froin 0 to R,I determines the overcoming 
of thc cleavage strengt11 under the tensile stress only, and therefore in this ciise K = 1. 
Thus it may be considered that the data of the experiments in the coordinate systein 

should be situated in the region limited by tlie value taken from the compression tests and 
by K = I .  Thc law of change under these conditions has not beeil studied and reinains 
unkiiown. 

A nuinber of experimental data has been examined on specimens of cement-sand mortar 
by Smith 2" and of concrete by Veriguin and McHenry 28, and for the biaxial state of 
strcss when al is the coinpressioii and a:3 is the tension (Fig. 6), in order to coinpare thesc 
data and the theoretical curve plotted accordirig to ecluation (10). The results of gypsuin 
tests by Davidenkoff 3 and of cast iron tests by Grassi and Cornet and CoHin "1, which 
reveal similar laws, are presciited oii the sainc diagram. 

Cement-rcnd mortar. by Smith 126) 
V Concretc. by Verigin ( 2 7 )  
A Concrete. by Bresler ond Pister (9 )  
B Concrete. by McHenry ond Korni (281 
o Gypsurn. by Dovidenkoff (29) 
0 Cost iron. by Grassi ond Cornet 130) 
X Cost iron. by Coftin 131) 

Fig. 6. Experimental data oii the biaxial state ofstress. 

I t  is possible to plot two extreme positions on tlie theoretical curve on the basis of equa- 
tion (10) depending oii the law of change of the eoefficient K. 00th the curves are shown on 
Fig. 6. The law of change Ktaken for both the curves ( K l  and K-). dependiiig on na. is given 
in Table 11. The value K = 0.3 for the priricipal compression is taken according to Table I 
and corresponds to tl-ie average strength of the specimens tested in the above-nientioned 
experiments for the given biaxial state of stress. For cast iron this value is sornewhat lower. 

Data of the tests are grouped in the region of these curves. 



T h e  notions about  the nature of brittle failure in the principal compression conditions of  

concretc suggested in this paper show that  consideration of  the most simple laws of the 

overcoming of  the cleavage strength which were discovered has great importance for  the 

evaluation of  concrete strength and its strains. 

The  equations of strength, suggested as the  first approximation, based on the  assumption 

about  the linear relations should be considcred. In spite of  tliis. these equations coi-respond 

t o  the tcst data. 

A more detailed stiidy of  these laws would undoubtedly be interesting. It should be 

necessary a t  the Same time t o  accumulatc da ta  about  the limit of  microcrack formation in 

different materials under  different test conditions. 
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An investigation into the actual conditions of work and 
the limit states of steel skeletons of industrial buildings 

lJDC 624.04 : 624.014.2 

E. I. B E L E N Y A  

Acrrr1~111y o f  Blrilrlir~,~ oirrl Arclrilcclr~rc ( U.S.S .  R.  i 

In.vcstigations that have been conducted and  operating experieiice show that  tlie actual 
stresses iri. structural members of skeletons of industrial buildings are  usually very diffcrent 
from tliose calculated. with the result that  tlie structures tu rn  o u t  t o  be of unequal strength 
a t  difTerent points; sometimes the safety factors a re  insulficient, but  inore often tliey a re  
excessive. Tlic differcnce betwecn tlic actual and  the calculated stresscs can be cxplaiiied 
by two fundameiital circumstances: 

1. A lack of correspondeiicc betwccn tlie idealized systeni and  tlie actual beliaviour of the 
structure. 

2. A lack of correspoiidence between tlie actual value a n d  tlie nature of tlie loadiiigs on 
tlie oiie hand,  and the dcsign values oii tlie other. 

This paper is concerned with a study of tlie work of structures under prescribed loadings. 
Tlie desigii charts norinally used for  the steel skeletoiis of industrial buildings a re  only 

approxiinations t o  the actual conditions of work of the  skcletoii, conditions which a r c  
distiiiguished by the joint work of different structural menibcrs, linked u p  into a uiiified 
spatial structural system togetlier with tlic substructures and deforinablc foundat ion.  

A common niethod of simplifyi~ig calculatioiis is to  dividc the spatial system of tlie 
skeleton fi-amc into scparate flat structural mcinbers without proper accouiit of tlieir 
actual interrelationsliips. However, even tliese separate flat structural ineinbers are  cal- 
culated according to  approxirnate sclicmes. Tliesc siniplifications in calculations a re  due  
not s o  inuch t o  tlie desire to  make tlie calculating process easier as  t o  the fact tliat the 
problems have not been dcveloped and  that  there are t o o  few studies of tlie influence of 
ditrcrent factors on tlie work of tlie structure t o  serve as a basis tha t  might be used t o  develop 
designing procedures (acceptable in practice) wliich would account for all these factors. 

T h e  beliaviour of complex statically indeterininate systenis beyond the lirnits of elasticity 
has not becn studicd in suflicient detail. This  makcs it difficult to  determine, by calculation. 
tlic limit states of such structures. For  this rcasoii, in the  majority of cases of practical 
designing tlie limit dcsigii stresses ii i  rods of  statically indeterminate systems a n d  tlieir 
displacemciits are  detcrniined froni tlie elastic stage, wliich leads t o  a discrepancy betwccn 
tliese values and  tlie actual values. 

Altliough tlicre is a large number of rcsearches on the liinit state of frarne Systems, this 
problcrn is liiirdly a t  all dcvelopcd duc  t o  its complexity. U p  t o  the present tirnc, there has 
beeii 110 invcstigation that could be called cxliaustive with regard t o  conibination frames in 
wliich tlie work of tlie franie (conipressed-bent) members is combincd with tliat of statically 
indeterniinate trusscs. 

Tlic present paper includes tlie rcsults of investigations into tlie actual distribution of 
stresses and  deformations i i i  transverse fraines of tlie steel skcletons of singlc-storey 
industrinl buildings for  diffcrent types of static loads. T h e  s tudy considers bot11 elastic a n d  
clastic-plastic Stages of tlie structure. T h e  s tudy is of a n  experimental-theoretical iiatiire, 
the basis being tlie assuniption that  tlie experimental part is tlie most reliatde in ciiabling 
ont. to  uncovei- the physical essence of tlie plienomena under  study. 

Tlie experimental studies wcre first carricd out  with inodels of  individual asseniblies a n d  
flat structural inembers wliich permitted varying tlie coiiditions of work of tlie s t ructures;  



the data obtained were verified and aniended duririg tests of a two-span experimental 
skeleton, under conditions sufiiciently close to natural size, and also under natural scale 
conditions on skeleton frames of industrial buildings. 

In this investigation, the principal factors afiecting the behaviour of fran-ies were deter- 
mincd and on this basis practical procedures were worked out to  account for these factors 
in designing. Aniended design schemes of combination frames of this type have been ob- 
tained in which allowance is iiiade for tlie qtructural peculiarities of lattice girders and their 
coi-inections with coluinns, for elastic and elastic-plastic deformability of joints of lattice 
girders and columns, and for the interaction between the steel structure of frames and tlie 
substructures and their foundation. 

Ordiriary design scliemei d o  not take into account tlie peculiarities of interconnection of 
lattice girders and coluinns in the two Cross sectioiis at tlie level of the lowcr and upper 
flanges of the girder. In design schcrnes tlie girdcr is taken as continuous, connected t o  the 
colunins at oiie point at the level of the lower flange (Fig. I b). This is not in accord with the 
actual conditions of work of the frames. In the design scliemc proposed on the basis of this 
investigation, account is taken of the method of joining the girder and colunins in two 
sections in height and of tl-ie ecceiitricity in transniitting tlie vertical reaction of the girder 
onto the coluinn (Fig. 1 b). 

Fig. I .  Fraine deforrnation ~irider load: ( a )  Accordirig to  accepted dcsigii schemes; (b) According 10 

proposed design schemes. 

In selecting girder sections of single-storey frames of industrial buildings, the unloading 
effect of support rnomeiits is frequently disregarded, i.e. the advantages of the frame system 
are not utilized. As tests of an  experimental skeleton frame and natural-scale tests havc 
sliown, the rods of lattice girder framcs in such designing are found to be of unequal 
strength: tlie flanges have surplus safcty factors, wliilc the lattice members frequently have 
insufficient safety factors. Tlie unloading effect of support nioments is ignored chiefly 
because of the lack of sufficiently reliable procedui-es for determining their values. Joints 
between girders and columns arc regarded either as absolutely rigid or as pinned; in tlie 
latter case the structural solution of ihe attachnient is usually distinguished by light-weight 
sections of corinecting members. 



As theoretical and experimental studies on models and the cxperiniental frame havc 
showii, in liglitened connections (which ordinarily are taken as the pinned iype) there 
appear moments that comprise up to 60-70':; of the values of the moments in the case of 
rigid connection. At the same time. "rigid" joints yield noticeably. 

The load-deformation characteristics of the connection of tlie upper flange to the column 
obtained from experimental studies of models may be replaced (with an accuracy sufficicnt 
for practical purposes) by three straight lengths that simulate the three Stages: elastic, 
elastic-plastic and plastic (Fig. 2). 

Deformabil i ty c u r v e  of f lange 

connection in t h e  funct ion of s t r e s s  

Fig. 2. Substit~ition nf a curvilinear work diagram of a fange connection by a broken diagrani, and 
establishing the desigii parameters of the coniiection. 

On tlic basis of ü transforniation of experimental properties of joints into broken linear 
diagrams, parameters liave been obtained which are necessary for designing frarnes which 
charactcrize the properties of the joints (C is the pliability of the joint in thc elastic stage, 
C, the pliability oF the joint in tlie elastic-plastic stage, S ,  tlie liinit value of stress in the 
elastic stage of the work, and SI& is the liniit value of stress in the elastic-plastic stage of the 
work). The values of these parameters are given in the form of graphs in the function of 
geornetrical characteristics of joints (Fig. 3). Knowing the characteristics of joints, one can 
calculate the frame with any number of joints working i i i  tlie elastic-plastic stags. 

If we are given (for structural reasons) the geometrical characteristics of joints, it is 
possible, by utilizing the graphs, to determine their physical parameters and to desigii the 
frame, and by selecting the proper geornetrical characteristics it is possiblc to regulate tlie 
distribution of stresses in the frame and its behaviour. 

A graphical-analytical method has been worked out to determine the moment in a frame 
joint functioning in the elastic-plastjc stage. This inethod permits a rapid analysis of the 
dependence of tlie niagriitude of the monient on thc deformability of joints when tlie load 
on the frame increases. 

Fig. 4 shows the results of a determination by iiieans of the grapli-arialytical method of 
tlie moment o n  a niiddle support of a two-span frame for two design variants of connecting 
the upper girder flange to a colunin. 

A correct evaluation of the niagnitudes of support momerits of lattice girders permits tlie 
reduction of the cross section of girder flanges and a more reliable determination of the 
stresses in lattice members. This latter circumstance is especially irnportant since the cause 
of some failures of trusses has been the loss of stability by medium cross stays of the trusses, 
the Stresses in which are mairily dependent on the support moments. 

The supposition taken i i i  the designing ori rigid connection with columiis at the Ievel of 
the top of the substructures does not accord with the actual conditions of work of the 
franies, since the substructures move undcr load. Due to  movements of tlie substructures 
of the column. in the foundation there occurs not only a turning but also a horizorital 
displaceinent (Fig. I b). 



The  proposed design scheme of  a frame with columns fixed in absolutely rigid substruc- 
tures standing o n  elastic sernispace has been verified experinientally both o n  a model a n d  
on a n  experimental framework and  in natural-scale tests, and  may serve a s  a good basis 
for  designing frames with account taken of  their interaction with substructures a n d  the 
foundation. 

As a rule, wlien taking into consideration the deformability of  the substructure founda-  
tion, the design values of the moments  in  the columns and  a t  the level of  tlie foot of the  
substructures dirninish. Hence it is possible to  lighten the weight of  the columns and 
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anchoring braciiig and to reduce the volunie of the substructures. Tests of a two-span frame 
in a n  experimental frame showed tliat when the girder was given a vertical load, the de- 
formability of the foundation of the substructures reduced the monients o n  tlie base level 
of tlie column by 202„ and on the level of the foot of the substructures by 25"; as compared 
to  moments in rigid fasten.& 

At the Same time, the deformability of the substructures of thc foundation considerably 
increascs the horizontal displacements of the frames - a phenomenon that inust be accounted 
for, especially in. buildii-igs with lieavy-duty crane operation. 

For elementary frame schemes and their loadings, wc have obtained formulae for 
transition from monicnts calculated without account taken. of deformability of the founda- 
tion of the substructures to inoments with account of this deformability. Using these 
formulac, graphs have been constructed that cliaracterize the influence of deformability of 
thc foundation of the substructures (Fig. 5). Thc influence of the deformability of the 
foundation of thc substructures depends not only on the characteristics of the ground, but 
also o n  the sizcs of tlie substructures and. to a large extent, on  tlie rigidity of the columns. 

In frames with columns of different rigidity aiid with various strengths of the substruc- 
tures. there occurs a redistribution of monients towards an  increase in tlieir values in 
columris with stroiiger substructures. even if the columiis thenisclves are less rigid. 

In testing a two-span experimental franie by horizontal loading, a deformability of tlie 
substructures of the ioundation and a varying dcgree of anchoring of the columns due to 
unequal strength of tlie substructures became apparent (Fig. 6). At tlie foundation of the 
extreme colunin, which restcd on a very rigid substructure, the moment increased two-fold, 
iii tlie foundation of the otlier extreme column thc iiicrease was 270k and in tlie foundation 
of tlie most rigid middle column the momcnt diininished by 75"„. At the girder level, the 
horizontal displacements of tlie frame incrcased threc-fold as compared with displacements 
in tlie case of tixed colunins. 

Observatioiis of displacements of substructures duc to concentrated crane loads in 
operating shops have shown that cveii in tlie case of compact clay ground with a modulus 
of deforination from 2000 to  4500 kg/cm' tlie substructures are displaced, and these 
displacements alter tlie values of moments in the foundations of tlie col~imns from I0 to 40°,,. 

Studies of the stressed state of continuous stepped columns working with eccentric loads 
havc shown that tlie strerigth design of colurnns (according to  the two-terin formula) 
insufficiently reflects the actual stress state of thc columns. Due to initial eccentricities in the 
coluinns and also due to local and general flexures, strcsses i i i  the transverse section. of the 
colurnn do not follow the law of plane sections: moincnts appear in the columns in a plane 
perpendicular to tlie principal deflcctioii, and bending-twisting bimonients occur which 
produce overloading of tlie extreme fibres of the columii flanges. 

The non-uniformity of distribution of stresses in the coluinn flangcs, discovered in tests 
of models of columns and experimental frameworks, is characterized by the magnitude of 
tlie coefficient of edge overstrcss (the ratio of maximuni edge strcss to  tlie niean stress i i i  

tlie column flange), tlie inean statistical value of which was (in the tests that were conducted) 
1.24; in individual cases, the valucs of V reach 2.9 and more. As a statistical analysis 

of the test results lias shown, tlie most favourable type of loading (from the standpoint of 
edge overstress of the flanges) is non-central loading of tlie columris by vertical crane loads. 
When the fraiiie columns are mainly under a bcnding load, the mean value and tlie root- 
mean-squarc deflection of the valuc of the coefficicnt of edge overstress are at  a niinimum. 

Non-uniform distribution of stresscs in the coluinn flanges determines the earlier (as 
compared with design suppositions) transition of columns from elastic work to  clastic- 
plastic work. 

Frame tests with various typcs of loading and subscquent analysis of results have shown 
wliat factors produce the most essential cffect o n  the distributioii of stresscs and deformations 
for a particular type o i  loading. 
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When tlic frame girder is givcn a vertical load, close coiiicidencc of dcsign stresses and 
actual stresses inay be ohtaincd only when the properties of the joints (the pliability of 
fastening the upper-zone girder to tlie coluiniis included) and deformation of the foundation 
of the substructures are taken into account. Of grealest iiiipoi-tance hcrc are corrcct 
estimates of the peculiarities of the girder-colunin joints. 

When the fraines are loaded witli vcrtical crane or  horizontal loadings, it i \  of grcatest 
importance in desigii to consider the deformability of tlie foundation of the substructures. 
This calculation is particularly important for a correct determination of the inagnitude of 
liorizoi-ital displacernerit of thc framcs. Such a calculation is perniissible only for determining 
tlie strcsses in the branclies of coluiniis, as it reduces stresscs in tlic lattice by 20-3O0„. 
Taking this into consideration and also tlie fact that sirigle angles of the lattice uiidergo 
unsyninietrical deformations, it is expedient in selecting cross sections of rods in the lattice 
to introduce a coetficient of work conditions. r i i  0.5-0.75. 

These tests, iiiade up to destruction of the frames of tlie experimental framework, and an 
arialysis of tlie results have inade it possible to expose certaiii peculiarities iri tlie transition 
to the liinit state of flat single-storey cornbiiiation liairies of stecl fratneworks in iridustrial 
buildings. 

In tl-ie case of frame overloading witli horizontal or  vertical loadings (noncentrally 
applied to tlie coluinns) the fraines exliibited exccssive deformütion before they lost tlie 
capacity to take on further loads. 

Under the action of these loadings, the limit state was, as a rule, attained (by a six times 
statically indeterininaie frame) at a inomeiit close to transition of tlie structure froni elastic 
to  the elastic-plastic stage of work and. at least. with thc attainment of ductility at one 
point. 

The attainment (by a many times statically indeterininatc fraine) of tlie limit state in 
carrying capacity before that in deformation, is due to thc loss (by oiie of the franie rods) 
of stability and tlie instantaneously subsequeiit failure (due to redistribution of stresses) 
of one or several extra connections, wliicli converts thc overloaded member of the frame 
(truss, column) into a changing system (mcclianisin). If one of the men-ibers of the frame, 
which directly takes on the increasing load. loses its carrying capacity, the remaining meni- 
bers of the frame that are carrying otlier types of loads can retain the carrying capacity. 
Howevcr, tlie limit state of thc frame for carryiiig capacity of that particular type of load is 
achieved. 

The attainment by statically indzterriiinate framcs with two spans and more of a limit 
state in carrying capacity by rneans of successive failure of all extra connections. is possible 
only in the case of a specially selected combination of loadings that could hardly ever occur 
under actual conditions. 

The loss of the carrying capacity of tlie franie occurs bcfore the limit state in deformatioris 
when the lattice gii-der (truss) is given a vertical load. I r i  this case, the loss of stability of one 
of the compressed girder rods leads to instantancous transformation of thr girdcr into a 
mechanism due to redistribution of the stresses and a simultaiieous failure of several cxtra 
connections. 

A coluini-i can likewise instaiitarieously losc its carrying capacity when acted upon by a 
noncentrally applied vertical load. If in the most stressed cross section tliere occurs a loss of 
local stability of the inenibers of the cross section, as a result of which the carrying capacity 
of the section is radically diiiiinislied, the stresses arc redistributed to  other sections. whicli 
can likewise attaiii their limit carrying capacity under that load, and the c»lunin as a wliole 
will lose its capacity. 

lnvestigations have establishcd tlie following peculiarities in the work of a frame in the 
clastic-plastic stage, an account of whicli is necessary to obtain a sufficiently close picture 
of the actual behaviour of the structure by means of calculation. 

I. When the frürne passes from the clastic to tlie elastic-plastic stage of work, thc linear 



Fig. 6 .  The influence of deformability of tlie foundation of substructures according t o  the results of tests 
ol' an experimental franie Linder horizontal loading. - for experimeiital data, - - - - for calc~ilations with 
accouiit taken of the deformability of the foundation of the substructures (schenle N n  !). +.nr .-. 
ciilculations disregarding defc>rmability of the foundatiori of the substruct~ires. In pareiitheses are given the 
experirnentiil values of nioinents in nim. The fractions are the structural corrections: in the niiriierator for 

design scheme No. 2;  iri the denoniiniitor for design scheine No.  I .  



relationsliips of displaccmeiits and stresscs due to tlic load are disrupted. I.liis being due to 
ihe following causes: 

(a) The developmeiit of plastic deforniations of tlic fouriciatioii of tlie substruc~ures. 
(b)  The development of bending dcforinations i i i  compressed rnernbers(e.g. colurnn lattices) 

both before the meinbers lose stability due to thc presencc of initial ecccntricities, and 
after the loss (by tlie nicmbers) of local and gencral stability. 

(C) Tlie developinent of plastic deforniations i i i  the niost strcssed cross scctions and joints 
of the structurc. 

2. When a frairie is acted upon by horizontal loadiiigs, whicli produce considcrablc 
moinents at the level of tlie foot of the substructures, the frarne loses its carrying capacity, 
not only as a result of the foririatioii of plastic hiriges at tlie inost stresscd sectioris of the 
columns. but also as a rcsult of a loss of resistance of thc substructures to angular displace- 
ments, aiid this loss of resistance may, coiivcntionally, be considered as thc Formation of 
plastic hiriges at tlie level of the foot of thc substructures (Fig. 7). 

3. The formation of plastic hinges in welded colunins of I-type cross section with ratios 
(ordinarily used in practical dcsigiiing) of tlie thickness of the Ranges arid webs to tlieir 
widths of 

is accornpanicd by loss of local stability of tlie conlprcssed flarigc aiid part of the web. 
Cross sections with menibers whicli Iiave lost local stability i n  tlie forrnation of a plastic 

hinge have a reduced carrying capacity as coinpared with tlic still elastic parts of the mernber. 
As the gcneral deforniations of the structure dcvelop. local dcfornlations in the cross section 
increase and the carrying capacity of thc men~ber decreases in accord with the diniinishirig 
carrying capacity of the cross section. Therefore, tlie principle of constant mornent i n  a 
plastic hinge 

which is iiivolved in all frainc calculations when account is taken of plastic deforniations. is 
not obscrved i n  frames of thin-walled mernbers, arid cannot bc acceptcd unreservedly in 
calculations. 

4. When frame members are fastened to prevcnt tlie loss of general stability and wlicn 
their iiiain function is bciidiiig. the frame loscs its carrying capacity as a rcsult of successive 
forrnationof plastic hinges bcforc thc transition of the structurc into a mechanism. Howevcr, 
in fraines with ordinary thin-walled members, the collapse load is attained with tlie appear- 
ance of n $ I plastic hinges ( n  is tlie degree of static iiideterrniiiatencss of the frarncs), as 
is considered in generally ricccpted design theory witli account taken of the drveloprnent of 
plastic dcforrnations, but before it. 

In cross sections which rapidly develop plastic hiiiges. the carrying capacity is reduced 
owing to loss of local stability and a redistribution occurs of loading on the other mernbcrs; 
as a rcsult, a nuinber of plastic hiiiges appcars at a constant valiie of loading and thc load 
reaches its limit value when the structurc has not yet attained a full mechanisin of plastic 
hinges. 

The stcel framework of industrial buildings i s  a coinplcx structural assembly which func- 
tions as a three-dimensional systcin whcn loaded. The three-dimensional functioning of the 
framework is most effeciively manifested duriiig the operation of crane loads. which load 
directly only part of the mcmbers of the framework, wlicn, duc to the intcrconnection of the 
System, the entire framework bcgins 10 fuiiction, and tlic work of tlie directly loaded mem- 
bers of thc frarncs is eased. When craiie loadings are acting from bridge cranes movirig 





along rails fastened to columns, the tliree-dimensional function is ensured by longitudinal 
niembers rigid in the horizontal plane (longitudinal horizontal connections, rigid roofing, 
braking beains, etc.). 

In the case of intra-sliop transportation suspended from ceiling structures, tliree-dimen- 
sional fuiictioniiig may be ensured by longitudinal vertical connections inserted continuously 
bctween the latticed girders of the frames. 

The theoretical investigation includes general inetliodology of frame designing with 
account taken of the three-diinensional function arid special methodology for ciesigning 
various structural systerns of fiamework (framework with a single longitudinal connection, 
franiework witli multiple-spaii frames of identical height in all spans undcr the action of 
crane loading on the columns, and framework witli overhead transport in case of one and 
two longitudinal coiiiiectioiis). Graphs havc bcen developcd to simplify practical calculations. 

Designing franies for three-dimensional functioning rcduces to calculating a flat franie 
to the action of crane loadings 2nd elastic resistance of connections or covcring. 

In buildings with low rigidity or short-liveci rooling. frames (asbestos plywood, corrugated 
steel, tile, Eternit, etc.) sliould be dcsigned with account of elastic rcsistaiices of connections, 
whicli reduce horizontal displacenieiits of the frame being designed. 

Fo i  thc design systeni oiie may take a block of scven or five fraines witli a disadvantageous 
location of crane loading for the iniddle frame, which is taken as the design frame. 

I n  tlie presence of connections iituatcd in a single level, tlie elastic resistancc may be 
determincd froni 

R4 =- SJU,-,,(, (1) 

where S1 is tlie horizontal reaction in the fastening of columns at the levcl of conncctions 
from tlie crane loading On the iniddle frame of the dcsign block. 

The quantity U„,/ (reduced coefficient) is cietermined from 

in which the coefficicnts a are taken from graphs (Fig. 8) of the function of geometric 
ch:iracteristics of framcs, wliile tlie coefticients < cliaracterize thc ratio of thc magnitude of 
crane loading on the frames contiguous to tlie one bcing desigiicd, to tlie magnitude of the 
crane loading on the fraine bcing designed, and are coinputed from the ordinates of the 
lines of influence. 

In buildings with the same column height in all spans, displacemeiit of the framc in the 
three-dimensional block at the level of connections is detcriiiined from 

whcre df is the displacemcnt of the flat frame at thc connection level, due to the uction of 
ciane loadings. 

In buildings with rigid and durable roofing (rcinforced coiicrete assembled plates, etc.), 
it is advisable to design frames with account taken of tlie identical displacemeiit of all 
frames of the block at  tlie roof ng level. The inagnitude of frame displacement at the roofing 
level in this case is determined from 

wherc d;, is the displacenicnt of tlie flat frame at thc connection levcl due to the integratcd 
crane loading acting On the block; n is tlie nurnber of frames in. the block, not exceeding 10. 

In buildings with overhead transport of a lifting capacity of 5 tons and inore it is desirable 
to dcsign the roof of thc building with continuous vertical braccs. which ensure the three- 
dimensional functioning of thc trusses. 

Calculation of tlie three-dinieiisioiial functioning of frameworks leads to a convergence 







of tlie calculated values of stresses and dcformations of the frames with tlie actual values, 
to a correct distribution of material in tlie structure and, as a rule, io a reduction in tlie 
design stresses arid, consequcntly, to a reduction in the weiglit of tlie structures. 

In individual cases - niainly for the upper branclies of columris arid Cross sections a t  the 
level of the foot of tlie substructures - disregard for tliree-dimensional furictioning leads 
to a depression of calculated values of mornerit arid, conscqucntly, a reduction in the actual 
values of the safety factor (Fig. 9). 

Reductiori in tlie values of the moments due to  tliree-dimensional functioning under 
conditions of tcsting tlie experimental franie reached 74':,,, while under coiiditions of tcsting 
riatural-scale structurcs it reachcd 67«.„ on a loaded column and 9Ou.,; on aii unloaded 
column. The design values of the moments due to tlie sum of all loads acting on the franies 
dimiiiished to 75"1„ in the designs tliat were carried out. Thc reduction of frame displacement 
i r i  the three-dimensional block with respect to  displacenients of the flat frame, is as much 
as 10-fold and more. 

An increase in tlie nuinber of connections - horizontal uiider the actiori of bridge cranes 
and vertical under the action of overhead transport - as a rule considerably increases the 
effectiveness of three-dimensional functioning To ensure effectiveness of three-dimensional 
functioning it is usually suficient to consider only two horizontal connections and a 
vertical one. 

rhe placing of transverse coniiections at thc cnds of the block is advisable to ensure joint 
functioning of the two extreme frames of tlie block whencrane loadings are applied to  theni. 

The influence of braking beamc on three-dimensional functioning is slight and, as a rule. 
in practical designing it may be disregarded. 

Calc~ilation of three-dimensional f~inctioning of transverse franies produces tlie greatest 
effect in franies of great height, when tlie distances between thc columns are small and when 
the columns are of slight rigidity. 

Frame calc~ilation will1 account taken of three-dimensional functioning should be carried 
out when designing new buildings and, in addition. the results of this study may be utilized 
in solving problems of strengthening structures in connection with increasing loadings, both 
for travelling cranes and overhead traiisport. 
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Tlie problem of the shear strength of reinforced concrete beainc arid slabs subjected to the 
action of trai-isverse forces is onc of the most complicated in tlie theory of reinforced 
concrete. Although research in this Geld was started alrcady in the last century and is being 
coritinued to this day, it has so far yielded rio conclusive results. Tlie great interest in this 
question arises frorn the inconiplete explanation provided by the "classical" theory and by 
the well-known divergencies which are observed between experinierital data and the results 
of coinputations based o n  this theory. 

In reinforced concrete niembers subjectcd to  simple bending (combined action of bending 
mornents and/or transverse forces) tlie bearing capacity, the formation and the opening 
of cracks rnust be determined. Due to limited spacc only the first of these problems will be 
dealt with in this paper. 

At the Institute of Concrete and Reinforced Concrete of the USSR Academy of Bililding 
aiid Architecture the author has, uiider tlie direction oT Prof. A. A. Gvozdev, carried out 
extensive invcstigations on reinforced concrete beams subjected to the action of transverse 
forces. On the basis of the results obtained a n  ultimate strength design method, described 
Iiereunder, was elaborated. 

Considering the behaviour of a flexural reinforced concrete member under load it iiiay 
be noted tliat even in beams with relatively sniall span, cracks normal to the axis of the 
beam are the first to appear. As the load increases, some of these cracks develop in a direc- 
tion slanting towards the middle of the span. in tlie subsequent stagcs of loadjng still more 
shallow sloping cracks appear, which wmetirnes cross the already formed vertical cracks. 

If such slanting cracks appear in sections subjected to  large bending niornents they 
originate in the tension Zone and gradually propagate towards the cornpression zonc. 
However, when Lhe bending moments are small, the slanting cracks first appear near the 
neutral axis and gradually spread out, botli up and down. With further increases in loading 
these cracks develop gradually aiid open up; it must be noted that they Open more widely 
thari tlie vertical tension cracks. In a schernatic representation of the state of a beam before 
failure, it may be considered that the diagonal crack divides, as it were, the bearn in two 
parts, connected with each other in the compression Zone by the concrete above the crack 
and in the tension Zone by tlie longitudinal reinforcement of stirrups and bent-up bars 
which cross tlie crack. Whcn the load is increased still further, the resistance of the rein- 
forcemeiit crossing the diagonal crack may be overcome and in this case both parts of the 
beain will rotate reciprocally around a cornmon hinge in the compression Zone. This 
causes a further opening of the crack arid a reduction in the height of the compression Zone 
leading to  its failure. a very similar compressiori failure occurring above a vertical tension 
crack. 

In the presence of strong and well-bonded longiludirial reinforccment, which resists the 
reciprocal rotation of both parts of the beam, the concrete fails under the conibined action 
of compression and shear. TIiis usually Starts in the compression Zone above the crack. 
When the compression 7one is strong, as in T-beams, rupture may start in the web, in tlie 
general direction of the priricipal coinprcssive stress. 

Based upon these two possible schemes of rupture two ultimate conditions of equilibrium 



niust be considered; the disturbance of either one of the two rnay be the cause of de- 
struction: 

1 .  The moment of the external forces relative to the centroid of the compression Zone 
ahovc thc diagonal ci-ack must be smaller than the inoment, which rnay be taken u p  by 
the main reiiiforcement of stirrups aiid bent-up bars 

M, < .f,ya,qZ.s t Cf,.„,ZT -4- 2 j , c r o Z o  ( 1 )  

2. The external transverse force must be smaller than the combined ultimate strength of 
the concrete, tlie bent-up bars and the stirrups 

Qr < Qc + I.fvaz. + cos (2) 

A third condition of equilibrium determines the height of the compression Zone and the 
magnitude of the lever arm entering tlie first inequality. The factors entering this inequality 
arc illustrated in Fig. I .  and will be considered in dctail below. 

Fig. I. Factors determining the ultiiiiate conditions of eq~iilibrium. 

111 working out the above-rnentioned inequalities a series of assumptions were niade, 
some of wliich rnay lead to  certain errors. In particular, it was admitted that both the 
longitudinal and the transverse rcinforcemetit are able to resist only pure tension and do 
not resist shear. A number of authors have expressed the opinion that lorigitudinal rein- 
forcement is capable of resisting shcar. It is, however, impossible to  agree fully with this 
opinic~n. In the case of diagonal crack developing in close proxiinity of the support, the main 
reinforcement working i n  shear may, perhaps, perceptibly partake in resisting a transverse 
loading, working as a dowel. However, if tlie crack occurs even at  a relatively small distance 
froin the support, such an occurrence is hardly possible, sincc the reinforceinent will bend 
and tear off the concrete Cover. 

It was also assumed that tlie yield Stresses will be reached simultaneously both by tlie 
concrete and by the entire transverse reiiiforcement. In reality, however, this rnay not be the 
case as the ultimate conditions occur in succession, which may lead to some error to be 
accountcd for by the introduction of corrective factors. 

Let us analysz in greater detail the factors which enter inequalities ( I )  and (2). M, and Q, 
are the moment and the shear acting in and along the inclincd cross sections. They differ 
from those used in the dcsigii of normal cross sections due to  the fact that in determining 
them it is necessary to consider whether the load is applied above or  below the inclined 
cross section, thereby dctermining whether these forces should be regarded as riglit-hand 
or left-hand ones (Fig. 2). 

,fSas, the internal force acting in the main reinforcenlent when bond is sufficient. may be 
taken equal to the internal force at yield stress. When bond is sufficient it should be taken 
as the equivalent of the force which will cause the reinforcement to  be pulled out. 'l'lie 
values of.f,.ao and,fbab may be considered equal to the internal forces a t  yield stress. 

The ultimate shear Q, taken up  by tlie concrete should be studied in greater detail. In 



order to determine the values of Q, 75 beams were tested by the author in 1937. These were 
singlc-span. siinply-supported and cantilever beains. Portions of all of thcse beains were 
devoid of web reinforcenient either on the entire lengtli between the support ünd tlic load 
or on a Part of it. In the latter case tliese portions were either close to the support, near tlie 
load or  oii both sides of the inllexion poiiit. 

Fig. 2. Application of forces. Force P in (a) is applied below thc  inclined section and should he considered 
as a force acting on the right side of the beam. A uniformly distributed Ioad within the inclined section niiist 

also hc considcred as 3 force acting on the right side of the bcam. 

These tests made it clear that tlie valuc of thc ultimate shear takeii up by the concretc 
depends inainly on the size of tlie beain cross sectioii, tlie cube strength of concrete and the 
angle of inclination of the diagonal crack. On thc basis of these tests an empirical forniula 
was proposed for the deternlination of the value of thc shear which can be resisted by the 
coiicrete, taking into account the factors inentioned abovc 

wliere C is the projection of the beain axis of the diagonal crack along which failure occurred 
and K is a factor whicli in the first approxiination may be taken as constant and equal to 
0.15. 

rlie concrete in the Zone of the diagonal crack is in a state of coiiiplex Stress, and in tlic 
absence of a sufliciently devcloped theory of the strength of concrete it is dificult to provide 
tlieoretical proof of this expression. It is clear that Q,. must depend on the size of tlie cross 
section aiid ori tlie cube strength of concrete, but the influcnce of the slope a of the crack is 
less evident. Mowever, their interdependence inay be shown by the following simple 
reasoning: Q,  is the suin of the coinponcnts normal to tlie axis of the element of the principal 
compressive stresses, whose direction is refected by the slope of diagonal cracks. The 
stceper thcsc cracks, the steeper will be the direction of the principal coinpressive Stresses 
and the greaier their vertical coinponent and, thcrefore, also tlie value Q,. 

Thesc tcsts sliow also that even wlien the rcinforcement is securely bonded with the 
concrete various kiiids of Failure remain possible. When the distance between the load and 
the support is small and also when stirrups are closely spaccd, failure of concrete in coni- 
pression in the direction of tlie priiicipal compressivc stresses causes the destruction of the 
beam. This kind of destructiori is characterized by the fact that shortly before rupture a 
series of shxllow, soinetimes fan-shaped cracks appears in the conipression Zone at  the end 
of the diagonal crack. Siniultaiieously. nunibers «f oblique cracks open at various levels 
side by side with tlie inaiii cracks. Then scaling begins and the concrete is crushed bot11 in 
tlie conipression 7one and at various lcvels in the pi-oximity of the diagonal crack, as weil 
as in tlie tension Zone near thc support. 



When the dislarice betwccn the support and tlle load is sn~all ,  the principal compressive 
stresses are direcled parallel to tlie line connecting the centre of the support witb tlie load 
point, thus forming, as it werc, a coinpressed brace. I n  this case the diagonal cracks, as a rule. 
are also parallel to that lirie. The smaller the distance between the support and load and, 
therefore, the steeper the bi-ace formcd, the greater is tl-ic vertical component Q,:. 

When the distance between thc support aiid the load is large and wheri the web reinforce- 
incnt is relatively ~ e a k ,  destruction is caused by shear of the compression Zone along a line 
wl~ich is the continuation of the diagonal crack. It is easy to show that in this case the value 
of Q, will depend on tlie slope of the crack. Indccd, conlpressive forces normal to  the plane 
of sIiear substantially increase sliear strength and therefore the sharper the slope of t l ~ e  
crack, the smaller ~ i 1 1  be the component o i  normal stresses acting j17 a direction perpendic- 

Fig. 3. A cLirve illuztrating the dependence of Q,/h h„ R1, oii the cotangeni of thecrack inclination angle. 



ular to the plane of shear and, consequently, the srnaller will be the resistance to shear 
expressed by Q,. 

It niust be noted that in testing beams carrying two concentrated loads another type of 
failure was evidenced, in wliich the diagoiral crack crossed the section situated under thc load 
well below the neutral axis and, entering the Zone of pure bending. went through it almost 
horizontally. Cracks forrned at both ends of the beani and joined up. thus leading to a 
formation resembliiig a tied arc. Althougli tlie reinforcement reinained well anchored in tlie 
sound parts of the beam, local brcaking of tlie bars frorn the concrete and tlie disturbance 
of bond caused tlie destructioii of the compressed concrete inidway between the loads at  
Stresses in Ihe reinforcenient wliich were well below its yield point. Despite the different 
cliaracter of failure tlie ultimate shear strength of these beams coincided well with that 
coniputed by tlie above formula, disregarding a certaiii unavoidable scatter. 

In Fig. 3 values of the cotangent of tlie crack slope (the ratio of the Iiorizontal projection 
of the crack to the effective beam hciglit) are plotted along the Iiorizontal axis, whilc those of 

are plotted along the vertical axis. 
The curve represents the ultimate shear strength, coniputed froin equation (3). and the 

dots represent actual test values. All tlie dots fall fairly close to the curve, althougli a 
considerable scatter is observed. 

If we assume that the diagonal crack crosses tlie entire length of the section between the 
support and load. tlien tlie expressiori for Q,  will coincide with the one derived froni the 
University of Illiiiois tests. which assunies that tlie value of the nioinent of the transverse 
load remains constant for a beaiii of a giveii cross section reinforccment and strength of 
concrete, regardless of tlic distance between thc load and support. However, i f  the portion 
of the Span between support and load is provided with web reinforcenient, tlieii, as tests 
show, failure will occur along a mucli stecper crack and at a liigher load. In this case the 
inonient of the transverse force will 110 longer rernain constaiit. 

The value of the factor K i n  equation (3) inay be coiisidered constant only in tlie first 
approxirnatioii. Tt depends on a series of factors, e.g. percentage of reinforccnieiit. cube 
strength of concrete. Tests carried out recently have sliown tliat when the distaiicc between 
the support and load is small tlie value depends upon tlie size of the bearing plates tlirough 
which both tlie load and the reaction of the support are transrnitted. 

Thc influence of tkiese factors may partly explain tlie scatter of test results appareiit iii 
Fig. 3. However, thcir effect is not very largc, and for the sake of simplicity it was decided 
to neglect theni, assuming K : 0.15. 

Sorne investigators have iioted that, all other conditions bcing equal, thc ultiniate shear 
strength depends on the area of tlie tciisile reinforcement. In our tests, in order to avoid 
failure in bending due to the yielding of reinforcement. the beains, as a rule, were over- 
reinforced; under-reinforced beams failed tlirough the yielding of the tensile bars and, 
therefore. the effect of the variation of the longitudinal reinforcenient was small. It niay also 
be pointed out tliat in the University of lllinois tests the increase of the niain rciiiforcement 
area had an effect on tlie ultirnate shear strength of the bearns only in the absence of web 
reiiiforcemcnt, whereas in bearns witli such rcinforceinent tlie increase of longitudinal 
reinforcement area had 110 effect on thc ultimatc load. This question requires additional 
investigation. 111 order that the area of reinforcement could be varied within comparatively 
wide limits without fear of bending failure, it seems advisable to use high tensile steel. 

The forniula proposed for the computatioii of Q,., as well as any other ernpirical formulae, 
liave a limited tield of application within which tliey remain true. It is impossible to admit 
that in tlie case of a vertical crack Q ,  will beconie equal to infinity. In our tests the ratio of 
hlc reached 2.5,and even tlien a sufficiently good agreeincnt with forrnula(3) was still observed. 



For checking the metllod of computatioiis proposed, besjdes the 75 beams inentioned 
above, more than 60 beams were tested with web reinforcement along their entire length. 
These were single-span, simply-supported beanis and beams cantilevering at oiie or both 
ends. These bearns were tested with oiie or  two coiicentrated loads in the Span and on  the 
cantilevers; in other cases a larger nuinber of equally spaced concentrated loads were 
appl ied. 

Soine of the beams were reinforced with stirrups, otliers with bent-up bars aiid sevei-al 
witli both stirrups and bent-up bars. Besides this an analysis was carried out of test data on 
beams failing i n  shear aiid described in the literature. Altogether more than 200 beams were 
analysed. 

All the data thus collected are in good agreernent witli tlie results of theoretical computa- 
tions. A frequency distribution curve for test data deviations froin calculated values is 
presented in Fig. 4. The average deviatioii is equal to i 1.5 0/„, whilst tlie standard deviatioii 
is 16.3"„. 

TAe deviai / ;on o f  /he o r / u a /  /ood h m  /he /Arore/ ,ru/  one / / n  p e r  ren / /  

Fig. 4. Freq~iency distribiitioii for test diiia deviatioiis froni calciil;ited valiies (for 203 beains). 

Tlie use of tlie fundamental inequalities for design purposes would be laborious, mainly 
because the slope of the inost dangerous cracks is uiiknown and thereforc the strength 
would have to be checked along several oblique directions. However, it Ii;is been found 
possible to elaborate a set of formulae based on equations ( I )  and (2) aiid to establish 
crrtain design rules which, substantially siniplifying the coinputations, secure automatically 
the fulfilmeiit of these equations for any cross section. Hereunder we preseiit tlie development 
of the expression used for the coniputation of the stirrup area, based on equation (2). 

Consider a beain sub.jected to a coinbination of concentrated and uniformly distributed 
loads. The sliear diagrain will in this case consist of several trapezoidal portions as shown 
in Fig. 5. Assunie that the load is applied üt tlie upper edge of the crack. If we consider the 
stirrups to be uniforinly arid continuously distributed aloiig the wliole portioii of the beani 
under consideration, tlien for the inclined cross section beginniiig in the tension Zone at  a 
distance x i  and rcaching the compressed face at a distancc X I  froin tlie Support, equation (2) 
may be writteii in  the form 

where Qo is tlie shear force at tlie support ; 
Qo - -  P';, is the sliear force acting in the inclined cross section under consideration, 

eriding at the point ,Y[; 

xl - -  X? - C is tlie projection of the diagonal crack; 



is the intensity of strcss which can be resisted by the stirrups per unit length 
of the beam 

P beiiig the intensity of the unifornily distributed load. 
Equation (2a) may further be transformcd as follows 

Fig. 5. Shear d iagran~ of a beam siihjected to a combinntion of concentrated and uniformly distributed 
loads. 

Assuining that xz remains constant and is known, the slopc of the crack may be found 
for which the right-hand portion of expression (2b) reaches its mininiuin, which inay be 
done by equating to Zero its first derivative by c 

from wliicli 

Substituting this value in equation (2b) and taking X? = 0. whicli leads to thc minimuin 
of Qo, we obtain: 

- - -  P -  - 

Qo : 2 d 0 . 1 5  hh:Ro(q„ -,- P) 
from which 



Equation (6) shows tliat when stirrups are provided and when the distance fron.1 support 
to load is greater tliaii the length I. obtained from expression (5) ,  the ultimate shear force is 
independent of this distance. In analysiiig the University of lllinois tests the aui.liors had 
observed tliat for beanis provided with stirrups the ultimate shear did not depeiid on the 
length of the "shear span", as it did for elements with no web reinforcernent. 

Using equation ( 7 )  the required area of stii-rups may be determined. When bent-up bars 
are spaced fairly widely apart, tlien for any given stirrup nrea, tlie reqiiired area of tliese 
bars can be determined by tlie following expression 

sin - Qo - 2  v '~.  15 / ~ h ~ R t , ( ~ , .  L 17 )  

The area of bent-up bars and stirrups obtained by equations ( 7 )  and (8) etisures tlie 
fullilment of expression ( 2 )  tor any slope of the diagonal crcick. 

In most cases no checking of Hexural strengtli uf tlie inclincd cross sections is. required. 
Provided that the inain tensile reinforcenient is reliably anchorcd at tlie supports. is neither 
interrupted nor bent up. and that tlie downward load is applicd to tlie upper face cif the 
beam, equation ( 1 )  is auloiratically fuliilled and, tlierefoi-e, tlie flcxural strength of the beam 
in the inclined eross sections remains ensured as long as tlie strength of the normal cross 
sections is not exceeded. 

It can be easily sliown that in the presence of bent-up bai-s the flcxural strength of any 
inclined cross section will be provided for if the normal cross sections at tlie bends are 
sufficiently strong and if the distance betweeri the bend located in tlie tcnsion Zone and the 
normal cross sectioii where the bar becoines fully stressed is not less than 0.5 h ~ .  

Even in cases wliere tlie inain reinforcing bars are terniin.ated in tlie tension zolle, checking 
of the flexural strengtli of inclined sections by means of expression ( I )  may usually be 
avoided, provided tlie bar is extended sufficiently far beyond the section wlicre it is really 
required. The length of this extension is determined by tlie condition tliat stirrups and bent- 
up bars crossing any oblique cross section situated beyond the end of t l ~ e  cut-off'bar should 
fully compensate tlie strength of this bar. 

Fig. 6. Deteriiiiriatiaii of distance a l  whicli rieg~itivc niornent reiriforcenierit over interinediaic supporis 
inay be terniinated i i i  con~in~ious beürns. 



The distance W at wliich negative monient reinforceinent over intermediate Supports 
may be terminated in continuous beaiiis may be determiried as follows (see Fig. 6): 

Let 0-0 be a vertical cross section at whicli oiie of the reiiiforcing bars beconies super- 
Huous, and where theoretically tliis bar could be cut off. Taking into accouiit the danger of 
failure along an oblique cross section, tlie bar should be extended for a length ir. t u beyond 
the cross section 0-0, where u is tlie length needed for anclioring the bar. Tlie length MI 
should be chosen in such a manricr that for any inclined cross section beginning at a 
distance u from tlie end of the bar the strength should remain ensured. 

The inost daiigerous cross section will bc the onc wliere the differencc between the moment 
of the external forces and that of tlie internal forces acting in the reinforcement crossing 
this section, reaclies a niinimuni. Let V be tlie horizontal projection of this cross section. 
By equating to Zero tl-ie lirst derivative by V of the aforesüid difference of moments it can be 
sl-iown that the i-i-iost dangerous cross section will bc the one where the vertical coniponent 
of tlie outside forces is equal to tlie sum of the vertical conipoiients of the iiiternal forccs 
acting in bent-up bars and stirrups crossing this section. I n  this case we have 

from wliich 

wliere Qi is the sheariiig force in tlie vertical cross section 1-1, located at a distance ri~froii-i 
the poiiit of the theoretical bar end towards the middle of the span; 

deiiotes tl-ie ~ ~ 1 7 1  of the vertical compoiieiits of ultimate strength of the bent-up 
bars crossing tlic iiiclined cross section under coiisideration and 

(1 C is the ultimate strength of stirrups per unit of beani length. 
TI-ie momerit of thc external forces i i i  the most dangerous cross sectiori under considera- 

tion, i.e. tlie inoment about point C of the external forces lying to one side of tl-iis section, 
is equal to 

M,  Mi 1 Q I V  

where A l i  is the inoment of external forces in tlie vertical crors section I - I .  Q I  Qo -- /ur9 
and 

hlo and Qo bcing respectively thc moment and the shear i r i  thc vertical cross section 0-0. 

By substituting these values in equations (9) and (10) we obtain 



The condition ensuring flexural strength in the inclined cross section niay be written as 

wliere .fsas is the ultimate strength of the uninterrupted tensile reinforcenient, crossing the 
section under consideration, 

z.5 is the lever arm of this reinforcement, 

Q b the vertical projection of the internal force taken up by the bent-up bars, and 

X i  the horizontal distance from the bend in the compression zone to the vertical 
cross section 0-0. 

Sinee Mo is the moment at the point of the tlieoretical end of the longitudinal bar, it is 
equal to the sum of ultimate moments resisted by the uninterrupted reinlorcement and of 
the ultimate strength moment of the bent-up bar erossing section 0-0, i.e. Mo - fSosZ, + 

- 1  Q b x t l .  Then the condition of strength may be rewritten as 

where k and 111 designate the lirst and last bent-up bar crossed by the diagonal crack. In 
order to  obtiiin the value of the distance w. from expression (14), by transformation and 
equating the left-hand Part to the right-hand, we get 

,,- 

Here 2' Covers all bent-up b a r ~  crossed by the inclined Cross section, while 2 Covers the 
k ( - T b )  

same bars, except those designated ( 1 1 )  by (n), whicli cross 0-0. 
Substituting M ,  in equation (15) by its expression drawn from equation (12) and des- 

nt 
Eliminating v from equations (I I )  and (16) and designating 

obtain, after transformation 

2 ,ifp 
Negleeting . which is small compared with I ,  we get 

(j 2 



Substitutiiig Ilie valiic of Q, wc fiiially obtain 

I i i  order to chcck these forinulae a series of beaiiis 20 cni wide and 50 cm high. reinforccd 
with six bars 25 mm in diameter, were tested. l 'he beains were tested with one load at mid 
Span and imitated a portion of a contiriuous bcam bctween inflexion points of adjacent 
spans. Only two of these bars ran througli the entirc leiigth uf tlie beains, while the othcr 
four were cut off in the tensionzonc, the distance i v  where tliis was done bcing deterniined in 
accordance with cxpression (17). All beanis failed a t  loads ca~ising the yield of tlie rnain 
tcnsile reinforceinent, inostly at mid span. 

The design inethod presented above providcs structures witli tlic required bearingcapacity, 
and in a nuinber of cases niakes it possible to reduce the web reinforcement. Its main 
advantagc lies in the presentation of a clear picture of the phenoinciia whicli take place 
in a flexural reinforced concrete niernber under the actioii of iransversc forces. lt perniits 
allowance to be rnade for such factors as the level of load application. whicli rernains 
disregarded in thc usual desigii methods. Besides, it reiiders possible the detcrminativn 
of str-esses in the reinforcement near the supports (which is nccessary for tlie evaluatioii 
of the bond length), enables the exact computatioi~ of the places where the main rein- 
forcement may bc cut off in the tension Zone, and perinits scientilic dcsign for elements 
of abruptly varying height. etc. 

M E A N I N G  O F  S Y M B O L S  

M, bcnding moineiit caiised by cxternal forces and acting in a n  iiiclined cross section. 

G? (F Sliear caused by external forccs aiid acting along an  inclined Cross section. 

Qc Shear taken up by tlie concrete. 
, fbr ib sin. Shear taken up by a bent-up bar. 
R 11 Ultimate flexural compressive stress of concrcte, rouglily equal to its cylinder 

strength. 

'7s Ultimatc stress i r i  Lhe main tensile reinforcement. 

' 7 7 %  Ultiniate stress in the stirrups. 

'J~I Ultinlate stress in the bent-up bars. 

.fs Area of the main tcnsile reinforcement. 

fi. Arra oC the stirrups. 
f b  Area of the bent-up bars. 

.f,.av 
y „  = where c. is thc distance betwecn stirrups 

C 

I> intensity of the distributed load. 
Other symbols used are explained in the text or in thc appropriate illustrations. 



Investigations into the rigidity and the opening up of 
cracks in reinforced concrete bending members 

UDC 624.012.45 : 69.059.2 

V .  I .  M U R A S H E V  

.Irnrlrt,g~ of R ~ i i l d i i ~ ~ ~  riiiil Arcliirecti~ie (U.S.S.R.)  

Systeniatic investigatioiis into the appcarance and opening up of cracks and also into the 
rigidity of reinforced concrete bending members have been in progress i n  the U.S.S.R. 
sincc about 1937. 

These studies are being conducted with members of various cross-sectional areas I-ein- 
forced with different grades of steel. with different proportions of reinforcernent and inade 
of different grades of concrete. Most of tlie studies were carricd out for structures witli 
ordinary reinforcemcnt and under short-terni loading. However, during the last fcw years 
studies have beeil in progresh dealing with the rigidity and with the opening up of cracks 
undcr long-tcrm loading and with prestressed strüctures. 

Tlie opcning ~ i p  of cracks in the tensile Zone of the concrete for working stresses in rein- 
foi-ccment of optirrium pcriodic profile (deformed bar reinforcement, which ciisures 
inaximuni boiid with tlie concrete), D„ = 2500 kg,/cm-, does not exceed crack opening i i i  

members with smooth round reinforcenient at stresses of 1250-1300 kgjcin'. 
Thus tlie prolilc of the reinforcement produces a considcrable effect on the opening up of 

cracks and also oii the rigidicy of tlic niember, though to a srnaller degree. 
Deilections of beaiiis with extra-high-strengt11 reinforcernent increase. under working 

loads, approxiinately in proportion to the increase in working stresses in this reinforcement. 
It has been established that the deRection of beams niust be cliecked whcn usiiig periodic 

proiile reinforceinent of high-strerig~h steels because in a number of cases the measured 
detlection of beams undcr working loads exceeded the allowable valueseben for short-terni 
loading. 

Our attempts to use ~ l i e  ordinary theory of elastic reiiiforced concrete used in Western 
Europe for calculating the rigidity of reinfurced coi1crete bearns have not rnet with success 
because beain deflection is essentially affected by plastic deforinatioiis in thc comprrssion 
Zone of tlie concretc and also by the presence of cracks in the tensile zone of the concrete. 
At thc sanie tiine, one inust take iiito account the eifect produced on bearri deformation 
by the work of the coiicrete between cracks in tension. The first systematic investigations 
establisl-icd rclationships to the development of cracks and also for alterations in the rigidity 
of bendiiig ineinbers. arid in 1939 i t  was possible tci forinulate tlie principles of a theory Ior 
calculating the opening up of cracks arid for rigidity; in the following yttars this theory was 
subjected to conipreliensive experimental verificatiorl and rcfinenicnt. 

111 1952. this metliod of calculation was accepted by the Official Building Code for 
designing reinforced conci-ete structures in the U.S.S.R. 

In  dcveloping tlie design theory we have iiitroduced the concepts of tlie mean relative 
deformation of tensile reinforceinent in concrete and the meaii deforn~ations of compressed 
concrete (Fig. 1 )  along thc sections between cracks. The concept has been introduced of the 
modulus of elastic-plasticity of concrete Ei. which is tlie ratio of Stress in the compressed 
Zone of concretc in a Cross sectiori with a crack to tlie total mean relative deformation, 
including the elastic and plastic parts (Fig. 2a). 

The modulus of elastic-plasticity of concrete is expressed by ineans of the modulus «f 
elasticity of concrete witli the aid of the coeficient of plasticity of the concrete 2. which is 
cclual to thc ratio of the plastic part of the deformation to  the total deformation or, in other 



words, by means of elastic deforinations witli the aid of the coeficient of elasticity V ,  equal 
to the ratio of the elastic part of the deforination to the total deformatioii 

E = 1 - 2.) E,, - V E,) (1) 

where Ei  is the modulus of elasticity of concrete, 

Here ua, t ,  R are the stress, time, and grade arid type of concrete. respectively. 
The concept has been introduced of the effective modulus of elasticity of the reinforcenlent 

in the concrete Ern,, equal to the ratio of the stress in the tensile reinforcement in the Cross 
section with the crack to the n1eai-i relative deformatioi-i of the reii-iforcement (Fig. 2b). 
The effective modulus of elasticity of the reinforcement is expressed by ineans of the modulus 
of elasticity of the steel. viz. 

where cp Ea/Ew is the coeficient of conipleteriess of tl-ie stress diagram in the reinforce- 
ment, which takes into account the effect of tensile concrete between 
cracks on the deformation of the reinforcement. 

Deformation of extreme fibre of compressed concrete 

Deformation of tensile reinforcement 

Deformation of tensile concrete 

Fig. 1. Diagram of alterations in the relative dei'orniations of leiisilc reinfurcement and concrete along the 
mcm ber. 



Tlie coefficient q7 is a Sunction of the strcss in thc reinforcement, the tiiiie. thc grade of 
concrete and tlie geoinetric parametcrs of the cross section. 

M,, 
V G , ,  R .  . = I - t o s  - M 

whcrc G,,  t ,  Ii arid n are, respecti\fcly, the Stress in the tensile reinforccment in thc cross 
section with the crack, tlie time OS action of the load, the strength of 
tl-ie concrete and the geometrical Parameters of the cross section; 

M6nt is the bending nioment which the concrete undergoes at the appearancc 
of the crack (Stage la); 

M is the bending moment due to external action (the load and otlier- 
actions) ; 

Fig. 2. Deforiiiation oT ineiiihers diiring pure hending. 



(0 is the coefficient of coinpleteness of the stress diagram in the tensilc 
concrete over the distance Im (Fig. 1 ) ;  and 

X' is the ratio of stress in the concrete halfway between cracks to  the 
iiltimate strength of the concrete iri tension. 

It is, furtlier~nore, assumed that the rnean relative deformations of the concrete and 
reiiilorcen~eiit vary lincarly aloiig the height of the cross sectioi-i (Fig. 2c). 

l'lie mean Jieight of thc compressed Zone X, (Fig. 2c) in tlie general case is a function of 
the elastic-plastic properties of the materials, the geometric Parameters of the cross section 
and the longitudinal force due to the cxternal load and the prestrcssing of tlie member. 

wliere n denotes the geornetric Parameters of the cross scction and N is the longitudinal 
force. 

Ciiven thcse prerequisites, the niean curvaiurc of the axis of a member is expressed by the 
following cquations 

Here 

is the rigidity of a reinforccd concrete cross section witli a cornposite stress diagrarn for the 
tensile zone; 

B, : E<; WW,..y, (9) 

is the rigidity of the reinforced concrete cross scction witli a coinpositc stress diagrain for 
tlle coinpression zonc; 
W, is the elastic-plastic sectioii modulus for the tensile zonc with acornpositc strcss diagram; 
W ,  is the elastic-plastic section modulus for tlie comprcssion zone with a composite stress 

diagram ; 
M,, is the nlomcnt of external forces relative to  the centre of conipression in the coniprcb- 

sion zone; 
M ,  is the inoment of external forces relative to  the centre of the tensile reinforcerncnt. 

In tlie general casc, when a nionient and longitudinal force arise in the cross section due 
to an external load, M, f M „  B, f B,., and M J B ,  f M,/B,. In simple beiiding (in the 
absence of a longitudinal force) M, = M,. M and B, - B,. 

In the case of a simple bending (Fig. 2c) 

where S,, and S„ are, respectively, tlie static inoments of the tensile and coinpressive 
reinforcement relative to the centre of the compression zonc of the concrete; and 
S„, and S„ are, respcctively, the static moments of tlie area of the conipression 
Zone of thc concrcte and tlie compressive reinforcement relative to tlie ccntre of the 
tensile reinforcement. 



The heiglit of the conipressiuii Zone (taking tlie calculated stress diagram in the coiupres- 
sion zuiie of concrcte as rectangular) is determincd from tlie equation 

Fa is the arca of tlic coinpression zone of concretc. 

On the basis of experiniental data. the product of yv may be takcn as equal to 0.33-0.25. 
In tlie U.S.S.R. Building Code yi, 0.33. 

The inean width of cracks opeiiing due to forces is deterrriined froin the equation 

or, neglecting the second terin becausc of its smallness, 

M;; . where a„ - is tlie stress i n  tensile reinforceiiient immediately after the appcarance of 
cracks; 

M:; 1s the bending moinenl due to cxtcrnal forces imrnediately after the 
appeai-ancc of cracks; 

U 15 the ratio of the area of the reinforcenient to its cross-sectional perinl- 
eter. 

1 1 ,  - E,lE;p 

wliere Ei, is the modulus of elastic-plastic concrete in tciision, and is equal to 
( I -- A„)E, (where i, ;= 0.5) ; 

X, is the ultimate strength of rhe concrete in tension; 
T is thc bond stress of the reinforcement with the concrete; 
01' is  the coefficient of the conipleteness of the reinforcernent-concrete bond 

diagrarn. 
For sniooth reinforcenient the ratio 

may be taken as equal to unity, and for periodic protile reinforcernent as 0.5-0.65. 
A coinplete account of this theory for thc calculatioii of thc rigidity and opening u p  of 

cracks arid its experimental substantiation is given in our monograpli, published in 1950 
in the U.S.S.R..] and also in  a number of other works that Iiave appeared in recent years. 

By way of illustration, Fig. 3 gives a coniparisoii of ineasured deflections for beams tested 
by Bakh (Notebook No. 38 of the German Coiicrete Union) with the theoretical values 

V .  I .  MUKASHEV, (;rclck-proojites.~, ri~ir-I,  utlrl r f r t ' t~~r i~  ofrc,it7forrer/ rotzcrc~e, Mashstroiizdat, 1950. 



calculated in accordance with the foregoing method (bottom graph), and using the first 
stage with a reduced modulus of elasticity of tlie concrete (0.625 E„ upper grapli). 

A second exaniple is given in Fig. 4; a comparison of the measured relative values of 
depths of tlie compression Zone X,//ro and thc calculated values determined from 
cquation 1 I for T-type and rectangular beams tcsted in 1958. As may be seen from the 
figures. after thc formation of cracks the depth of the compressioii Zone diminishes to a 
dctinitc coristant value tliat corresponds to the coefficient q ~ v  := 0.33-0.25. 

Fig. 5 presents a n  over-all grapli for the ratio of the theoretical dcflection to tlie ex- 
perimental valuc for a series of beains tested in NllZhR in 1957-58.1 As rnay be seen frorn 
the graph, the coincidence of theoretical and experimental values for deflection in this 
series of experirnents (aiid also in all tlie carlicr series) is very satisfactory. 

At preseiit the investigation of rigidity and of opening of cracks has been completed in a 
largc scries of prestressed beams with diffcrent degrecs of prestrcss. The rcsults of thcse 
tests are still being analysed. T o  illustrate. Fig. 6 gives tlie curves of deflection of beams 
rcinforced with periodic-profile stecl with a yield point of 4500 kg/cm' without prestressing 
and with strcss a , ~  - 4050 kg/cm2 and 2800 kg/crn;J. The character of the deflection curves 
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Fig. 3. Values of J (rneas~ired)! J (calc~ilated) for rectangular beariis tested by Bakh. 

does not depend on the dcgree of prestressing, whereas tlie arnount of def ection perccptibly 
diminishes with increasing prestressing, thc result of an inci-ease in the moment that produccs 
thc appearance of the cracks. Hence, the rigidity of prestressed reinforced concrete bendirig 
rnembers is describcd by the sarne physical Parameters and, as investigations Iiave shown, 
should be calculatcd by the forcgoing theory. taking iiito account the iiiitial stresses in the 
concrete. 

Tliere is likcwisc no fundamental differente in the behavioiir of ordinary and prestressed 
members under continued loading. The curves (Fig. 7) of the increase of deflection for 
beams with ordinary and prestresscd reinforccmcnt are identical in character, while the 
increment in deflection (in thc case of continued loading) whicli occurs with increased 
prestressing, slightly dirninishes. More detailed information about the behaviour of ordinary 
and prestressed beams under continued loading may be rcported after a complete analysis 
of tlie expcrirnental data. 

The tests wcre carried out by postgraduate student YLI. A. Siislov under the direction of the author. 



type of 
monufocturcd trsted cross-section desianotion 

type d 
monufoctured tested cross-section designotion 

1 
high-strength stecl ' 

Gp,rism kglcm2 
ir 

. 4:+4 
P - - - . ( . 3 ~ 4  

G Q 

t(s T F 

1000 a)00 3000 
- M kgm 

Graph 3 for beoms d r r tongular  Cross section 

1 

C & 2 
hot-rolled steel 

dm= 1500 kgicm2 

Graph 5 b r  T-beams 

Fig. 4. Comparison o f  measured relative values of depths of compression Zone witli calculated values for 
rectangular arid T-beams. 









The tlieory elaborated above of calculating rigidity Iias perniitted a large range of prob- 
Icms to be tackled, the solution of wliich liad been prevented because of the absence of a 
correct understaiiding of the dcformations in reinforced concrete. Tliese include a large 
iiumber of problems associated with the calculatioii of the forces and deforinations caused 
by tlie action of teniperature in reinforced concrete structures. To  illustrate, we may take 
a rectangular or  round plate acted upoii by a temperature gradient in i t ,  plane from the 
centre to the periphery with tensile reinforcemeiit along tlie boundary of the plate. 

These problenls also include various contact problenis in which the stresses are proportion- 
al to tlie rigidity; dynainical probleins; problems on  the redistribution of stresses in statically 
indeterniiiiate reinforced concrete structures and also problems of accounting for the 
influeiice of llexibility on tlie carrying capacity of columns. etc. 

At present, investigations are in Progress in tliese and other fields on tlie basis of thcse 
new conceptions of rigidity and the opening up of cracks in reinforced concrete. The 
elaborated tlieory, with allowance for inelastic deforniatioris of concrete, 1s used also in a 
number of cascs for tlie calculation of strength. 

However, this problein requires special consideration. 



Computing shells by the method of critical equilibrium 
LTDC 624.074.4 

A. R. R Z H A N I T S I N  

Acatktt7.s of Buili1itr.g nt~cl Arcl7itcciurc~ (U.S.S.R.)  

The conventional method of computing shells by tlie methods of the applied theory of 
elasticity providcs no infoi-ination on tlie carrying capacity of tlie shell. unless the latter is 
niade of a brittle material: apart trom this. tlie method is too coinplicated for mass-scalc 
application. Such deficiencies are not inhcrent in tlie calculation of shells based on tlieir 
treatmenl as i-igid-plastic systems. for which the cari-ying capacity can be deterinined 
comparativcly siniply by tlie kinematic inethod of critical equilibriuin. The mctliod is 
rather widely used in coinputiiig rod structures and nietal aiid reinforced concrete plates. 
In recent years ways have been found of applying tlie critical cquilibriuni metliod to  
coniputing some kinds of shells, wliich constitutes tlie subject of this Paper. 

Computatiori of structures by the kiriematic method of critical cquilibriuni was developed 
in the thirties in quite a general way by Professor A. A. Gvozdev, who deduced and substan- 
tiated the limit principlc of the ininiinum of an  external load. equilibrating the real form of 
collapse of a rigid- or clastic-plastic systeni. As a rule, tlie cquatioiis of cquilibriuin in tlic 
kinematic inethod are so formed that variation in tlie work of external and internal forces 
on the displacement equals Zero. For lincarly deformed systcnis. i.e. systenis in which tlie 
arrangenient of tlic work of the structure docs not cliaiigc i i l  tlie course of deformation, 
thc variation of work may be replaced by full work of tlie extcrnal and interiial forces. 

The inaiil difficulty in computing shells by tlic critical equilibrium method lics in finding 
forms of collapsc which are close to actual conditions and in calculating thc work of inner 
forces oii such foriiis of collapse. Deforinations of a rigid-plastic shell in the stage ofcritical 
cquilibrium niay bt: both distributed coiitinuously along its surface arid concentrated along 
certain lines, which we shall lienccforth terni fracture lincs. To calculate the work of the 
internal and external forces is a simpler task i i i  thc casc of concentrated deformations. and 
to obtain an approximatc soliition it is, therefore, more feasible to assumc concentrated 
deformations as forms of collapse. For a number of shells, use can be made of tlie methods 
of computation aiid tlie forms of collapse used in thc theory of critical equilibriuni of  plates. 

C O M P U T I N G  S H A L L O W  S H E L L S  

Let us imagine a forni of collapsc of a shallow shell, similar to that of a flat plate with a 
ssries of plastic Iiinges and a deflection surface in the form of a sliallow polyhedral surface 
(Fig. I). Thc cross sectioii of the shcll along cvery fracture liiie wiil be wholly plastic, tlie 

Fig. I .  Form of collapse of a shallow shell. 





line A, then the niovement of element 3 can be represented as the suni of the rotary niove- 
inent about a new axis parallel to tlie initial olle and intersecting axis AB on the vertical 
line A, and of a translational movenient perpendicular to plane AD. This translational 
inovement brings about displacements of eleincnts I and 3 along plane AC, and the mutual 
iiiovement of eleincnts I and 3 will not represent simple rotation. Hcnce, the condition of 
absencc of shear displaceinerit along thc fracture lines calls for an  interscction of all the 
common axes of rotatioii of the clements locatcd around a coinmon point. 

Moreover, the mutual rotations relative to the intersecting axes sum up  as vectors directcd 
along the axes of rotation and equal to the corresponding angle of rotation. Hencc, tlie 
vector of mutual rotation of elements I and 3 is equal to thc differencc between the vectors 
of rotatiori of clements I and 3 relative to element 2. Tliis meaiis that all tlie three vectors 
of mutual rotation of elcments 1 ,  2 and 3 lie in one plane. Exainining in succession all the 
other elements and tlie axes of thcir rotation we find that all tlie axes of mutual rotation of 
tlie rigid elemciits of the shell should be in tlie sanie plane. Let us call i t  the plane of rotation 
axes. For a shell whicli is in a state of critical equilibrium tlie plane of rotation axes plays the 
role of a neutral layer. since the points of the fracturc lincs uridcrgo no horizontal displace- 
ment on this plane. 

As the position of tlie plane of rotatioii axcs does not affect either the vertical displace- 
ments U? or, consequently, tlie work of the vertical external load L/. i t  should bc obtained 
froni the cquatioii of niiniinurn work of the internal forces 

( S V ,  o , )  min ( 5 )  

If thc plane of rotation axes is horizontal. which occurs, for cxamplc, in the prcsence of two 
vertical planes of sliell symnietry, thc position of tlie planc can be found in the following 
way: Let us plot in succession all cross sections of tlie shell along thc given fracturc lines, 
multiplyiiig the horizontal scale of cacli cross section by the corresponding angle of rotation 
q ~ i  (Fig. 4), and intersect all these cross sections witli a horizontal straight linc, representing 
a vertical projcction of the planc of rotation axes. By changing tlie position of thc horizontal 

Fig. 4. Deterniiiiation of posilion oT horirontal planc rotatioii axes (see iexl) 

straight lirie separating tlie conipresscd and extended parts of tlie cross scctions of thc shell, 
we obtain tlic equation of minimuin work ( 5 )  in the form 

where F: and F, arc the extended and compressed parts of tlie above-mentioned cross 
sectioii along the ith fracture line, ;.P. of tlie actual cross section witli a horizontal scale 
niultiplied by rpi. Summation of the left-liand part of ecluation (6) is carried out for areas 
located below, and of tlie right-hand part for those above tlie plane of rotation axes. 

Equation (6) follows froin the well-knowii rule that the sums of absolute values of static 
momcnts of the uppcr and lower part of tlie ci.oss scction relative to the axis separating 
tlicse parts of the cross section (thc plastic monient of resistancc) attain thc minimuni value 
if tlie areas of the upper and lowcr part of the abovc cross scction arc of equal inagnitudc. 



The position of the plarie of rotation axes, corrcsponding to equation ( 5 ) ,  may be inter- 
preted in a different way. Let us isolate a iiarrow strip Epi wide on the surfilce of the shell 
along all tlie fracture lines, where c is some small factor, and pi is the mutual angle of 
rotation in the ith fracture line. 011 removing tlie iiiaterial of the shell, which is outside the 
isolated strips. we obtain a rod niodel of tlie fracture lines (Fig. 5). Thc plane of rotation 
axes sliould divide tlie voluiiie ol'tlie model into two parts, to satisfy the cquaiion 

wliere and 1': are tlie volumes of tlie rods correspondirig to tlie ith frilcturc line and 
located below or above tlie plane of rotation axes respectively. Tlie -- or -1 index is applied 
liere, depending o n  tlie sign of the deforniations in the corresponding part of tlie fracture 
linc. 

If it is kiiown that there is extension along all tlie fracture lines below the plane of rotation 
axes, aiid compressioii above (as in tlie case of a sliell with edges free to inove in horizontal 
directioiis), tlie volume of tlie rod model of the fracturc lines should merely be divided by 
the plane of rotation axes i i i  tlie ratio rr$/rr„. 

The tilt of tlic plane «f rotation axes i t i  non-syinmetrieal shells can be determined by 
cliaiigiiig the angles of inclination of the plane. Such clianges satisfy equation (5) when 
equaliiy cxists between the static moinents of the upper and lower part of tlie fracture line 

Fig. 5. Rod iiiodel «f rraci~ire lines i i i  :i shallow Fig. 6. Flat grid of fractlire lines on the hori- 
shell. zontal projeciion of a shell. 

rod inodcl, talceii for two iiitersecting vertical planes. In this case tlie elements of tlie rod 
model related to the extended parts of the fracture lines should be multiplied by o;, and 
those relatcd to the coinpressed parts of the fracture lines by C„. 111 other words, ttie centre 
of gravity of the part of tlie fracture line rod model whicli is above the plane of rotatioii axes 
(account beiiig taken of the multiplieatiori of the rod volunies by tlie corresponding yield 
stress) should be on the Same vertical line as the centre of gravity, found i r i  tlie Same way, 
of tlie lower part of tlie rod model located under the plane of rotation axes. 

Tlie spatial rod niodel rnay be replaced by a flat grid of fracture lines on ttie horizontal 
projection of tlie shell. Tlie width of ttie fracture liries oii the grid is assumed to equal cpio', 
where 0' is tlie thickness of tlie sliell at the corresponding point of tlie fracturc line. Tlie lirie 
of intersection of the plane of rotation axes and the surface of the shell should divide the 
area of the fracture line grid in the saine ratios as above (Fig. 6). 

S H A L L O W  S H E L L  R E C T A N G U L A R  I N  P L A N  

Let us exarnine a sliell of constaiit thickriess with freely displacing edges, Iiinged aloiig a 
rectangular contour. TIie Pattern of fracture lines for such a shell may be considered as 
being similar to that of the plastic hinges in a rectangular plate hinged along the edges 
(Fig. 7). The plan of the spatial rod model of tlie sliell fracture lines is stiown in Fig. 8. 
In view of the constant thickness of the shell, the upper surface of the rods of this model may 
be examined instead of their volunies. 

In tlie case of unit defeetion at  the points of interscction of lines E and F, the area of the 
surface of a diagonal rod in the niodel will be expressed by the formula 



and the area of the surfacc of tl'ie model's central longitudinal rod by 

The total area of the upper s u r f ~ ~ c c  of tlic iiiodel rods is equal to 

This area should be divided by tlie plane of rotaiion ases into two parts: the estended 
and the compressed part, so tliat the whole extended area inultiplied by a; sliould equal 
tlie whole coinpressed part inultiplied by U,. The boundary separatiiig the extended part 
frorn tlie compressed one should coincide witli tlie line of intei-seetion of the surface of tlie 
shell and the plane of rotation axes. The length C of the central fracture line should be fo~ind 
from tlie equation of ininirnuni critical load y deterinined frorn equation (4). 

Fig. 7. Pattern o f  fractiire lines for a rrctang~ilar Fig. X. Spatial rod model o f  fracture lines o f  the 
shallow shcll o f  consiaiit thickness with frccly dis- shell in Fig. 7. 

placing cdges. 

A particularly simple eomputation can be inade for a shallow cylindi-ical sliell iri which 
thc longitudinal dimensiori U in plan inarkedly excecds the transverse diniension h. Thc 
usual result in this case is that tlie surface of the eompressed part of the fracture lirie model 
should be less than the surface of one ccntral rod of tlie model, tlie plane of rotation axes is 
a tarigeiit to the shell surface along the central fracture line, aiid the coinpressed part of the 
shell is disregarded i n  the formula defining thc work of the internal forces. According to 
equation. (2) we oblain 

Here,f'is the rise of the shell surface, 0' is its thickness and Si is the static moment of the 
shell cross section along the diagonal fractui-e line, taken about tlie horizontal plane passing 
through tlie ceiitral fi-acture line. For a parabotic outline of the transverse cross section of 
tlie shell, tlie static moment equals j ' c j l i  (Fig. 9). 

Fig. 9.  Parabolic o~ i l l inc  o f  the Iransversc cross section o f  a rectangular shallow shell. Tlie static mornent 
ecllials : ./' Zi 11. 

For other outliries of the shell transverse cross section, the above value of the statical 
momerit may be assunied as an approximation since any transverse cross sectioii in a shallow 
shell differs little froin a parabola. 



Tlie work of an  external load for a given form of collapse is found from equation (3). 
In the casc of a uniformly distributed load 

Froni equation (4) we find that 

'l'lic minimum of this expression is obtained wlieii 

and is equal to 

The coiiditioii that the diagonal fracture lines are wholly in the extended Zone appears as 
l'ollows 

where 

Foriiiula (15) remains approximately valid everi in the case wlien there is no inequality (l6), 
4nce the inclusion of a part of the diagonal fracture lines in the compressed Zone as a rule 
lowers the position of the plane of rotation axes quite insignificantly and changes the work 
of the internal forces T by only a few per cent. 

Formula (15) may also be applied in an  approxiniate way to shallow shells of double 
curvature, since the central fracture line in such shells is only sliglitly curved in the vertical 
plane arid may be replaced by a rectiliiiear one. It is advisable in this case to replace the rise 
c~f tlie sliell f ' in formula (15) by a somewhat smaller quantity equal to the distance from the 
plane of support of the Corners of the shell to tlie centre of gravity of the central, conipressed 
fracture line. 

S H A L L O W  S Y M M E T R I C A L  R O T A T I O N  S H E L L  

A rotation shell may be considered as the limit of a shell polygonal in plan, with an infinite 
number of sides along the supporting contour. The forni of collapse of a rotation shell under 
an axially symmetrical load will likewise be axially symmetrical with a n  infinite number of 
radial fracture lines, forming a continuous surface. 

If the form of collapse of the shell results in a conical deflection surface, and the edges 
of the shell are capable of movirig freely in horizontal radial directions, the plane of rotation 
axes will divide the meridional cross section of the shell into compression and extension in 
proportion to tlie yield limits. The base ring should be included in the meridional cross 
stctioii of the shell if it is rigidly joined to tlie shell proper (Fig. 10). 

If the edges of the shell are fastened to prevent horizontal displacements, one should 
take into account the possible formation of concentrated deformations along the line where 
tlie edges of the shell are fastened. The rod model of fracture lines for such a shell will 





If the edge of tlie shell can be frecly displaced in a horizontal direction. the first factor in 
forn-iula (18) should be deleted, and the statical nioments S, and S, shoultl be deterniined 
relative to the plane dividing the area of tlie meridional ci-oss section in the ratio a„a;. 

The work of the external forccs is found from formiila (3). whicl-i provides tl-ie following 
ccluation for a conical forni of collapse 

whcre yo is the nun-ierical factor deterrniniiig the intensily of tlie load, and 11 is the distribu- 
tion functioii of the load along radius r .  

Tl-ie coliupse load is found froin the condition T -' I/ - 0. 
In son-ie cases a smaller load, as cornpared with the conical forni of collapse, is provided 

by a forrn in ~ h i c h  the deflection surface has tlie shape of a truncated cont (Fig. 13). 
Let the equation of tlie shell surface in cylindrical coordinates ( r ,  Z )  appear as 

Theri, as showri by calculations. with a uniforinly distiibuted load the form of collapse ~ i s  a 
truncated cone results in a snialler load if n .: 2. 

With n ,  2, the smallest liiniting uniformly distributed load will correspond to tlie 
cor-iical form of collapsc of the central part alone of the shell limited by 

1 

where h is the thickness and,f ' is  the rise of the shell surface (Fig. 14). 

Fig. 13. Collal~sc load prvvided by a foriii in Fig. 14. Conical form of coilapse of the central 
which the dcflection surface is in the shape of a part of a shell. 

truncated cone. 

C Y L I N D R I C A L  V A U L T  S H E L L  

Now let us consider an  Open cylindrical shell freely supported on its ends by two diaphragms 
(Fig. 15). With a sufficient thickness of tlle sliell, tlie outlinc of its transverse cross section 
may be regarded as unvariable, and tlien the calculation of the shell reduces itself to coniput- 
ing the bendiiig and limited torsion of a thin-walled girder. 

Fig. 15. Opcn cylindrical shell freely supported on its erids (see texi). 

If thc shell is of small thickness, the outline of the cross sectioii undergoes a deforrnation 
which can be approximated as follows at the Stage of collapse: A plastic hinge is formed 
along the crown of the shell, and longitudinal deformations of elongation and compression 
appear concentrated along the central transverse cross section. Each half of the shell 



located on one side of the plastic hinge works in bending and torsion, like a thin-walled 
rod with an  undeformed cross section. In the critical state, a bending-torsional plastic 
hinge is formed in the central cross section of this thin-walled rod. 

Lel the right-hand half of the central cross section OS tlie shell turn by angle cp about the 
instantaneous centre of rotation A. Then the relative angle of twist of the central transverse 
cross section of half thc shell equals 2y//, where 1 is tlic span of tlie shell. 

Reciprocal deplaiialion i i i  the central cross scction produccs concentratetl elongations 

Here W, is the sectorial coordinate of the point of the cross section under consideration, 
i.e. twice the sectorial area limited by the radii vectors drawn from pole A to the given point 
B o n  the profile and to  some initial point M, and by the profile itself (Fig. 15). 

Assuming that point 0 moves along a vertical linc, we lind that pole A is located on the 
Same horizontal line as point 0. 

The sectorial coordinate W, may be expressed as a function of the position of pole A by 
the forinula 

Wo, - W„ t 0.l) (24) 

where W„ is the sectorial coordinate plotted froin pole 0, .V is the distance from tlze point 
under consideration to the horizontal axis passing througli point M,  and a is the distance 
from point 0 to the centre of rotation A. 

The position of point M is determined froin the condition under which the resultant of 
longitudinal stresses in the cross section equals zero. Since all stresses equal a; or  a, 
when in a critical state, point M should divide half the cross sectioil of the shell in proportion 
to these values. 

The expression for the work of the internal forces at the given displacernent will have a 
terin -- (PIMIT corresponding to the rotation of the longitudinal piastic hinge, where n17, 
is the liiniting bending moinent in the plastic hinge, and a term correspoilding to longitudinal 
deforinations of the central cross section 

In the tirst integral, integration is done over the extended part of the cross section, and in 
the second over the coinpressed part. Subsequently, in order to  sirnplify matters, we shall 
amalgamate the two integrals, placing the yield limit under the integral sign and assuming 
that a T  may have two ineanings. depending on the sign of deforrnations. Then the general 
expression for the work of the intcrnal forces, account being taken of expressions (24) and 
(25), may be written as 

Let the cxternal load be distributed uniformly along the span of the shell, forming in eacli 
half of the transverse cross section a vertical resultant R which crosses the horizontal 
tangent of the cross section at point C (Fig. 15). The work of such a load at  the given defor- 
mation is fouizd by 

U C 
V R f ' l  

a 

Assuming the sum of expressions (26) and (27) to equal zero, we find 



Let us introduce into the analysis sectorial coordinates Wr with tlie pole at point C and 
with thc previous initial point M .  Then 

Wo = Wc -- C!' 

In  this case expression (28) appears as 

To  obtain tlie minimum R, a must become infinite wlien 

or  niust have a niinimuni value ifexpression (31) is reversed. This miniinum value is deter- 
inined by tlie prcsence in the graph of W;\ of not more than one change of sign in thc half 
cross section. Heiice, point A (Fig. 15) sliould coincide with point 01 shown in Fig. 16 in 
accordance with the condition that the sccturial coordinates Wol of poiiit M and of the 
extreme point 0 of the half cross section are bot11 Zero. 

Thus, when expression (31) is observed. the shell is destroyed witliout a longitudinal hinge 
and, wlicn the expression is not observed, the shell fails in the manner shown in Fig. 15, 
with the centre o f  rotation A at  point Oi  determined according to Fig. 16. In this case the 

Fig. 16. Determination of the centre of rotatinn when a shell l'riils i n  the nlanner illusirated in Fig. 15. 

graph of W(, must have a sign similar to  that of the graph of Wo, which corresponds to  thc 
passagc of tlie rcsultant external load on the half cross section of the sliell through the 
line 0 0 1 .  

The case is diffcrent when tlie sigiis of Wc and CVo are opposite. The ininimum R in 
forniula (30) is tlien obtained in cvery case with p X ,  the sliell should scemingly 
always collapse according to the girder variant. One should. however, take into account the 
possibility of negative angles of cp when the ccntre of the shell shifts upwards. In this case, 
tlie work of the plastic hinge will have an opposite sign and inequality (31), as the pre- 
requisite for tlie girder variant of collapse, remains i i i  force. When expression (31) is not 
observed, the half cross section should turn by some angle about point 0- which is the 
extreme position of thc pole of tlie sectorial areas A. whose graph changes its sign only 
once, viz. at point M.  The second Zero point of the graph of sectorial arcas having a pole 
at 0 2  coincidcs with tlie extreme Iower poiiit of the cross section (Fig. 16). This case corre- 
sponds to the passing of a resultant cxternal load on the halfcross section of tlie shell to the 
riglit of point 0.. 

The casc when the resultant of the cxternal load on the half cross section of tlie shell 
passes tlirougli 0 1 0 2  is morc complicated and requires a numerical comparison between the 
critical values of the loads for a girder variant of collapse ünd for rotations of tlie central 
plastic hinge in one dii-ection or another. 



Discussion 

Following explanatory conimerit on the Corigress reports by the main rapporteurs, Prof. 
E. TORROJA and Prof. A .  A. G v o z n ~ v ,  several contributioiis to the discussion are inade. 

1 .  Prof. Dr. W. WIERZRICKI (Poland) subnlits the results of his own studies on tlie safety 
of reinforced concrete structures. The coiiception of safety presented i i i  the reports of Prof. 
TORROJA and of Prof. G v o z u ~ v  seeins, in principle, not contrary to the conception of Prof. 
WIERZIIICKI, as presented by liim last year at the Moscow Symposium when he analysed the 
application of tlie semi-probability method for tlie study of safety of steel structures. Prof. 
WIERZBICKI now presented the results he had obtaincd using tlie Same method applied to the 
safety of reinforced concrete constructions. 

Let us consider as failure of a reinforced concrcte columii or  beam the crushing of the 
concrete and the moment that tlie reinforcement bars have attained thcir yield strengtli. 
Thcse phcnomena occur, as numerous observations have shown. simultaneously. The strcss 
in the concrete at tlie moment of crushing and tlie yield stress in tlie steel are tlierefore the 
two starting points to determine thc bearing capacity of tlic construction. They arc both 
variable quantities. 

Fig. I givcs a probability curve for tlic compressive strcngth RI, of thc concrcte. The shaded 
area Qh rcprcsents the probability Q1, that the values Rh will be between tlic limit value 
Rh!? and tlie maximum value of' Rb. In other words, Rhg is the strengtli of tlie concrete. 
below which - with a probability Q b  - the real strength of the concrete of a certain quality 
will iiot fall. 

V + 
V '  

Fig. I .  Probability clirve for the coiiipressive Fig. 2. Probability curve lor Lhe yield stress 
strength valuei ofc«ncrete. val~ies of steel. 

Fig. 2 gives a probability curve for the yield stress of tlie steel. We assumc that this curve 
applies to yicld of the steel for tension and for conipression. 

In this case the shaded area Q, represciits the probability Qz (hat the values R will be 
between the limit value R, and the maximuin value of R.  This incans tliat one can assume 
- with the probability Q z  - that the yield stress of tlic reinforcing stecl will not fall below 
the value R,. 

In order that failure - in the sense of tliis discussion - of a column or beain should not 
occur, the following two iiidependent conditioris niust be satislied at tlie Same time: 

(a) Thc comprcssive strength of the concrete iiiust bc greater than tlie limit value Rbr,, Qb 

bciiig tlie probability of this fact. 
(b) The yield stress of the reinforciiig bars must be greater thaii tlie limit value R „  Q, 

being the probability of this fact. 
Thus, in acccordance with the theorem of multiplicatioii of probabilities, we rnay suppose, 

witli a probability of Qtl - Q,. that failure will not take placc if the strengt11 of the concrete 
is not less t l ia~i Rt„ and the yield stress of the reinforcing steel is not less than R,. 



Let p be thc safety index, i.e. the probability tliat failure will not occur. We now have 

Q b  . -0, - 1' (1)  

Since failure occurs when the stress in the concrete becomes greater than the compressive 
strength and, simultaneously, tlie stress in thc stcel passes tlie yield stress. it is not necessary 
to take different values for Rh  and -0% tlie more so as their equivalence assures a inore exact 
readability of the probability curves. Consequently we lind that 

R~ - n, . - (2) 

Let us now first consider axial cornpression of a syrninetrically reinforced column. In these 
circumstances a value of the stress in tlie concrete at  tlie stiength limit RI„ and a value of the 
stress in the steel at  the yield limit 8, correspond to a safety indcx p. The axial force in the 
column at  failure 1s then given by 

NH, = (A,,Rh,, F A&)s (3) 

where A b  is tlie area of concrete in the column section, 
A ,  tlie cross-sectional area of reinforcement, 
.Y the reductioti coefficient for buckliiig. 

The axial force Ncl permissible in the colunin cannot, however, bc equal to thc force N „  
in view of the factors that can reduce the failing load of the colunin, calculated according 
to formula (3). 

We therefore compare the force with tlie force N , ( ,  rcduced in an appropriate way. 
Assume 

N d  Nn(1 -- - (4) 

where tlie coefficients (1: indicate the lirnit decreases (in percentagcs) of thc failing load N„ 
due to the fact that the particular conditions of formula (3) have only been fulfilled in- 
completely, whereas 2a.j  indicates the decrease (in perceiltage) of tlle failing load N„, due 
to tlie fact tliat all these conditions havc only partly becii fiilfilled. The coeflicients U: are, 
gcnerally, not variables of a statistical cliaracter. Tlley are calculated according to the 
formulae of strengt11 of materials and the theory of structures, e . g .  
U: = 0.04 is the coefficient cliaracterizing the decrease of the failing load due to errors in the 

dimcnsioiw of the concrete in the Cross section of the colunin; 
ai  = 0.03 is the coeficieiit charactcrizing the decrease of the failing load due 1 0  errors in the 

dimensions of tlle transverse reinforcement bars. 
The accepted method of plastic deformations allows us to consider tlie failure of a 

reinforced concrete column - consisting of crushing of the concrete and sim~iltaneous yield 
of steel - as equivaleiit, in  practice. to yield being exceeded i n  a transverse section of a steel 
column subjected to compression. As we have for thc latter case assumed :i safety index. 
/ I  = 0.8, we cari corisidcr this index as appropriate for tlie case of a reinforced concrete 
columii. 

Let the safety index p :: 0.8 be the startiiig point for our calculations. Using formula (2) 
we obtain the forniula tliat cliaracterizes the desired probability 

R b  -- RZ - 0.9 (5) 

These probabilirics being found, tlie probability curves drawn for the coiicrete strengths in 
coinpression and for the steel Stresses at yield. give the permissible load Ni h r  the column. 

Similar consideratioiis can be applied to the case of a beam subjected to bcnding. 

2. Dr. A. A. SOKETZ (Austria), who is rapporteur for tlie European Concrete Committee 
on  tlie subject of deformations, says that a subconiniittee for deformations has been established 
by this Comniittee. 

With regard to conclusion 4 of Prof. TORROJA'S general report and to the report of Prof. 
BERG, Dr. SORLTZ states that in sonie cases deflectioi-is become too big. Since this depei-ids 



only on the materials, the matter should be studied by the coininittees for materials, but 
CIB should create a committee for deforniations and deflections iii housing. 

Since April, 1959, tlie European Comniittce for Concrete has had a coniniittee to study 
cracking. 

Rules or tlieories for calculation in terms of stress are also needed and a translation from 
stresses to forces is required. Failure is often the result of excessive deformation rather than 
excessive force. Tensile failurc of concrete is more a matter of strain capacity than of stress. 

3. Mr. J. KUIPERS (the Netherlands) of the Steviii Laboratory at  Delft, commenting on the 
general report by Prof. TOKROJA, makes the following Statement: 

In several publications dealirig witli tlie safety of structurcs, statistical methods have been 
introduced. The aim of all these is to develop a metliod which makes it possible to evaluate 
the chance of failure or  of unserviceability below a ccrtain known value. This nieans that 
the chance of thc load ("surcharge") S being greater than the strengt11 ("resistarice") R is 
below that value. Becaure S and R have a statistical distribution, tlie difference ( R  - S) 
is also statistically distributed. One niethod for tlie chance of failure to be determined is the 
statistical indcx: 

R N  - SI, 
f s  t 

(.Y; 1 S i ) "  

where R„ and S I ,  are the meaii values of the well-defined R and S (these arc, for example, 
both dependent on tlie desired lifetime of the structure). Furthermore. J, and s s  are the 
standard deviations of R and S respcctively. This formula can be used for further develop- 
ments; the statistical entities of interest in tlic problein are explicitly incorporated in the 
formula in the niost suitablc manner. 

Gcnerally, tlie designer necds a simpler formula. Tlie best way is to use 

either 
o r 

For normal use thc values of n and k can be prescribed in tlie different codes, while G and P 
are the dead load and the live load respectively. These two formulae resemble the old- 
fashioned safety factor formulae in form, but now n and k caii be calculated with equation 
(6) for several values of J i t ,  . P ,  and SI. 

Doiiig so, we have dclined 

and tlien calculated 11 fsoni 

In this way n is the "safety factor" wheti the dead load alonc is working on a structurc for 
which a chance of failure is accepted corrcsponding to a certain value of At. 

The live load P is supposed to have a grcater variance than G. Thercfore tlie ratio 

inust have a value greater thati 

to achieve the same value of f s i .  Tlierefore the factor k is introduccd. 



Formula (6) is inost suitable in thc case of nornial distributions. It then provides a n  exact 
measure for  the probability of failure. For  othcr  types of frequency-diagrarris the value of 

J T L  is to  be considered as  a rough indication for  tha t  probability. 
As long as we d o  not  know eilough about  thc real distributions of the strength and  of the 

loads - and  it will be very dificult to  obtain enough information about  events that  rarely 
occur - it is not possible t o  evaluate tlie risk with exactness, and  if this were possible the 
chance of the unserviceability that  caii bc accepted must bc decided upon. 

With the method described it beconies possible t o  estimate the value of the statistical index 
corresponding to current design specifcations. It is necessary t o  assunie ,values for  the 
standard deviations in  thc loads. These can be estimated and they are presumed t o  be 
indepcndent of  the material used. T h c  standard deviations of tlie strength are  known in 
some cases o r  can also be estimated. 

It appears that the statistical index has tlie following values: 

Concretc 3.5-4.5 
Steel 2.5-3 
Tiinber 2.5-2.7 

Although it is t o  be eiiiphasized again that these values c a n  no t  be translated into real 
chances of failure, they givc a good idea of how different materials caii be compared.  
Such a comparison is more trustwortliy if the materials resen~ble  each other more or  less in 
beliaviour o r  in the way they are  uscd, and  is of special intercst when new inaterials o r  
unusual structural rncthods are  introduced. In that  case it seenis t o  be logical t o  choose a 
value o f f i t  fo r  thc new matcrials thc same as  for  comparable materials used in comparable 
situatioiis. 

Suinniarizing, we tliink thnt the proposed metliod Iias the following adva i~ tages :  
( a )  Design rules. working loads, ctc., fo r  new matcrials can bc sct u p  in such a way that  

a safety is obtained wliich is coinparable witli tliat requiicd for inaterials already used. 
(b)  TIic effect o f  a cliangc in the working loads oii the chance of unscrviceability can 

easily be estimated. 
(C)  Factors afTecting tlic safcty can be  incorporated in the formula in thc most ratioiial 

place. Some of  thcm perhaps will affect the inean value of the  strength o r  tlic s tandard 
deviation, while others may influcnce thc load, etc. 

( d )  In unusual o r  extreme cases it is possible that tlie designer falls back o n  the basic 
forniula t o  adapt  it t o  tlie given circumstanccs. 

(e) If in tlie futurc thc probability distributions arc  proved t o  b c  log. nornial o r  extreme- 
value distributions, forinula (6) would Iiavc t o  be used in conibinalion with ;i siniplc t rans-  
formation of  the variables. TIie basic idea of the method would remain tlie same. 

Tlie method wliich is proposcd duririg tlic C I S  meeting in Rotterdam tries to combine tlic 
advantages of statistics and of simplicity. T h e  basic foriiiula is 

whicli in this form is not  a statistical foriiiula, nor  a very siiiiple one. Foi- general use, 
values for C„, and C ,  can be prescribed. 

As it docs not seem reasoiiable to  allow the dcsigncr to  choosc a value for  the s tandard 
deviation in tlie load, also 0 ,  should bc prcscribcd, and  then the only variable lcft is O„ 
whicli can be calculated if tcsts havc bccn carried out .  Howcver, a iiiore dircct nicthod is t o  
provide the dcsigner with the forniula 

or.  pcrliaps bcttcr, t o  uce K m  - 172S„,, tlie contractor  being rcquired to  make liis concretc 
meet ccrtain requirements with respect t o  K m  and $,. 



In this way we arc back again to forniula (7). but without the possibility of making 
rnodifications on  behalf of different properties of G and P. 

From the report presented a t  the nieeting it is clear that the coefficiciits C, and C, mui t  
liave certain values, but it is not clear how tliese values are calculated. Comparable entities 
can bc computcd from formula (6). Calculating back from the values proposed for C ,  and  
C,,, for  concrete it appears that the statistical index is about  3.5, which is coniparable witl-i 
the rcsults obtained earlier. where it was calculated that  this index varies between J& :- 3.5 
and.f,t - 4.5. 

In conclusion. it seems that the proposed niethod has the following disadvantages: 
(a )  Althougl-i the most iniportant statistical cntities appear  in the forinula, they are partly 

iricorporated in tlie C'values. 
(b) This means that  for every new material thesc C values must be evaluated ancw by a 

special comniittce. 
(C) Since therc is iio direct connection between the proposed formula and  the probability 

of  failure, tlie desigiicr cannot adapt  the values of C to  unusual cases o n  thc basis of  prob- 
ability. 

4. Prof. Dr. J .  P. MAZURE (thc Nctlierlands) reviews thc tasks of CIB and of other organiza- 
tions. CIB cannot conipete with spccialist organizations in thcir own field. Spccialists' papers 
sliould be discussed a t  specialists' meetings. Hence CIB should concentratc on the study of 
loads and permissible deformations of structures. 

Howcvcr, apar t  froin this therc is the task of coordination of results obtained for  several 
structural inaterials, thc clioicc of  wl-iicli must bc rational. Gcnerally, safety factors rnust bc 
clioscn in a rational way. taking into account the propcrties of tlic materials. CIB could 
coordinatc tlie study of dcviations. 

Wc can distiriguisli: 
(a)  Loads: being the samc for all niaterials. Tlic carryiiig capacity, Iiowcver, dcpends o n  

the  nature of tlic niaterials. 
(b)  Actual dimensions aiid desigii diinensions, also after a prolonged period (corrosion). 
(C) Reliability of niaterials: hoinogcneous or  not. 
It is iiecessary to forniulate the safety factors for materials in a rational way in ordcr t o  

know what usc can be niade of thcni. 
From p. 58 of  the report of Prof. G v o z ~ t v .  it can bc stated that cxact calculatioii o f t h c  

probability of collapse is iiext t o  impossible. T o  gain a bettcr insiglit, colleclion o f  a great  
number of da ta  is urgently rccluircd. In  practicc, da ta  bcconic availablc only o n  big a n d  
spectacular failiircs, but never on  small failures such as  appearaiice of cracks, these being 
rcpaired rapidly beforc they become kriowi-i. to tlie "outside world". It is, howcver, important  
t o  collcct all information on buildings ncar t o  failure, and t o  publish this. 

5. Prof. A. W. HENI>RY (Unitcd Kingdorn) of thc University of Liverpool, commcnts on 
the statistical approach to structural safety, refcrring t o  a series of tests o n  "idcntical" welded 
steel frames. Hc  expresses agreei-ilent with tl-ie rccoinmcndations reported by Prof. TORROJA. 

In doing so, I-iowevcr, hc draws attention t o  two aspccts of the inattcr wliicli seem to be of  
sonie iinportance. 

Tlie first is tlic sclcction of suitablc indcx paraiiicters for  the strength of  thc structure, 
such as  yield poiiit of steel o r  crushing strength of  concretc. Some time ago he carried ou t  a 
series of tests 1 oii 22 noniinally idcntical welded steel framcs made by 1 I manufacturers. 

He found that tlie mean strengt11 of the frames was 5.85 tons witli a standard deviation of 
1. 0.44 tons whilst thc incan yield stress of tl-ie material was 16.7 toii/sq. in. with a standard 
deviation of  _t_ 0.82 ton/sq. in. Thus  thc stai-idard deviation of the strerigth of the structure 
was about  1 7 .5"„  whilst that o f  tlie material used was 5 4.9",,. Although tlicse tcsts 
were oii a liinitcd scale tlie rcsults d o  servc t o  sl-iow that  thc probablc variation in thc strengt11 



of a structure is likely to be considerably greater than the variation in strength of the material 
used in its construction. 

The second point hc iiiakes is tliat it seeins to be essential to correlate the statistical 
approacli witli the actual behavioui- of structures under load. 

Thus two structures which have tlie same ~iltimate loads may have load deflection curves 
as iiidicated by A and B in Fig. 3. Suppose that these curvcs refer to structures of average 
strength and that tlie line PQ represents the mean maximum load applied to thc structure 
when the load factor is 1.45. Tlicn in the case of structure A the resultiiig plastic deformation 

Q 
PQ,RS - Lood l ines 

Fig. 3. Load deflection curves o i  two structurcs which k ive  the same ultimate loads. 

is iiegligible but in structure B it is larger, although perliaps not unmanageable. If, liowever, 
we assunie tliat the curves refer to structures of strength, say, 28'1„ lower than averagc, tlie 
corresponding position of tlie load line would be RS; in tliis case the plastic deflection of 
structure B would assuiiie collapse proportions. 

I f  the standard variatioil of the strength of tlie structure was 1 7.5':„ this could liappen 
witli a probability of I in 20,000. At the saiiie time, if the standard dcviation of the load was 

1 5 the probability of complete failure would be I in 10,000,000. These fig;ures are, of 
Course, purely illustrative but are intended to bring out the fact that a remote chance of 
coniplete collapse does not necessarily safeguard against tlie occurrence of embarrassingly 
large plastic deformations. 

The formula suggested by Prof. TORROJA. together with the values given for C„, 0, ete., 
appear to imply a load factor ( ; . P .  the ratio of strengt11 of structure to working load) of 1.62 
for steel structures. Although tlie latest versioii of B.S. 449 2 avoids giving a loatl factor, it is 
of interest to note that the working stresses given in this code imply a load factor of 1.7 for 
simple beams. Before the suggested formula and numerical values could fiid their way into 
British practice it would, therefore, be necessary to expiaiii the basis of tlie multipliers and 
standard deviations suggested in the Congress Papers. 

6. Prof. M .  C I G , ~ N E K  (Czechoslovakia) presents a substaritially illustrated contribution, the 
essence of which can be summarized as follows: 

Following the collapse of a Rat-slab roof of a reinforced concrete tank, loadiiig tests 
were carried out on two similar structures. As a res~ilt of these tests, nioditications were 
made to tlie design for tlie reconstruction of tlie collapsed roof. Further loading tests were 
inade oii the new roof. These indicated that: 

(a) The dimensions and positions of openings in tlie slab have an important influence on 
the distribution of stress. 

(b) Settlement of tlie Supports and rotation of the column heads have a considerable 
effect on the niagnitude of bending moments in the slab. 

(C) The internal colurnns. whicli are usually designed for axial load, are often subjected 
to high bending inoments. particularly during tlie stages of covering the tank:s with eartli. 

(d) Columils and coluinn Iieads which are circular in section have tlie most favourable 



influence on stress distribution, particularly during the changing loading conditions during 
construction. 

7. Mr. Y. TSUBOI (Japan). referring to the difference between the American and the German 
niethod for computing flat slabs, gives a concise explanation on a maximum strain theoi-y he 
has adopted in relation to the rupture of slabs. 

8. Prof. KERKHOFS (Belgium) also discusses fl at  slabs. 
The shape of tlie column heads influerices the distribution of flexural moments, as also was 

shown in the lecture of Prof. C IG~~NEK.  A circular shape has proved the most favorable. 
We also know that the moments at the column heads are not equal to 0, although we still 

lack a proper method to compute those nioments. However, oiie must have something to 
work with, even if it is not completely exact. Prof. KERKHOFS would be very pleased if someone 
could give hitii a quick method to determine the momcnts. 

9. Thc rapporteui- Prof. G v o z u ~ v  describes research that has been done on the basis of the 
"lines-of-failure theory" of Johanssen aiid of tlie American Building Code. These methods, 
however, show differentes in the reinforcement needed. 

We must look for the rupture lines and try to find a solution on a ttieoretical basis. When 
rupture takes place riear the coluinn there is a difference from the theory of Johanssen. The 
effective lever arm is greater than ttie thickness of the slab. Tliis explains thc dcflections that 
have been found. The theory of Johanssen is extended by taking tlie real thickness of the slab 
where the cracks appear, into accourit. 

10. The rapporteurs Prof. TORROJA, Prof. MAZURE and Dr. SORLTZ give further comments, 
partly in reply to Mr. KUIPFRS' remarks (see 3 above) on the subiect of safety factors. These 
comments can be summarized as follows: 

(a) The values for the coefficients of variation cif the strerigth of materials (CS,) Iiave 
already been established for some materials, c..,p. 

(b) Tlie quality of the materials, also with regard to c j r ,  should be the responsibility of the 
producers and not of tlie builders. In the case of steel this is already a common situation. 
The manufacturers give a guarantee for the quality of their products. In some countries 
this is also done for concrete. 

(C) Exceptions must be made for special structures, such as big dams, etc. Evaluatioi~s 
should be made specially for such structures. 

of load 

-I 
mean vclue of strength 

n x mean value of load 

Fig. 4. Graph indicating thz specific character of the probleni of calculating the safety of striictures 



(d)  The values of the coefficient of variation of the loads (6,) can very well be deduced 
from statistical data. Obviously there will be a different 6 for different kinds of loads. 

(e) The classical thesis dealing with the safety of structures was that the strengt11 should 
be 17 times tlie load. The problem is characterized by Fig. 4. To evaluate n in connection 
with an accepted sinall probability of failure, one has to know where and how the curves 
termiiiate (the encircled area in the figure). However, these curves are mostly not Gaussian. 
Tt will be practically impossible to obtain suficient data to establish the ends of the curves. 
Hence Prof. TORROJA'S theory is correct by taking only h' and introducing a niultiplier. 

I I. Mr. M. TICFI? and Mr. M. VORLIC~EK (Czeclioslovakia) inade availablt: a written 
contribution in Germaii uiider the heading "Zufällig veränderliche Nachgiebigkeit bei den 
Durchlaufträgern und Rahnienkonstruktionen" (Incidental variations in the flexibility of 
contiiiuous beains and frame structures), which can be sumiiiarized as follows: 

For the calculation of continuous beains and statically indetei-ininate fi-ame structurei, 
the factor E I  of the different elenients - depending on the geometrical form o f  the cross 
section and the inechanical properties of the material - should be evaluated. In practice, 
however, no account is taken of the variability of thcse factors EI ,  due to incidental cir- 
cumstances. The authors of tlie contribution describe the investigations they luve carried 
out to determine the above-inentioned variability. 111 order to obtaiii an  essciitial simplilica- 
tion, use was made of the flexibility factor 

instead of the factor EI. Furtlierniorc, tlie data obtained have been introduced in forinulac 
to calculate the relative deviations of the bending momeiits in some statistically iiideterminate 
structuies. 

12. Mr. J. K ~ c ~ r o v  (Czechoslovakia) also made available a writtcn contribution in Gernian, 
headed "Vorschriften für die Bruchmoinentbemessung der Spannbetonquerschnitte" (Pre- 
scriptions for measuring of yield moments in prestressed concrete cross sections). This 
contribution can be suniinarized as follows: 

A survey is given of the forinulae used in a number of countries for tlie calculation of the 
theoretical yield moment of a rectangular cross section with a singlc prestressed reinforce- 
nient. In case of a snlall perceiitage of reinforcement, tlie values of tlie yield moinent found 
from the different formulae are wcll in accordaiice with one aiiother. However. if a large 
percentage of reinforcement is used, big differeiices appear. 

Furthermore, a general view is given on tlie safety factors that are required in tlie different 
countries for the design of prestressed concrete beains subinitted to bending moments. 
Taking into account that the adopted calculation methocis in the different countries lead 
to a divergcncy of results. the author indicates the necessity of obtaining an international 
uiiification of the prescriptions for computiiig prestressed coiicrete structures. 

In concluding tlie exchange of views, the Chairman. Prof. V. I .  O V S Y A N K I ~ ,  emphasises 
that further joiiit work to make building both safer and more economic is required and that 
mutual cooperation seeins to be a coiidition for success. 

Note .  Not included in this book, though presented at the Congress, are: 
(a)  The resolutions of tlie 1958 CIR Symposiunl in Moscow. 
(b) The report "Superimposed loads arid safety factors", by the Chairman of the relevant 

CIB Working Coinniission. Tliis report was published in No. 1-2. 1958. of tlie CI B Bulletin. 
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One of the problems in rationalizing and economizing the constructioii of a building is the 
question of facilitating and siinplifying the process and operations involved in assembling 
factory-made eleinents with those produced on site. 

The transfer of desigii dimensions to  real building forees us to face the question of 
diniensional tolerances, whicli involves the question of accuracy in mounting the various 
eleinents aiid tlie question of dimensional variances inherent in the production technies of 
both factory and site. An analysis of the latter shows that there is also a certain, even 
predoininant, intiuence on the accuraey of the dimensions of tlze method of transfer from 
the design to the building. It is, therefore, in~portant  to apply standardized methods and 
instruments for this transfer tliat permit an insight into the possible dimensional errors. 

In tlie CIB Coniniission involved in the experimental dwelling constructioii programnie 
of the High Authority for tlie European Coal and Steel Coininunity, we made an  endeavour 
to  arrive at a standardized method that would have the merit of being applicable simulta- 
neously i n  all countries of the latter organisation, irrespective of national circumstances and 
usual practices of tlie builders involved. In other words, we intentionally sti-ived at coin- 
parability and, therefore, not necessarily at the most perfect, hence relatively costly, incthod, 
so that we could prescribe a standardized method for sites in different coiintries and of 
different firms. 

T H E  M E T H O D  

TIze method used includes three niain elements: 
I .  General fraine of referencc. 
2. Transfer of readings in the horizontal plane. 
3. Transfer of readings in the vertical plane. 

G E N E R A L  F R A M E  O F  R E F E R E N C E  

The bench marks and directions related to the loeal ordnarice grid provide a starting point 
for the location of the building that is obligatory and reliable. Each element of tlze building 
is, from tliis basis, located in space by a triaxial eoordinatioiz systein, one axis vertical and 
two horizontal but not neeessarily perpendieular, originating in the plane Z - 0 of the 
unfinished surface of the first floor. 

The choiee of the horizontal axes is influenced by: 
(a)  The possibility of transfer in elevation. 
(b) The planiinetry of the building and tlze future location of its elements. 
The first possibility is subject to the properties of the instruinent, the altimetric eharac- 

teristics of tlze structure and the nature of the Zone surrounding it. 
For tlie second point the distribution nature of the building leads to such a choice of 

liorizontal axes that a miniinum of diniensional variance of errors is secured. 
A description of a classie method of arriving at couples of horizontal axi:s and of their 



transfer, in tlie case of a rectangular building of medium height surrounded by arnple 
workiiig zones, may permit us t o  analyse variants in special cases. 

The origin of the system is materialised by intersecting two perpendicular main alignmeiits 
1 A and 2A, determined by tacheometer and transferred to plane Z - 0 in a simple way, 
p.g. by stretching suitable iinpregnated lincs (Fig. I). 

Fig. I. System for arriving üt couples of Iiorizont;il cixey and of thcir trnnsfer. 

I t  is convenient to  havc tliese alignments coincide with the perimeter directions of bearing 
eleinents that recur in tlie various storeys. 

To materialize thesc alignnicnts two points rnust be identilied with great precision since 
even a small error causes future errors that cannot easily be checked. 

The origin 0 being inatcrialised by linear measurement, a bench mark A is collirnatcd in a 
determined positioii of the horizoiltal circle by the instrument in 0 and the azimuth LA is 
read off. Next the telescope is transited to read 

and appi-oximatcly at C a horizontal staff of somc decimeters is read. The operation is 
repeated in the conjugate position to read L ,  and 

tlie incan of thc two rcadings o n  the horizontal staff tlius indicating the direction of C .  
Tlie crror in tlie angle 

bcing subject to tlie sensitivity of reading of tlic iiistrunient. is accidental betwecn f 14 and 
- U and the operation should, tlierefore, bc repeated for different positions, applying 
Bessel's rule, the average of all readings tlien beiiig taken as the definite direction of C. 
'flius instrumental errors are practically eliminated and a point D can be located in tke 
ideal axis C D  in the same way, tliough inaterialising of D with the instrument in C by 
collimation to 0 is a more rapid metliod. 

To  prepare transfcr in elevation we may materialize on eacli alignrnent two other poiiits, 
now nearer to the structure. Both of these poiilts are givcn a concrete bench inai-k. I meter 



Iiigli and exactly vertical. Thus i t  becornes possible to transfer the principal alignrnents i i i  

elevation by a simple and accurate process, thougli such a transfer can only be niade on thc 
unfinishcd upper surfacc of tlie first and higher floors. Tlie substruct~ire requires a different 
rnode of operation, but tlie link will1 tlie superstructure is constituted by tlie i'eference axes 
in plane Z 0. 

Thus wc obtain two faniilics of transfcrs afrectcd by a different crror propagation 
coclticicnt, one dcpendent on the precision of tlie taclicometer, the otlicr on the precision 
of tlie pluinb line. Thc transfer of tlie rnain aligninent 1 A and 2 A to each storey by tacheorn- 
etcr rnakcs the cliecking of vital rcadings independent of the position of the lclwcr clenients 
and its errors, tliis being a rnain advantagc of tlic incthod. The transftr ii-I elevntion is 
illustratcd in Fig. 2. 
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Fig. 2. Transfer in elevntiuri. 

Tlie bench marks of each principal aligniiient indicated by staffs in 1.2, 1 '  and 2' rnust 
stay visible. I and I '. where tlie instrunieiit is statioried, sliould be at a distance rrorn the 
building of about 2; times tlic hcight of tlie structurc. Tlie transfer in clcvation to plane 1 

and to the otlier planes can thus procccd, eliiiiinating at tlie Same tiiiie tlie inlluence of 
instrunient errois (Besscl's rule). In tliis way wc apply a niethod capable of different inter- 
pretations. We might, for exainple. irnrnediately envisage oblique axes. in wliicli case the 
only new cornplication is the liniitation of variance in tlic angle of tlie intcrsecting align- 
rnents. 

Howcvcr, a real restriction iniposed by our rnetliod lics in tlic necessity of having available 
the Lixcd poiiits to Set up tlie instrument. A different form of our nicthod can oftcn obviatc 
tliis drawback. We may, as showii in Fig. 3, matcrialize oblique axes outside the building. 
thus profiting froni n grcater distance from tlie building togcther with a less extensive working 
zone. We then encounter, however, tlic disadvaiitage that an  avcrage divcrgence of 5 nini 
bctween tlie extcrior perinieters of thc wall plates and aii angle B of 30'. rcsuli. already in a 
9 nini variation betwcen uppcr and lower reterenccs axes. Great exactitude of planimctric 
determiniition of wall platc perinieters is, tliercfore, a rarely fulfilled condition to this 
metl1od. 

Anotlier proccdure iiiaking it possible to eliminate several drawbacks, whilst tlieoretically 
adliciing to the sarne principlcs, is tlie transfer in clcvatiori of certain points as intcrsections 
of two dircctions (Fig. 3). 

The taclieorncter is set up at point Xi .  Next the colliiiiation is established of a poiiit suitably 
clioscn in tlie plane Z 0 and this direction is transferred to tlic upper storey. Next, after 
collirnation starting froin X?, tlic direction is transfcired to the storey situated above. Tlie 
intcrsection of thi. two directions thus transferred deterniines thc point corresponding to A 
on tlie uppcr wall plate. It will bc clrar that the iiiatcrialization of the two dircctions on the 
storeys situatcd at a greater elcvation and the application of Bessel's rule - still requircd - 
for tlie transfcr, iecluire a study of siilall iiistruiiients capable of receiving thc resultant 
dircctioii of colliiiiation for tlie storey under consideraiion. 

Tlie advantage of the nicthod is thc possibility of doing witliout any f ixed point outside 
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Fig. 3. Transfer i i i  elevation of certain poiiits as  intersections of two directioiis. 

tlie structure and of transfcrring all tlie points desired, making allowance for tlie limitations 
wtiicli will be recommended in the marking-out of different storeys. On  the other hand, the 
impossibility of constant collimation (from the start of the work until cornpletion of tlie 
structure) of tlie bench marks in the plane Z - 0 forrns a difficulty wliich ic often vcry 
great. 

Finally, transfei by optical instrurnciits inay be fully impossible, in wliich case the plumb 
line is used starting froni prccisely materialized bciich inarks and applying improvements t o  
attain increased precision of the plumb liiie. 

T R A N S F E R  O F  R E A U I N C i S  I N  T H E  H O R I Z O N T A L  P L A N E  

Elements can be locatcd on different storeys by linear measurement by a steel tape with 
claws (Fig. 4). One claw (Fig. 5) is locked in the desired position, tlie other (Fig. 6) at Zero by 
its special handle. Tlie tape can tlius be used as divider, and marking-out errors practically 
coincide with reading errors, the scriber coinciding with the rcading reference notch. The 
readings always being done in excess. tlieir errors have the Same sign and can be ignored as  
they are less than I rniii. 

Measuring tape and marking claws Iiave a maxinium interval of tolerante of 

whcre L is the value of the total length of linear rneasuremeiit in nieters. 

Fig. 4. Steel tape with claws used for  linear irieasLirement. 



Tliis forinula makes allowance for calibration values and those deriving froin the clastic 
elongatioii of the tape: i t  should be coiisidered valid for an ainbient temperatiire of 20' C. 

For ternperatures above or below this value. allowance will Iiave to be nude  for tlic 
thermal expansion of tlie tape and a suitable correction niade (positive or negative). Tliis 
cori.ection is given by the forinula 

AI i A 3 L  

wlierc J. reprcscnts thc coeliicient of tlierinal expansioii (12 ./ 10 9; 
A 3  represents the differencc in  tcniperature between aiiibient tempcrature aiid tlic 

calibration teinperaturc of tlie instrunieiit. wliicli is 2 0 '  C ;  and 
L reprcseiits the total lengtli of the linear iiicasurcrneiit niadc iii nietzrs. 

Readings ti-ansferred in tliis \vay differ froni those of the working drawinga since tliey 
dcpciid on the choscii point of refcrence. It is, therefore. necessary to work out beforeliand 
a detailcd niarkiiig-out plan, giving an optiiiiurn sequence of operation with a vicw to thc 
possible rnean error, tlic tiiiie of transfer aiid thc useful ciiiployiilent of Operators. 

Fis. 5. One of the claws of thc steel tape. to be Fis. 6. One oT the claws oF the stcel tape, to be 
lockcd i i i  the desired positioii. locked ~ i t  rero by a special handle. 

Starting froni tlic origin of the referencc axes tlie position of thc elcrnents is traiisferrcd 
aloiig a inain alignmeiit 1A (Fig. 7). To locate a second serics of clements, parallel and at 
fixcd distancc, an arc ai with a radius cqual to tliis distance is set out from the oi-igin and an 
arc r i i  is set out froin point 1 .  Iiaving a radius 

Tlie intersection 0' of thc arcs locates the first clement c~f tlie secoiid scries. 
This opcration is repeated for the last element oftlie sccond series (11') ai-id thc penultirnate 

(11 - -  I )  of tlie {isst. 0' aiid 11' identify tlie alignment of tlic second serics. A check c a i ~  be 
lnade by cliecking, for example, tliat diagonals M and N (Fig. 7) are cqual. 

Tlic nicthod of intcrscctii~g arcs creates indepcndence froin thc gencral fraini: of refcrciice. 
lt is applicable for transfer of readings of a maxirnuiii of 20 mcters witliout tlie iise of 
auxiliary inain reference axes and, tlius. several origins. Subdivision of thc lield of icfcrence 
should, however. not be exaggerated so as iiot to depart froni the ideü to obtain, for euch 
storey, a fairly reasonable interval of variation of measuring error. The iise of several 



origins would, as is evident, introduce complex systeinatic errors at  the liniits of each 
refcrence zoiie. 

To arrive at  greater precision we inight niodify the claws so that marking out caii be done 
by chortls instead of arcs, with a rneasuring device not leaving it to tlie Operator to deterniine 
the interscction of the latter. The claws may also be given a device to stabilize the deter- 
inii~ed points to avoid errors in the process of establishing bencli marks. 

In conclusion. it can be stated that the idea behind tlie checking of tlic rnarking-out is 
that tlie dimensional tolcrance of spaces tliat have to satisfy certain constructional iequire- 
iiients and of spaces tliat are niost important because of their deterrnination by laborious 
nieasureiiients, is deterinined U p r io r i  and tlieir mutual agreeiiient is checked U poster ior i  

Fig. 7. Transferriiig tlie positioii of thc clciiiciits, startiiig fro:ii thc origi~i of thc refereiice axes. 

We have spoken of contact between two farnilies of operatioiis. Let us briefly exarnine the 
traditional way to establish this contact. Trestles supported by stakes are Iiriiily fixed on the 
ground and well squared boards are fastened to tliem in such a way that their upper edge is 
about Iiorizontal and at  a Iieight differing less than one decirneter fi-om one board to anotlier. 

Alignrnents for locating tlie bearing elernents of tlie substructure can then be deterinined 
by couples of poii-its on tlie upper edge of the boards and by stretched liiies. A pair of these 
lines is rnade to coincide with tlie reference axes of tlie superstructure and all otliers take 
this pair as reference, thus establisliii-ig tlie desired contact. The poiiits of intersectioi-i of the 
lines are trünsferred to tlie working plane by a plunib line. It is sutficient thus to transfer the 
two rnain aligninents arid then to proceed as for the superstructure. 

T R A N S F E R  O F  R E A D I N G S  I N  i H E  V E R T ' I C A L  P L A N E  

Here we inay consider the two fündamental limitations sepaiately. TIie first is the adhei- 
ence to a deterrnined reading of tlie projeet with tlie definition of tlie altimetric dirnension 
of tlie buildii-ig's Cross seetion, i . r .  regarding tlie building as a whole. 

The seeond, on the otl-ier Iiand, involves tlie observation of a partial deteriiiined reading 
for eael-i signilicant vertical interval, i.e. tlie altimetric details, and is fundamental for 
vertical adjustrnent of the heterogcneous elements. 

The problein rnay be solved i i i  its entirety by carefully inaterializing i i i  relatioii to a bench 
mark situated outsidc tlie building, a t  a known key elevation, the level of tlie upper, un- 
finished surface of the substructure located at  tlie liighest negative elevation of tlie plan and 



thcn procceding with the superimposed distaiiccs bctweeii the successive storcys by sonie 
suitablc process, startiiig froni tlie highest negative elevation. During coiistruction of thc 
building it will bc possible to transfer the reading froin storey to storcy by meaiis of a 
levclling instruinent uscd altinietrically (Fig. 8). 

A vertical levelling staff is installcd, preferably at the elevation of tlie origin of tlie stoi-ey 
to wliicli the transrers are being inade. Sevcral penduluni-type levelliiig staffs are also sct up 

Fig. 8. Levelling instrurnents ~ised iiltirnetrically for transferring readings froni storey to storey. 

in a suitable position on tlie equipment of the upper storey. (In the case of reinforced 
concretc structures, tlie Zero position of thc latter can coincide with tlle uiidcrlying by 
iiieans of a levcl.) The equipment on the storey will be at the desired elevation wlien the 
sum of the two readings made respectively oii the vcrtical staff and oii all the peiiduluni- 
type staffs coincides with tlie difference in thickness of tlie floor or, i i i  tlie opposite case, 
witli anotlier elevation lixed beforehand. This latter value sliould, therefore, appear o n  the 
niarking-out plans in  a suitable position as key elevation. 

The importance of choosing tlie point at which to set up tlie level should finally be noted, 
since fi-oni this point i t  must bc possible to read eitlier the vertical staff or the pendulum- 
typc staffs. 
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M E A N I N G  O F  A C C U R A C Y  O F  M E A S U R E M E I V T S  

In everytliing that is manufactured tliere occur inaccuracies of ineasurement, which rneans 
that tlie actual diniensions of the manufactured product differ more or less from tlie dimen- 
sions indicated in the drawing or the specifications. If these deviations are considerable thcy 
will give rise to two types of dainage. If. for cxainple. the building materials or the transfer 
measureinents for a house difrer considerably from thc prcscribed dimensions. this will 
result in much extra work having to be done in the form of truing up during construction. 
The damage makes itself felt in extra working Iiours and consumption of material. The 
second type of damage arises when the house is in use. Iii some cases it is possible to express 
this dainage directly in terins of money, if necessary repairs have to be effected owing to in- 
correct measureinents, but the damage may also manifest itself in tlie form of inconvenience 
caused by, for example, a door wliich docs iiot close well. or as an unesthetic result. It is, 
tlierefore, of considerable social importance to strive for grcater accuracy of measurements, 
becausc tliis will inake i t  possible not only to reduce building costs but also to produce 
dwellings of better quality. 

A niore remote but certainly tangible advantage of increasing the accuracy of measure- 
incnts lies in the possibility which it offers to introducc new and more highly mechanised 
working nicthods, thus allowing a further degrce of industrialization in the building industry 
to be reaclied. 

This is a development whicli i t  has also been possible to undertake in other branches of 
industry. The autoination in the inetal industry would be untliinkable without attaining a 
certain degrcc of perfection in dirnensioning. It is, thcrefore, iinportant that all tliose who 
participate in tlie buildiiig industry should give serious consideration to the problem of 
measurenient inaccuracy and to the possibilities of reducing it in an  economically sound 
way. 

W H A T  TS I N A C C L J R A C Y ?  

lnaccuracy may be defined as the difrerence between tlie actual diniensions ot' a building 
material or elenient and the prescribed diinensions. As already said. deviations of this 
kind arc inevitable. It is not possible to imagine any manufacturing process in which the 
measurements of all the manufactured products correspond exactly with tlieir standard. 
As long as these deviations are sinall nobody will experience any inconvenience as a result 
of tliem. However. what is a small deviation? Here we are faced with tlie concept of tolerance. 
A tolerance is tlie permissible deviation frorn standard. ; . P .  a measurenient deviation which 
is not so considerable as to cause dificulties while tlie product is used. As an  example, 
reference inay be niade hcre to the measurcmeiit deviations of a door. It can be said that the 
measurement deviatioiis of a door paiiel are not disturbing as long as tlie door opens and 
closes easily in tlie fraine aiid as long as the clearance between door and frame is not so 
large or  so oblique as to give rise to  esthetic objectioiis. How large a tolerance should be in 



any particular situation caii only be deterniined experimentally. We can now formulate tlie 
followiiig siniple stateiiients: 

deviation < tolerance - tlie incasurenient is correct 
dcbiation 3- tolcrance --- tlie nieasurement is incorrcct 

By iiitroducing tlic concept of tolerance, it is possible to judge whetlier ;i deviation is 
pcrrnissible or  not. Tlie example given Iias already shown tliat there niay be a certaiii subjec- 
tive elcment in tlie concept of toleraiice. Wliat one persoii considers to be unwarranted 
from an esthetic point of view niay still be regardcd as satisfactory by aiiother who is less 
critical. In the case of an  cxpensive dwelling tlie tolerances would, for this reason, perhaps 
Iiave to be smaller than in thc case of a cheap dwelling. We sliould, Iiowever, not exaggcrate 
tlie influence of this subjectivc elcment, as apart froin the subjective esthetic requircments 
there are tlie purely functional requircnients such as, in tlie case of a door, the Fact tliat it 
should sliut easily. Such requirements are purely objcctivc. On account of these functional 
requirenients i t  is neccssary to ensure a certain degrce of accuracy of ineasiircinents evcn. 
with the clieapcst products. If tliis degree of accuracy is not attained, it is possible to choose 
betwecn delivering a n  inferior product and correcting the measurenients by means of 
rerashioning on tlie building site. Tlic latter procedure is frequently clioscn, with the coii- 
sequence that during tlie construction of dwcllings a very considerablc amount of time is 
lost in adjusting tlie various elemcnts so that they fit thc structure. 

M E A S U R E S  F O R  I M P R O V I N G  D I M E N S I O N I N G  

The foregoing clearly shows that an iinprovcineiit of the dimensioning can be attaincd in 
two different ways. In. fact, one caii try on tlie one hand to reduce the variations occurring 
in the dimcnsions and, on thc other Iiand. an  atteiiipt may be madc to iiicrcase the tolcrances, 
for if a larger tolerance can be obtained it will be possiblc for an initially uiiacccptable 
ineasuremciit deviatioii to be inade permissible. Such an increase of the tolcraiices can bc 
achieved cssentially by makiiig cliaiiges in tlie design. Thus there are, for example, various 
systeins for the positioiiiiig of a beam. Oiie system will allow morc tolerance in tlie wall 
distance than tlie other inetliod of positioiiing. By clioosing a constructioii in which there is a 
considerable tolerance the nuiiiber of cases pi-esenting an inadmissible ineasureincnt devia- 
tion is rcduced, thus eiisuriiig a better quality of diniensioning. I n  soine cases it is also 
possible to increase the toleraiiccs by a proper choiec of the sequeiicc in whicli the various 
building operations are performed. 

However, iiiore iinportant tlian increasiiig tlie tolerances arc the ways in which tlie 
mcasureiiicnt deviations caii be rcduced. Esscntially there are rour ways of acliieving tliis: 

1 .  I n  designiiig tlie building inaterial and/or tlie building it is possible to deal with the 
problein of measurenient deviations by clioosing a constructioii in wliicli tlie possibility of 
crrors or considerablc deviations is rcduced to a iiiinimuin. Tlius it will be possible in many 
cases to choose between various building mateiials. One material (e.g. bricks) will present 
larger measureinent variations thaii anotlier ( e . ~ .  certairi types of natural stone). 

2. It is possible to try to niake tlie inanufacturing process more accurate by using better 
instruments ~liic1-i fuiiction witli grcater precision and by choosing better workiiig metliods. 
Tlic transfer of ineasureincnts provides a clear examplc of this. By choosing a good systcni 
of transfer of measuremeiits and by usiiig rcliable ineasuriiig instruinents for tliis purpose 
a considerable iinproveiiient i n  tlie accuracy of ineasurements can. be achieved, rcsulting 
not only i i i  more accurate diinensions of the liiial product but also in a dccrease of tlie 
nuinber of ii~teiruptions dui-ing the subsequent stages of the construction work. 

3. During tlic produclioii of building inaterials aiid during tlie huildiiig operations 
considerablc iniprovement can bc aehievcd by an effective coiitrol. In this conncction 
specific reference is iiiadc to Systems of statistical q~iality control of dimensions, whicli arc 



applied very successfully in many braiiclies of industry but wliich. unfortunately, havc 
found little acceptance in buildiiig industry as yet. The literature dealing with tliis qiiestion 
is alrcady so considcrable that it seems uiinecessary to give further dctails liere. 

4. Finally, tlie acciiracy of rneasurenients caii be iniproved by mcans of a final inspcction 
with rejcction of defectivc itenis. This applies espccially to building inaterials. Thus it is 
possiblc to  rcrneasurc the nianufactured building niaierials and to rejeci thc spccimcns tliat 
present an excessivc deviation. To  a limited degrce this iiicthod can also be used duriiig the 
actual construction work. Necdless to  say. this nicthod is much niorc expensive than tlie 
inethod referrcd to under 3, becausc it is unquestionably bctter to inanufacture good 
products initially thaii to produce defective products wliich havc to bc sorted out aftcrwards. 
On Fig. I a survey is prcsentcd of all thc aforesaid measures for iniproving ilie qiiality of 
dinieiisioning. Tlie diagrani also indicates tlie coiisequences resulting froni such iniproved 
dimcnsioiiiiig. In tlie first place it will reducc tlie ainount of refashioniiig work having to be 
perfornicd on tlic building site with all tlie economies resulting tlierefroin. Once tliis Stage 
lhas becii reaclicd, it will bc possible to adapt tlic building process to tlie iicw circumstances 
and to introduce furtlier meclinnization, if so desired. Tlie latter could be clilled thc in- 
dustrialization of tlie building process. 

P R O G R A M M E  O F  A C T I O N  

To  achicve tlie proposed improvcmeiits in diinensioning scveral measures will be iiecessary: 
I. More insight will hnve to bc gained into thc economic consequences of tlic existing 

iiiaccuracics of iiicasuremerits. In several couiitries studics havc already been undcrtakcri 
in wliich building inatei-ials aiid dwelliiigs wcre exnmined for their ditncnsions. Witliin the 
framcwork of tlie second construction programmc of tlic Europcan Coal and Steel Comni~i-  
nity tlie "liisiitut für  Bauforschung" at Hannover is making a study concerning the expenses 
involvcd in truing up doors and door frames. This is, of Course, only a lirst step, as many 
othci. elcnieiits of buildings would still Iiavc to be studicd. 

2. As yet little is knowii about tolerances. I t  is true that many couiitrics have staiidard- 
ization rcgulations for building inaterials in which tolerances are nientioncd, but these 
tolerances are usually based i-athei- oti tlic degrec of accuracy actually attaincd in tlie respec- 
live building material industry of thc couiitry concerned tlian oii tlie functional fitting 
requircii~ents wliich should be sct. It would. tliercfore. be desirnble to detcriiiine these 
toleraiices objectively for the various building materials and elements of tlie building. 
A firsi step in this directioii was taken by the Bouwcentruni at  Rotterdäni, whicli has 
- withiii thc f r a i i i e~~ork  of tlie aforesaid second experiinental constructiori prograininc of 
ilie Europcan Coal and Stcel Coniinunity - laid down tolerances for doors and door frames 
on tlie basis of requircnients of practical usc. 

3. By combining tlie invcstigations referred to iindcr 1 aiid 2 it is possiblc to gnin a n  
insiglit into tlie numbcr of inadmissible measurement dcviations occurring in practice 
in tlic vai-ious building matcrials and building eleinents, as well as into thc resulting damagc. 
On tliis basis a priority progranimc caii bc drawn up for tlie iinprovcmeiits to be cffccted. 

4. 011 tlie basis of such a priority Programme a propaganda campaign would Iiave to be 
conducted aniong all interested partics, notably, ihe futurc proprictors. architects, con- 
tractors and inanufaciurcrs of building inaterials, with a view to rirriving at aii increased 
accuracy of rncasurcments, especially with rcgarci to such inaterials and cleineiits as inen- 
tioned at tlie top of tlic priority list. -Phc purcliascrs (i.e. for the buildings, tlie future 
proprietors arid ai-cliitects; and. for tlic building niaterials. tlic contractors) should - inorc 
than tliey havc done so far - bring pressure to bear Lipon their suppliers in order to indiice 
thein to ensure greatcr accuracy of iiieasuremcnts. This pressuic will Iiavc to be excrted 
purposefully and i i i  ~i icl i  a way that the deinand for greatcr accuracy is not forinulated in a 
gcneral and vaguc way but is spccificd in tlic forin of tolerances and an  iiispectioii System. 
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Fig. I. Irnproving the quality of  d i m e r i s i o n i n g  in the construction of dwellings. 



T h e  suppliers will theii automatically be induced t o  pay inore attention t o  tlie question of 
accuracy of  ineasurements. 

5. Manufacturers of  building materials and  contractors will liave t o  apply a system of  
statistical quality control t o  measurements, which will eiiable thern to  achieve in a n  inexpen- 
sive way a considerable increase i i i  accuracy of nicasurcments. In rnost countr iesof  Wcstcrn 
Europc there are specialized consultants who can  hclp thern in this respect. 

6. F o r  the building niaterials t o  be delivered a systern of acceptaiice sainpling will have 
t o  be formulated. Under  such a systeni the accuracy of rneasurcments is to  be checked by 
tlie purchascrs in accordancc with specific inspection scliemes which have becn brought t o  
tlic notice of tlie supplier beforeliand. Tlie best procedure is t o  iiicorporatc such inspection 
regulations into thc s tandards of tlie various countries. In this coiincction it will also bc 
necessary t o  determine the coiisequcnccs of thc rc.icctio of lots o r  parts of lots. In  this field, 
too,  there are  specialized consultants in many  countries. 

7. All tliosc involved in designing and selecting building materials and  buildings will 
have to  be aware, more tlian they have been so  far. of  tlie influence tlieir decision has o n  the 
quality of  the dimensioning. 
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Tlic coordination of  all diinensions of a building and of its eleinents on tlie basis cif one 
aiid the sainc Standard measurement lias become a n  iinportant condition for efficitiit 
building. It allows construction with different structural eleiuents without tlie necessity cif 
truing thcm up  o n  thc site. Mutually correspondingdiinei-isioiis tliat a re  accurately traiisferrcd 
permit tlie use of prcfabricated and large-size elcments. Tlicy also permit niore efficiency in 
traditional construction inethods. Thi-ee examplcs may illustrate o u r  poinl.: 

I .  cxccution of inasonry. 
2. prcfabrication and fitting of  windows, 
3. nianufacturiiig of  sanitary equipinent. 

M A S O N  R Y  

Sevcral couiitrics I-iavc now adoptcd standardized brick sizes. Thcsc ai-e large-sizc pei-foratcd 
bricks and tilcs. liollow blocks of conci-ete and  porous bloclcs of coiicrete. These types of  
blocks coinbine sufi-icient strengt11 with more favourable tlierii-ial properties tlian tlie 
conveiitional type full bricks and tiles. l'lic walls they are  used for  can. tli',-refc>rc. be Icss 
thick thaii iisual. 

Pliysicilcigical tests have given 11s tlic proper weiglits, tlie best dimensioiial rutios and thc 
meist favourablc wcirkiiig proccss. A bricklayer wlio used t o  build a I 111' wall 36.1 cm thick 
with thc conveiitional full bricks caii now build a 2.: t o  4 ni2 wall 24 t i i i  tliick, but witli the 
samc tlierinal capacity, in tlic sanic time (Figs. 1 and  2). 

Fis. 1. Bricks and perfvrated blocks: niore eflicient b i i i ld i i ig  niaterials 



If the wall diiiiensions d o  not correspond with thosc of the tiles aiid bricks. bricks must 
be cut to size on thc site. The larger tlie size of the brick, tlie inore work tlic bricklayer lias 
to  do (Fig. 3). 

In one case, uhere a building was erected iising bricks wliose sizes did not correspond, the 
bricltlayers uiisted morc than one tiiird of Ilieii- tiiiic cutting the bricks to sizc. It took them 
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Dlacks occardmg io of oll kinds 
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Fig. 2. Thc tliickness and diinensioi~s cif walls b ~ i i l t  according to convcntional and advaiiced rnasoiiry 
techniqucs. On thc right, the work perforinance of  the hrickloyers and the building cosis. 
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Fig. 3. The lahci~ir produced by the saine gang doing ;I masonry job using dillerent sizes of bricks. 



150 Iiours to build a required wall siirface, including tlie cutting of the bricks. At the same 
specd aiid power tlie job could liave been done in oniy 100 hours if tlie dimensions of 
building and bricks liad correspoiidcd propei-ly. Tliis nieans tliat tliey could have built a 
100 ni- wall in the Same tiine they ~ised to build a 67 in- one on accourit of the hold-up. 

'Plic deviation between diirieiisions of buildings and bricks and the inaccurale coiiversion 
of tliese dimensioiis whcn building with large blocks may, tlierefore. cause excessive labour 
and incfficicnt building inethods. Standardized, corresponding diinensions and Iiicasurc- 

Fig. 4. \V»oden wiiidow and door fraincs of tlic Dutch type bciiig iiscd in Cierniany 

Fig. 5. Accurately dirnensioned prcfabricated concrete window fraiiics. 
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ments of buildings and  bricks, and  tlic proper convei-sioii of the diinensioiis, on the other  
l-iand, bring ou t  to  full advantagc the new wall-buildiiig metliod that is Iiighly cf5cieiit 
a n d  advantageous and  contributes coi-isiderably to  fast and  systen-iatic brick laying. 

W I N D O W S  

S o  fai- in severul European couiitries it  Iias bccn conimon practice t o  build opcniiigs fo r  
wiiidows witli tlie aid of pluriib and  level. Witli tliis system it often happens that tlic dimen- 
sions deviate 3-4 cn-i froiii tlie required dimensions. 

Tlic joiner in charge of window construction inust take all diinensions o n  tlie site a n d  
construct tlie windows in accordance with tlie dimeiisions of  tlie opening, wliicli often vary i i i  

size. Furtliermorc, tlie windows miist be constructed onc by one and cacli window fraii-ie will, 
therefore, fit orie particular opcning only. 

With tliese different din-iensions it can occur tha t  individual frames d o  not fit the opei-iings. 
This is why windows a re  not providcd with iroiiiiioiigcry, glass aiid painting uritil fittcd 
i r i  thc  opcriiiigs. 1-liis worlc is done  on tlie site uiidei- unravourable conditions. This ineficient 
and  time-consuming process is caused by openings mnde with inaccurate and  divergent 
diiiieiisions. 

With tlie use of  simple inctliods it  is possible, howcvei-, that all openii-igs have esactly tlic 
recluired diinensioi-is. I i i  Holland it is gcneral practice to  ii-iunufacture the sash frames in 
advance t o  staiiciard size and fit tliein irito tlie openings (Fig. 4). 

In <;ermaiiy concrete sash frames a rc  used which a re  made i i i  moulds and fitted i i i  t h e  
wall afterwards (Fig. 5). 

Recently. sheet steel frames prefabricated in t h ~  factory and litted while tlie i-iiasoni-y is 
bcii-ig d o n e  lhave also been used (Fig. 6). 

PVC glus5 r.ni 

PVC ii i ler 

Lcmcr': ~ o i ! O r  

Ci~rner Se! wrr~dow cosenirrit for moiniry 

Lwr'er Set window cosemeiil 

Fig. 6. Prefiibricated sleel framcs i'or woodcri window casiilgs 

T h e  sainc e f i c t  may also be achieved by giving tlie bricklaycr templatc o r  full-size 
modcls. When  tl-iere is n o  doubt  tliat, owing t o  the niethod described äbovc, the diiiiensions 
of  the openings a re  cxactly adhered to,  tlie joiner may make all windows of thc sanic sizc 
in o n e  series in his worksliop so  tha t  all windows will accurately fit thc coi-rcspondii-ig sashes. 
T h e  windows will not Iiavc t o  be finished o n  site citlier. They can be provided with iron- 



mongcry a n d  fitinents, glass and  paiiit in tlic workshop. wliich is more  eificient, and  work 
will proceed much faster whcii fully linislied windows :irrive t o  be litted on tlie site. It is 
obvious tha t  this systcm of  nianufacturing aiid placing windows cuts costs considcrably. 

Actual practicc has shown tliat fitting windows in openings wliicli d o  not have tlic same 
diiiieiisions costs as  much a s  1-2; Iiours/window o r  bctween 0.15 and 0.30 liours/ni" T h e  
total cost averages between 1.2 aiid 3 hours/wiiidow. 

For windows of  equal type and  diiiiension. niade according to  s tandard sizc aiid iittcd in 
accuratcly diinensioned openings, it took only betweeii 0.7 a n d  1.5 liour.s/window (or  
0.4-1 Ii/in-). Working witli accuratcly diincnsioned wiriclows and  openings l-ias resulted in 
a 50"„  saving in time as  compared to tlic metliod ~ised previo~isly. 

T H E  I N S T A L L A T I O N  O F  S A N I T A R Y  E Q U I P M E N T  

So Par witli tlie conventiorial working inetliods used in iuany countries the plumbing systcm 
in thc iiiterior was installed in such a inanner that tlie pluiiiber measured oiT, cut,  tlireadcd 
a n d  installed every single lengtli of pipe o r  tiibe. This inethod is applied whcre tlie work is 
not  planned o n  tlie basis of coordinated dii-iiensions. 

If, Iiowever. in o n e  building or  in a g roup  of buildings sevcral pipcs of the saine type inust 
be installed, tlie man in chargc of  this work caii apply a Par more efficient nietliocl, for in 
this case all he nccds to  d o  is ascertain tlie right dimeiisioiis (lengths) only oncc. Under tlie 
inore favourable working conditions i i i  Iiis sliop he can cut one  series of  pipes o r  tubes f o r  
onc  a n d  thc same application. He can cveii coinbine particular scctioiis to  a certain required 
leiigtli (Fig. 7) which iieed only be convcyed t o  tlie site t o  bc iiistalled quickly a n d  efficicntly. 
Tliis nictliod has proved t o  be extremely efiicient. While the old conventional method, 
includirig inaiiy maiiipulations, takes a n  avcrage of  thrce hours per ruiining inetre, tlie same 
type of installatioii takes 0.7-1 hour  per running nietrc when the new method is applicd. 
This mcans that  in the latter casc only bctwerii one  half a n d  one  tliird of  the tiine is required 
to  d o  tlic same job. 

Fig. 7. Staiidard-dinieiision asseinblcd pipe scc- Fig. X. F'ramcwork for the acc~irately diiiieii- 
tions Io r  szinitary inslallalioiis. sioncd building of walls for sanitary iiislallati»iis. 

Tlic installation of pipes and  tubes also Covers the fittiiig Elxturcs themselvcs. When 
coinp:ii.ing the entire installation of a Iiouse, betweeii 33 aiid 1 14 hours a r e  required with the 
convcntioiial inethod. depeiiding on the type of  huilding. Wlien the cfficieiit systcin is used, 
howevcr, it takcs only between 32 and 71 Iiours, which ainounts  to  a total labour saving of 
between 25 a n d  34 per Cent. If thesc advantages are to  be fully used it is imperative that  tlie 
dirncnsions d o  not deviate a n d  that they are  correctly converted for  use in practice. In 
Ciermany tliis accuracy of  dimcnsioris Iias been rzttained by giving tlic bricklayer a tcmplate 
to  enablc Iiiin t o  d o  inorc accurate niasoiiry work and  to  inakc all slits, holes and openings 
exactly t o  size. 011 other  sites it has provcd practical to  erect a lile-size niodel., showing the 



wall installation witli aII tlie pipes and fittiiigs (Fig. 8). All the workers on tlie prqiect could 
tal\c the proper dimciisioiis by studying tlie model and usc tlic riglit dimeilsions for tlicir 
own work. 

Tlie use OS coordinated diineiisions Iias again proved to bc an iibsolute neccssity if aii 
rrfficicnt working mctliod is to be ensurrrd. 

These tlirce examplcs - niasonry, wiiidows aiid installation - will. wc hopc, liavc sliown 
tliat cvcn when buildingaccording to improvrrd conventional inethods, i t  is possiblc to do the 
job inore efficiently. 

To  cnsure tlie largest measurc of succcss, howe\,ei-, i t  is imperative tliat tlie dimensions are 
rigidly coordinated througliout. It may bc so tliat tliis iiietliod iiivolves highcr costs for tlie 
arcliitect and the superiiitendeiit. since tliey liavc tu do n-iore figiiring and calculating, but 
this is ainply compeiisated by the important advaiitages OS thr more efficient building 
tecliniclue iiiade possiblrr by the improved metliod. 



Dimensioning on the building site 

H I S T O R I C A L  R E V I E W  

l'lie tcclinique of enumeration and of rneasurement originates from man's riced (1) to  Count 
thc largest possible nunibcr of things, as he had to watch Iiis flocks, and (2) to locate liimself 
in tirne. 

Thc concept of time came into being with the necessity to Iiave a more stable agricultural 
order by observing thc Course of the days and seasons by tlic length of the shadow Cast 
either by a staff or a monument erected for that purposc. 

The exigencies of this evaluation of time which the organized lifc of the tribes 
required compelled Inan of this era to increase his precision of rneasurement; the most 
cliaracteristic f ~ c t  is that angles were rneasured well before linear dimensions bccause 
tlie directions wcre closely tied up with the appearance of a star or a cclnstcllation on 
the horizon. 

The Chaldeans already possessed instruments similar to theodolites which were continued 
to bc uscd ~intil the invei-ition of the telescope. They kriew how to trace an  angle of 60' 
by inscribing a hexagon in a circle: three lengths of cord in a linear proportion of 3:4:5 
since antiquity cnabled thern to rnake a right angle. etc. 

Thus, well before Euclid aiid Arcliirncdes allowed geonietry to arrive at a rnarvellous 
dcgrcc of clcgance and inctliod, man knew the niost elemcntary concepts of marking-out. 
Our ancestors did not, therefore, await optical and mechanical improvsments before 
tackling tlie probleins of marking-out. In Egypt. for instance. they have left us a heritage of 
ancient edifices sutlicient to form irrefutable proof of the extent of their ingenuity and 
capacity. In the centuries that followed, applied rnatliematics greatly developed navigation, 
architecture and, in particular, topography. 

With the evolution of rnechanics and optics, the tcchnicians of today have developed a 
whole range of precision instruments, from the simple optical Square via the transit 
and thc level to tlie tlieodolite. Some of these instruments attain such a degree of 
prccision tliat optical aberrations resulting from pliysical and atmosplieric plienomena 
cause a lack oi' precision much greater than tliose caused by mechanical dcfects of the 
instrument itsell: 

P E G G I N G - O U T  T E C H N I Q U E  

In niost of the publications on  public works and topography this technique is neglected. 
Rules are followcd which are the converse of tliose relating to the methods of topographic 
survey. 

Tlic bulk of topographic work is perforined for graphical purposes or for calculation and, 
to obtain homogeneous results, they are freed from systematic and accidental errors. For 
the instruments direct and inverse sightings are used to eliminate errors of collimation, and 
for the calculations tlie uncorrected results of closure are compensated for after consultation 
of the tolerantes. 

In the transfer of dimensions at the site. everythiiig is exactly the opposite. The results 



are given and the teclinician is compelled to materialize them in full scale with maximum 
precision. Even if the operator is able to learn the systematic errors of a tape by calibration 
or to correct the error of collimation of a theodolite, the same does not apply to unknown 
accidental errors. 

Tliis obliges the pcrson respoiisible to consider carefully not only the mathematical and 
practical possibilities of the instruments but also to estiinate the result of the errors arising 
from the application of the chosen pegging-out method. I t  is not the instrument that deter- 
rnines the conditions of application, but tlie precision of the result that has to be obtained. 

Psychology also plays a part in this respect. Teclinicians cannot be warned too strongly 
against the dangers of professional and personal chauvinism, which consists of stating tliat 
only their method is perfect. Such an attitude leads to a rut and not to an improvenient of 
tlle technical qualities of the operator. 

T H E  I N S T R U M E N T S  

For transfer of linear measurements in the horizontal plane and in buildings. few in- 
struments satisfy the ideal conditions of siniplicity of use. direct reading and accuracy. 
Instruments possessing most of these three qualities are, in increasing order of accuracy: the 
surveying chain (for reference purposes only), rods, steel tapes and Invar wires. For niore 
or  less inaccessible sites procedures involving surveying techniques make it possible to 
comply in a n  elegant fashion with certain problems of nieasurement, but they only very 
rarely fulfil the ideal conditions of use because of the cumbersome nature of the cquipment 
and the frequent irnpossibility of setting them up at the required points. 

T R A N S F E R R I N G  M E A S U R E M E N T S  T 0  A B U I L D I N G  

This subject has been dealt with in the general report by Professor Ciribini, assisted by 
Mr. Maggi, that deals with tlie instructions for tlie sccond experimental dwelling construc- 
tion programrne of the High Authority for thc European Coal and Steel Cominunity. What 
follows is a brief explanation on  the different places of marking-out with more details on 
the material and practical means to employ i n  order to elevate bench inarks at  Z 0 
lcvels up to higlier storeys so as to obtain niarks thcie for the places of the eleinents. 

G E N E R A L  C O N S I D E R A T I O N S  

Within the general frainework of a layout, the location of a building i5 decided upon by 
the commission that drew up the town plan. The difficulties relating to such plotting will 

Fig. I .  Cieiieral niethod of dimensioriing: origin forrned by the point of intersection of  two mutually 
perpendicular main frontage lines 1A and 2A. (Instructi«iis of the Second Experimental Programme of the 

E~iropean Coal aiid Steel Coinin~iniiy.) 



not be commented 011. We are only concerned with the building, starting frorn the Z 0 
level of the lirst floor. 

The installation of partitions, columns and other interior details is effected by mcans of 
marking claws and a steel tape. The principal bench niarks are established either on  the 
outside or on the building. We must now consider the transfer of these bencli niarks to 
cach storey, or providing thcm with the possibility of a constant link between them. 

CRITIC 'AL SURL EY O F  P R O C E D U R E  - U T I L I T Y  O F  A  M E T H O D  

Many clerks OS work tliiiik to have solved this problem when tliey have marked the 
exterior angles of the structure at tlie finished Z - 0 level and plumbed tlie anglcs at  cach 
storcy. This solution is acceptable for low buildings up to two storeys only, but it is not 
adequate for big projects and buildings with a steel structure or with different shapes at  
each floor or  with changes in column distribution which nlust conform exactly with the 
figures acceptcd as a basis for the computation. In fact cach point has two positions: a 
theoretical one based on the calculations and a n  actual one resulting from the exactitude 
of the marking-out. The ideal is a coincidence of both: abcrration -- 0. 

The operator must choose the right marking-out niethod with a view to the requiremcnts 
of the work, the desired precision, the traffic at the site, the location of dumps, etc. 

Fig. 2. General niethod of diniensioning: setting one of the main frontage lines ou t  onto the various 
storeys by means of a tachometer. (lnstructions of the Second Experimental Programme of the European 

Coal and Steel Community). 

R A T I O N A L  M E T H O D S  

Two logical niethods of a continuous nature can be used. The iirst is indicated in the 
instructions for the Second Experimental Programme of the High Authority. The second is 
thc result of the adaptation of the general principles quoted above to a site of special 
conceptions of Iorm and construction procedure. 

( 1 )  The instrumental method (summary of the High Authority project instructions) may 
be illustrated as follows: 

Let a building be constructed up  to the Z O  level. Four points 1 ,  2, 1' and 2' are material- 
ized in the Same plane at  various points in the structure. Points I and I ' can be stationcd, 
points 2 and 2' serve as a reference when the line of sight between 1 and 1'  is intcrrupted. 
Longitudinally, the opcrator placed at  I or 1 '  after having sighted on  2 or 2', points a', b' 
or a", b" can be marked out on  the upper floors by means of the theodolite. Transversely, 
poiiits C and D can bc elevated by means of a similar System, o r  better still and more simply 
by approximate stations in the plane CD at various poiiits in the building. 

(2) The second method has been studied because of the special nature of a French 
building site, "Le Konacker". 



In view of the interesting features presented by this practical example, the data of the 
probleni, the difficulties arising out of it aiid, finally, the solution, are given in a general 
report tliat follows. 

Thanks to the mutual research with the Research Bureau of Milan, and by the suggestion 
of its director, Professor Ciribini, ccrtain arrangeinents have further iniproved the possibil- 
ities of using tliis procedure for transferring diniensions, whilst at tlie same time not depart- 
ing from the idea behind the incthod. 

H I G H  A U T H O R I T Y  I N S T R U C T I O N S  A P P L I E I )  T 0  A F R E N C I j  SITIS 

The instructions (Annex B2 of the rclekaiit docuinents) for tlie transfei' of diniensions at 
the site forni a very realistic niethod whose gencral principles can be applied at most sites. 
O n  the "Le Konacker" site in France, dcspite its special nature, the principles of niarkiiig- 
out could be respected and only tlie niode of operaiion varied as regards tlie exterior pegging- 
out and the transfer to the upper storeys of the axes whicli are indispensable for inarking 
out the walls and partitions. 

Topographie Location atid Description of'the Buiiding (Fig. 3 )  

The "Le Konacker" site consists of two buildings. To keep this report short only the 
principal building, wliicli is 202 nietres long, will be dealt with here. 

I n  plan 

The structure with which we are concerned is 202 inetres in lengtli, made up at eacli end 
of a gable block with one cell per storey. 

In the centre elementary blocks with a double cell per storey are staggered on two facade 
alignments. The staircase walls form a connection between the independent blocks with an 
expansion joint on  one of the two coninion faces. 

Tl-iere is a difference of approxiniately 12 metres in level between tlie two ends of the 
building. This difference in height is spread over the ZO level of the blocks, alternately per 
block or per group of two blocks, as a function of the slope of the street. 

Each block consists of three or four storeys. 

Equipinent und ~??aterial.s used 

The firm constructing the building uses inetal sliuttcring with inodular dimensions of 
6.25, thc basic panel being 2:! nietres. Tlie walls consist of hollow concrete Cast in wall 
moulds. 

Two inajor factors systcmatically handicap the norinal perforniance of the marking-out 
operations as described in Annex B2 of tlie High Autliority project instructions: 

(1) Material obstacles 
(2) Tlie building Programme. 

Material obstacies 

Duinps of materials, tlic embarikments essential for kceping the crane balanccd, the 
general inovement of vehicles: all of these inake il impossible to peg out a large numbcr of 
points in the vicinity of the structurc. Since, on  the other liand, peggiiig out tliese points a t  
a distance would make tliein uscless, tlie building already being 202 metres loiig, it is therefore 
preferable to have the minimum of fixed points close to tlie structure and, above all, to  
surround them with a strong protcctive fencing. 



T 1 -  "Fr 
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The builder works in groups of two blocks, from the excavation to the top floor, starting 
with block No. 1 ,  the one at the lower end (Fig. 3, A and B). 

His planning requires one storey to be built a day, walls and floors completed. 
Tliis rapid working technique deniands accelerated marking-out on every unfinished 

floor. On the other hand, the height of the f rs t  two blocks I and 2 ipso farto interrupts the 
line of sight between Zero points 1 , 2  - I ' ,  2' (Fig. 3A). By assurning that these points can be 
materialized on the teriain and maintaiiied in position, and given the length of the building, 
tlie prolongation of the single alignmcnt I ' ,  2' up to each block would be equivalent, for 
nine tenths of the structure, to a daiigerous extrapolation extending beyond the practical 
and rational field. 

Because of the excavations and tlie work on the baseinent of the other blocks, it is 
impossible to make use of intermediate points, since they could only be ernployed tem- 
porarily. 

For reasons of technique and rapidity, a study should be inade of the adaptation of the 
instructions of Annex B2 to a marking-out technique tliat would be dependent on a mininium 
of fixed points, whicli are by no means certain to remain in position or which have to be 
used irrationally. 

Marking-out block for block is. therefore, tlie most suitable metliod. 

Transfir o f Di~ii~~rlsions on tlie " Le Konaclcer " Site 

Marlring-out on tlre ZO level qf ' t l~e hlocks 

Choosc an axis I - I '  passing through the whole of tlie blocks I -- 2 - 3 - 4 . . . 12 
(Figs. 4 and 5 ) .  Materialize point I '  very sccurely at a distance of 20-30 iuctres from block 12, 
and inake sure that its position is preserved by a protective fence. 

Once tlie ZO level of blocks I and 2 are conipleted, mark out A - B - Al - B1 and 
supplement tliese sightings in plane I - I ' by reading angles o n  two reference points I and I I 
(steeple or lightning red) situated on either side of this axis at distances grcater than tliose of 
I - I'. 

To inark out on blocks 3 and 4, 5 and 6, etc., o n  the ZO levels only, set the instrumeiit up 
at B on each occasion, take a sight in plane I - I '  on  the last visible B1 point, check the 
readings against the reference points I and 11.  Once it has been checked that the system is 
properly set up, inark out the honiologous series of A - -  B, viz. A3 - B3 - A4 - -  B4; 
for the other blocks, repeat the Same operation until no longer possible. 

Likewise, check the position of points A3 - -  B3 in relation to A2 - B2, and A4 - B4 in 
relation to  A3 - B3, etc. Once points A - B, Al - BI, A2 - -  B2, ctc., are known, it 
becomes possible to perform inarking-out on each isolated block by taking as trarisversal 
axis for this site tlie axis of the wall of the two cells, or for the gable blocks. which consist 
of only one cell, tlie axis of the wall plumb with point B. Points C and D are crected in the 
classic manner. using marking-out claws, after tlie iron plates have been embedded (Fig. 4) 
and the two points I and 1 1  markcd out. 

Tlie niarking-out plan. (Fig. 5 )  makes it possible to follow assembly operations and t o  
know the origins of the arcs. 

Tliis study of tlie interior lay-out is valid for all the blocks and at aII the levels. For tlie 
gable blocks, the niarking-out of oiily one cell need be taken into account. 

Tlie only difference betweeri the lay-out of the ZO level and that of tlie storeys above is tlie 
use on the giound floor of iron plates to receive points I and 1 1 .  

Note: Thc traiisfer caiinot bc made via points A and B situated o n  the longitudinal axis, 
since these become invisible when the staircases are built. 





Fjg. 5 .  Transfer of diriiensioris oii the "Le Koiinckcr" site. 





Transfrr of ' the tran.~sersal axis I ,  11 or C D to the upper storeJ9s (Fig. 5 )  

F o r  reasons o f  speed a n d  i n  view of  thc absencc of  outside points, the procedure using the 
tachometer is replaced by the heavy plumb-line method, a s  used a t  present in metal con-  
structional work a n d  in tlie mines for pit shafts extending to a depth of  100 metres a n d  nioi-e. 

Standardizatioii  of  the plumb is obtained. if ncccssary, by immersing it in a contuiner of 
water o r  oil. Its weight is a function of  the height of the plumb line and  c a n  bc rated before 
marking-out operations. 

T h e  small marking-out staff consists of  a n  offset board allowing thc plui-i~b line t o  avoid 
the  shuttering. 

T h e  use of  tliis instrument has not  changcd. Coincidence with the vertical plane o f  
elevation is effected with the plumb line a n d  in thc  two directions (longitudinal and  trans- 
versal). At  the origin the coincidence was establislied by means of tlie tachometer in t h e  
vertical plane and  iii  the only longitudinal direction. 

B R I E F  A N A L Y S I S  O F  T H E  T W O  P R O C E D U R E S  

In  the  first case, the principal bench marks are  outside the building a n d  serve Tor thc clev ;I t '  ion  

Fig. 7. Transfer of dinlensions: useful method for bad atmospheric conditions, entailing the iise of ii 

goniometer (circle of direction-theodolite-tachometer) t o  trarisfer a point in the vertical direction. 1.  Place 
levelling staff above point I ,  with a masimiinl divergente of S cni. by means of pliimb line. 2. Fron? the three 
positions siirveyor sights point I and, by meaiis of two points for each plane, lines of intersection are drawn 
onto the horizontal part of levelling statl' to obtaiil I'; distance is t h e ~ i  measiired. 3. On same side as I' 
and with value C, a line parallel to A-B is drawn, 1,;:. A'-B'(1' inay be situated 011 either side or  on  the 

asis of levelling statt' going through P). 4. Slide levelling stalf until AB coincides with A'B' and arrive a t  
drawing point P. 



of the other bench inarks. The use of the theodolite is made indispensable. The method is 
indirect. It demands a repetition of the Stations for every finished storey. 

The procedure can be used for buildings with an  average length of 50 to 100 inetres and 
coiistructed continuously. It is essential that the operation be performed by a technician 
who has a good kiiowledge of how to check aiid adjust his instrurnent. 

The second procedure utilizes the plumb line and the springboard for elevation. The 
niethod is direct, not very onerous and within the capacity of the average clerk of works. 
It seems to  be rapid, easy and less abstract. Moreover, it can be generally used for all kinds 
of buildings. 

Its drawbacks are: ( I )  wind, which is fatal to  this inethod; (2) its accuracy, which, whilst 
very acceptable, is inferior to  that of the theodolite. 

The purpose of the above has been to  show in simple fashion that the technique of the 
transfer of measurements, whilst appearing siniple, brings in its wake technical considera- 
tions and exigencies that may not be disdained nor ignored in the practical field. 

If it is easy to understand the lack of advantage in using a telescope to inark out a point 
20 or  30 metres away, it is much less easy to foresee tliat using a method or  an  iristrument 
involves the danger that a complete pegging-out operatiori will be systematically falsified. 
Such judgment fornis the attribute of a good technician in charge of the transfer of rneas- 
urements at  the site. 



Tolerances and fits building 
UDC 621.753 : 69 

S. J A N I C K I  

Heud of rlie Building Deparrrtre~i~ oj"Po/.tki Kowiifer Nor~iializcyj~~y" (Polu~~tl)  

T O L E R A N C E S  O F  D l M E N S I O N S  O F  B U I L D I N G  C O M P O N E N T S  

The production of building components involves deviations of the predetermined dimensions 
of the components. Observation of the real dimensions shows ttiat the distribution of these 
is a normal Gaussian distribution. This fact permits the principle of applying mathematical 
statistics in the study of dimensional variations and the dimensions or  the deviations can 
be treated as chance variables. 

However, for the purpose of such study, disturbances in the production process that 
may distort the variation must be eliminated. 

T o  study the distribution it is fundamental to observe a large number of measurements 
of one type of component produced under highly identical technological conditions, either 
in the same plant or  on tlie same site. To  evaluate the distribution and to deteririine the 
variation the Parameter o, the mean standard deviation, can best be used. 

Analysis of errors shows that in order to apply mathematical statistics for cvaluation of 
the dimensional quality of production, more than 50 samples should be taken. 

The production process causes negative or  positive dcviations from the theorctical 
dimensions. The range of deviations depends of the quality of production, the rigidity of 
moulds and the conditioiis prevailing in the producing plant. For a normal distribution, 
covering 99.73 'j: of the production, an interval of 6o Iias been taken for tlie range of devia- 
tions, but this range is too wide to take it as an appropriate tolerance in production and 
mounting, so tliat factors such as accuracy of assembly, etc., must be taken into account. 

As building components are usually not easy to handle or  to be trued up easily, incorrect 
dimensions inevitably cause loss of time and money. It is, however, possible to predict the 
dimensional deviation or  specific tolerance by analysis of the production moulds. 

The total tolerance T of tlie dimensions of the components made in one mould may be 
ealculated, in accordance with Fig. 1, from the equation 

T - T ,  + Tk ( 1 )  
where Tt is tlie tolerance of the mould and 

Tk is the tolerance of component dimension for various positions of the rnould. 

C 
Fig. 2. The disiribiilion of the dimensions of 

Fig. I .  Tolerance of components frorn a iiiould componenls iiianiifaciiired in a rnoiild with a 
hnving a tolerante of dimension. changeable dimension within the limit Tf. 



Above wc assuined that an interval of 60 Covers the entire production. l'lien the tolerance 
of tlie mould can bc calculated fi-om tlie equatioii 

\\Iiere a  is tlie standard deviation of the studied distribution for a g i ~ e i i  mould. 
If iiiany moulds are used. T can bc calculated from thr cquation 

wlierc a  standard deviation of the entire collection of components; 

ur standard deviation of thc inoulds; 
or; standard dcviation of dimensions of coniponents iiiade in one niould. 

As af d a !  0:. Tr  can bc found from tlie formula 

T+ ~ v ' ~ 2  ..-. T? 
h" (3) 

Upon closcr obsei-vation i n  thc casc of pouring concrcte, it was found that the dimensional 
deviations depend on botli the position of the mould and on tlic niagnitudc of the dimen- 
sions. It pioved possible to dcterniiiie tlic curve of tolerance for various diinensions and 
various ways of production. 

I Tolerante 

Linear dimension of component 

Fig. 3. C~ i rve  o f  ths tolerance o f  dimensions of  prefabricated coniponents milde in concrete zind steel moiilds 

On thc basis of inany studies and with a view to tlie specific conditions ot' building, six 
classes of accuracy arc proposed for concretc and reinforced concrete coinpoiicnts: 

Componeiits of other materials, such as timber, plastics or materials produced in shccts or  
rolls, may have a different classification, dependent on niethod of production, accuracy of 
moulds, etc. 

T o  check wliether the dimensioiis arc within the toleraiices. gauges should he used as in 
the enginccriiig industry. Obviously, classcs of prccisioti covcring tlie entire range of building 
materials niust be establislied in ordcr to set up a classitication of lits. 



A S S E M B L Y  T O L E R A N C E S  

Tlie errors made in installiiig a componeiit result from displacing and twisting a component 
in its relation to a systein of tliree rcctangular coordination axes. Thus tliere are 6 dcgrees of 
freedom for the positioning. 

Fig. 4. Displacenienl and iiiclination «I' wall componenis aiid imlatcd conipoiienis 

Tlic displaceinent and inclinations of vertical components (Fig. 4) were dealt with by 
treatiiig tlie observed errors as indcpcndent variables. We can determinc tlic standard 
deviation and the total deviatioii eclual to 6a, along the X-axis or y-axis or froni the origin 
of the reference System. 

Thus the standard deviation along the X-axis for 11 deviations is 

or along tlic y-axis 

and for tlic origin 

a l/a:,a: 

whcre 11 number of measurcments. 
Errors in positioning due to conditions and iiietliods of mountiiig niay either be com- 

pounded or eliniinate each otlicr. They niay also be coinpounded gcometrically. Tliree 
cases of positioning errors being compounded are illustrated i n  Fig. 5 .  

By investigation of thc sumniation of crrors from the point oi" view of probability, the 
standard error of positioning, liniitcd in tliis caie to rour errors, caii be found from the 
formula 

a, 2/a;lZ 0:; 1 a;, ( 7 )  
along tlic X-axis. 



Analogically we can determiiie the staiidard deviation for tlie y-axis, but the staiidard 
deviation of the positioii propcr of the component can be found from the formula 

o  = dcr; + oi (8) 

The iiumber of erroi-s depends on the numbcr of operations involved in the positioning. Tlie 
positioning tolerance is determined in rclation to the design requirements and tlie rneasuring 
instruments to bc uscd. To  establish tlie fit the tolerance of various components, sites and 
conditions of assembly must be deterinined. 

Fig. 5. Cascs of geometrical addition of errors inade during assembly of components. 

T O L E R A N C E S  O F  F I T T I N G  A N D  S Y S T E M  O F  F l T S  

Diffcrent building componeiits together form structural units. Assembling components with 
dimensional tolerances involves the question of fits. Building components are assembled 
as follows: 

(a) by ii-iortar: 
(b) by fillers - granular, roll or  plate materials - evening out the surfaces, but not joining 

the coinponents; 
(C) by fasteners - bolts, piiis, etc. - without mortar;  
(d) wittiout mortar, fillers or fasteners. 

Each inethod requires a different accuracy in thc production of coinpoiients, and hence 
different tolerances. 

In establishing the number and limits of classes of accuracy one can best start from analysis 
of the distribution curve in order to find what proportion of the production can be regarded 
as faulty, assuming a tolerance that is acceptable for the coristructioii. The class of accuracy 
gives a starting point for the producer and the techriology he must apply. The average 
classes of accuracy applied in practice comprise the basis for the system of fits. 

The components being placed one after the other, their dimensional deviations are 
coinpounded and the resultiiig overall dimension is the sum of real component dimensions. 
The producer, who does not sort out products according to sign of deviation, cannot supply 
batches of products whose deviations eliminate each other. Such compensation could take 
place by chance only if there were such chance errors that would not cause a shift in the 
mean dimensions with a view to the theoretical dimensions. 

If XI, X. . . . X„ are indeperident chance variables of standard deviations 01. oi . . . o,,, 
then the deviation o  of the chance variable, which comprises the sum of XI 4- xz . . . {- .x-~,, 
can be computed from the forniula 

0- - 0; $ 0; . . . $ 0; (9) 

Assuming T  - 60 we can write an  cquation for the resulting tolerance 

T ~ = T ~ _ L T -  C T ;  
LU 1 I . . .  



The probability treatnient of this qliestion does not exclude the pos5ibility that T „  as  
defined in forinula (IO), niay be exceeded in praetice, but then with a probability of less 
than 12,. 

Suppose we analyse thc Parameters of the curve of distribution of fits, i.e. the mean value 
of thc allowaiice D / ,  and the standard dcviation 01,. Let us assume that in an  iiiterval of 
eonstaiit dimension two eoinponeiits, coming from two groups of components of length 
X I  and e, must be fitted (Fig. 6). Tlie niean values of these groups are D1 and Dg. If the 
chance variables .X are independeiit, then the mean value of thc allowance is 

D / ,  s - ( D ,  I LIa) (1 1 )  

and tlic deviation of the ineaii allowance is 

Fig. 6. Scheriie of the systeni of fits in a constant intrrval of two groups of components with defined 
distribution of length dimensions. 

The foregoing formulac are based on thc theorem of compounding indepeiident ehance 
variables. We ean generalise the abovc case: In an  interval of width Y ;  we inust fit n com- 
ponents of width Y<, where i is 1 ,  3, 3 . . . 11. The ehance variables X and Y< arc indepcndent. 
Their mean values are denoted by D,, and r l i  and thc standard deviations by U, and ai .  
Tlie allowanee has a distribution whosc mean value is calculated from the cquation 

and the standard deviation is calculated from the equation 

In the case of an aceurate hole (a, 0) formula (14) assumes the form 

Onee we havc the standard deviation we ean find the distribution of allowanccs and estab- 
lish the appropriate tolerance of fit. The distribution of allowances, as in formulac (13)-(15), 
is often useful for assenibly of components. 

Sometimes the thickness of the joiiit is taken into aceount, in othcr cascs the gap allowing 
assembly by erane. Forrnulae (13)-(15) only serve to evaluate ttie allowanee in fitting, 
without taking into aceount positioning measurenient errors, as described under ilie 
section entitled "Asseinbly tolerances". 

In view of dimensional tolerances, resultiiig positioning errors and jointing conditions, 
there should be some allowanee L in assembly. Knowing the value of the eomponent parts 
of L, we ean deterniine its total value for the chance assembly of components. 



Fig. 7 gives a sketcli OS a unit of two prefribricated columns and a beam with certain 
tolerances and placed in spacc with ccrtain errors. 

We dcnote: h - width of column; 
Tl, '-- tolerance OS dimension h :  
I length of beam; 
T, tolerance of diinension I; 
C' tlieoretical distance betwceii axes; rind 

T„ - total positioning tolerance for lirst or  second column. 
Let L consist of thickness of joint tilled with rnortar, width of clearancc necessary for 

assembly and tolerances due to deviation of coniponent dirnensions and asseinbly. The 
maximum and minimum values of tlie allowances are then found from 

Fig. 7. Fitting a beain between two colun~ns.  

The value OS the allowance for any other case can be found by analogy. 
The fluctuatioii of allowances at tlie joints is witliin the liiiiits of mininlum arid niaxiiiiuni 

valucs and is detiiied by the formula for toleraiice of fit 

By substitution of the valucs of formula (16), we obtain tlie value of tolcr~ances of fit, 
depending on diinensioiial and asseinbly tolerances 

J ( Y ) ?  (;)? 
T,. - 2 T,?, 4~ ~ - 1 ~  - 

Froni this formula it appcars that the tolerance OS fit is equal to  tlic resultant OS dimensional 
and assenibly tolerances for the given joint. 

The fits used i i i  building can be disccrned in three classes: 
A :  contact fit 
B :  loose fit 
C :  very loose fit with filler 

Errors in measureinent of position during assenibly influerice the fitting. Their valucs must, 
therefore, bc taken into account whcn establishing the value of the allowance in the classes 
of fit. 

C ' L A S S  A F I T  

Fig. 8 sliows a type of fit of two groups of components 1 and 1 1 .  Wc assume that the 
boundary casc of fit consisis of the contact of components of diniensions with tolerances 
in the expected place. This assumption, without any detriment to the assembled structures, 
ensures thr fitting of all coniponents of groups I and 11. Because of the tolerance of the 



coinponeilts marked by shaded area, there is a gap that depends on the values of Tl and Tu. 
It is proposed tllat in the contact class of fit tlie allowance should satisfy the following 
conditions 

0 < LA < 2 inm (18) 

This formula expresses the condition for the appropriate selection of the class of accuracy 
of production of the component and limits tlie value of the resultant error made in position- 
ing the component in space. 

If we take into account only the tolerailce of dimension, while ignoring the errors of 
assembly, the greatest value of the allowance LA does not exceed tlie sum of the tolerances 
for tlle first and second groups of components 

On the other hand, if the tolerances of dimensions and errors of assembly are taken into 
account, we get the equation 

L A  < Tl + T2 $ Tlr.l -4- Twi (20) 

The condition resulting from formula (20) crcates very stringent requireinents of accuracy 
in the production of conipoilents and assembly of tlie structure. Contact fits, therefore, 
cannot be employed in ordinary assembly construction. They are used, however, in the 
joining of components of prestressed concrete structures. 

Fig. 8. Contact fit A (see text) for two groups of Fig. 9. Loose fit B (see text) for two groups of 
equipments of dirnensions with tolerantes: (a), cornponents of dimensions with tolerances: 
w i t h o ~ ~ t  and (b) with assembly tolerances. (a )  without and (b) with assernbly tolerantes. 

C L A S S  B FIT 

A loose fit is the joining of two components in a manner that ensures a given allowance 
bctween them (Fig. 9)  with the following condition being satisfied 

Allowance Ln in tlie case of loose fit consists of thc tolerance of the dimensions of tlie 
components of groups I and 1 1  and thc rcsultant tolerance T„. from the positioning of tlie 
components. We therefore have 

For a loose lit we assuine, in addition, that the least value of the allowance Lu„,i„, taking 
into account the inaximum toleranccs of dimensions of the components, should bc greater 
tlian or at  least equal to the sum oftlie resultailt tolerances for the position of the componeiits 
of groups I and I I .  Tliis means that 

T,,.] $ Tu.2 < 2 nim 
whence 

?; t TL < 18mm 



These assumptions call for great accuracy of productiori of tl-ie components and accurate 
measuremeiits duriiig assembly. 

These requirements are justified since greater allowances cannot be permitted for con- 
siderations of the safety of the structure as the components are joined wiihout mortar 
or any other filler in the gap. The lower limit for the allowance - 2 nini - results from thc 
necessity of having some leaway during assembly of tlie components. Practice shows that 
the accepted allowancc makes possible free movement of the structure duc to changcs in 
teinperature. 

Loose fit is often used in structures assembled without mortar. This class of fit, given the 
assumptions mentioned above, also ensures perfect fitting of all components. 

( ' L A S S  C F I T  

This is a very loose fit in which the joint is filled and it has only a lower limit for the 
allowance as no upper limit is necessary in view of the fact that all sorts of fillers are used 
in the gaps between the components (Fig. 10). 

Fig. 10. Very loose fit filled with plaster for two groups of components of dimension~ with tolerances: 
( a )  withoiit and (b)  with assembly tolerances. 

Tlie vcry loose fit, therefore, satisfies only the inequality 

As in the case of the loose fit class, the allowance LC is the sum of the tolerances Tl and T2 
of both groups of compoiierits being joined and the tolerances set for the asseinbly T,l and 
T,u2. 

T A B L E  I 

COMBINATION O F  CL4SSES O F  ACCURACY ( IF  PROUUCTION AN11 CLASSES OF FIT FOR CONCRkTF COMPONtNlS  

Clac\ o f j i  Clur, of uccurucj~ of productron of 
cot77potzetlt c 

1 2 3 4 5 6  

A - contüct fit A l  
B - looie fit BI B2 B3 
C - very loose fit C3 C4 C5 C6 





Discussion 

Apart from some more theoretical remarks full weiglit is given in the discussioii to thc 
aspects of the practice of building aiid its predominant rolc in any theory. 

Tlie Progress made in practical application of tolerances in Sweden is reported by 
Mr. I. NYQUIST (Sweden). wlio gives X cornprehciisive picture of the tolerances applied 
(Table I ) .  

T A B L E  1 

Concrcte elen~ents: 
Horizontal nloulds of 

wood 
concrete 
steel 

I n1 wide vertical moulds 

1-iglit concrete elen~cnts 

Wooden elcn~cnts 

Room <i7e\ 

Otlier aspccts of practice. especially in small contractors' firtiis, are brought forward by 
Mr. PH. MOUTERDE (France). In usual practicc all main and detail dimcnsions tor all kinds of 
opcrations are provided in one and tlic same drawing. It would seem to bi. preferable to 
present tliese separatcly in different drawings. 

Apart from tliis it should be realized tliat not all cases of conventional construction have the 
sainc rcquirements of accuracy of diinensions nnd lience tlie tolerances should be adapted to 
tlic various individual cases. For examplc, with tlic usc of concrcte elements a rclatively largc 
tolerancc would be perfectly acceptablc as loiig as tliis caii bc acceptcd in tlie joints, the 
dimensions of which usually have a substaiitial flexibility. 

1 n all cases wliere new metliods of dimensioning and new apparatus are to be iiitroduced, not 
only thc nature of the project under cotisidcration but also possiblc psycliological resistances 
of tlic opcrativcs should be taken irito account. The introduction of a spccial "measurenient 
controllcr" oii tlie site seems desirable. Usually the most accurate rnetliod of dimeiisioning. 
not the most rapid, is asked for in each individual case. 

Mr. A .  G i ~ o u  (France), who also refers to terminology problems with regard to the subject 
matter. concludes tliat several methods of dimensioning may be applicable in a certain case, 
but economic considcrations must bc decisive in thc choice between them. 

Mr. E. LEVIN (United Kingdom) has tlie view that tlicre is no absolute need for specific 
accuracy of iiieasureineiits in traditional building, but tliere is with prefabrication. The nature 
of the building project and the construction method to bc used are the niain points to be takcn 
into account when the question of accuracy of dimensions is dealt with. 

Mr. W. PKEY (tlie Netherlands) asks the rapporteur Mr. NOIRE wliat savings were experienced 
with the method used for the "Le Konacker" site in Fratice referred to in the Congress report. 

Mr. J. NOIRE ljrstly iiidic:ltcs tlie time-savitig rcsulting from the usc of maiii axes, which 
made it possible to avoid workiiig from the four Corners of thr: buildiiig. Also the use of the 
heavy plumb line resulted i i i  speeding up the process. 



As toleranccs dcpend o n  thc metliod of dimensioning uscd. tlie lattcr is highly irnportant, 
thougli never an objective in itself. In tlie case in question it reduced errors. 

Speaking about the use of double glazing, Mr. J .  HONNOREZ (Belgium) warns against talcing 
rneasurements of windows before erection. Even if maiiufacturcrs guarantcc thc dimensions of 
openinps and their tolerances, tliis should not be done. 

Double g!azing cannot be trued up aiid one should bcar in inind that evcn folding rules are 
not identical. 

In a gcncral coniiiient on thc Congress rcports Mr. W. A. ALLEN (Linitcd Kingdom) malces 
tlic following Statement: 

Tlie papers suggest that accuracy always Icads towards econoiny, and littlc inention is made 
of tlie limits of accuracy which may, in practicc. be cconomic. Several factors, of wliicli a few 
arc listed here, havc a limiting influence. 

Moisture iiiovcmcnts of timbcr, cspccially when used in wet construction. 
Distortion wliicli occurs when wet constructioii drics out. e.g.  brickwork subjected to 

diffcreilt drying conditions bctween one side and the other. 
Buildings settle a little during construction as the load incrcases. 
Bcains def ect a little when loads come on tlicin. 
Small crrors in priniary, secondary or tertiary load-beariiig elemcilts, ' .g .  in floor Systems, 

niay cancel cach other out or add up to largc errors. 
It is tcclinically difficult to pul1 arid adjust a stccl framcworlc to be accurate i n  each part; 

avcragc accuracy is all that can usually be Iioped for. 
There ir a limit to thc tiiiic which it is econoiiiic to devote to accuracy at onc Stage of 

building in order to save time in iiiaking adjustrneiits at aiiotlicr. 
It would bc valuable at present to make opcrational studies on the site of tlie accuracy 

actually achieved and the causcs of errors aild to asscss tlie implications of these for cost. 
A flow of publications in tliis ficld would build up a much morc accurate picture of this 
problcm than we Iiave at present. 

Ultiiiiately, one of the major problenis is to givc the designcr the economic paramcters of 
design in terins of accuracy. Arcliitects working to reduce cost Iiave to design in ways which 
do not makc demands for unecoriomic accuracy. 

Merely to deinand more accuracy may increase rather than diniinish costs. 
I n  sunirnarizing thc different views. thc Chairman (Prof. CIRIRINI) ,  adopting the suggestion 

that was made for a CIB study group oii the subject matter, ernphasizes the necessity of close 
coopcration with practice. 

It miglit be ncccssary, as a very first step, to  start collecting data on  the existing accuracy 
witli thc use of various inatcrials and construction mcthods, in order to arrive at a realistic 
practical starting point for further work. 
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Major scientific problems in the construction of 
prefabricated building of large-sized elements 
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This paper is part of a gencral report o n  expericncc gained in dwelling consiruction with 
large clcincnts in thc U.S.S.R. and other Eastern European socialist countries: Bulgaria, 
Huiigary, Gerinan Democratic Republic, Rumania and Czcchoslovakia. Nortliern Europcan 
and French experiences arc, respectively, dealt with in reports by Dr. Jacobsson and 
Mr. Bonnome. 

To Set ourselves limits we deal with dwellings and lcave industrial, agricultural and other 
buildings in abeyance. 

After the war mass production of dwellings increased in  all Eastern European socialist 
countries. Comparcd with the scven preceding years, in 1959-1965 the production volumc 
in the U.S.S.R. inust increasc 2.3 tiines. In townships alonc 15 million flats must be built. 

Czcchoslovakia aims at 100,000 flats a year, as docs the German Dcmocratic Rcpublic. 
In 1956-1960 Poland constructed 400,000 flats. Increasc in volumc is forcsccn in Hungary, 
Bulgaria and Runiaiiia. 

All this imperatively demands development of factory production of clcments, replacing 
monolitliic concrete and sinall elements handled manually. The latter only reinain where 
transport or  economic reasons hamper devclopment. 

Large elcn-ient dwellings can be classified in three groups: 
(a) Witl-i walls of hand-laid bricks, concrete or  natural stone, floors, partitions, staircases, 

etc., being erected by cranc as largc elements. 
(b) With walls of concrete or brick "blocks" of up to 6 in2 and 3 tons and with other large 

eleinents. 
(C) With walls, partitions, floors, flights, etc., as finished "panels" of rooin size of up to 

20-25 in%nd 5 tons. 
In terms of Prof. Mazure's rcport on tlie subject, group (a) indicatcs the "seini-fabricated" 

and (b) and (C) the "fully-fabricated" method. In towns and workers' settlernents the lirst 
mcthod is still predorninant. So far the second, thc "large block" houses, and the third. the 
"largc panel" houscs, represent only a sinall part. 

The reason is tlie abundant availability of brick and stone producing plants. lncreasing 
application of large elements and of new construction inetl-iods changes this situation, but 
techniques involving both large panels and brickwork, althougl-i economic, require a large 
labour force on site arid make poor usc of tlie plant. 

To  climinate inanual operations and to introduce factory prefabrication, inechanized 
production of largc brick blocks has been applied in the U.S.S.R. and clscwherc since 1952, 
the effect being higher productivity and lowcr costs. The niethod is becoming increasingly 
popular and in Kiev, for exan-iple 53"„ of all dwellings wcrc built in this way in 1958 and in 
1959 the percentagc was ever-i higher. Largc brick panels werc uscd in 1959 in Moscow, 
Leningrad, Minsk, Kuibyshev, etc. (Fig. 1). Both large panels and blocki permit the 
saine "fully fabricated" production as construction in concrete. 



The volume of large panels and blocks has grown rapidly. For exainple, in tlie German 
Democratic Rcpublic soine 20,000 flats were built in tliis way in 1957 and over tlie next few 
years 62.5 "'„ of all dwcllings will be built with large blocks. In Czcchoslovakia i n  1960, 50"„ 
of tlie total programiiie is carried out with thcse nietliods. In the U.S.S.R. extcnsivc facilities 
are being set up to allow application of tliese methods for a major part of tlie programmc of 
the coming 5 to 7 years. 

Fig. I .  Erectioii of dwellings with brick pancls Fig. 2. Ercction ol'dwcllings with rcin- 
h r c e d  concrete pai~els. 

These methods reduce labour and overall costs aiid promote bctter quality. For large 
block houscs labour costs are 50-55')'„ and for large panel liouses 30-35 " „  of normal labour 
costs, and total laboui- costs - on site and in factory - ai-e 1.5-2 times less, the labour costs 
in thc factory being dependent on  tlie degrcc of meclianization. Also the total costs arc less, 
tliough witli smaller difference than for labour costs. With today's technology and lcvcl of 
ineclianizatioii large block liouses are 4-5"„ and Iargc pancl Iiouses 8-10",; cheaper tlian 
normal brick houses and there are cases wliere large panel Iiouses are 20",„ cheaper. 

Hitherto largc blocks wcre applied more widely tlian large panels. hccause tlie latter 
require more coinplicated teclinological equipmcnt. morc powerful transport aiid mountiiig 
equipment and inore advaiiced techniques. However, tlie large paiiel method is more 
cfiicicnt. I t  requires less material and labour and pcrmits cheaper and fastcr erection 
(Fig. 2). 

Economic estimates indicate that tlie capital investmcnt for establishing "housc factorics" 
and large paiiel plants is rciinbursed i i i  18 iiioiitlis or 2 ycars üs thc dilf'erence in cost of 
floor space compared with conventioiial buildiiig. Thc largc panel mcthod reduces tlie 
construction time and Speeds up tlie operatioiis. Heiice tliis inctliod is given spccial attcntion 
in tlic U.S.S.R. üiid other socialist countrics. 

On April 2, 1959, tlic Soviet Governnient decided to build largc panel houscs in 19591964 
with a total floor space of 73 inillion m%nd to raise tlie relevant factory capacity to 28.2 
million m%f floor space in 1964. In Czeclioslovakia at least 13"„ of tlie programinc in 
1960 will be witli large panels arid similar increascs are foreseen elsewliere. 

The large-scale change towards large pancls is a niajoi- national economic task in whicli 
science lias bcen assigncd a prcdoininant role. 



L A R G E  E L E M E N T  D E S I G N  A N D  I T S  F U R T H E R  I M P R O V E M E N T  

111 the U.S.S.R. the large block method has been used sincc 1928 and after the war it has 
beeil developed in all Eastern European countries. 

The large panel method made its entry at  the end of the war. The Academies for Building 
and Architecture of the U.S.S.R. and of the Ukraiiiian Republic, the Building Academy of 
the German Deniocratic Republic and researcli institutes of Czechoslovakia, Hungary, 
Poland and Bulgaria conducted exteiisive research that led to the definition of theoretical 
principles of design of houses of the relevant types and to the development OS factory pro- 
duction technoiogy and it was Iielpful in the elaboratioii of some new Systems of design 
together with industrial bodies, and in introducing these into practice. 

Developments are based on the use of various kinds of concrete, with local materials as 
fillers, which d o  not require long hauls and the use of which is just as economically important 
as with conventional methods. This aspect is prominent in all research. 

Proper selection of materials from local resources and of a design that fully uses the prop- 
erties of tlie materials considerably iiifluences low costs and are hence a major subject of 
research. 

Design variants used in practice for mass housing of 3-8 storeys are shortly reviewed below. 
Fig. 3 shows a variant of houses with brick walls or large slag concrete and brick block 

walls, generally at least 40 cm thick and hence with great bearing capacity. In this case the 
floors, mostly of long-sized planks, rest directly on  the outer and inner walls; partitions are 
of gypsuin, gypsum concrete panels or other materials. Owing to its simplicity this variant 
is widely applied in the U.S.S.R. and elsewhere. 

Fig. 3. Design varianl of a large-block building "with Ihree longitudinal bearing walls". 

The variant "with three longitudinal bearing walls" is, however, confined to buildings with 
massive, sufficiently thick walls. With light walls, ~ . g .  of Iarge blocks of cellular concrete or 
with panel walls, the variant results in an increased dead load and a waste of material. 

In large panel buildings the variants of Fig. 4 were used. The variant of Fig. 4a is more 
generally used; it is called the variant "with bearing transverse partition". Here the room- 
size floor panel rests on the partition and wall panels. Panels are coupled by welded steel 
plates bedded in the concrete or  by concreting around projecting reinforccment. After 
concreting, tliis house becomes a spatially rigid structurc of closed boxes (rooms). These 
were first built in the U.S.S.R. in Magnitogorsk in 1949--1950, and elsewliere later. 

The variant of Fig. 4a is possible with panels of ordinary heavy concrete, light concrete 
and cellular concrete and also with brick panels. 



The variant of Fig. 4b, called "witli partial frame", is widely used with large panel con- 
struction of ordinary heavy concrete. Here tlie reinforced floor panels rest at  the Corners 
(at four points) directly on tlie outer wall panels and on tlie columns inside tlie building 
( w i t h o ~ ~ t  intermediate collar beams). Partitions between rooms and between Flats arc made 
of gypsum. gypsum concrete or otlier light panels. 

This variant provides sonie reduction of reinforced concrete consumption - as conipared 
with the variant of Fig. 2a - due to  substitution by gypsum or other materials in rion- 
bearing partitions. The total coiicrete consumption (including gypsum concrete) is about 
equal in both variants; the steel consumption is slightly greater in the variant with the 
frainework. 

ceiling panel.  
supported a t  four p o ~ n t s  . 

'-I .J panel 

Fig. 4. De5ign variants of large-pancl huildings. (a) With transverse bearing partitioiis, (b )  with a partial 
Frame, (C) with three loiigit~idinal walls, (d) with a coniplcte framc. 

The variant of Fig. 4b (witli partial frarne) is. tliercfore, only recoiiinicridable in areas 
where gypsum or other cheap niaterials for partitions are available. 

The variant of Fig. 4d, "witli a coniplete fraincwork", was adopted initially in large-panel 
housing development in tlie U.S.S.R. and elsewhere i i i  buildings from 4 to 10 storeys in 
Moscow, Kiev, ctc. 

Experience has shown that with currently used materials for walls and partitions, frame- 
work panel houses involvs greater costs tlian non-framework houses. The variant "with a 



complete franicwork" is, however. of considcrablc intercst in vicw of increased application 
of plastics, alurniniuni, etc., for exceptionally light walls, partitions, ctc. 

Table I gives technical and economic data on large panel buildings of the different variants. 
Thcsc data are Iielpful to appraise the diRerent levels of costs of inaterials. 

T A B L E  1 

COMI'AI<ATIVF TFCI1NICAL ANL> ECONOMIC CHARACTLRISTICS FOII  I3RITK, LARGE-BLOCK A N 0  LAHGk-PANkL 
HOU3r3 ( ß ~ i i  T 1957-1958) 

(Figures per Square metre of habiiable surfacc) 

Weighl of 
coiisir~iction k% 3000 2770 2090 1590 1330 

A i ~ i o ~ i n t  ol'csicntial 
n-!:iierials ~ i i c d :  
(2)  biicks pieces 330 P- P -. 

(b )  concrctc (all 
kinds) 111:' 0.42 1.22 0.80 0.55 0.60 

(C) ccnieni kg 152 320 280 155 15 1 
(d )  gypsuni kg 50 60 50 75 
(e) stecl kg 33.5 34.4 40 20.2 22.0 

Usc o f  labo~i r  on 
bui ldi i~g sitc pcr day 6.90 3.93 3.85 2.27 2.5 

-~ ~ - - - - - -  - ~ - -  

I Anlouni of steel fcir normal (not ~?resircsscd) reinlorceiiiei~i. 

Prospects of fuither developrnent tend to einbracc: further reduction of weight and of 
costs of rnaterials: higher degree of prefabrication; greater reliability and better functional 
qualities. Each of thesc is briefly dealt with below. 

R E D I J C T I O N  O t  W E I G t I T  A N 1 1  O F  <'OSTS O F  M A T E R I A L S  

The problem of' rcducing weight and costs of inaterials is cornrnon to n~ost ,  if not all, 
industries; industrial construction rnethods niade i t  even iuore sigiiilicant tliari i t  was with 
conveiitional construction rnethods. As is kiiown, costs of niaterials and coniponcnts 
cornprise about t\vo thirds of the total cost of a house. Reduced costs of matcrials due to 
reduced weight is coiisequently onc of the inain reserve possibilities in cutting constructioii 
costs. Reduced weight also leads to cutting costs in transport. both internally i i i  the factory 
aiid from factory to site. Hcnce reduction of weight has bcen given full attention in the 
U.S.S.R. and elsewhcre aild certain i.csults liave beeil achieved. 

I n  the recent past a conveiitional brick wall and large clcinent buildiiig weiglied 3-3.5 
tons/rn%f floor spacc "nd a bi-ick panel weiglied 1.5-1 .h tons/iii2. 

Large pariel houscs built in 1950-1955 wciglied about 2 tons/ni? In 1958 this weight 
was reduced to 1.2-1.5 tons/rn? As is known, brick ivalls of 2 aiid 2.5 bricks tliickness 
weigh 900-1 100 kg/iii%f uall. Brick panels of 1959 wcigli 350-500 kg/rn' ancl large paiiel 
(reinforccd) concrctc walls weigh 200-300 kg/ni-. Tlie uidely used cavity and solid rein- 
forccd concrete floor rlabs weigh 300-350 kgim? since 1959 floor slabs (cellular and of a 
split type), weigliiiig 150-200 kgirn-, wliich provide tlie required sound irisulation, have 
been applied. 

- I n  ihc U.S.S.R. 1.5 ni' of  ~ i s e f ~ i l  fioor spiicc correspoiids to 1 inhol'living spacc. 



As a result of rescarch and investigations in construction physics, new designs, reducing 
the wcight and the costs of the required basic rnatei-ials by half, liave been developed and 
introduced in practicc in a relatively short tiinc. 

Nevcrtheless, these problcms reniain pertinent, espccially for ceiiient and steel, and scien- 
tific analysis Iias shown that considerable reserves for cutting down wcight and costs and 
consumption of materials still cuist. 

Evcn for ordiirary hcavy concrete the possibilities of rational dcsigil, proper selection 
of strengt11 of material, inodern methods of reinforccincnt and prestresseci reinforcemcnt, 
elimination of superfluoiis concrete, etc., havc not been exhausted. For cxample, by preserv- 
ing the variant of Fig. 2a, but makiilg tlie pancls void, it is possible to cut thc consumption 
of concrete by 40(,:;, and of cemcnt and steel by 30-35"„, and tlie weight of thc building to 
1000 kg/m2 iristead of 1500 kgiiny with solid panels. 

In thc variant of Fig. 1 the use of prestressed reiriforcement reduces stccl consumption 
by 50:;. The application of vibration of concrete, etc., allows a great reduction in ccmcnt 
consumption. 

Particularly big prospects for cutting cement and steel consurnption and reducirig the 
building's total weight lie in the use of light concrete with porous fillers and cellular concrctc 
for largc panel houses. Here tlie cement and steel consuniptioii is about 1.5 times less and 
the weiglit about 50:,„ lcss than with ordinary hcavy concrete. 

Light concrete has, in thr U.S.S.R. and elsewhere, primarily been used for outer wall 
blocks and panels. Cellular concrcte has so far been applicd widely to large block buildiiigs 
iind its usc for large panel buildings startcd in 1958 but has not beeri extensive as yet. 
lmproved heat iiisulation and greater strength, together witli reduced volumetric weigtit, 
will, in this case, make its use still morr advantageous. 

Material consumption and tlic wcight of tlie building largcly depend on the cliosen design 
variant. Dcspitc extensive investigation the task of selection of an appropriate variant Iias 
not yet been finally resolved. 

l'hc variant with bearing walls aild partitioris of Fig. 4a is appropriate, if ordinary hcavy 
concrete, light and ccllular concrete arid brick concrcte are used I, whcri walls and partitions 
arc at least X cm tliick. As a rule floor slabs and bearing partitions arc 8-14 cm thick in tliis 
variant. 

When the building is coristructed of f ne grained concrete, permitting thin-walled elemcnts, 
i.e. "shclls", then the walls of shells made by tlie cassette method may be 4 crn tliick and 
those made by rolling may cven be 1.5-2 cni thick (Fig. 5). 

In houses according to the usual variant witli bearing walls arid partitions (Fig. 2a). as in 
an  experimental house built in 1959 in  Kopytovka Street in Moscow, the shells, liriked in 
pairs by wclding, form the panels of walls, partitions and floors. To obtain tlie required heat 

Fig. 5 .  Tliiii-wallcd sliells fa'iihricatcd by rolling. Fig. 6. Ilesigii oi" a large-paiicl Iio~ise oi" thin- 
wallcd rollcd shells. 

L "Brick coiicrctc" iiieaiis vibrnted brick inrisonry. 



and sound insulatioii, wood fibre. niiiieral wool or  other soft slabs are placed between the 
two shells. Fig. 6 shows a design of this type. 

Apart from tlie great labour consumption in the production of two-leaf paiiels, another 
shortcoming is tlie small bearing capacity of the thin leaves under compression, due to 
longitudinal beiiding. Moreover, tlie joints between tlie panels are complicated. 

The second variant of a thin-walled panel Iiouse is given in Fig. 7. Here we have a variant 
with bearing transverse partitions tending to bend like tlie web of a girder. This is the 
difference with tlie variant of Fig 4a. 

Fig. 7. Erection o f  a largc-pnncl l io~ iw with piirtition paiiels as  diaphragni (tending t o  bend). 

Tlie panels rcst on one another at the ends, at tlie points of tlie vertical framing ribs that 
take up the load of overlying floors. The Iiorizontal frnming ribs stiffen the panels and 
Support the split-type floors: the floor panel rests on tlie lower rib and the ceiling panel on  
the upper. The wall panels nre suspended, the longitudinal niid non-bearing partition panels 
may be of gypsui-i-i concrete or other liglit materials. 

An experimental house of this variant was built in 1958 in Block 14 of the southwestern 
district of Moseow and a number of them were built in 1959. 

Table I [  gives technical arid economic data on thin-walled panel houses as compared 
with ordinary concrete houses. It shows that the concrete coiisumption of tliese Iiouses is 
about I f  times less i t i  the case of the variant with bearing partitions, but the steel and cement 
consumption is miicli greater. Consequeiitly. despite lower concrete consumption and smaller 
weight, tliese houses involve greater eosts, ai-id further investigations to  improve the designs 
of fine-grained concrete Iiouses and to lind ways of reducing the cement consumption are 
required. 

In our opin.ion tlie Change froni panels to spatial rigid "boxes" that forin rooms is a 
promising trend for fine-grained concrete houses. The completely finished "boxes" are 
delivered from tlie "house faetory" and mounted by crane. Modern fiietory production 
technology and up-to-date transport and inounting faeilities perniit a high stage of 
industrialization of factory production of entire units, such as fi nislied rooms. hygienic 



COMPAKATLVE TtCHNlCAL A N D  ECONOMIC CHAKACLtKlSllCS FOK N t W  l Y P t S  Ob LAKGt-PANtL HOUStS AN[> 

HOUSES M A U L  OE PREFABKICATEV BLOCKS OF O N t  ROOM ( ~ X P ~ K I ~ I ~ N T A L  BUlLDlNG 1958-1959) 

(Figures per square rnetre of habitable surface) 

trut~src~rsr ~rurrsver.ve trarrs~~crsc Ho~rscs 
hourit~g heuritlg Of tllirr heuritrg tt~urii~ oJ 

Liirits pur~ i~ io i is  partitiorr.~ rollotl prirtitiorr.~ pr~:/uhricured 
witlrollt oJthitr .vhell.s takirrg hlocks of 
cni~itirs pnrie1.s with herrriitr,q otre rootii 

(corrrj~rrct) oi,cil cui'itir.~ ~ t ~ o r n e t ~ r . ~  
~~~ ~ ~ ~ ~~~~~ - ~ ~ ~ ~- ~-~~~~ ~~ ~ ~- ~~ 

Weight of coiistruc- 
tion kg 1590 900 1150 1150 1030 

Arno~int of essential 
rnaterials used: 
(a) concrete (all 

kirids) niZ3 0.550 0.300 0.390 0.350 0.330 
(b) cernent kg 155 126 200 IR9 168 
(C) gypsun1 kg P P 25 
(d) steel kg 20.2 14.0 31.3 30.6 27.0 

Use of labour on 
building site per day 2.27 2.27 2.33 2.80 0.58 

blocks, etc. This method is now being thoroughly tested; in 1959 experimental houses with 
finished block rooms were built in several towns. 

H I G H E R  D E G R E E  O F  P R E F A B R I C A T I O N  

Another important task for science is the reduction of labour costs. The solution of this 
problem is closely related to the increase of prefabrication methods. Witli the change towards 
mechanized factory production, the index of prefabrication, defined as the ratio between 
labour costs not o n  the building site and total labour costs. has become of great importance. 
'rhe closer the index is to unity, the greater the percentage of prefabrication. 

Mechanized tecliniques are more efficient in the factory than o n  the site, where adverse 
conditions (weather, etc.) may prevail. Hence the economically correct tendency to transfer 
to  the factory a maximum of operations, leaving for the site only the erection of finished 
components. 

Those variants of factory-made buildings are preferable which, with equal total (factory 
+ site) labour consumption, result in the lowest labour costs on the site. As is well known, 
the larger the element and the greater its possible prefabrication, the less the labour required 
o n  site. 

In this respect large-panel structures are far better than large-block structures and block- 
room structures are better than large-panel ones. 

The figures cited above. drawn from U.S.S.R. cxperience, support this thesis: labour 
consumption for large-block houses is about half, and for large-panel houses about one 
third of that of brick houses. Reduced labour costs o n  the site, together with the increased 
size of elements, result not only froin a reduced number of mounting operations, but chiefly 
froin the fact that large eleinents permit a transfer to  the factory of most operations for 
finisliing and erecting hygienic units. As is well known, these operations involve by far the 
liighest labour costs with conventional methods. 

I n  all Eastern European countries the tendency is, at  a different pace, to replace small 
elements by large blocks and panels made in the factory, and to raise the percentage of 
factory labour investment. 

Panels of room size become prevalent. They are delivered o n  t l ~ e  site with finished facade, 



inner surrace, windows arid doors. including glazirig. paiiltiiig, piping and heating appliarices 
in tlic pancl, ctc. For room-size floor panels, tlie factory linislies both cciling and floor 
(Fig. 8 ) :  tlic site sliows oiily niounting and Einisliing ofjoints. This dcgrce of factory coiiiplc- 
tion cannot be achieved with noors of riurrow planks or small elements. 

To  reduce labour costs at the site arid to transfer tlie erection of Iiygicriic units to tlie 
factory, so-callcd saiiitary and vcntilation panelsliave becomc cxtcnsively used. and reccntly 
room cornponcnts, e . ~ .  batliroomc of reinforced concrete. gypsum concrete or asbestos 
ccment, Iiavc hcen applied in tlie L1.S.S.R. Delivery on cite of complete roon~s  leavcs only 

Fig. 8. Pancl of aii iiitci-Ruor ceiliriy oi' tlie 
"split" type (consistiiig ol' two sliclls). 

Fig. 9. Ashestos ceinent hathrooiii 

tlie coniicction tu main serviccs to be made. Since 1958 inass production of hygicnic cabins 
Iias bccn sct up in Moscow, Leningrad, Kiev and otliei- places (Fig. 9). 

As statcd above, labour consuiiiption witli large-panel houscs is brought to 0.45-0.5 
inan-dayini:' of a liouse. Mounting involves only 0.05--0.1 inan-day, i.e. not morc than 
20"„  of tlic total. Tlie rna-ior part of labour is still spent on finishing after inounting. Hence 

Fig. 10. Lo:iciiiig a hlock rooiii oii ;I 

tr:~iler. 
Fig. I I. Ercction of o l io~isr hy hlocks oi' 

com1,lete rooini. 



a reserve for reduction of labour costs is availablc in improvcmeiit of large-panel structures 
and in a higher degree of prefabrication.The chaiige froin large pancls to blocks of complcte 
rooms, as described beforc, resulted in a further major reduction in labour costs (Figs. I0 
and I I). 

Table III gives approsimate ratios between labour consuinption on sitc and not on site 
for the different variants. As the figures show, largcr elements lcad to a decrease in site 
labour costs and in total labour consuniption (site 1 factory). This is due to high mechani- 
zation and, recently. also to autoination. 

T A  B L E 1 1 1  

L A H O U K  III:QUll<tU b O I I  BUILI>IN(; 1 M' O F  HAlllrAnLL SUIIFACF: OF HOUSFS O F  D I F F t K E N T  TYPHS GI C0NC.I'RUC.I ION 

Brich Lnrge-hlocl, Large-pciiic.1 tfou.te$ 

I'rcfabrication of iiiatcrials 
and details 1.60 24 I .90 34 I .X0 4 1 3.06 8 3 

Transport of material3 lind 
drtails 0.35 6 0.33 6 0.20 5 0.10 3 

Ercction «n biiilding site 4.59 70 3.38 60 2.38 54 0.48 14 

Total 

With calciilati«n of the aniount «F laboiir for all separate and specializcd work acconiplished in the hoiise- 
b~iilding factory. 

For large brick blocks scmi-automatic machines were used first in Czechoslovakia and 
later in the U.S.S.R. (Fig. 12). The semi-automatic machine for laying brick blocks consists 
of a frame for tlle Iaying, a reducer and a roller bed taking the inouldcd block. Mortar is 
spread by rolling a inortar bunker nlong thc prcarranged brick row. To  lay the next row, 
a tray with prearranged masonry is lowered 75 nlm by pressing a button and the operation 
is i-epeated. The tinished block on the tray is brought to thc seasoning section for hardening. 
With these semi-autornatic machincs the output pcr average man-shift is about 1500 bricks 
and pcr nlason about 7500 bricks. 

In the production of brick panels both stand and Conveyer techriology is employcd. In 
the tirst case pancls are vibrated by surfacc vibrators and in  the second by vibration plat- 
forms. Labour costs arc 4-5 times less than with the conventional method. 

A nuinber of moulding machines have bccn developed to inake large concrete blocks. 
Ordiriary heating, steam or elcctric heating is uscd to speed up the hardening of the blocks. 

Fig. 12. Scriii-riiitoniatic machine for  largc brick Fig. 13. General vicw of a machine 
block masoiiry. for ca<ting pancls veriically in hritteriei 

(factory No. 12, Moscow). 



Tlie stand, line unit and convcyor nicthods are used in tlie production of reinforced 
concrete panels: tlie cassette and rolling methods of inoulding panels are also finding wide 
application. 

The battery method of concreting panels vertically lias bccn einployed in the U.S.S.R. 
sincc 1953. A nuniber of machincs have been dcvelopcd in thc U.S.S.R. to  fabricate the 
panels of inner walls, partitions and floors (tlie Giprostromiiiash, NIAT, Karacharovo 
factory, etc.), whicli niake it possible to mould up to 12 elements simultaneously. The usc of 
steam Iieating in this casc cnables the products to bc hardencd i n  four to six liours. Fig. 13 
sliows a machine for casting panels vertically in batteries used in the Sovict Union ("casscttc" 
riioulding machine at factory No. 12 i i i  Moscow). 

Particularly wide opportunities for iiicchanization and, subscquently, for coniplete 
automation of thc proccss of fabrication have been opencd up by tlic inethod of continuous 
rolling of panels and tliin-walled sliclls. Fig. 14 shows a contiiiuous rolling mill dcvclopcd by 
a group of Glavniosstroi cngineers. 

Fig. 14. General view of a cont in~ious ro l l i i ig  iiiill fo r  ihe fabrication ot' thin-wnlled sliells. 

The process of meclianizcd Factory production of large-sizcd articles is constantly being 
iniprovcd both in tlic U.S.S.R. and in  otlier countrics. 

G R I  A T E R  R l  L I 4 I I I L l T Y  A N I >  I M P R O V L  U O P F R A 1  I O N A L  Q I J A L I T I F S  

The change to large factory-inade elemeiits iiiiplics prerequisites for greriter rcliability 
of the building and for its iniproved functional qualitics. Frictory methods of production 
eiiable a niore reliablc control of tlie quality of thc products and materials used. At tlic 
same time the cliaiigc froni monolitliic structures hris called for a reappraisal c)f a nunibcr of 
notions associatcd with tlie rigidity and stability of the building, tlie service of the structures, 
i.e. maintenance (particularly when thin-wallcd articles are used). the provision of heat and 
sound insulation and other properties of tlie building. 

The stability of a building with hand-laid stone walls, iisually 40-65 cni tliick, reinforced 
concrete floors and other widely acceptcd structurcs has, in the inairi, been ensured by the 
massive and monolitliic nature of thc construction elements themselves. 7'he coniposite 
action of these clements increased tlie general stability of tlic building, but this as a rule 
was not taken into account. 

The rigidity and stability of a building crccted witli panels of a small thickness as comparcd 
with thc other dimensions can be ensurcd only by a composite action of tliese elemciits, 
properly coupled to one another. 

A large-panel building acts like a homogeneous composite structurc in which alniost 
every element takes up not only the loads dircctly transniitted to i t ,  but also tliose wliich act 



on the building as a whole. For example, tioor panels bear the vertical load actiiig on them 
and work as horizontal diaphragins of rigidity to wind and other lateral loads; the transverse 
and longitudinal walls, bearing the loads from tlie floors above, act as vertical diaphragnis 
of rigidity; the staircase is a type of buttress taking up the horizontal loads in tlie building, 
etc. 

Static calculation of a large-panel building should take into account the coinposite 
action of the elements and of their relationship. 

In the last decade a number of investigations has been devoted to the problenis of tlie 
static work of frame and frameless buildings made of large-sized elements and to the methods 
of thcir calculation under various loads. The rcsults of the investigations have bcen dealt 
witli in detail in papcrs received from many countries. In the future scieritists should centre 
their attention On: 

lmproving and simplifying the calculation of large-panel buildings as spatial structurcs 
(parallelepipeds), with due consideration for the effect of the method of coupling onc 
eleinent to nriother. 
lnvestigating the work of large-panel buildings made of liglit and ccllular concrete as well 
as of brick concrete, bearing in mind tlie peculiar physico-technical properties of such 
matcrials. 
Studying the rigidity and stability of large-panel buildings and of those with structures in 
thc shape of block rooms erected witli thin-walled shells, as well as of those moulded as 
five-wall spatial elements. 
Particular attention should be paid to investigating the work of buildings with prefabri- 

cated structures under seismic conditions and in the case of compressible soil and of perma- 
frost. Research dealing with calculations of the strength and stability of buildings under 
such conditions should be continued and considerably developed. 

Tlie tendency towards lightening factory-made building structures and reducing thc thick- 
ness of walls, ceilings, partitions and other elenients, which has been justified both technically 
and cconomically, Iias raised the very pertinent problem of prolonging the service of the 
structures and, above all, of walls and coatings subject to the effect of varying atmosplieric 
factors. 

As long as walls of 40-65 cm or more were used, tlie freezing of a layer of plaster or facing, 
and even of a layer of the wall itself to a certain depth. thougli being undesirable, did not 
threaten tlie strcngth of the building. However, witli a thin paiiel wall only 15-25 cm thick, 
and particularly in the case of walls consisting of shells only 20-40 mm thick. the liazard 
of a loss of strength is greatly increased wheri thc materials are insuficiently resistant to  
changcable weathcr. Greater attention should, therefore, be given to the atniospheric and 
frost resistance of the material used in the structure of the walls. 

In a nuinber of industrial buildings, the impact of atmospheric factors is supplemented 
by chcmical or, rather, pliysico-chemical effects. This Iias led to extended and more profound 
researcli in recent years on the riaturc of the plienomena wliicli destroy the structures. 

It should be noted at the same time that investigation into the problem of prolonged service 
of buildings greatly lags beliind tlie study of tlie problcn~ of their strength, rigidity and 
stability. Thc problem should be solved by drawing in a greater number of scientists. It 
would be useful to hear communications of representatives of various countries at a ineeting 
of the CIB and to sum up the achievements in this field. 

The problems related to improved opcrational qualities of large-panel buildings also 
include the problcm of their fire-rcsistance. The general aspect of this problem is being 
studied by a spccial committee of the ClB. It is iinportant that the knowledge accumulatcd 
in this field should be fully utilized in line with the concrete task of designing and construct- 
ing buildings of large-sized elements. An appraisal of the design variants should be made, 
as well as of the methods of coupling the elements to one another. Such a summing up would 
clarify the trend of ensuring higher fire-resistance of houses made of thin-walled elements. 





in  winter drops to  - 50" C ,  require a thicker layer of heat insulation than  in Tashkeiit ,  
where the teiiiperature of  the air in surnmer is as  high as  40-45' C .  In the past, n o  attention 
has becn paid t o  the heat resistance of a building when massive protecting structures were 
used. 

The  use of  laniinated ceilirlgs and  partitions has led t o  a substantial reduction of thc 
weight of structurcs while improving their sound-insulation properties. It is worth noting 
at  the same time that thc designing of iiew types of ceilings has oniitted the dcvclopniciit of  
the heat-iiisulation tlieory. N o  mctliod has yet bccn devised for  calculating heat insulation 
of laminated ceilings and  partitions, as  well as  of ceilings and partitioiis of the split type. 
The solution of this problem is a major  scientific task. 

Along with sandwicli walls, single-layer panel walls of light and  cellular concrcte are  
widcly used botli in the U.S.S.R. and  in otlier Eastern European countries. 

Single-layer walls of porous clay filler concrete, perlitc concrete and  other  light coi~crctes ,  
as well as  walls of cellular concrete. inay bc approxiniatcly the saine weight a s  laininated 
walls and  yet simpler t o  fabricate and  frequcntly clieaper than tlie lattcr. At  tlie sanie time 
the properties of light and  cellular concretc havc not yct bcen studicd comprehensively. 
Rcscarcli should bc aimed, amoiigst otlier objects, a t  further reducing thc weight of  concrctc 
and  increasiiig its streiigtli, rcducing thc inoisturc absorpt ion of cellular concrcte a n d  
raising frost resistance. 

Scieiitific investigations should strivc for  greatcr improveriicnt of both thc constructional 
and  functional propertics of buildings erected with large-sizcd factory-rnade elements. 

C O N C L U S I O N  

T h c  use of large-sized elcments is the major trcnd of tlie dcveloping techniques of building 
construction in the U.S.S.R. and  othcr  socialist couritries of Eastern Europe. T h e  economic 
advantages of tliis trerid havc been proved by experience. 

Experiencc lias also shown that  tlie larger tlie size of tlie prcfabricated elements and  the 
lhiglier the degrec of  prefabricatioii of building structures, the greater the economic cffect. 
"Semi-prcfabricated" construction is, therefore, rcplaced iiiore o r  lcss rapidly in some 
countries by fully-prefabricated large-Hock aiid large-panel coiistruction. Large-panel 
construction, with its advantages ovcr large-block construction, is gradually becoining tlic 
predomiiiant trend. S o  ta r  largc-block aiid !arge-pancl construction accounts but for  a snlall 
percentage of tlie total voluine, but  thi: signiticancc of this kind of construction is growing 
rapidly. l i i  1965, tliis nietliod will prevail in the U.S.S.R. 

Largc-block and ,  particularly, large-panel Iiousc coristruction, wliicli is essentially a 
factory method of  buildiiig houses, iiivolves iiieclianizatioii and  gradual automation of  tlie 
process of fabricating elemeiits of  building structurcs and  transforrnation of the buildiiig 
processcs o n  thc consti-uction \ite into crcctioii. 

Factory housi: construction lias set sciencc a nuniber of important probleins involviiig the  
reduction in tlic weight of tlic buildings and  in tlie costs of niatei-ials, a higher degrcc o f  
prefabricatioii of buildings, a n d  iinproved functional qualitics of  tlie buildiiigs. This  paper 
has a t t e n ~ p t c d  a t  briefly elucidating tlicse probleiiis, so  that their discussion a t  this mccting 
of the C I S  should hclp i i i  finding tlie proper and  speediest ways of tlieir solution. 
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T E C H U I C A L  A N D  E C O N O M I C A L  C O N D I T I O N S  

Concretc has a d ~ a n c e d  to thc foreground as one of the inost iinportant builcling materials 
in Scandinavia as well as inost of thc other European countries. Flexibility of form, high 
degree of strengt11 arid weather immunity are some of thc qualities that have documented its 
coiisidcrable usefulness, even in apartinent buildings. The cost of concrete coristruction lias 
fallen in relation to constructions of most other building materials. Tlie production efficiency 
of workers in ccment mills liad increased morc than that in most of the other material 
producing industries. Distribution has been simplificd by specially constructt:d trucks and 
unloading at the building sitc in containers hy compressed air, etc. 

Concrete, more than ariy other building material, has beeii the object of much technical 
and scientific research. Concrete technics have increased in this way. Better quality concrete 
lias been acliieved, particularly with respect to uniform quality; reiiiforcing steel today 
allows considerably larger loads than in the past. It lias been possible to increase successively 
the permissible Stresses in reinforced concrete structures (Fig. I). 

1887 1910 19iL 1934 1949 
19U 

Fig. I .  Perniissible Stresses iii reinforced concrete structiirei 

Heavy concrete elements arc used in largcr buildings (i.e. in iiiulti-storey houscs, officc 
buildings. etc.). Space allotnicnt for apartmcnts in sinall aiid larger houses is not uniform 
in Scandii-iavia. Norway approaches the Anglo-Saxon type of liome construction with 
separate small houses of onc or, at most. two apartmcnts. While thesc sinall houses in 
Norway Iiave included about two thirds of the housing allotments in the last few years, in 
Denniark thcy have only accountcd for 40-50"„. Finland and Swcden are more generally 
adopting tlie continental type, and small houscs have contributed only 300„ of the housing 
allotments in the last few years. while multi-family houses Iiave accounted for about 70"„ ::. 

P R E F A B R I C A T E D  B U I L D I N G S  T H E  P R E S E N T  S I T U A T I O N  

Sincc the Second World War prefabricated building in Scandinavia, as wcll as in most othcr 
European countries. Iias started a real competition with traditional building inethods. In 
Denmark, with its concentrated building construction. there Iiave been bettcr conditioiis 
than in  tlie other Scandinavian countrics. Many signs indicate that tlie most systeniatic 
approacli has beeii made in Denniark. Expericnccs in tliis country have even. to  a large 
cxteiit, laid the basis for development in Norway. I n  Finland, prefabricated building is 
lhampercd by a special tax on factory-made elenicnts. This tax is not imposed ori work on the 
building site. In Swedeii prefabricated building had during the last 20-30 years been uscd 
in sinall woodcn Iiouscs and this year perliaps about 50"„ of Swcdish one-friinily houses 
ai-C prefabs. Multi-family houses are now to a great extent constructed witli non-traditional 
niethods. Of thesc. prefabricated buildings accounted in 1957 for 2100 apartmcnts, non- 



traditional Iiouses cornprised 3.5";; of tlie total Iiousing production. In 1958, 3200 pre- 
fabricated dwellings werc erected, or 5.1 I'„ of tlie total. 

Tbc non-traditional building rnetliods have not been accornplislied witliout inaking 
rnistakcs. Thus, tliey have often bcen rnet with disbclief. The National Swcdisli Cornniittee 
for ßuilding Research stated as carly as 1955 that "it is necessary to rnake an inventory of the 
new building rnethods and to evaluate their results so tliat any worthwhile discoveries that 
appear are not lost arnong those of lesser value. After such an inventory I-ias been rnade, 
the rcsults should be distributed rnore widely. llltirnately a systernatic applicationshould 
lower building costs by a considerable extent. A thorough evaluation of results frorn pre- 
fabricated buildings and other experimental activities should include building costs, pro- 
ductivity and tlie finished product ( ; . P .  tlic quality of the house)." 

Tlie investigation which. followed this statement was niotivated. aniong otlier thiiigs, by thc 
fact that prcfabricated buildings can influence governrnent participation in building matters. 
Tlic Swedish Governrnent grants, amongst others, loans for new types of building equipment, 
and there may be reason to  considcr granting government loans to factorics for the con- 
struction of elenients. Prefabricated building on a large scale often demands tl-iat entire 
areas arc planned at onc time and influences in this rcspect the entirc housing developrnent 
planning. 

Wl-iile specialists in prcfabricated building establislied that with the country's available 
manpower it is possiblc to build essentially rnore dwcllings of equally good quality as in the 
past, specialists in traditional buildiiig metliods point out tliat costs d o  not seein to be 
lower with the new rnethods. whilc at the sanie time questions arise about thcir quality. 

The various inethods are, howcver, undergoing rapid cxpansion. They have hardly 
I-eachcd their final cxpression at  the present timc. Coniparison is, tliereforc. difficult. 
Sirnilar viewpoints have bcen reached in Denrnark 5. 

As a basis for tlie investigatioiis of the Danisli Cominittec for Rationalization of ßuilding 
Activities, it was tlie inteiition to niake a statcnient presenting all existing knowledge of 
prefabricatioi-i. Disclos~ire of those problems suitable for cxamination by tests was sought. 
l'he iiivestigatioiis quickly revealed liow intiinatcly rclatcd all qucstions coiicerning prc- 
fabrication arc - froin the planriing and detailed dcsign of construction and installations 
to erection and coinpletion on tlie sitc. One of tlie niost importaiit factors in prefabrication 
with largc elements is complcte pre-planning. TIiis entails dclinite scttlenient at an early 
stage of the client's requircments, architcctural design and engineering design, including 
structural, sanitary, heating, ventilating and electrical engineering. 

Oiie outstaiiding viewpoint deserves mention here. viz. the necessity of altering clauses in 
building by-laws based Lipon old traditioiis and materials, and to give functional dcmands 
or  established Codes of Practice. It is not sensible that all demands in Iiouse building should 
continue to be based upon houscs in brickwork with wood walls botli with regard to  dimen- 
sions and functions. The naturc of the deinands that cacli of the elements should fulfl  is 
tabulated instead, but no figures are includcd. 

TI-ie shaping of tlie elernents is described botli for scveral ordinary typcs and for those 
based on functional dernands. These demands, cxprcssed in figures, niust be tlie aiin of 
future building by-laws and Codcs of Practice. A simplc demand for cquivalents with 
traditional buildings cannot be inaintained. Fire regulations particularly may be cited. as 
they are often not based on rational dernands. 

TIiere are elernents involving entire walls or floors and elements with a width of 0.6 t o  
2.0 rn. It is too early to say which sizes present the greatest possibilities for tlie future. If 
at least 150 identical eleinciits can be cast in tlie same inould, a rninirnum price is reaclied. 
Some believc this will always rcrnain the case, but othcrs niaintain that techiiical develop- 
inent will rnakc it possible to producc snialler multi-purpose elernents, cheaper iri rnass 
productioii. Tlicre is an apparent trcnd frorn the tield factory to the established factory, 
whcrc a rational production can bc rnorc casily arranged. 
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Fig. 3. Relative costs o f  nicchanical ccluipinent fo r  prefabricatcd and tradit ional bu i ld ing niethods 

(costs i n  Swedish Crowns  per c ~ i b i c  metre). 



In Sweden, comparisons have been made concerning man-power consumption in  pre- 
fabricated and traditional buildings. Fig. 2 shows such a comparison, partly for high houses 
of 8-13 stories, partly for low houses of 3-4 stories. Man-power consumption i n  pre- 
fabricated buildings i n  relation to traditional buildings is considerably lower in tall houses 
than i i i  low houses. The table on Fig. 2 shows the wide distribution owing to the frict that 
prefabricated building does riot show a uniform picture but is continuously developing. 
This fact renders impossible a definite Statement. 

Mechanical equipment is shown iii  Fig. 3. The equipmcrit is here cajculated in rental cost 
of the inachinery per m" of building volurne. 

Future work in Sweden will be concentrated prin~arily on contiriued studies of the working 
time and costs iiivolved in various types of building systems. 

S T A N D A R D I Z A T I O N  A N D  T O L E R A N C E S  O F  D I M E N S I O N S  

P K O U L . E M  A N D  C i O A I  

The usc of factory-made heavy concrcte elements requires, as otlier building incthods 
einploying elemerits, that tolerances can be detcrmined for exactness i n  the elcmciits. Tlie 
research task is to determine the optimum tolerances froni tlie techriical aiid economical 
viewpoints. 

If mass-produccd eleinents are to achievc widespread application, they mu\t be arranged 
in a system with modular coordiriation and preferred sizes. The problems connected to tliis 
aspect are so extensive that they cannot be considered in this report. 

K t : S U L T S  O F  R I I S F A K C ' H  

Dcviations can bc reduccd by rigid moulds aiid joints. The avcrage deviation can be 
rcduced by care of tlie moulds during construction and by strict control. 

A really accurate production can be obtained oiily by statistical methods of control based 
011 compreliensive experience rcgarding tlie various types of forin work, so that tlie uricertain- 
ty i n  determining the standard deviation is reduced to a iiiinimum. Toleranccs should be 
spccitied and strictly rnaintaincd, but the costs of production are increased by unneccssary 
or  unduly close tolcrances. 

The following inforination is taken from rescarcli carried out by Nyquist '. 
The accuracy of dimensions of a concrctc clen-ient is directly dependerit upon thc type of  

mould, i.e. construction of the mould and tlie material of which it is made. 
The following data concern tlie width of the cleinent. Elements cast in horizoiltal 

wood nioulds should havc an accuracy of ineasurement bctwecii 1 5 and i: 10 mm, 
depending upon tlie type of wood, construction and number of times that the mould has 
been. used. 

Moulds of coricrete allow a degree of accuracy of about 3 mni without reiidering 
the costs proliibitivc. In normal cases tolernnce should prefernbly not be set below 
1 L 5 min. 

Steel n-ioulds constructed of heavy vertical sections and thick plates have beeri shown by 
Coignet, France. to have a tolerance of 5 I mm. but it must be remembcrcd thnt in tliis 
casc a typical series production was involved with complex and expensive iiioulds. Rclatively 
simplc steel inoulds should be able to yicld an accuracy of diniensioiis of 3 inm. 

"Package n~ould" is thc name of one type of mould that is coinri-ioi-ily used in Sweden 
for casting the elemcrit vertically. Thc package has bottom and sidc forms of U-shaped 
steel profiles. Between the steel side facings, plywood form sheets are fastened. Elemcnts 
about one ineter broad and cast vcrticnlly in a package nccd not yield a larger tolcrance in 
breadth than + 5 mm. 

Investigatioiis are currently being carried out to determinc the defoiiiiatioil during the 
storing of heavy elen-ients, primarily warping duc to sl-irinkii-ig and crecping. 





water-tightness. Traditional methods. such as the insertion of ziric-locking sheet or stopping 
with oakum, are also used. 

Types of joint, each with its own combination of essential demands, are: 
Vertical facing joints; 
horizontal facing joints: 
horizontal joints betwcen storey partitions; 
vertical joints in  inner walls; 
joints between inner walls and storey partitions; 
joints between bean-is, columns, walls, etc.; 
joints around windows. 
Especially in Denmark. the horizontal facing joints are often made on the fish-scalc 

principle, which prevents the wind pressure from forcing water irito the coinponents. At the 
same time the thermo-insulating layer is often provided with drainage aiid veiitilation 
so that condensation troubles are avoided, and thc wind pressure on tlie vertical joints is 
cq ual ized. 

Most of the "research results" are prcsented in the form of practical solutions whicli 
havc becn applied in completed buildings in Scaiidinavia. Many of thcm are described in 
articles in tcchnical journals. Typical cxamples of building practice in Scaiidinavia have 
been publishcd systematically :j. 7 -  8 .  1'0. 

A survey of most types of prefabricatcd buildings uscd is included in the programme of 
the National Swedish Coinn-iittee for Building Research. Through this survey it is hoped to  
obtain a general sunimai-y botl-i of tl-ie results already attained and of the remaining problems, 
wl-iich should be taken up eitl-ier tl-ieoretically or, wherever nccessary, through experimenta- 
tion with niodels or full-scalc houses. 

Studies ccincerning transinission of forces bctween tlie wall elements will be particularly 
concentrated on the problcrns of the compressive strength in horizontal joints and the 
shcaring strength in vertical joints. The current problems are, for example: 

Experiments witli cogged joints in order to con-ipute their strength. 
Studies of concentrated points of strength where the rupture thcory does not apply. 
Studies of tl-iin columns, the statics of which are unexplained. 
The studies of tightness and allied problems aim both at finding out how actually existing 

structures function. in practice and are appropriately practical, and at establishing those 
qualities which nre essential for joint solidification and how these should be determined. 

S O U N D  I N S U L A T I O N  

Thc rnoderii tcnant has scveral tools producing high noise levels: thc radio fitted with HiFi 
equipmcnt and thc television, whose sound control must bc turned up high so that the neigh- 
bours hear that one can afrord to havc television. A I-iigher standard of sound iiisulation is, 
thercfore, necessary. 

Practically all t he dcvelopmcnt i r i  prefabricated buildings points to poorer sound insula- 
tion. The elements and components arc thinner, and their weight is reduced. From the 
point of view of souiid insulation one is then, according to Scandinavian needs, faced with 
tlie choice of retaining a inassive concretc wall of about 14 cm, when tlic ininiinum standard 
for airborne sourid insulation can be met, or dirninisl-iing tl-ie thickness of the wall to  
a size wliich is warranted with regard to solidity and compleinenting it with an  extra sciurid 



insulating coveririg. This example shows that sourid iiisulation in prefabricated buildings 
brings with it aricxtra thickness of the eleiiient or  an extra covering, both of which add extra 
costs to  the building. 

Impact sound insulation is of the utmost importance in flooring. In massive concrete 
flooring removal of plnstering or rendering on the underside, as ofteii practised in pre- 
fabricated buildings, is perhaps acceptable only when the floor thickness is not less than 
about 14 Cm. It becomes more troublesome when the entire construction witl-i joists and 
sound insulating materials on  the load-bearingfloors disappears and is ieplacecl by a concrete 
ilooring and a mat cir parquet laid directly on the flooring. Nuinerous sound insulation 
problems arise in  these cases. 

During thc last few years precast I-iollow concrete flooring has come into use, as well as 
constructions with thin concrete plates o n  supporting bcams. At the present time there is no 
flooring of these types which, without Special nieasurcs, can meet the insulatiiig requirements 
concerned. 

How are stair elements to be constructed so tliat tlie disturbing sound can be reduced to  a 
n-iinimum'? How are sanitary installations to be arranged so that the noise can be elirninated 
as much as possible? How are disturbances in ventilation ducts in n-ieclianical ventilatiiig 
systems to be preventcd? These arc some other prciblems which appear in prefabricated 
buildiiig. 

Studies of sound insulation problcms in prefabricated buildings are beiiig perforn-ied by 
the National Swcdish Conimittee for Building Research. Measureriients of sound insulation 
in dil'ferent types of pi-efabricated buildings are being made and comparisons drawn with 
traditional buildings. Based on the experiences from this survey detailed sound insulation 
problems will be defined and studied in the laboratory. The intention is to gct better knowl- 
edge of thc sound transrnissioii inechanism in prefabricated constructions and to  develop new 
constructions with better sourid insulation properties. Finally, the performances of constiuc- 
tioris arc to bc controlled iri full-scalc tcsts oii erected buildings. If such a n  investigation 
becomes the subject of a general discussion, the possibility arises of achieving a solutiori foi- 
tlie entire coinplex of problems in the long run. 

H E A T  I N S U L A T I O N  A N D  P E N E T R A T I O N  O F  M O I S T U R E  

One main advaiitage of the non-traditional building methods is that they mnke it possible 
to have inuch better heat insulation in the outer walls. Ir i  constructions which are used 
therewitli, some problen-is with heat insulation, penetratiori of moisturc, ctc., inaterialize 
in a higher degree than in traditional buildings. These problems d o  not only conccrn heavy 
concrete elcments and are, therefore. only mentioned here. (For furtlier particulars sec 
Subject 6: Flat roofs.) 

Fig. 4. Air transriiissiori ciirvcs for various heat-iiisiilating niaterials. 
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G E N E R A L  

F I E A V Y  E L E M E N T S  I N  THL: P R O C E S S  O F  1 N l ) U S T R I A L I Z A T I O N  

The use of heavy concrete elemeilts for dwelling construction in Frailce is characterized 
by a marked preference for "heavy solutions". This is due to technical considerations rather 
tlian to reasons of taste. Before reviewing thcsc considerations it sliould be stated that the 
use of heavy eleriients is undoubtedly the basis of the industrialization of dwelling con- 
struction. This is not a question of clairning priority for partial or full prefabrication, but 
of stressing tliat the efforts of a few pioneers, using heavy elements, have prompted the 
great body of others to take an  interest in prcfabrication of relatively great elements. They 
are now so widely uscd that prefabrication as a means of industrialization and industriali- 
zation itself are often confused. This trend dominates now, but heavy solutions come nearest 
to what seems desirable. The application of these techniqucs has - in France at  least - led to 
numerous systems that differ more in production rnethods and use than in principle. 
Hence they will be studied here sirnultaneously. without being identified in their technical 
charactcristics or specific problems. 

Despite a certain initial advantage, their Progress is, in France, slow. They represcnt only 
a very small portion of ihe country's whole range of building Systems. Although the 
potential of the factories and plants represents some I0 j:,; of the annual dwelling construc- 
tioii, only 4 to 5" , ,  were actually built in heavy elements. This is certainly detrin-iental to 
this system and unfair to its tinancial econoniy. A brief analysis of the causes will be given 
in a subsequent section. 

Nevertlieless, very interesting applications have been realized in France for years alrcady. 
The prototype stage is bcing passed and consequently reliable elements of a doctrinc can bc 
isolated in the present report. 

SI'1,CIAL ( H A R A C T I  R I S T I C S  O t  I I F A V Y  E L E M E N T S  A N D  L I M I T S  Ot A P P L I ( ' A T I O N  

Oiie fundamental limitation lies in the need to use powcrful handling equipment. This 
problein usually arises not in tlie factory, where possibilities are unlimited, but on the site 
and between factory and site. However. recent possibilities for rnore powerful site equipinent 
enabled wider use of heavy elements. the weight of which increased with the power and 
capacity of handling equipment. 

This increase involves other limits, tJ.g. tlie maximum possible dimensions in view of road 
or rail transport. Observing within this double boundary that ( I )  the increase of loads at a 
Station or site for any production process is proportional neither to dimensions nor to 
weight of the elements and (2) the costs of transport and mounting depend more on tlie 
number of operations tlian on the volume or  mass of ihe elements, one can understand the 
present general trend. 

The choice of characteristics consists of combining two concomitant but clearly distinct 
objectives: to produce, in view of their destination and proportionally speaking, the largest 
possible elements and, secondly, in.view of transportation and lifting-device limits, thc 
heaviest possible. 



We thus witness a double but contradictory phenonicnon: for intermediate processes 
and traditional methods cvcr ligliter elements, but increzise of weight for heavy elements. 
Moreover, when the limit is rcached and transport becoines impossible, tlie largest and 
heaviest elements are produced on site. e.g. with Estiot. Moreover, it is also on mass that 
tlie main factors of coinfort depend, i .r.  acoustics and Iieat insulation. Builderb scek to 
obtain elements of the size of a wall section or a floor in one unit, jointed a l  the Corners. 
Furthermore. thei-e is a inarked trend towards increasingly coniplex castings, as describcd in 
the scctioii on tolcrances. 

Scveral general cliaracteristics of prefabricatioi-i - tliougli not exclusively of largc ele- 
ments - must be analyscd here. A constructioii process Iias tliree essential characteristics: 
spced. cost and quality. 

Speed will, doubtlcssly, long be the most positive aspect of use of heavy eleiiients. In 
suficieiitly large stock yards, industrialists can rationally organize reserves and eliininate 
fluctuations of supply. As site work is, by defnitiori, liniited to simple assembly of finished 
elements, the time iieedcd at  the site will be vcry short urider optimum conditions of supply, 
thus reducing the tiiiie tlie contractor Iias to put his nien on the job. The building constructed 
can thus quickly be put iiito service. Moreover, it is liere that the most immediate conse- 
quences affect the client in  the form of appreciablc financial saviiigs due to eliinination of 
interest on  advanced capital as well as to carlicr collection of reiit for rapidly occupied 
dwellings. The probleni of cost will bc treated under "Financial coiisiderations". 

The quality, however, a characteristic with manifold conscquences, deserves immediate 
further attention, accordiiig to the following aspects. 

It can be said that, aftcr having been niore rnediocre than traditionally, owiiig to tcchnical 
imperfection and insufficient cxperimentation. quality is improving and even surpassing 
today's average, cxcept for some particularly qualified teams of workers or first class f rins 
that execute specialist or luxury jobs. Particular care is given to facings for smoothness aiid 
choice of materials. 

Apart frorn tliis, quality is even niore serious with a view to architccturc and comment is 
given below. 

Hahitahle surjucr 

lncrcasc of surt'ace is essential for attractiveness and, Iience, tlie value of a dwclling. The 
surface has, in France at least, bccn reduced too much in social housing. 

Current studies of the financial consequcnccs of fluctuations of surface standards indicatc 
that, if undcr certain conditions the surface is made to fluctuate around its initial value 
without modifying the nuiiiber of rooms, the price per scluare metre of added or  deductcd 
surface is 0.45 of the initial square iiictre price. If tlie numbcr of rooms is also moditied, 
the average price variation coefficieiit as a function of ihe surface is 0.72. Cienerally, the 
coefficient oscillates bctween 0.48 and 0.72. Heavy industrialization sliould - tliough this a n  
(1 priori assuniption - decrease this to about 0.45. due tlie large part of invcstmeiits that 
does not depend on surface in the fiiiancing. Experiences of other countries would be 
interesting here. 

These two aspects are trcated later i n  special sectioiis. 

The noticeable quality improvement is mainly in tlie finishings. With hcavy elemcnts these 
are, in tlieir executioii. less dcpcndent on tlie skill of operatives. owing to specialization i n  
tasks and liinited human intcrference in the mounting operatioiis. Thus a good average 



quality together with a better than usual quality of appurtenances and installations is 
obtained due to conditions of installatiori. 

Before Icaving the quality aspect one matter that lias to some extcnt attracted less attcntion 
chould chortly be exaiiiined: tlie aging of constructions. 

However thorough and long-lasting and perfect tlie metliods and experiments to determine 
theoretically i i i  a short lapse of time the corresponding conditions and physical effects of the 
time may bc, only time itself will teach us how results of new techniques bchave under 
atmosphcric influences. New forms inay, therefore, well be based on newly iioticcd short- 
comings and it may, in particular, becomc necessary one day to reject the present uncovered 
facades and to returii to classic ineans of protection: cornices, ornamental front5 and 
guttcr-support elements used to prevent water penetration, dripping, etc. 

G E N E R A L  O ß S T A C L E S  T 0  T H E  E X T E N S I O N  01- T H E  U S E  O F  H E A V Y  E L E M E N T S  

Once purely technical difficulties are eliminated, the remaining ones are psychological, 
commercial, administrative and financial. 

In the econornic field the driving force towards industrialization in France is thc necessity 
for liigher rates of pay to bring back the specialists who left the building industry for inorc 
productive and better paid jobs. Even use of Iieavy elements only partly solves thc difficulties 
of rccruitment of a good labour force. 

Howcver, difficulties arise from the vcry nature of the market. They have various causes: 
intervention by authorities and professional organizations; absence of uiiity of actioii to 
initiate construction; out-of-date structures; lack of initiative ascribable n-iainly to job 
superintendents, etc. Tlie latters' individualism incontestably causes dispersioii and breaking 
up of programines aiid credits. Here lies the first, if not the main obstacle to n-iass expansion. 
It requires a special study beyond the scope of this Paper. 

One of tlie first consequences is doubtlessly the resistance of job superintcndeiits aiid 
clerks of work against repetition. A creative frenzy usually doininates thc Iirst discussions 
on  a project and the client is confronted with freakish, often imaginary, but always expensive 
notions of wliich he rarely thinks. The representatives of tlie client ratlier than the client 
Iiimself make a point of honour of devising the original solution and demand inriovations. 

Experience shows that brand dwellings are, like cars, fully acceptable to the public, 
provided tliey are carefully planned and that "brand" is synonynious with "quality". 

The principle of reasonable repetition should be completed by thc notion of series, i.e. tliat 
continuous number of units advisable to be produced to write off thc ecluipiiient which repcti- 
tionjustifies inthe periods that are normally consistent witli wear and tear on that equipment. 

Shortage of continuous series, adapted to the production unit's potential, is also a 
principal difficulty. The number of site units remains considcrable, witli a ridiculously low 
average iiumbcr of dwellings - from 65 per system for low-rent governnient-sponsored 
housing to 5 for the private sector. 

These diffieulties can bc summarized in one practically solitary essential applying to all 
prefabrication but especially to Iieavy elements, viz. to produce industrially eleiiicnts that 
are repeated in continuous series. The building problem thus becomes a n  elernentary eco- 
noniic one of permanent and coiistant outlets and the creation of a cominercial markct. 

C O N D I T I O N S  O F  P R O D U C T I O N  A N D  T E C H N I C A L  P R O B L E M S  

M A N U F A C T U R E  

The /??euns 

There are two separate trends: (a)  tlie pertiianeiit - or  seiiii-permanent - factory, tyiiig up 



major assets: (b) the mobile site installation. Tlie choice is not inerely aqucstion of prcference, 
but is guidcd by many considei-atioiis, for example, relating to  tlic cornniercial ii-iarket: 
nature and extcnt of outlets, coiiceiitration of prograrniiics. However, tlie important point 
is that the entire site job be donc by one uniiiterrupted gang of "mounters", permitting 
elficicnt control and easy financial intercst in the productivity of tlie total job. 

It is evident tliat writing off installation costs under normal conditions (avoiding seriously 
burdeiiing tlie unit cost price) n-iakes it essential not to reduce production below a fgure 
consistcnt with thc equipmeiit characteristics, but distinction rnust be made betwecn assets 
inherent i i i  tlie construction system and thosc resulting from adaptation to a given dwelling 
type (flexibility of process). 

For the first category writc-offs over 5 to 10 years arc adniissible. For the second, if the 
rigidity of a system should be liniited and the usc of heavy elements should not compcl 
arcliitectural design witliin too narrow lincs, these assets sliould be written off as soon as 
possible (a maxinium of two years). This does not exclude, if tlie market perniits, tlie 
multiplication of production units by allowing for an accelerated write-off relating to the 
system of constructioii of common items opcrated at less cxpense (central concrcte mixcr, 
steam gciierating Station, itenis of preparation: rei~iforcements~ plant, etc.). 

For production tliere is, tlicrefore. a threshold, variable according to proccss. but 
gcnerally corresponding to thc capacity of a Iioinogeneous unit of plant. It sccnis, for 
cxainplc, that the relative figurcs are at least 500 to 800 dwellings for the Camus proccss, 
about 500 for Logirex ai-id at least 200 for Balcncy and Coignet. This docs not mean that the 
coiistruction unit on  onc site should correspond to tliis fgurc. In fact, one unit may serve 
scvcral sites, provided thcy are not too widcly scattered and allow rational use of the plant. 
The capacity is tlicn rairly variable, being determincd by tlie depreciation value of tlie 
equipment on the site. Tlie Iigure of 100 dwellings for the coristruction unit could be adhered 
to, but for normal prolitability a maxiniuin action radius of 50 km is requircd with road 
traiisport. 

Thc capacity of the production and construction uni1 of mobile iiistallations is the sanie 
by dclinition (exccpt for special cascs): 120 to  150 or 180 dwellings for Barcts or Estiot and 
100 for Systems using ceramics or prestrcssing Fiorio or Vcraii-Costamagna. 

Wc inay coiicludc that the niinimuin unit of construction or site is 100 to 180, according 
to tlie nieans of production used, i . r .  periiiancnt factory or mobile installation, the higher 
figure rclating to the latter owing to inorc concentrated usc of liandling installations. 

Given thesc thresholds, tlic annual capacity dcpends on production f'orccasts. For 
exainplc : 

Camus Montesson 2400 dwellings per year at one location. 
other factorics 1000-1200 dwellings per year. 

Logirex 450-500 dwellings per ycar. 
Balcncy 1500 dwellings per year. 
Coigiiet Roueii 600-800 dwcllings per ycar. 

Lille 1200-1 500 dwellings per year. 

Tlie plu17t 

Herc the choicc likewise depcnds on the sizc of the series, but is also a fiinction of the 
prccision dcsircd. Conccrn for precision leads to  the use of pcrfected, iiicchariized plants of 
machincd steel at  grcater costs, but producing cxcellerit Iinislicd faces and usually equipped 
with Iieating facilities, permitting rapid settiiig and strippirig of castings after short drying 
times. Tlius tlie plaiit has a niore rapid turnover. 

Ccrtaiii plants, e.g. those of Coignet, wcre erst coniplicated but simplification is now 
sought. Witli other builders tlie trend is the opposite. Tlie constant preoccupation is, 
however, to cver greater automation. 

Most plants are permaiiently installed, thc eleiiicnts bcing moved. A cotivcyor supportiiig 





l-ieavy elements, are involved. Due to the requireinents resulting therefrom and the perfection 
castings can attain, the elements are more and morc designed with due regard to  their 
functional nature, e.g. coinplex shapes by casting, incorporation of secondary fttings of 
woodwork, piping and facilities for iiistalling equipment. Thus facade elements, interior 
walls, partitions, floors, but also bearing shells (Balency), shafts (Balency., Coignet) or  
fully fitted sanitary units (Logirex, Barets), weighii-ig up to 8-9 tons. are obtai~ied. 

Tlie one-piece. room-size floor elements are. if not the heaviest, at any rate the most 
cumbersorne. Fieavy eleinent systems have practically no floors in small elements. Due t o  
Progress in sliuttering metl-iods, tl-ie choice is between panels and Cast in situ floors. For the 
latter the following advantages are claimed: 
(a) Bettes load distribution, as floors bear uniformly on all elements. 
(b) Taking up the tolerantes in installation of vertical elements. 
(C) Excellent monolithic coniiection. 
(d) No necessitg to weld reiiiforcei-iients and easier to  weld incorporated elemcnts for 

heating, electricity, gas, etc. 

(e) No transport of usually heavy and cuinbersome elements. 
(f) Possibility of adaptation to  varied shapes, though starting from identical vertical 

elements. 
For vertical panels the advantage of pi,efabrication is more marked, the shutteriiig of 

liorizontal ones being easier. Here the solution devised by Foulquier should be mentioned. 
His heated shuttering permits a rapid handling of equipment, specially planned to  be moved 
and quickly reutilized. 

For foundations traditional processes ai-e markedly preferred, thougli soine cxperiments 
were inade witli special panels. Logirex is one of the few firins which still prefabricates 
foundations, although the sole-pieces arc cast i i ~  .situ with shuttering, dcsigned for frequeiit 
reutilization. 

Advanced research of blocks ofthe volume of a full room can also be mentioned. Mounting 
reduces to piling up cubes provided with mounting devices and all the necessary openings. 
This Par-reaching solution is still in the experimental stage, though it has been seriously 
studied. The delivery of the basic cell on the site was plarined completely fitted and painted, 
the joints to  be fixed by plastic flanges. 

Integration c? f '~ec.on~/ar~r. , f i t t ing~~;~f i i~ i . r I~ ing 

Secondary fittii-igs are iiitegrated to  do the bulk of the work in a Iixed position and to 
limit site work to simple assembly operations which are casier to  plan, fewer in number and 
take lers time. 

Integration of door fraines and woodwork has long been included in inost systenis and 
special deviccs havc beeil found to enable the use of columns for iiistallation of electrical 
wiring and fitting of switches, but soi-iie ( r . ~ .  Logirex) go even furtlier, leaving only the 
installation aiid connecting of electrical iittings, appointments and painting t o  be done on the 
site. Here sanitary fittings and main piping are already in the polyblock, the nucleus of the 
dwclliiig, and joints or simple connections permit the contiection of installations wheti 
ready for use. 

With other frins, assembly by special appliances lcads to  a search for workers who are 
expert in n-iore trades to d o  the friishing (Coignet, Balency). This type of specialization is 
now greatly favoured. 

Building is becoming an industry of assernbly operations for elements that can be 
produced ignoring unity of time and place, wl-iich leads to a concept of indispensable 
precisioii and, therefore, toleraiices. 

Here opinions differ widely: soine claim precision to  be impossible, others assert it can 



be within a millinietre. These viewpoints tend towards opposite extremes. Coiifrontation 
is interesting so as to deduce the actual orientation. Even those who abandon precisiori 
(e.g. Barets) adrnit the principle of tolcrances, thougli low cornpared with normal and 
traditional. Barets. in fact, adlieres to a 1 cm per room tolerance and estimates that the usc 
of wood in the plant perniits this precision. This leads to our first notion: precision is a 
function of the characteristics of tlie material of the plant. 

With Barets conception advantages are that wood givcs not very rcpetitive plants, capablc 
of frcqueiit renewal and tlius used for small discoritinued series of models, giving flexibility 
to the process. Relatively large tolerantes iinniediately require a certain play in the connec- 
tions. They may not accumulate and tlierefore mcans to take up tlie play must bc provided. 
These are the joints. 

Two notioiis may be derived from the above: 
The tolerance is applicablc uniformly both to accumulated and to  individual dimciisions. 
This iniplies uniting these categories. 
Tlie tolerance must be the Same for all works, whatever tlieir nature, evcn if tlicy are works 
of different trades. 
Of those using tlie lattcr, Coignet seems to  comply with thc sti-ictest limits. They claim 

to be within a millimetre and have the niost iiieclianized. solid and precise equipment. 
However, they adrnit that initially the tolerance was not uniform for all work pieces and 
here they made Progress, simultaneously simplifyiiig tlie plant. 

It must, thereforc, be recognized that for sorne opcrations tlie tolcrance is a priori easier 
than for others, due to the nature of the work or  the characteristics of the material. Con- 
stancy and uniformity of tolerance niust, therefore, be pursued. 

Most Systems lie between the extrcmes of Barets and Coignet and claim a precision of 
soiiie millimetcrs. A tolerance of 2 to  3 inm, giving a fully acceptable overall tolerance 
of sonie 5 nim, secins a rcasonable objectivc. Sonie complementary principles to bc ascribcd 
to a better process arc: 

Adjustment inust be don.e on two points: suitably levclling n point is easier than alignins a 
line. 
A system of tcmporary chucks, utilizing joint reccsses, should perniit satisfactory and 
simple vertical positioniiig. 

Joints: n,intl hracing, ir7ter/oclring, tightnrss und e.~pan.s ion 

The problcm of joints is fundamental. Solutions are usually similar for vertical and 
Iiorizontal joints. Ncvertlieless, a distinction niust be niadc between facade joints, offering 
absolute tightness and sirnultaneously allowing expansion, and internal or butt joints. 
where only interlocking is essential. Apart froin fasteiiiiig joints, the latter rcquire no special 
precautions. Thc first, howcver, niust more or  less simultaneously provide water tiglitness 
and connection of elements. Mostly the slab Cross section is recessed to liousc a small 
column serving this double purposc. Arrangcnients rccluiring no sliuttering - tlie so-called 
self-shuttering system - are souglit. 

T o  ensuie an  effective conncction a reinforcemcnt is insertcd that fastens on to the iroiis 
in anticipation of tlie panels (Camus, Logirex, Coignet, Barcts, Roger Marie, etc.). Otliers 
install a light meta1 framework beforehand, liavirig tlie rolc of a "tailor's dummy" and no 
bearing function. However. it aids tlie calculation of rcinforceiiients and the installation and 
adjustment of pancls. 

Though vertical elcnients arc often load-bearing, the colurnn systein often pcrniits the 
transfer of some stress. For examplc. with Barets horizontal strcsses are transfcrred to  
bearing floors and staircasc wells. Prcfabricated portals are also used in this systcni. The 
choice is dictated by financial consideratioi~s. In principlc. this solution is more economic 
for tall structui-es. Thc bearing floors are niore advantageous for constructions with five or  
fewcr foors .  Water tiglitness is ensured by lapped joints. vertically witli decompression 



space, liorizontally with weathering System. A plastic product, mastic or tape, is always 
interspersed. Tlie usual decompression space cavity is sometimes used as a guide for 
assem bly. 

The expansion problem is generally solved by juxtaposition of independent or  independ- 
ently acting premises uhich, for a single block, rarely eitceed 2 or  3 staircases in length, 
less than the length necessitating interposition of a special contrivance. Special precautions 
for soundproofing between adjoining premises are dealt witli below. 

Design and making of joints requires very special care. A considerable lap. crossing and 
possibly unkeying joints without irnpairing tlie aestlietic aspect, must be striken at. Hence 
the evolution of forins already foreseeii. This is, i r i  fact, the most delicate problem posed by 
use of heavy elements. 

Problenis here are very important owing to  stringent requirements in prefabrication, 
especially of lieavy elements. The dificulties caii be summarized under two main Iieadings, 
more usually inlierent in facade walls: 

Systeinatic eliniination of thermal bridges between the two faces. 
Efforts to achieve honiogeneity of coefficients between the eleinents and their various 

parts. Tlie desirability of a coiistant coefficicnt k cannot be stressed too greatly. More than 
an average must be realized: a balance of coefficients in the constitutii-ig elements. 

Tlie use of double or triple glazing, etc., is an  indication of great Progress hcre and is a 
step towards hoinogeneity of walls. The control of the therinal coefficient must, in the 
choice of solution, be coinpleted by a main concept: thermal value. Though often neglected, 
it is highly important to have this value as large as possible in summer and in wiiiter, 
especially when heating intermittently in rooms wliere the entire family is absent in daytinie. 

The soundproofing is (oniitting impact noises that arc satisfactorily dealt with by freely 
suspended floorsl essentially a function of the weight, a fact illustrated by thc process using 
tlie most material (Logirex), which has the best soundproofing. 

The manufacture conditions for heavy elements give them an  advantagz ovzr even higlily 
developed traditional processes. as tlie latest applications confirm. Especially the absence 
of monolithicism considerably resists sound propagation, in particular, with inner bearing 
walls. Another solution lies in choice of floor coverings: moquette, various types of carpet, 
etc. 

However, even the best solutions only solve the problem partly and other ineans Iiave to 
be sought. One solution could be to isolate those rooiiis where installations or  transmitting 
ducts cause noise, in particular the sanitary and W.C. bloc and, sometimes partly, the kitchen. 
Complex glazing Iiere also has advantages, especially against airborne noises. 

Most cominonly used is the interposition of a cushion of expanded polystyrene. giving a 
satisfactory thermal and sound insulation. usually completed by the use of different con- 
cretes: pozzolana, vermiculite, etc., in successive layers. 

In double walls (expansion joints) the same material should not be used for tlie two walls, 
or  an insulating screen sliould be interposed. 

The problems of condensation arise with those of insulation. Outer faces of elenients 
must be extremely tight but not inner faces, ujhich should form a type of reservoir. Bearing 
this in niind Barets leaves the plaster as i t  is, its porosity being important in making the 
premises habitable. Others use a last outside coating of morc or  less inferior mortar, not  
always giving equül satisfaction. 

F I N A N C I A L  C O N S I D E R A T I O N S  

Coniparison of costs of dwellings of tlie different systenis is extremely difficult due to  
differences in floor areas, economic conditions. etc. This is all the more true as very dissimilar 





orous classicisiii in volunie and proportion, especially for distribution of solid and voids. 
By its very naturc, imaginative design is not repetitive. Large-scalc plans must be studicd in 
tliis light. 

Frorn the iesearch dominating thc approacli aiid troiii its variation a happy balance inay 
rcsult. Distribution of volumes, good cornpocition and a certain rliythm inay palliate 
the austerity and uiiiforrnity of rigorously sirnilar elernents. The architect's talent caii 
transforni monotonous repetition into harnioiiious order. Tliis short digressioii only intends 
to emphasize tliat tliere are enough means to  counteract thc drawbacks of repetition, but 
thcy rnust be studied to prevent lazy solutions such as painted patclies in various colours 
that onl y spotlighl rnediocrity of architecture. 

P R O B A B L E  E V O L U T I O N  

The precediiig remarks show that there is virtually no great difference betweeii thc various 
Systems. Tlirougl~ ten years of industrial pi-actical expei-ience (earlier applications wei-C 
isolated experiinents) tlie followiiig inain trcnds can be indicated: 
In the technical lield 
(a) Standardization of jointiiig systerns aiid search for self-sliuttcring deviccs; 
(b) increase of tlic s i ~ e  of elenients; 
(C) integration of secondary elements; 
(d) inoi-e and rnore coniplcx castings e.g. saiiitary units, staircases. 
In thc productioii field 
(a) Trend towards average capacity production units, u5ually at tlie limit of the basic plant 

potential ; 
(b) a certain mobilily of productioii uiiits (son~ctinies mobile installatioris): 
(C) iinproving plants, cspecially automation; 
(d) systematic adoption of artificial curing for coniplex plants with Iieavy depreciation; 
(e) sirnplification of work and labour specialization; 
( f )  reduction of construction time; 
(g) attractivc wages based o n  shift work. 

Sornc of these aspecls wliicl-i are not the prerogative of heavy elernents have not been 
treated in tliis paper: they are elcrnentary for all industrialization. 

The salient fact einerges frorn this list that henceforth iinprovernents and profit should 
come frorn more analysis «f details. Neverthcless, tliey may be coi-isiderable, as rnuch can 
be donc in the field of rationalization. The immediate future is tliat in this tield, morc than 
elsewhere, great Progress can be expected by steady aiid continuous action for all systerns. 

A rnarriage of corivenieiice seems desirable between Iieavy eleiiients for bearing skeletons 
(longitudinal and transverse partitions, floors) and light f a ~ a d e  elements (curtain walls, 
filling up facade cavities). Thus a greater varicty of coinposition may result. Logii-ex's 
systein or that pcrfectcd by Foulcluier perinit adoption of this forrnula and others will 
certainly follow suit. 

Now i t  is up to the certainly advanced industry of heavy eleiiients to develop new im- 
provements in its organization and tecliiiics. 

C O N C L U S l O N  

Contrary to  tlie rather general view, a gain of sorne hundreds of kilograins is, in France. 
not tlic inain probleni. Reductioii of weight is of little interest if it results in rnatcrials that 
are niore expensive in markct price ur in manufactui-e. But tlie search for material5 econoinic 
in both thesc respccts is a n-iain airn of Frcnch industrialists, the rnorr: so sincc, as indicated, 
incrtia of inass and cornpactness are sought to  satisfy technicnl factors of comfort, e.g.  
tlicrinal value and souiid insula~ion. 



Tliis does not mean that systeinatically ideal solutions, from the viewpoint of static aiid 
dynamic calculation or  of waste of calories, should be sought. but tlie conviction should 
be that dwelling construction is both an art and a science, due to  complexity of services 
to be supplied to  occupants and to the latter's ofteii irrational reactions. For tliere is a 
danger that, after tlie reproaches on cxcessive artistic care to  architects, engineers may soon 
ineet opposite reproaches. 

Heiice one thinks, as concrete elements will in any case be heavy, the first problem of 
French engineers is "quality". Quality in its broadest sense aiid in the light of all those 
matters that aini at  maximum satisfaction of tlie demands nian makes of his dwelling. This 
Warrants the extensive comnient of tlie present study. Never can prefabrication, especially 
of heavy concrete eleinents, afford inediocrity. Research for acceptable quality involves 
considerable consequerices due to  the client's and even the general public's prejudices. and 
due to instiiictive reserve against all novelty. 

All involved in prefabrication should be constantly aware of tliis imperative obligation, 
which is loaded witli consequciices for development of productioii conditions, and of the 
future of a n  industry barely started. One of the consequent rind dominating objects is the 
conimercialization of heavy elenieiits by creation of a market in line with the efforts of 
industrialists and the possibilities of tlieir equipment. 

Apart from dwelling construction. application of separate elemeiits should be investigated. 
These would be used for more or less dissimilar constructions, but benefit from partial 
industrialization, as normal with light elenients. 

Dimensional coordination sliould stiniulate development, but cataloguing tlie most 
adaptable elements would certaiiily facilitate - if not ascertain - their conimercialization, 
as no serious competitioii iieed be feared from tliis possibility of outlets for thc homogeneous 
solutions. Above all tlie problem of constant outlet prcseiits itself even inore striiigently for 
entire dwellings. Tlie needs are present: let them be arranged and the market be organized. 

Unfortunately, very stroiig opposition places a dangerous inertia in tlie way. Oiily very 
wide scope action could raise tlie required spirit. Can we hope tliat first clients aiid then 
architects, engineers and contractors would fjnally join efforts to  embark upon thoroughly 
new developments. recogriized as necessai-y aiid iiivolviiig changes in. niethods and struc- 
tures? 

As for costs, present conditions would not seein to perniit a substantial reduction by 
prefabrication. Increase of wages and improvement of working conditions for operatives 
prevail largely over price improvement. The latter will not come before buildiiig workers 
have a balanced position in the labour market. But to  reach this stage, action by heavy 
elenients prefabrication will stay predominant, as it was recei-itly arid still is now. 

The questioii of details, raised where we discussed tendencies, requires special attention 
Iiere. More precisely, a systeiii;ltic chase after waste is tlie required aiin: 

Waste in inanpower, due to  its high cost. Bad or  unadapted production processes burdcn 
labour costs especially for expensive and not iibundantly available skilled workers. Bad 
division of elements aiid unbalanced planniiig of operatioris seriously Iiave the same 
effects. 
Waste in nieans, due to  ambitious creation of tools out of proportion to tlie long- o r  
medium-ruii objectives. 
Waste in primary niaterials, due to bad use. costly applications, costly ostentation where 
no technical necessity exists, use of overestimated sections, of badly projected forrns, t tc .  

l'lie repetition of tliese errors, which are a prinri  iiisignilicant. though not theoretically 
influencing tlie coiistruction teclinology, interrupts tlie production rhythm, causes hesitations 
and rapidly ruinous delays. 

The main possible Progress here is the integration in the bulk of main elements of the 
largest possible number of secoiidary elenients. Research into all connected operations, 
incorporating all elementary work, may perniit factory producers of large elements t o  



progress considerably ahead of less industrialized processes and also of site work shops, 
as they can much more easily realizc the desired unit of precision. 

Notwithstanding this, it does not seem necessary systcinatically to declare oneself 
"anti-site". because movable installations may, with technical progress, come to the same 
precision. 

Today heavy industrialization plays the role of the spearhead of technical progress. 
Such industrialization will, in near future, come forward of necessity, as automation and 
cheap energy will fully take away from the remaining traditional activities the operatives 
and skilled leaders. The psychological importance of mechanization can already be Seen 
at the sites. Operatives and cngineers Want to handle mechanical slaves and get away from 
other activities. 

This view of the future should not be neglected when trying to appreciate fully the 
economic value of the mcans of advanced industrialization found in the large-panel Systems. 
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The age-old experience in constructing buildings with monolithic walls provides so much 
practical data o n  tlie conditions of strength and stability of such buildings that checking 
of calculations is relatively unimportant and carried out by elementary methods. The 
extending practice of multistorey construction of large prefabricated units, however, 
requires a nluch more careful approach in calculation of strength and stability. At the Same 
time a perfectly accurate calculation of these cornplex spatial constructions is so time- 
consuming that it becomcs, in practice, almost prohibitive. Therefore the Leningrad Branch 
of the U.S.S.R. Academy of Building and Architecture carried out several studies to develop 
fairly reliable and at the Same time simple tecliniques for the design of such buildings. Some 
of the results of these studies are presented below. 

Buildings of large prefabricated cornponents are characterised by the following principles 
of design : 

I. Frained buildings with light members, designated as frame-and-panel buildings; 
2. Frameless buildings. 

In either case calculations are done in such a way tliat checking the general strength and 
stability of tlie building as a whole becomes possible, whicli is followed by calculation of 
individual structural units. The latter calculation being done by standard methods, the 
subsequent discourse will deal rnainly with calculation of the general strengt11 of both 
types of building. 

C A L C U L A T I O N  O F  F R A M E - A N D - P A N E L  B U I L D I I U C S  

A frarrie-and-panel building with crossties fixed during thc assembly process may be 
regarded as a spatial multi-tiered frame, connected by the floors acting as rigid monolithic 
horizontal diaphragms to  the rigid supporting system of transverse vertical diaphragins 
(lateral staircase walls) (Fig. I ) .  

Qw 
4 4 4  ~ J ~ C J + ~ ~ + ~ J + J ~ + + ~ & C J J  + + 4 4 4 ~ 4  444 

The support  sys t em of vertical diaphragms 

L-- 

C 

Horizontal diophragm 1 -.-P-- 1 ZLHC 
I 

Fig. I .  Standard section of a frame-and-panel building with through verticrrl rigidity diaphragms 



Spccial studics Iiave established that tlie s t i f iess  of horizontal diaphragms in tlieir plane 
is so great coinpared with tlie stiffness of the fraiiie clcmcnts that these diaphragnis actually 
cnsurc horizontal displacement of the frame conncctcd to the vertical diapliragms wliich, 
providcd tlic building is tall enough, may be rcgardcd ;is beam foundatioris, one end of 
wliich is rigidly or elnstically lixed in the ground. 

As all plane framcs of a typical scction unit caii bc subsiituted by onc reduccd planc framc 
witli aggrcgate moments of incrtia I„ I „  and I,., of crossties, extcrnal and iriternal columns 
can be deterinineti by adding up tlic inoiiients of iiiertia of all coi-rcsponding franie clcments. 
Siniilarly tlie moineiits of inertia of the supporting vertical diaphragms can be added to 
obtain n common reduced moinent of inertia. Thc vertical diaphragnis of Fig. 1 are provided 
in case of a greater horizontal lond, due to  increased building Iicight (up  to 14 storeys). 

In siniilar cases siiiglc-spari (non-through going) diapliragms arc soinetimes provided in the 
form of ribbcd reinforced concrete paiiels witli iiisulating platcs cmbeddcd in the panels 
duriiig tlieir fabrication. During tlie assembly of tlie buildings these panels are joiiled to 
thc franie coluinns by means of cast-in lugs after the joints are caulked with in situ coiicrcte. 
Trcating such a juncture as a inonolitliic one, the adjoining columns of the Frame should 
also be added to tlie aggregate rigidity of the through aiid non-through going vcrtical 
diaphragiiis. 

l i i  aiiy case, tlie systcin of calculating a framc-and-panel building as a reduced frame unit 
(Fig. 2) rcflccts with passable accuracy tlie actual work of thc building in space and allows a 
Frame-and-panel building to be calculated statically by conventional methods for all kinds of 

P , e  , 
Fig. 2. Diagrani of a reduced fr,inle ~ in i t .  

opcrating loads. An iipproximate method suggested by P. P. Shagin proved to  be espccially 
effective for calculating a reduced franie construction with fairly accurate results since it 
obviated thc need for soiving systenis of equations. 

From tlie results of calculations of a reduced framc unit it has been possible to  cstablish 
certain specific features of the composite action of the frame and the rigid supporting 
systeiii. It was shown that in contrast to a frec franie tlie moments in frame element units 
increasc not from top to bottoni but in thc reverse direction. At the Same time. with a 
definite relationship between the height of the buildiiig and load, the inoments in the upper 
Zone of the supported frame are revcrsed and may then be several tinies greater than in the 
saine Zone of a free frame. 

Anotlier important feature which rnay be explained bg the effect of the great rigidity of 
vertical diaphragiiis is the considerable incrcase of tlie moments in fraine elcments due to 
clastic turning of thc foundatioris of these diaphragms, which not only more than conipensate 
the total effect of the longitudinal forces upon the reduction of the main lincar diagrani of 



rnoments, but also increase the latter from three to four times in the lower and upper zones 
of the frame respcctively. Finally, the rnoments in the upper and lowcr zoiies of the frrinie 
tend to cqualizc aiid the supporting systeni is relieved of a considerable part of the load. 
With incrcasing horizontal loads, as in thc areas of thc Far North ( R  154-195 kg/m') or 
iii tlie seisn-iic arcas, ai-id. similarly, witli iiicrcasing height of buildings, tlie nioments i i i  the 
fraine elements incrcasc coiisiderably. The calculatioii of a frainc element for vcrtical loads 
is simplified in maiiy respccts, siiice a symmetrical constant load precludes lhc possibility 
of tlie i-iodes being displaced and at  tl-ie same timc the supporting system is also cxcludcd 
from the diagrain. The same, although approximate, technique may be used in thc calcu- 
lations for teinporary vertical loads. 

The strengt11 and stability of vertical diaphragms are chccked and the rigidity of tlie 
building is dctcrmined procceding from the assuinption of a rigid ioundation. 

C A L C U L A T I O N  O F  F R A M E L E S S  B U I L D I N G S  

She  vertical loads acting upon a building are, as a rule, located symii-ietrically in relatioii 
to  the longitudinal axis of tl-ic building. Coiisequeritly, vertical loads acting upon tlie building 
do not cause horizontal displaceinents and therefore it may be calculated as u two-diincn- 
sional system of individual Iiirige-jointed constructioiial elements. Thc calculation OS such a 
system prcsents no difficulties aiid therefore wc shall lcave it out of our discussion. Tl-ie 
principal attention must be centred on calculations for hoi-izoiital loads. 

With horizontal loads acting upon a building, rigidity is assured by tlie coinposite action 
of walls and floors as a result of the prcsence of the floors, which are rigid in tlieir own plane. 
Moreover, the diaphragms impart stability to tlie entire contour of the buildirig in plan. 
Tlius, for simplicity's sake wc niay regard a frameless building as a cantilever thin-walled 
rod of a non-varying contour, the scction of which is formed by thc transverse and lon- 
gitudinal walls. At tlie saine time we must take uccount of ccrtaiii specilic Features, such as 
tlie existence of apertures in walls, the division of walls into separate paiiels, etc. 

The reaction of a building to a horizontal load depeiids to a considerable extcnt upon tlie 
streiigtli of tlie junction betwecn the transverse and longitudinal walls. If this joint is not 
strong enough, the latter do  not takc part in the general spatial work of the building for 
horizontal loads. Therefore. we should regard individual transversc walls connected by 
rigid diaphragms (floors) in their entirety as a reduced section of the cantilever rod. 

In the case of a symmetrical or nearly symmetrical location of walls in plan, tlie dis- 
placement under a horizontal load will be the sanie for all walls. l'l-ierefore the total load 
acting upon a particular design section is distributed between individual transverse walls in 
proportion to  their rigidity. 

With an asymmetrical locatioii of the transverse walls in plan, the point of application 
of the resultant of the external forces does not coincide with the ccntre of the section. 
Coiisidering that, we should add to the forward displacement the displaceinent resulting 
from the rotation of the section through a certain angle u. 

In view of the great rigidity OS the floors the contour of the section remains unaltercd in 
the horizoiital plane. Shis niakes it possible to establish the dependerice between the dis- 
placements of individual points belonging to  different transverse walls, but located in tl-ie 
sanie horizontal plane. 

Provided tlie junction betwecn the transvcrse and longitudinal walls is strong enough. 
the building forms a closed contour in plan. However, the calculation of a limiting wall, 
treated as a plate loaded with tangential stresses transmitted to it by adjoining transverse 
walls, has shown that the distribution of normal stresses in longitudinal external walls is 
extrernely uneven. Normal stresses (tlie y-axis coincidcs with the d i r e h o n  of the wall's 
vcrtical edge) attaiii the higliest values at  the junction of transverse and loiigitudinal walls. 
dirninishing towar-ds the central part of the section under considcration. Thercfore, to 



simplify calculations we may also treat as a reduced section of a cantilever rod such a thin- 
walled section of an open-profile witli an  invariable contour which coiisists of all tlie 
transverse walls and the adjoining sections of longitudinal walls of inconiplett: width which 
inay be considered to be fully participating i n  the work of the transverse walls. We shall call 
that section of tlie longitudinal walls which acts compositely with tlie transverse walls thc 
"useful width" of longitudinal walls. This width is determined by rnultiplying the distances 
between tlie transverse wall by a reductioii factor, rnaking allowanee for the uneven stress 
distribution of longitudinal walls. In view of the fact that theoretical determination of the 
reduction factors, witli due allowance for the effeets of wall apertures and the division of 
walls into individual panels, is exceedingly dificult, tliey were determined ori tlie basis of 
an experimental study of stress distribution in rnodcls of walls of different designs (Table I ) .  
This work was earried out after the popularization-optical technique with a niodel scale of 
I : 100. 

T A B L E  I 

TYPES O F  INVFSTIGA'IED hlODFIS OF LONGITIJUINAL EXTERNAL WALLS 
-~ ~- - ~--P 

Ts.l,c, o/' I IJUII tt10~1eI l)i..scriptioti 

Model o f  a solid scction wall. 
Model oF wall with rectangular apertures. 
Model «f wall with rectangular apertures divided into horirontal bands 

connected at individual points. 
Model o f  wall with rectangular apertures divided into individual 

panels connected at Corner points. 

In designing the models it proved expedient to substitute an  actual wall motlel, following 
the principle of similarity, by another equivalent model of the saine width but of double 
height. Thus each half of the model, symmetrical in relation to the horizontal axis. represents 
an  actual wall model. As a result, all the points of the model lying on its horizontal axis 
will have no vertical displacements. In this way it proved possible to siinulate the undeform- 
able wall footing in a simple and accurate way. 

To  prevcnt the plate from being thrown out of stability, the tangential stresses acting 
along the vertical edges of tlie inodel were applied in such a way as to produce tensile 
stresses in the rnodel. The adopted distribution of tangential stresses follows the triangle law. 
In actual testing, distributed loads were substituted by a group of concentrated forces whicli 

Fig. 3. Modcls o f  walls with reclangular apertiires 



were applied to the model through special built-in lugs. A clear picture of one of the models 
investigated may be gained f r o ~ n  Fig. 3. 

Tlie inodel was divided into separate panels by making 0.4 mni wide slots. The ratio 
between the lengtli of the slots and the remainiiig panels corresponds to  the sliare of the 
strcsses absorbed by the cinbcdded parts in relation to  thc full section of tlie wall, assumed 
to  bc fully rnonolithic. The irivestigation was carried out by tlie coinpeiisatiori teclinique. 
TIirce horizontal and one vertical sections were studied in detail. 

Fig. 4 prescnts data on a section of tlie iiiost interesting niodel froin the viewpoint of 
desigii, which cori-esponds to tlie horizontal sectioii of the wall at its base. The stresses are 
expressed in conditional units - inillimicrons: if expressed in kg/cm"he only iiecessary 
change would be in tlie chart scale. 

S t r e s s  c h o r t  C x  

-b. - - -  - 
2 

S t r e s s  c h o r t  ay 

Fig. 4. Character «f distribution of norinal stresses o \ c r  Iiorizontal sections of exterior walls (ai ihe 
foundation). (a )  Model of wall type M-I ,  ( b )  type M-2, ( C )  type M-3 and ( d )  type M-4. 

Experimciital data coiifirined tlie earlier theoretical deductions conccrning the non- 
uniform stress distribution in longitudinal exttrnal walls. The general stress distribution 
in the types of model we have investigated proved to follow a siinilar Pattern. 

In  view of tlie above, the useful width cif wall, h, which sliould be considcred as workiiig in 
corijunction witli transverse lateral walls, is deteriiiined from 



wherc tl is tlie reduction factor, and 11 the distaiice betueen transverse walls in plan. 
Here 

The values of reduction factors obtained experinientally for longitudinal external walls of 
4-6-storey high buildings, with a distance of 20-25 nictres betwcen tlie transverse walls. 
are prchented in Table 11. 

T A B L E  I1 

VALLIES OF IItr>UCTI(lN FACTOIIS FOR A HOLIIZONTAI WALL SECTION A l '  ITS B A S t  
~ ------ 

vu1u<, qf 
No. T\,~I(, uf ~ L ~ U / /  ( / o I I ~ ~ ~ ; / I / ( / ~ ~ I ( I /  u.Y~,s) r.i,(lrrc/ioi~,fur.ior 

I Wall oTa solid section 0.355 
2 Wall with rectangular apertures 0.258 
3 Wall with rectangular apertures divided into horizontal (storey) belts 0.221 
4 Wall with rect;iiigular apertures divided iiito panels coiinected a t  Corner poiiits 0.204 

-- - ~p 

For practical designing we may assume tliat the variation of tlie reduction factor along 
the height of the wall is linear (following the triangle law). 

Althougl-i tlie longitudinal external walls are not fully drawn into tlie work of the trans- 
Verse walls, thcy have a substontial effect upon tlie total rigidity of the buildirig. iricreasing 
it 2-2.5 tin-ies. Thus it is advisable to design frameless buildings in such a way that tl-iere 
should be a reliable rigid connection between the transverse and longitudinal walls to  assure 
their working in conjunction. This condition is often underestimated when constructing 
buildings of large prefabricated structural units and Warrants special attention. 

For the purpose of developing further recomn-icndations for the practical calculation of 
transverse large-panel walls, specifically those weakened by apertures, an  experimental 
investigation of such walls in a stressed state Iias also been undertaken. Firstly, we consider 
a wall weakened by a single asymmetrically located row of vertical apertures. This case is a 
typical one in practical apartment house dcsigriing. The etrect of the division of the plane 
of tlie wall into panels may be assessed by comparing the Patterns of stress distribution 
wliich were established as a result of investigating corresponding wall inodels. 

Subsequeiitly, we sliall investigate other sections, both in a monolithic model and in one 
divided into separate panels. 

T H E  E F F E C T  O F  N O N - U N I F O R M  G R O U N D  C O M P R E S S I B I L I T Y  

The erection of brick apartiiient houses and those constructed of large units on non-uniforni- 
ly coinpressible ground witl-iout properly reinforcing tlie construction of walls and founda- 
tions with special reiiiforcement belts not infrequently results in the formation of eracks 
completely tlirough the walls and foundations and sornetimes in failure. At tlie present 
time there is ari increasing trend towards tlie construction. of assembled frameless buildings 
with room-size panels, tlie constructiori of which is more rigid than brick buildings and 
those built of large units and, therefore, more liable to be affected by tlie coiisequences of 
non-uniform subsidences. In actual practice, however, tlie foundations and walls of such 
buildings are given inadequate rcinforcement, or none at all. 

With this i n  view, the Leningrad Branch of the U.S.S.R. Academy of Building 2nd 



Architecture has developed a inethod for calculating frameless buildings erected on nori- 
uiiiforrnly deforrnable foundations. 

This method proceeds from the consideration of a beam of a finite lengtli on  a Winklerian 
elastic foundatiori with a variable bed coeficient, varying syrnrnetrically from K to aK,  
where the value of the index a can increase theoretically froni I to wi. lf the system is 
designed for flexure, the variation of bed coefficieiits is reversed. A design proceeding from 
the assumption of a symmetry of non-uniform subsidences appareiitly yields an  over- 
estimated result, but the calculation is simplified in many respects. 

Below we present the main principles of the calculation method we are suggesting for 
frameless buildings with brick walls and those constructed of large uiiits. With regard to 
tlie degree of compressibility the following classes of ground are recognized: 

(a) Moderately compressible grounds, with a compressibility coefficient a from 0.005 
and a porosity coefficient of 0.5 to 0.8, with mean subsidences of 5 to 15 crn. 

(b) Very cornpressible grounds of the first group with a compressibility coefficieiit a of 
0.05 or  a porosity coeficieiit < of 0.8 to 0.95, with rnean subsidence upwards of 15 cni. 

(C) Heavily compressible grounds of thc second group with a porosity coeficient ( of 
0.95 to 1.10; 

(d) Non-uniformly compressible grounds witli a porosity coefficient 5 > 1.10. 
Natural beds for wall footings on ground of the latter class include footings on peaty 

grounds or ground that alternately gets soaked, frozen and thawed and also on permanently 
frozengrounds which becomecompressible upon thawiiig(and heaving) and swelling ground, 
in the case wheii foundations of multistorey buildings are laid above the freezing depth. 

In all the above instances of grounds of indeterminate compressibility the calculation 
is done after the limiting values of moinents and transverse lateral forces have beencalculated. 
Stable fouridations Iiave not beeil considered. 

I .  The calculation of the "wall-foundation" system falls into two stages: the first stage 
is to deterniine the reinforcements of belts and the maxirnum shearing Stresses in the 
process building assembly, and the second to determine the sarne data for the complete 
building in relation to the rernaining time of subsidence stabilization. 

2. At both stages of calculation a double reinforcernent is designed which corresponds 
to the resistance of tlie system to two possible forrns of flexure. The lower reinforcernent 
(Af ' k  and F , )  is laid along the top of split pads of the composite wall footing. Tlie upper 
reinforcement (fi and F;) is placed in the thickened seams along tlie top of wall panels of 
the storeys being assernbled in houses constructed of large panels or  in the floor planes of 
large prefabricated units and brick constructions. 

3. At the first stage of calculations the nrea of the double reinforcemeiit section (in cm2) 
is determined by 

where Ra is the calculated desigri reinforcemerit resistance in kg/cm'; 
1 the ordinal nuniber of ttie storey being assenibled, starting with the first storey; 
Hi the design heiglit of the systeiii in inetres, starting frorn the top  of the split pads 

of the foundation to the top of tlie itli storey being assernbled; 
q i ~  I the design load in tons per rnetre of the liiglier storey, including the weight of the 

wnll, the pressure of the inter-storey floor and the assembly load; and 
1 the ratio characterizing the degree of strain of the systern and the foundatioii 

Yi during tlie assembly of the building calculated froni 

where K is the number of storeys being assembled. 



If the assenibly pr0ceed.s at  a rapid rate, for instance, "from tlie wheels", the figurc 0.7 
in the forniulae is replaced by 0.5. 

/ j i, the flexurc characteristic of the general "wall-foundation system", is calculatcd by 

where q~ is tlle design load in t/metre of the completed building and 
A the cliaracteristic of tlie non-uniformly compressible ground, whicli is determined, 

depending upon its porosity coefficient, by interpolation from Table 111. The 
loads cli+l and q~ are calculated without safety factors. 

Nu. 

I OF indeterniinate compressibility 
2 Heavily coinl>ressible 

EIi, the reduced rigidity of the ith storey being assembled along its panels and apertures, is 
determined from 

wliere Il and 1 2  arc the nionients of inertia of the sections of tlie system calculated for wall 
panels and apertures, and E is the value of the ininiinum elasticity inodulus in t/m%f 
concrete panels or  wall blocks or asseinbly concrete in buildings of large-panel or  large- 
unit construction. 

For brick buildings the value E is determined approximately in accordance with the 
grade of mortar, Mrk, after the formula 

in which tlie value M1.k is given in kg/cm2, arid hl is the specific value of the bending moment 
of the system determined by interpolation froni Table I 1  by the design value of parameter 
Pi/ ,  depending on ground category, where I is the length of tlie systeni in metres. 

4. At tlie first stage of calculation the maximum shearing stress (kg/cm2) is determined 
from 

1 
where , Pi, qi, q i 4 ~ i  and Hi have the former values, 

-1. i 1 

h is the wall thickness (m) and 

Q tlie value of the transverse force, which is also determined from Tablc [ V  from tlie 
above value of parameter ßil. 

5. The section area of the double reinforcement (cm2) at  the second stage of calculation 
is assumed to be 

where q~ and R„ have the values indicated above; 



T A B L E  I V  

Heuvily rotrrprc~.s.rih/e 
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HK is the height of the system (m) from the top of the split pads to  the upper reinforce- 
ment level; 

PK the above-mentioiied characteristic. wliich includes the reduced rigidity value of 
the completed system with allowance for height H frorn the top of the split 
block pads to the top of the cornice block; aiid 

M the value of tlie moment determined from Table IV after the values of the 
parameter. 

6. Tlie maximum shearing stress (kg/cm2) at  the secoiid stage of calculation 

where valiies q ~ ,  ßh., h  and H are taken from the preceding paragraph and value Q is 
determined from Table I V  by the same parameter ß ~ h .  

7. The total value of the foundation reinforcement indicated for the top of the split 
pads is found from 

l F u P  F u i  f A i - , f ; . . . -  f ' : '  (8) 



8. The total maxirnum shearing stress (kg,"cm') which is determined with allowance for 
the assembly sequence of the aystem is 

where R, is the minimuni design teiisile resistance of wall material and rp are the reduction 
factors given in Table V. 

T A B L E  V 

9. Calculation by Table IV is restricted by the limiting value of thc Parameter /j/ 2.32; 
if the latter diminishes the calculation beconles one of tlie "bearn wall" type. In those 
instances, w l ~ e n  the value is within the range of 2 to 2.32, thc calculation rnay be carried 
out in accordance with tlie conditional characteristic 

The calculation of a beam-wall systeni Iias not beeil solved theoretically as yet. 



Precision design of large prefabricated reinforced 
concrete elements UDC 691.3271.328 : 621.753 

K.  1. B A S H L A Y  

.4<i1(/ei11y of B~lildiilg anrl Archiieritirc~ ( ü . . S . S .  R . )  

Construction units prefabricated in factories niust be assembled at building sites and must, 
tlierefore, correspond to both tlie design and the architectural composition without any 
previous selection or  subsequent matching-up of separatc units once they have left the 
factory. This requires similar units to be geonietrically equal, i.e. intercliarigeable, and,  
therefore, manufactured with a fixed degree of precision, regulated by a tolerance system. 

However, sometirnes the actual dimensional deviations of units arid those of thc assembly 
considerably exceed the adopted standards. Usually specificatioris give no limitation of 
dimensions of supporting surfaces or of requirernents of planarity of panels; the size of 
tolerances is not limited as a function of character ofjointing and of the number of elements. 
There is poor agreement between the factory standards for prefabricated reinforced concrete 
articles and the requirements of specifications for reinforced concrete jobs. 

The lack of consideration of existing diniensional deviations causcs alterations in. the 
mounting process, wasteful expenditure in labour costs, prolongation of construction 
schedules and increase of construction costs. 

Application of prefabricated reinforced concrete in the U.S.S.R. is. besides a general and 
great increase in volunic and in the extent of the assortment of articles, characterised by 
cnlargement of constructions, use of large iiriits and higher standards of prefabrication in 
the factory. The increase of overall element diincnsions reduces the numbcr of joints but 
increases the element's length. thus necessitating a grcater accuracy of manufacture; a high 
degree of completion of a component demands a more thorough jointing. Use of large 
units - parallelepipeds - requires a high precision of lines of joints and of parallelism of 
jointed surfaces. Further development of concrete prefabrication will necessarily demand 
thorough precision design. 

The building industry has no precision dcsign for prefabricated reinforced concrete 
elements. nor a n  elaborate system of tolerances. At the same time the increasing iise of 
large elements for dwelling construction urgently calls for a solution in this respcct. 

For the tolerance problem solutions are sought in two directions: 
(a) At establishing standardized values of tolerances on thc basis of a scientific niethodology. 
(b) At elaborating precision design methods to solve practical problems in the deter- 

mination of tolerance values for reinforced concrete constructions and their details. 
To  arrive at  a justifiable definition of tolerance values is a complcx matter for which due 

considcration of constructive design requiremcnts and of nunierous factors relating t o  
manufacture technology and erection of constructions is required. The cornplexity arises 
bccause bot11 the interdependence of these niany factors and the degrce of their effcct upon 
the tolerance value are, up to now, insuficiently invcstigated. 

Dimensions and the shape of precast reinforced concrete articles have deviations from 
the noniirial wliich are functions of the following production factors: geometrical errors 
of forming machines, moulds, tool attachments and appliances and the prcsence in them of 
thrust and concrete weight deforrnations. 

Not all the geometrical pararneters of articles have rigid and steady constancy in time. 
They change depending upon technological task, concrete consistency, coarseness of 
aggregate, the regime of vibration and of the delivery of concrete into forms, variatioris of 



teniperature and, in addition, they change because of the natural wear of working surfaces 
and from hingcs. At the present tiinc there is no possibility of givirig a mathematical 
exprcssion of tlie value of the crror of production as a direct function of the nurnerous 
conditions of manufacture and ercction. Hence, in tlie solution of the probleni of establishing 
rational tolerance values wc now utilize statistical methods of investigation. 

The first stage in the solution of the problem is tlie collection of statistical rnatcrial: 
measurcnient and recording of actual dimensions of an  article and of the position in erection. 
Thc second stage comprises a systematization of records, tlie drawing up of distribution 
curves and the calculation of statistical characteristics for a variety of conditions of manufac- 
turing and erection. 

The deviations calculated for the normal How of the techiiological process are fundamental 
in the settlenient of thc size of tolerances. 

The experience in tlie field of rnechanical engineering, where the questions of inter- 
changeability and tolerances lirive beeri studied for morc tlian thirty or  forty years, deserves 
attention. The basic concepts of tolerances. ijts and dirnensioning chains specified in 
mechanical engineering. as well as the systern of determining the maxinium aiid minimum 
actual and nominal dimensions, clearances and fits, are utilized in establishing the main 
principlcs regulating prcfabricated reinforced concrete construction tolerances. The method 
of calculating the value of tolerances for details which are parts of units, by means of 
solving dimensioning chains with the application of thc laws of tlie theory of probability, 
is applied. 

As is well known, a distinctive feature of civil engineering structures is their unchange- 
ability, rigidity and solidity after assernbly. Prefabricated house building is characterized 
by a large nuinber of linear dimensions of details entering a unit or niaking up a unit. witli 
tlie prevalence of plane elemcnts, i.e. panels and blocks. 

"The sliaft hole systcm", the terminology used in mechanical engincering, is not applicable 
in civil engineering. If we take the dimensions of components delivered for erection as the 
initial dirnensions. then we may utilize "the system of panels", while if we consider thc 
dimensions betwcen the lay-out control axes as unchangeable, tlien we may apply "the 
axis system". 

The actual shapes of rnachined surfaces differ from their theoretical geornetrical shape by 
an  aniount cqual to 0.2-0.3 of thc value of tlie speciiied tolerance, and, therefore, shape 
distortions have no substantial value in the deterrnination of the size of tolerances. The 
actual shape of reinforced concrete details arid especially the plane of panels is of great 
significance in ensuring the prefabrication qualitics of coniponents of a building. The value 
of thc deviation of the panel surface frorn the geometrical plane usually reaches the value of 
specified tolerances, or  even exceeds tliem. 

Pcrmissible errors in the reciprocal position of units in a construction or structure and 
allowable deviations of tlie sliape and dimensions of ~inits  which secure the specified 
rnaintenance requirements for tlie operation of the structure. are all determined by rneans of 
geornetrical computations, with the use of positions of diiiierisioning chaiiis and the theory 
of probabilities. 

F A C T O R S  D E T E R b l I N I N G  T H E  S I Z E  O F  T O L E R A N C E S  

The size of a tolerance must take into account design requirernents guaranteeing a iiormal 
exploitation of the structure or of its individual parts and of the manufacturing and erection 
possibilities of tlic modern lcvel of building technique and precision of measurenient, which 
is deterinincd by the coiidition of the concrete surfacc and by tlie measuring appliances used. 

C O N S T R U C T I V E  I . ) E S I G N  K E Q U I K E M E N T S  

Existing constructioris and structures, due to the inaccurate rnanufacture of separate 



components and due to errors in the assembly of units, are operated under conditions wliich 
are different from those specified by the designer. Inaccuracies in the manufacture of separate 
details lead to  changes of geometrical dimensions of calculated Cross sections, while devia- 
tions from the design position of tliese details at joints leads to  clianges of free lengtlis, 
spans, conditions of fixation. and to the appearance of eccentricities aiid changes in values 
of loads and moments. 

Experience shows that prefabricated reinforced concrete constructions calculated by the 
limit design method give reliable service. This gives a basis for the assurnption that manufac- 
turing and erection inaccuracies of reinforced concrete constructions are to a sufficient 
extent calculated (or compensated) by tlie coefficients of conditions of work, overloads aiid 
uniformity of materials. 

The study of the questions of how the strength, residual deformations, rigidity, crack 
formation and other limit conditions for which prefabricated reinforced concrete structures 
are calculated depend upon the real state of these structures. and, on that basis, tlie study 
of the determination of tolerances are undoubtedly of interest but are themes for special 
investigation. 

M A N U F A C T U R I N G  T 1 ; C H N O L O t i Y  

Geometrical Parameters of reinforced concrete constructions and coinponents are made. 
altered and determined in the manufacture of the article. We have rnade 16,500 meas- 
urements of dimensions of form equipment and reinforced concrete articles. The results 
were systematized, distribution curves were drawn and statistical cliaracteristics were com- 
puted. 

Let us present soine of the results of observations. Metallic forms for the mai-iufacture 
of multi-hollow floor panels, depending upon the conditions of Support or suspension, 
change thc value of the deflcction by 2 to 3 mm. In connection with the unevenness of 
vertical Supports of tlie base, upon wliich the forms rest in the period of concrete hardening, 
the actual out-of-plane deviations were up to 30 mm. When the forms were stacked, witli 
the bottom form laid upon tlie foundation, and checked with an  accuracy of f I mm, then 
the out-of-plane distortion of plates was from 5 to 8 mm. Insufficient rigidity of forms in 
use makes it possible for the lower surface to Iiave a sag of up to  100 miii. 

By vibration of forms lilled with concrete on vibroplatforms, the edge forms are dcformed 

Fig. I .  Distribution curve of marks on the surface of form-cars (moulds) (1380 measurements). 
measurements of forms in operation, - - - - by records in certificate (tolerante ! 3.5 mm). The  curve 

breaks off abruptly at (he boundary of the tolerance. 





Taking into account that the dimensions of reinforced concrete articles tend to increase 
as compared with their nominal values, in order to  eliniinate the waste of materials in tlie 
process of manufacture due to these increased dimensions, minus tolerances have to  be 
specified for the dimensions of the article. directed from the nominal into the body of the 
article, aiid the technological equipinent and iits should be designed on the basis of these 
tolerances. 

E R E C T I O N  O F  C O N S T R U C T I O N S  

Conditions of erection determine the constructive design and planned solution of a 
structure and the design of the units of joints. 

In  designing buildirigs and structures the guiding requirements are tlie functional qualities, 
while erection conditions are secondary. However, the designer has to  foresee that the 
constructions will suit a variety of transporting and erection conditions. 

Tlie accuracy of erection is. in the first place, determined by the accuracy of the manufac- 
ture of individual prefabricated elements and, secondly, by tlie precision with whicli they 
are asseinbled. Precision requirements for the rnanufacture of various kinds of constructions 
have to be differentiated depending upon the application of the construction. 

Joints of prefabricated members, wliich control the transmission of forces from one 
loaded member to  another. and which secure the safety of the protecting elements, play a 
decisive part in prefabricated home building. The iiurnber of joints, which are the weak 
spots in any prefabricated structure, should always be reduced to a minimum. 

In the process of erection assembly of some of the membcrs is limited in the size or  by 
formerly erected structures, while other elernents are erected consecutively. The accuracy 
in the assenibly of prefabricated members depeiids upon the nurnbcr of elements making u p  
a diniensioning chain. 

In order to obtain stability in tlie process of erection the mountcd inembers must be given 
no chancc for displacenient. Frame members are columns with two degrces of freedoni. 
while panels liave one degree of freedom. In ordei- to secure a panel, it rnust lose one degree 
of freedom; this only requires that a second panel be placed perpendicular to it and that 
they should be joined together. In order to secure a column, it has to lose two degrees of 
freedom, which can be attained by connecting it witli two members that are mutually 
perpendicular to each other (and which, in their turn, are undisplaceable). The accuracy 
of erected constructions depeiids upon the stability in the process of erection. 

-fhe arrangernent of Aat splices perpendicular to the column axis unavoidably leads to  
tlie forniation of an  inclined clearance. In the practice of erection of reinforced coricrete 
columns, inclined clearances usually are from 8 to I0 mm, while at  times they even exceed 
20 111 ni . 

Colunins with spherical joint surfaces can be easily erected. wliether having concretc, 
metallic stamped or  Cast heads. Such a column splice inakes any adjustment in line pos- 
sible without disturbing the tiglitness of the joint and also ensures the axial transmission 
of loads. 

Of all the joints between tloor beaiiis iiormally used, the metliod of jointing of a beam 
with a cantilever on a sloped surface, thus offering a cliance to regulate the vertical marks of 
the collar beam ends. deserves attention. 

Floor panels are placed o n  beams or  on carrying wall panels freely supported. An even 
ceiling surface, without steps. requires that the lines of Support be arranged parallel. I n  
supporting floor panels on four points at  the Corners one of the supports must be in a posi- 
tion to  be adjustable vertically. 

Serious erection discrepancies are caused by panels which are distorted out of plane. I n  
such cases floor members i-est oii three points, while wall elements have steps on the wall 
face. Of special significance is the provision of the minimum necessary size of a supporting 
surface, a reduction which may, d ~ i e  to stress concentrations, shear off the concrete. 



Let us present some data obtained by analysis of 7,800 iiieasurements made in tlie 
erection of a variety of reinforced concrete constructions. 

Vertical inarks of column heads have 3 1 3 7  nim deviations from the niean arithmetical 
horizon at  each tier; they increase on the upper stories to 60-70 miii. The deviation of 
vertical height of column heads is of a n  accidental nature (Fig. 2). The height of the collar 
beams of the same columns to some degree follow the column head marks, and their 
deviations are also accidental. This perniits the conclusion that the existing practice for 
controlling the colunin head vertical marks and adjusting level to  a coinmoii horizon by 
means of introducing packing pieces, does not solve the basic problem of ei-ection accuracy: 
tliat of securing the collar beams a horizontal position, so that tlie prefabricated plates can 
be Iaid on tlieni in oiie plane. Tlie teniporary erection of columns, without adjustinent, with 
a partial sampliiig of elements (from 5 to IO';,,), gives precision indices that are no less 
accurate, but lessens labour arid reduces material expenditures. 

nomind /drr,g.n) c / c a r a x t  f cm 
mcm vm&ar,c x M 7jmm o/ M r  
"41 d /Ar c / rarm<< 
r n t m  vuadro/rc devmf,crn 6.2Ißmm 
6G. lJ68mm sd1t W .  lIi>mm 

'ID SCU/CJ 

' A Aor i ron / r /  I 7 o/ the c / e r ~ o n c c  f a h r  
v c r / < c o l  / m c u i o r c m c n / =  I m m  o / ! h  ,,, n u m b c r  o/ r n e a J u r r m r n / J  

Fip. 2. Curve providing a prüctical surnrnary »r 
the distribution of the largest deviations frorn the 
aritlirnetical rncari of the horizon (1857 nicas- 

J , * * I  # '  

f, L . A , . , : ~ , ~ . ~ L J  ! 0 

Lirenicnts at I nirn intervals). Horizontal scale 9 d l 6 < * 1 1 ,  . L 2  
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We have established thc chaiacter of the distribution of vertical mark deviatioiis. of the 
displaceinerit froni tlie designed panel axes and of gaps between them in large-paiiel houses 
(Fig. 3). 

The inost complcx jointing of prefabricated eleinents of a building occurs in the erectioii 
of the stairway coinplex, since thrre tlie fully finished elements must be jointed o n  incliiied 
angles and must providc sn~oo th  surfaces without steps. In order to  compensate manufac- 
turing inaccuracies the joint of tlie platform aiid of the flight of stairs rnust be solvcd fcir an  
inclincd Support. 

For precisiondesign. prefabricatcd reinforced concrete nieinbers may be united into groups: 
(a) joined under aii angle; 
(b) joined in one plane; 
(C) joined in a successive scries of elements. 
A characteristic erection requircment iu  the necd to  providc maximum clearances for 

mountiiig articlcs, which makes it p o ~ i b l e  to bring tliem easily into the desired location. 
Based on the above. in the erection in accordance with the system of "constant axes". 

niinus tolerantes must be specified for individual prefabricated members. 

S U R F A C E  C O N D I T I O h l  

l'hc surface of reinforccd concrete panels Iias a natural unevenness formed by small 
cavities, the roughness of shapi~ig surfaccs and by aggregatc on tlie frce surface of the 
ccincrete. 



Botl-i unevenness and smoothness of a coiicrete surhce  may be determined by the value 
of the meaii quadratic deviation of the section under investigation (on a section of a straight 
one-metre line: 200 points at 5 inm intervals) from the ideal surface. 

The value of the mean quadratic deviation is an  objective criterion of the surfacc conditiori. 
Each value of tlie mean quadratic deviatioiz correspondingly represents a definite unevenness 
of the surface of concrete (Fig. 4). 
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Fig. 4. Diagram of the surhce statcs. 

Concrete surfaces received after forming in inctallic forms offer the possibility of nicas- 
uring the article with a practical accuracy in the range of 2 --- 3 inin. In the manufacture and 
erection of reinforced concrete constructioizs metallic tapes Lire used whicli have a I nim 
accuracy in measuring dimensions up to 2 nietres and 5 iinm for dimensions up to 20 
metres. 

C O N C L U S I O N S  

On the basis of the well-known law of stability of a large-volunie statistical series we can 
assert that if wc have conducted measurenients of dimensions of an  article and of the position 
of cotzstructions during erection for a normal process of teclinology, then the respective 
distribution of deviations characterizes the practical accuracy of manufacture and erection 
of the reinforced concrete articles. This may scrve as initial data for the setting up of stand- 
ardizcd tolerances. 

The value of a tolerance is determined as the product of the value of the mean quadratic 
deviation of the practical distribution multiplied by sonie precision factor 

0' := 2ta 

The precision facior should be given a value between 2 and 4, depending on the application 
of the construction or  structure and also taking into account the consequences of eri-or. 
If we assunie tliat the distribution is Gaussian and that the probability that the dimensions 
of the niember will exceed thc rarige of tolerances is 0.27",,  (the precision coeficient t 3), 
thcn under a symnietrical arrangeinent the tolcrance will be 

_t 3a 

Toleranccs deterinined on the basis of practical deviations with a regular nature are being 
corrected continuously witli the developnient of the inanufacture of prefabricated reinforccd 
concrete articles. 



Dcpending upon the requirernents of exploitation, conditions of joints, and values of 
dimensions, tolerarices are grouped into classes of precision in a common system of tol- 
crances. 

It is not advisable to specify tolerances too closely, sincc with a rise of accuracy the cost 
of litting rises hyperbolically. and in somc crises the attainiiicnt of a Iiighcr accuriicy is 
teclinically impossible. 

Thc utilization of tolerance standards perniits precisiori calculations to be conducted by 
means of laws of dimensioning series, expressing thc geoinetrical connection between details 
aiid meiiibers wliich enter a unit or  block. 

In determining the closing link. which usually represents the distaiicc between axes or tlie 
value of tlie clearance, standardized tolerance values are set up for all link components. 
The solution of tlie equation of a dimensioning chain about the closing link deterrnines 
the viiluc of its tolerance. 

In determinii~g the tolerrince of component links for cases when the tolerance of the 
initial link is specified, the priiiciple of equal effects (considering tliat the tolerance for all 
links Iias oiie value equal to tlie inean value) is utilized 

wliere ( 5 ,  is tlie tolerance of the initial link, 
17 I is t l ~ e  number of links in the dimensioning chain. and 
n ' l ,  8, . . . S,,, I at-c the tolerances of coinponent links. 

If calculated tolerances should bc practically unattainable, tlien compciisating factors 
inust be iiitroduced for the construction, or  partial mutuiil interchangeability should be 
resorted to, so tliat the toleraiices would be sutiimated by quadratics 

where /. arc factors less than unity. 'rhe smaller tlie valiie of 2,  tlie greatcr is the risk of 
upsetting the tolerance. 

Tolerantes should be specified with due attention to the state of the concrete surface 
and to the practieal accuracy of measurenients. 

For the solutioii of the problem of establishing tolerances a systematic observation and 
a n  accuniulation of measureinents of dimensionril deviations should be organized a t  the 
leading plants of prefabricated reinforccd concrete constructions and at the zrection sites 
of large-panel construction. Simultaneously. the state of the process of technology should 
be recorded and all the factors wliich affect accuracy should be compreliensively studied. 

By inaking comparisons of the results of measurenients of concrete samples taken from 
the current plant output with the accurnulated standardized observations, the state and 
accuracy of tlie technological process can be verified. 

For the further development of methods of specifying toleraiices and for inaking accurate 
calculations it is necessary to  organize an  excliange of experiences of organizations which 
conduct such work. 



Problems of jointing large elements in prefabricated 
dwellings UDC 691.81 : 693.5.012.43 

N. V. M O R O Z O V  A N D  F. V. U S H K O V  

Acat le i~y  of' Bi~ilrlir~i: rriirl Arcl~i /cc/r~rc ( U.S.S. X.) 

In buildings iuade of large prcfabricatcd clcmcnts, joints are essential for rapid assembly on 
site and for thc cxtcrnal appearance of tlie completed building. They inust, therefore, meet 
a number of requiren-ients, the most iiiiportant of which are architectural strengt11 and 
opcratioiial arid technological requireinents. 

Tlie architcctural rcquirenients are, above all, associated with cutting the walls into 
separate elements, giving a certain rhytlim in the segmented facade witliout affecting the 
essence of prefabricated construction. The outer decoration niust be simple and simultane- 
ously meet operational requiremeiits, ensuring long service of facade and joint. 

At tlie Same time the wciglit of elcnients should comply with the crane lifting capacity 
and other transport facilities. Outer walls are usually cut into one or two room-size elements, 
siiice the larger the clenient thc smaller the nuinber of joints and tlie faster the assembly 
process (Fig. I). 

Fig. I .  Room-si7e eleiiieiits for oiiter walls. 

Tlic strengt11 of the joirit n-iust bc rclated to geiieral conditions of rigidity and stability 
of tlie building. Adequate transfer of vcrtical loads must be obtained. These requirements 
demaiid especially strict observation in case of load-bearing elements such as columns 
and beams that support outer aiid inner wall panels. 

The operational requirenients are associated with hcat and sound insulation and also 
with air- and watertightness. The tcchnological requirements are related with construction 
facilities that pcrmit production of elenients without coniplicated patterns, convenient 
erection aiid simple lilling of clearances between niounted elements. 

Below a brief outline is given of the dcsign of joints used in the U.S.S.R., and of somc 
results from the study of joints. 

Design of joints in large-pancl buildings is largely dependent upon thc design of the 
panels tliemselves. Above all the teiidency is, however, to make them of the siniplest possible 
shape in order not to coniplicate the pattern of the panel. 

Tlie horizontal joints of outer wall panels are usually made on the upper edge level of the 
ceiling panel (Fig. 2a, b). Their accepted thickness is 10-20 mm. The planes of upper 
elements to bejointed ai-e made straight and tliose of lower elements witli rebates for support- 
ing tlie ceiling panel (Fig. 2b). 



During erection tlie horizontal joints are filled wit1.i cement mortar that is generally of a 
workable consistency and with a standard cone setting of 8-10 cm, trade mark 50. In winter 
calcium or  sodium chloride are added to  accelerate hardening. Joints without wet processes 
(110 cement mortar) have so far found no wide application. Recently an  attempt has been 
inade to replace cement mortar by hemp ropes to fill joints of houses made by tlie cassette 
mctliod. 

Both horizontal and vcrtical joints arc generally made Open to the outside without any 
covcr strips. Ori tlie outside the joint is pointed with ceinent mortar and furnislied with 
chainfcrs, corivenicnt for run-off of water. Sufficient attention is not always giveri to the 
last requirement and water may flow tlirough the joint when filling with rnort:ir is not done 
properly. 

Fig. 2. Joints ofouter wall panels. 

For inner walls vertical joirits are also on cenicnt mortar. Sometimes, depending on the 
design of inner wall panels, jointirig is done dry by steel insertions welded during crection. 
Vertical joints are mostly made opposite the inner wall panels. The vertical joint with the 
f a ~ a d e  surface is generally 10 to 20 mm wide. The joints are made airtight by thoroughly 
lilling with mortar. For tliis purpose they are inade at  least 6-10 cin wide on  the side of the 
prcniises and the slol. This enables convenient filling (Fig. 2). 

In order to prevcnt freezing, vertical joints are filled with light concrete. porous clay 
fillcr or slag concrete or  fillcrs of foamcd glass or  foamed Keralite crushed stone, with a 
volumetric weight of 11 - 600 - 800 kg/m%nd a strength of 10-1 5 kg,/cm? To  avotd wet 
processes on  the site, vertical joints are sometiines filled with slag Cotton. Vertical joints of 



inner wall panels are likewise filled with cement mortar. If the clearances between elements 
are lcss than I0 miii, the joints are caulked with hemp fibre. 

In panel buildings with franics tlie horizoiital column joints and tlie beaiii connections 
with thc columns are the inost critical Parts. 

In joints of columns in multi-storey buildings, steel plates with a centring gasket are used, 
followcd by clectric wclding aiong tlie perimeter or  edge. I i i  such a design tlie welded seam 
tends to produce compression. Tlierefore the upper and lower steel plates are inade of the 
same size but the paint is removed from thc plates to allow for usc of a wclded seam (Fig. 
3a). T'he designs of these joints have been investigated and proved reliable in operation. 
In case of axial compression the joint can be calculated as follows. Tlie force transmitted 
through the centring gasket is determined by 

N, = M I ( R ~ ) ( F , ) ~  

where R,  is the rated prisni resistancc of concrctc in co~iipression; 
F, tlie area of centring gasket ; 

1.5, i.'. the factor takiiig into account the increased stress on concrete 
compression under the gasket; and F i s  tlie area of the column cross 
section. 

Thc effort transniitted to welded seanis is 

The height of the welded seain at tlie joint is 

where I is the lengtli of lieadband seam (perimcter); 
C, the rated resistancc of the welded seam in conipression; and 
nz the factor of the conditions under wliich tlie joint operates. In calculations it is 

assunied that ni = 0.8. 

welded nets 

Fig. 3. Joints ofcolunins in multi-storey buildings. (a)  Allowance for the use of a welded seani; (b) spherical 
seating to  red~ice steel coiisumption. 

To  reduce steel consumption coluniii joints are madc with spherical scating (Fig. 3b). A 
greater bearing capacity at the point of the joint is achieved by setting additional welded 
slioes at thc end of the columns. 

Accordiiig to experiments I ,  thc carrying capacity of thc joint can be found froni 
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wherc F, is tlie area of concrete inside tlie outline of thc shoe; 

R ': the ultiniate strength of concrete in coiiipression; 
R i  the norin rcsistance of grid reinforcenient : aiid 
/(L the factor of indirect reinrorcement 

where F,1Fr2 is tlie arca of grid-rod cross section in lorigitudinal and transverse directions; 
11 12 the dimensions of grid outline in longitudinal and transverse directions; 

I !  1 n '~  thc number of longitudinal aiid transverse iods; and 
M the distance between the grids. 

Tlie bcam and column joint (Fig. 4a), with partial continuity, is made in multi-storey 
buildings by lettiiig concreted 1-beams and two rods project froin the column and by weldiiig 
theni to tlie insertion parts of the bean-i. Angles and channel bars have beeil used instead 
of I-bcams. Tlie joiiits are so designed that partial continuity of the bcam is provided, 
account being taken of the reduction of bending nioinent at support of tlie elastic System by 
30°„, due to plastic redivtribution of moments. 

Fig. 4. Beam and colunin joints in niulti-siorey b~iildings. (a) A joint with a concreted I-brarii arid rods 
projectirig from the coluiiin and welded to tlie iiisertion parts of tlie beam; (b)  joints inade with angle brackets 

coriccaled in thc longitudinal walls. 

The more rigid unit of tlie framework can bc made according to the above variant, 
provided tlie insertion parts and tlie rods themselves abovc the beams are computed for 
forces arising when the beam is more nearly continuous with tlie colunin. Such units are 
used in buildings with a transverse dispositioii of the beams, where the siipporting parts 
do not protrude from the overall dimensions of thc beam cross scction. 

With a hinged beain Support, tlie design of the unit can be greatly simplified and the 
consumption of stecl for the insertion parts reduccd. 

In buildings with tlie columns Iocated in the centrc of the longitudinal axis, the angle 
brackets for supporting tlie Span picces can be concealed i i i  the longitudinal walls; in this 
case thc angle bi-ackets can be made of reinforced concretc, and tlie Span pieces as freely 
resting girders on two supports (Fig. 4b). 

Experimental rcsearch has likewise pointed to thc rcliable operation of joints coupling 
columns to bean~s. lmportant experimental investigations have also been carried out to 
study tlie operation of the joints of inner wall panels and those of outer walls. Below are 
briefly given some results of tlie investigations. 

The first experiments were conducted in 1951 by Gornov and Morozov (former Institute 



of Construction Engineering, U.S.S.R. Academy of Architecture), when the carrying 
capacity of the joints ofpanels 12 cm tliick was determined oii 16 samples (Fig. 5). 

The first group of joint samples had flat ends, and the lead was transniitted directly from 
one eleinent to another through the seams filled with cernent mortar with a strength of 
40 kg/cm\ or without tlieir beiiig filled with mortar (Fig. 5a). In tlie second group of 
samples, the upper elements of the paiiels Iiad bevelled angles (Fig. 5b). 

Samples of tlie two basic groups of designs were niade of heavy or  light concrete. The 
samples of the first group, inade of slag concretes, with a strength of 98 kg/cm%iid with 
the seams filled witli mortar, were destroyed at  a load of 82.4 tons per linear metre; and 
those made of heavy concrete with a strcngth of 219 kg/cm%t a load of 230 tons per linear 
metre. The samples of tlie second group, made of slag concrete, witli a strength of 187 kg/cm2 
and seams fillcd with cemcnt mortar were destroyed at a load of 84 tons per linear metre. 

Tlie experiments have shown tliat there is no substaiitial difference between the carrying 
capacity of the samples with joints filled witli mortar and those which were not filled. 
Deformation in the joints when the seams were not filled was about double compared 
with tlie joints with filled seams. For example, witli half the ultimate load a t  the joints of 
tlie first group, deformation of the joint without cement inortar filling amounted to 0.8 nini, 
aiid with mortar filling to 0.5 mm. 

Fig. 5. lnvestigation into the opcration of joints in inner aiid outer walls (see text). 

T o  appraise tlie carrying capacity of the joiiits under investigation, let us point out that 
the ratcd load in fve-storey buildings with a transverse disposition of the iiiiier walls 
3.2-3.6 metres apart, amounts to 25 tons per linear metre. Consequently, panel joints made 
of light concrete with a strength of I00 kg/cm2 have a safety factor of more than 3. 

A number of otlier investigatioiis on  the joints of wall panels were carried out between 
1951 and 1956, of which we shall mention the experiments carried out by V. V. Spiridonov I .  

Experiments were conducted in 1956 (at the foriner Institute of Construction Engineering. 
U.S.S.R. Academy of Architecture) on 16 samples inade of hollow concrete elements of 
panels and on 13 solid ones. The tcsts were carried out on samplcs of hollow panels 14 cm 
tliick, whicli. according to design, had three types of joint (Fig. 5). 

Thc first variaiit represeiits elcments of hollow concrete panels resting on one another, 
between wliich mortar of a hard consistency was caulked throughout the area of the 
joint (gross) (Fig. 5c). The second variant differs from the first in that the niortar i i i  the joint 
Iiad been caulked only on the net area of concrete, i.e. the vertical voids are through-going 
a t  thc point of jointing and have no mortar diapliragni. In the third variant of the joint, 
pressure from the upper elcinent is transmitted to tlie lower through the floor panel separat- 

1 V. V. SPIRIUONOV, The carryirig capacity of horizontal joints of [arge-panel buildings, Concre t~  <rrirl 
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ing the upper arid lower wall paiicls. tlic niortar being caulkcd througliout the area of the 
elenient cross section, and thc joint Iias two horizontal layers (Fig. 5d). 

The seams in tlie joints wcrc filled with a cenicnt mortar with a strengt11 of 50 kg/cm2 
and 150 kg/cm-, and some joints were tested by filling tlie seam with saiid. 

It lias bccn found frorn tlie experiinents that when tlie grade of the mortar in the joints is 
not lower than the prism streiigth of the concrete at the elemeiits to bc joiiitcd, thc joiiit 
does iiot rcducc thc carrying capacity of thc clements. When the grade of tlie mortar is 
liigher than the prism strcngtli of tlie panel concrctc, tlie carrying capacity of the joint does 
not silrpass that of tlie panels thcmselves. When the scains were filled with sand, tlie carrying 
capacity of  tlic joint dropped to 0.45 N„ i . ~ .  that of the eleinent to be jointed. T'lic inagnitudc 
of thc absolute dcformations of tlic joints with loads of half tlie destruction load did iiot 
siirpass 0.75 inm. 

It is advisable to deterinine thc carrying capacity of tlic joint from the formula 

wlicrc N ,  is tlic carrying capacity of the clcinciit, 
R2 the ultimatc strcngtli for coinpressiori of the niortar i i ~  tlie joiiit, and 
RV tlie recomiiiendcd prisin strcngtli (which sliould not be lower than 10 kg/cin". 

The grade of tlic riiortar should not be less than 10 kg/cm2. 
In  1958-1959, undcr tlic guidancc of tlic author of this paper, tests were carried out of 

ioints of rolled reinforced concrete panels and of vibrated brick pariels. These tests have 
establishcd that tlie carrying capacity of units oii mortars of zero grade (joint on clay mortar) 
decreases by 70"„ compared with tlic joints n ~ a d e  on ceiiieiit niortars with a strcngth of 
50 kg/cm2. 

Tlic construction of dwelling Iiouses of prcfabricated large-sized elemcnts has also posed 
the desigiiers problcms of heat insulatiori that play a very iniportant role in thc climatic 
conditions of the U.S.S.R., which are rclatively niore sevcre than in Western European 
countrics. Siiice tlie very bcginiiing of coiisti-uction of prefabricated dwclling Iiouses of 
largc-sizcd clcmci~ts, heat insulation research has acquircd considcrable importance arid Iias 
excrcised a great irifluence on tlic improveinents in Iarge-sized structures. 

Uiider thc guidance of A.  M .  Shklover, tlie laboratory of thermophysics of the forrncr 
Institute of Construction Engineering conducted a nunibcr of experimental ( I .  V. Ushkov) 
heat engincering irivestigations aiid rcsearch under natural coriditioiis (B. F. Vasilyev) 
during oiic decadc (1947-57) in thc ficld of consiruction of large-sizcd elenients. 

The major tlierrnophysical problems whicli arose in coririection with coiistruction of 
prefabricated large-sized elemcnts included investigatiori into thermal protection of vertical 
and liorizoiital joints. Thcsc problenis were of thc sariie importance as research on the 
cffcct of thc cold bridges and inoisture paths on the outer walls wlien a conipact facing 
layer of ordinarq heavy concrcte is used on tlie outer surfacc. 

The importancc of thc thermophysical problems so raised varies depending ori the coii- 
struction type of the outer wall elcment, i.e. the panel. 

At prescnt two basic construction typcs of wall panel prevail: the single-layei. arid tlie 
laininated type. Single-layer wall panels 25-40 cm thick can be made of ceranisite concrete, 
therinosite concrete. foained coiicretc, foamed silicate and other atiiiosphere-resistarit light 
concrctes with a volumctric weight of 900-1 200 kg,/mZj, on binders and fillers wliich Warrant 
thc production of panels with surfaces to ineet arcliitectural requirements. Such coiicrete 
should posscss an ultimate strengt11 in comprcssion of iiot less than 50 kg /c inhnd  a heat 
conductiori fr~ctor of not more than 0.40 largc calories/li.m 'C .  

The great advaiitage of single-layer light concrete panels lies i n  the simplicity of their 
fabrication as well as i i i  tlie simplicity of coupling and firiishing i i i  crcction. Owing to thc 



iiniformity of the structure of these panels, thermal bridges are excluded and high heat- 
protecting propertiesof walls are ensured. In this case it is most important tliat therc should 
be as littlc blowing through the joint of the wall panels as possible. In  this connection attcn- 
tion should be paid to tliickened horizontal joints, in wliicli liigher percolation niay be 
caused by a displaccmcnt of tlic niortar during the centring of tlie pancls. 

In the southern regions of the U.S.S.R., where showers accompanied by strong winds of a 
prevailing dircction (Black Sea coast i n  the Caucasus, etc.) are a frequent occurrence, the 
dcsign of tlie horizontal joint sliould prevent nioisture from flowing or being blown into 
the premises through the joint. Various design variants of laniinated wall panels are possible: 
two-layer, three-layer paiiels niid those witli cavities. In two-layer wall panels, the insulating 
matcrial may bc placed on tlie warm side of the wall and the reinforced concrete layer oii 
the cold side, and ilice iJersa. 

Froin a lieat-insulation point of view it is most advisable that tlie reinforced concrete 
laycr sliould be placcd on the inside, and thc insulating inaterial, wliicli is atmosphere- 
resistant and decorative. oii the outside. Such variants include brick and panel walls iiisulated 
witli foaiiied glass. wliicli provide a inost proper solutioii to the questioiis regarding tlie 
moisture conditions of the walls. They niake tlic matter of Iieat-conducting insertions quite 
superfluous and solve in tlie simplest way the problcm of Support for multi-storcy cciliiigs. 
By their sirnplicity of forming and finishing tlie joints in erection. parieIs with an  outcr in- 
sulating laycr arc not inferior to singlc-layer liglit concrete panels. 

In tlie provision for Iieat insulation. tlie cold bridges formcd by tlie ribs of the panel 
framc and thc stiffening ribs are most vulnerable in two-layer wall pariels wlien tlic rein- 
forced concrete plate is on the cold side of tlic protcctive layer and thc insulating laycr on  
the warm side, as well as in tlirce-layer wall panels wlien tlic non-rigid insulating layer is 
placed between the inner and outer reinforccd concrcte plates. In this case, it is important 
tliat no dainpness sliould appear oii tlie iiincr surface of tlic walls and tliat blowing through 
be reduced as mucli as possihle. 

As stated above, froni the viewpoint of heat insulation the division of large-sized 
elcnients iiito oiie-rooiii sizes is most advisable. In this case the most vulnerable spots 
of jointing coincide and arc casily concealcd by ceilings and partitioiis. When the sizes 
are smaller, tlie joints play a greater role in providing the suitable heat conditions of  
thc premises. 

T o  find the best practical inethods of eliminating the liarmful effect of heat-conducting 
insertioiis, laboratory tcsts of vertical and Iiorizontal Joints were carried out in the climatic 
chariibcr of the thermophysical laboratory. 

Fig. 6 sliows tlie distribution of temperaturei on tlie surfaces of three-layer reinforccd 
concrete panels insulatcd witli slag wool and asbestos cement slieets 14 cm tliick, both ii-i 

tlie absence and in tlie prcsence of tlie effect of wind. By a number of resistance therinometers 
installed i i i  the most typical places and a diversity of Iieat-coriducting inscrtions, it was 
possible to obtain a number of iiiteresting results. 

It can bc secn from Fig. 6 that t l ~ e  hcat flow does not only run in the direction perpendic- 
ular to tlie plane of the wall, but also along tlie outliiic of tlie panel. This is borne out by the 
gradual rise in temperature on tlie warin surface of the wall as the distance froin the licat- 
conducting insertioii increases, and by a siinilar drop of temperature on the cold surfrice of 
thc wall. 

lrrespectivc of their thickness, heat-conducting insertioiis, eveii as tliin ribs, bring about 
sucli an abrupt drop of tciiiperature of tlie inncr surface of tlie wall that it sometimes 
proves to be bclow dew poiiit. Thc effcct of tlie inscrtions on tlic teniperaturc of sinooth 
walls is to reduce thc tcmperature most drastically wheii tlic iiisulating layrir Iias little heat 
conduction. 

Procceding from experimcnts and calculations. F. V. Uslikov evolvcd a forniula wliicli 
detines thc conditions of pcrinissible Iieat-coiiducting iiisertioiis of tlie rib type. 





With alb < 0.7 

wliere Ro is the norm resistance to  Iicat transfer. deterniined according to the con- 
struction standards of Iieat engineering (Construction Standards and Rules); 

R O , . ~  (structure) is the resistance to  heat transfer by the inain Cross section; 
Ro,i (insertion) the resistance to  heat transfer by the heat-conducting insertion; and 
a a.nd b are, respectivcly, the thickness and height of the heat-conducting insertion. 

With greater insulation of the three-layer panels, the resistance of heat transfcr by the 
heat-conducting insertion. preventing the forniation of dampness, should not be less tlian 
0.6 of the norm resistance to heat transfer, i.e. 

Tlie negative effect exerted by Iieat-conducting insertions can be eliminated by inner o r  
outer insulating pilasters of a width equal to one and a half times tlie thickness of the outer 
guard, overlapping the through-going ribs (Fig. 7). The pilasters insulating the outer angles 
and the elements insulating tlie anglcs of thc outside walls on  the inside should project 
beyond the smooth surface of the wall by a width not less than the thickness of tlie wall. 
(Fig. X). 

I - - - - - -  
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Fig. 7. Thermal insulating of exterior panel joints. Fig. 8. Thermal insulating of exterior anglei. 

Fig. 9. A wall of double reinforced concrete panels with 
displaced trim ribs. Fig. 10. Window opening triin. 

As seen from Fig. 6, the effect of wind leads to deteriorated conditions of temperature 
distribution on the surface of the panels. Differences between tlie temperature curvcs obtained 
under different conditions of wind indicate infiltration. 

In wall panels with staggercd framing ribs (Fig. 9), the negative effect of through-going 
lieat-conducting insertions is ingeniously eliininated without resorting to  insulating pilasters. 
Such a wall consists of two reinforced concrete panels of different dimensioris, with franiing 
ribs. T1ie inner panel is snialler than the outer by the width of the franiing ribs. An insulating 
layer is placed between the two panels, following whicl~ the inner and outer panels are made 
to contact along the edge of the framing ribs and are fastened by welding material insertion 



parts placed in tlic ribs, tli~is forrning a single wall panel. In this case the reinforced concrete 
fraiuing of the window sliould be made by placing aii insertion of low heat conduction, 
e.g. an iinpregnated timber batten (Fig. 10). 

The distribution «f temperatures along tlie joiiit of a reinforced concrete multi-storey 
flooring with tliree-layer reinforced concrete wall panels, provision being made for an 
insulated cornice. indicates that there are no factors cond~icive to the forniation ofdampness. 

Fig. I I sliows tlie distribution of temperatures of tlie inner surface aloiig the joint of 
two-layei panels with a reinforced concrete colunin, tlie framing ribs being insulated with 
slag wool plates 3.3 cm thick and tlie fraining ribs without insulation, tlie operational data 
being ti  - - 1  18" C and t ,  - - 30" C. As seeii from Fig. 1 I. tlie additional insulation of 

a f t e r  t he rma l  insu la t ing  

Fig. I I. Distribution o f  iiiternal surhce temperatures at thc joint between two-layer panels ;ind a reinforced 
coiicrcte coluiiin at trr 18 C aiid „I - 30 C. 

tlie framitig ribs bi-ought about a considerable rise in tlie teiiipcrature of the inner surface 
as coinpared with tlie side edge of tlie column. l'he rise was as high as 6.9' C. 

Fig. 12 shows tlic distrib~itioii of temperature of thc inner surface aloiig tlie joint of two- 
layer carrying wall panels. 
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Fig. 12. Distribution o f  interiial surface teniperaturcs at the joi i i t  betwceri load-bearing wall panels. 

Insulation of iioii-througli-going franiing ribs of two-layer reinforced concrete panels 
with an  adequate agent eliminates the negative effect «f heat-conducting insertions. Attention 
should also be given to tlie insulatioii of tlie framing ribs at  the junction of the wall panels 
and tlie interstorey ceilings, which ccinsiderably improves tlie temperature conditions of the 
floor in tlie areii near the wall. 

Fig. 13 sliows the distributiori of teiiiperatures at thejoiiit of two-layer reinforced concrete 
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Fig. 13. Distribution of teinperatures at the joint between wall pancls ünd f o o r  slabs: (ü) before thernial 
ins~ilntion o f t r i r n  ribs aiid (b) cifter additional insulation of trirn ribs. 

Fig. 14. Ternperat~ire disiribiiticin over the lower surface of n reinforced concrete edge beani under the 
inll~ience o f  low tcniperatures on tlic coluinn. 



panels with a n  inter-storey ceiling bcfore insulating the framing ribs and after thcir additiona 
insulation witli two layers of slag Cotton plates 6 cm thick. 

No  great concern should be caused by the temperature on thc lower surface of the rein- 
forced concrete beam of the framework when low teinperatures act o n  the column (Fig. 14). 
Ncither should aiiy concern be causcd by the temperature o n  the lower surface of the rein- 
forced concrete bearu o n  the inter-storey ceiling when low temperatures act o n  the end of it 
(Fig. 15). With a large volunie capable of absorbing heat, the temperature conditions of tlie 

Fig. 15. Temperature distrihution over the lower s~irface of a reinforced concrete floor girder under the 
i~ifluencc 01' low ternperat~ires on  the end of the girder before and after thernial insulation of the trim ribs. 

lower surface of tl-ie beain arid the girder in tlie area near the wall prove to be more favourable 
tlian those along the inncr edge of the colui-i-in remote from the beam or  opposite the framing 
ribs of the carryiiig panels located below the girder. 

In laininated structures with cavities, and especially when the inner finishing layer is 
rentote froin thc basic part of the wall, the temperatlircs become equalized o n  the inner 
surface of the wall, irrespective of tlie position of the inter-panel joints. In those cases the 
problein of constructing inter-panel joints sliould be viewed froin a different aspect and is to 
be studied in conncction with the inoisture coiiditions of the wall. 

The question then arises of the feasibility of making open joints between the reinforced 
concrete panels and of ineasures of protecting the wall from excessive cooliiig by outer 
infiltrating air. 



Discussion 

As a number of Congress participants had, with a view to the discussion, prepared more o r  
less selfcontained reports in advance, part of which was distributed at  the Congress, the 
present account concentrates on summarizing these contributions, leaving other contribu- 
tions, though valuable, more or less in abeyancc in ordcr to cope with the problem of the 
extent of this account. 

A special report was presented in French by MR. E. FOUGLA, foriiier President of the 
French Society of CiviI Engineers and President of the Frcnch Institute for Applied Research 
on Reinforced Concrete, who belongs to the Coignet firiii. 

The title of Iiis report is Construction wi th  hea i~ j ,  concrete elenlents, nioclern / ~ l e t / l o ~ I s  

qf niunufacture, transport und crssen~hlj~. l'he essential elemeiits of the report are given 
here. 

Ten years of heavy elenient construction in France warrants stock taking, weighing ad- 
vantages, deterrnining conditions of application and direction of further progress. Advan- 
tages are not the spontaneous findings but the results of long-terrn efforts. already started 
in 1892 when Edmond Coignet invented concrete prcfabrication. By virtue of their agc, 
traditioiial methods arc little progressive, but prcfabrication mcthods are evolutionary. 
They allow further perfection and bring new solutions and tangiblc progress as they deal 
with entire buildings. Prefabrication permits realization in one act of substantial parts of a 
building and rational organization, as opposed to the ratlier slow traditional inethods. 
wl-ierc different crafts work in sequence due to their independence. 

To  gain real profit froili new methods, not adaptation or  similarity with tradition, but 
inodern solutions must be sought by eleinents that are: of large sizc; satisfactory for a 
maximum of functions; produced industrially; erected sirnply and rapidly; and tliat require 
no or  very little further operation after erection. 

The greatest possible dimensions cornpatible with destination and transport lirnits and 
Iiandling equipmeiit, desigiled accordingly, are required, as well as a rnaxirnum functionnl 
complexity. Manufactured elements should contain structure (concrete, steel), insulation 
(thermal, acoustical), lining (facade concrete, tiling, etc., floor and wall coverings) and the 
maxirnuiii possible equipinent, e.g. facade window frames, clectricity ducts. heating applian- 
ces, all Iioles for passing ducts. 

TIie nuinber of elernents per dwelling cell must be low: 20 to 25. 
Ease of erection is essential and inust be automatic in tliat neitlier setting out before 

erection nor adjustment is ilecessary. Tlius precision Iiaving the mechanical engineer's 
and not the rnason's tolerancc becomes a main quality. 

M A N U F A C T U R E  

Quality of formwork is essential for appearance and precision of eleinents. 

C R A F T  P R O C E S S E S  

With well-made traditional forrnwork-concrete. plywood, steel-assembly and striking 
are difficult. Extraction is done by special tools or cranes on or near the site. The only 
advantage is no factory-to-site transport, but synchronizing of production and erection is 
difficult. stocks must be held and loading and unloading are irregular. Moreover, products 
obtained in this way have insufficient precision or finishing. The result is adjustrnents during 
erection, causing loss of time. reduction in econoiny and irnpossibility of scientific orgai-iiza- 



tion of work. Nevertheless. tliese techniques inay be useful for small sites 01- where little 
repelition occurs. 

However. one inust not judge modern inetliods on these rcsults only, since, as rightly 
stated MR. BLACI~ERE. one might thcri conclude that no simplicity of erection, precision 
of assembly, tightness of joints. high precision or facilitating secondary crafts' work is 
neccssary. 

Fiiiished precision products require not foriiiwork but automaticnlly controlled and 
precise inachines, periiiitting productiori in the most appropriate - usually horizontal - 
positioii and extraction in a rational positioii. c .g .  vertical for vertical eleinent!i. Horizontal 
production and vertical extraction make reinforcement for resistance duririg exti-nction 
superfluous aiid save steel, whicli is required for only a fcw niinutes of the elemcnt's Iifetime. 

Therefore moulding inachines have rotating Parts. edge forins and a fixed part: the base. 
Fornis for flooring eleinents niust also rotate as the topping is placcd, then concrete is 
poured and later tlie elenicnts turn tlirough 180g for vertical transport. 

To  obtain accuracy, especially of edges. the cdge forms must be rigid and inechanically 
brought into position. The boiid between thc concrete and tlie mould sliould be releascd 
before extraction. Only thus is tightness and precision assured. All movements of thc forms 
sliould be slow aiid positive without human intervention to within one niilliiiietre of their 
position. Certain machines for fricade panel production liavc no less than 14 jacks. acting 
success~vely in groups under control of one single buttoii. 

Such iiiachines are costly and iiiust be used to produce maiiy units in order to reduce 
thc aniortizatioii on each product to a small extent. Thereforc, in order to accelerate hard- 
cning, the moulds are provided witli a Iieating System of Iiollow metal wcbs in wliich watcr 
or steain circulates. Tlie concrete is thus Iiardened in two Iiours and six elements per day 
can be produced from eacli inould. 

Tlie valuc. inaintenance and use of tl-iese iiiachines demand that they be grouped in a 
factory, where optimuin output is obtaincd. This factory is thcn completed by a transformer, 
a heating installation, air coinpressors, hydraulic compressors. cranes, a concrete mixcr 
controlled by one man, automatic macliines l-iandling reinforcement steel riiid a gnntry 
crane whicl-i serves the factory proper and tlie stock park. 

T R A N S P O R T  

Tlie large sizes of the elements and tl-ie narrow loads perinitted on roads usually neccssitate 
vertical transport for all elements. Tliey arc transported on special trailers with due provision 
against cliaiices of damage. 

Timing miist be in linc witli ercction schedulcs. An average three-room dwelling requircs 
three to four trailer loads. Tlie action radius of the factory is about 50 kiloinetres, though 
cxamples of ecoriomic transport of up to 100 kiloiiietres distance are known. Transport by 
ship is also used -- see thc cxample mentioiied by MR. BONNOMI:. 

Foundations arc usually niade traditionally. Tl-ic remaindcr of the building is a matter of 
simple assembly. only rcquiring adequate liftirig devices, the elements beiiig taken froni 
trailer directly to their ultiinate position. The opeiiings and rebates inherent in tl-ie various 
shapcs of the eleinents allow assen-ibly; tlie decompressioii openings are used as assembly 
guidcs; adjustnlents are automatic. Vertical elements I-est directly on cacli other. Tlie 
elenients are siinply kept in  place by props connectcd to tlie uiiits with bolts so that only 
the definite connection by cast in situ concrete ren-iaii-is to be doiie. 



Tlic secondary coniponents arrive, in tlie same way. completely finislied and necd only 
be connected to the dcvices already available in the correct places. Fixing screws and bolts 
is the only opcration. It is precision that permits the site to  becoiiie a place of assenibly 
instcad of construction. 

Professor KUZNETSOV dcfines tlie fiibrication Parameter as tlie relation between labour 
costs incurrcd off-sitc nnd tlie total labour costs. 111 France we define the Parameter by 
coinparing workirig hours. Both methods are siriiilar. Studies of contracts have led to  tlie 
cocllicient of 0.69 excluding, and 0.58 including foundations. 

A D V A N T A G E S  O F  T H E  I N D U S T R I A L  M E T H O D  

Thc niain advantage of the \ystem is the possibility of furthcr improcemeiit. The direction 
is not that of scarching for pi-ecedents but that of new developnient: it i5 thc ioad of indus- 
trialization. This road alrcady yields profits: 

Tlie machine's autoinatic prccision allows a cl~iality tlie Iiand of man can nevcr attairi. 
For examplc, heat insulatioii layers i r i  f a ~ a d e  walls can be adapted to cvery climnte aiid 
concrete cast traditionally will, i i i  coniparison, always be inediocre and dcteriorate iiiuch 
carlier. 

Mcchanicul cnergy. hundreds of tinies clieapei tlian human energy. is used. One man 
in one 8-hour day produccs 1 kW-h, costing in France about 3000 francs, wliereas I electric 
kW-1.i costs 30 francs. Apart from tliis tliere is the econoniy of continuity of work in the 
factory as opposcd to cyclic site work. 

Tlie iiidustrial methods enable a speed of coiistructiori incomparable to that of old 
inethods. Consider tlie construction of thc superstructure of a 50-dwelling building of 5 
storeys cxecuted in 12 days, irrespcctive of bad weathcr, in Saint Etienne du Rouvray near 
Rouen. Anotlier 18 days and tlie occupailts arrived in tlieir completcly finished dwellings. 
The total time was I $  nionths all inclusivc. The obvious udvantages are reduction in intercst 
on  investnierits arid early payment of rent. 

Work is Icss dangerous and difficult, most workers being protected in the factory; site 
scaffolds are not recluired. Output is no loriger a function of physical Force but of skill and 
good organization. 

S O C I A L  1 M P K O V F M I : N T S  F O R  W O K K E K S  

Specialization caii rapidly be obtained. Uiiskilled site workers becoine skilled responsiblc 
operatives, reniuncrated accordingly. 

S C I E N T I t : I C '  O K C i A N i Z A T I O N  O t :  W O R K  

Rational orgariization, so difficult to cstublish and inaintain, bcconics possible on the 
basis of iiieticulous aiialysis of all details in advaiice, leadirig to  rigorous programniing 
without improvisntion. Planning allows a substaiitial aiid coiistant increasc of output 
without extra fatigue for workers. 



C O N D I T I O N S  O F  A P P L I C A T I O N  

Tlierc arc few, for exainple: 
Seriespro~luction: increasc in output and ininimuni costs per unit. 
Statzrlartli-.atiotl: As Prof. TRIEBEL has said, the niost rational disciplines stiould couiit 

for buildings and their details. They must be typified and their clements standardized. 
Creating teulils o f '~+~or I (er .~ :  lndustrial construction results from teams whosc members 

cooperate uiider tlie Same rcgime. prescribed by technique and econoniy. As Mr. BONNOME 
said in his report, an architecture of industrialization must be created. 

Market organization: Tlie conditions at present operating in the market ai-e often not 
adaptrd to industrialized building. Dr. J A ~ O I ~ S S O N  rightly indicates the by-laws and 
regulations based on old traditions. lrrcspective of a certain. inertia tliesc obstacles will 
disappear and industrialization will advance by virtue of its necessity with regard to  today's 
needs. 

We agrce witli Prof. OVSYANKIN,  who said that building developnient can oiily be realized 
by great technical progress, a higher level of building organization and technics, all based on 
extensive industrialization. 

T H E  R O A D  O F  P R O G R E S S  

As we said before, progress requires industrialization. Tliat in turn requires progress of 
technique and orgaiiization. Tliis is wliat wc are studying in France with great intensity in 
our tirins, laboratories aiid professioiial researcli institutes. 

A spccial contribution was also presented by Mr. K U R T  MANSSON, civil engineer of the 
Associated General Contractors and House Builders of Swcden, Stockholm, under tlie title 
S~,e~li .sh pr<ful~ricate~l utlit huiI(1ers' views on huildirig wit11 /arge-.si;c~l units, the text of wliich 
is : 

The majority of ttic advaiiccd building systems in Sweden has bcen developcd by the 
building contractors, in close cooperation with a few important builders, n-ianufacturers 
of building materials and consulting engineers and arcliitects. Since the development work 

Fig. I .  Coordiiiatioii of productioi1, b~iilding technique aiid economy by develupiiieiit work carried out 
by peoplc acquainted with work oii ihe sitc. 



has been in the hands of people wlio arc acquainted with the problems on thesite, it has been 
possible to coordinate productioii, building teclinique and economy into as perfect and well 
developed a System as may be allowed by the materials and machinery a t  present available 
(Fig. 1 ). 

Thc contractors Iiave consisteiitly aimed at surpassing their conipetitors, but neverthcless 
they have met and excliaiiged iiiformation about their experiencc in teclinical matters 
(Fig. 2). Amongst thc subjects discussed may be meritioned: surface treatment; size of 

Fig. 2. E x c h a n g c  o f  t e c h r i i c a l  e x p e r i e n c e  a m o n g  S w e d i s h  c o i i t r a c t o r s .  
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prefabricated units: details of electrical installation: cquipment for shuttering: sanitary 
installations: vcntilatiiig; heating coils i n  Iloors and walls; facade inatcrials; tolerances. 

People engaged in developing advariced building methods do not regard heavy units 
- the structure - as an isolatcd itein. They considcr the structurc as an  integral part of the 
entirc house - a cog-wlieel that has to fit all the other cog-wheels of installations and details 
wliich are necessary to iiiake the building function properly (Fig. 3). In vicw of tliis tlie 
demands ori ressarch d o  not only concern heavy ~inits but also thc cntirc linishing sidc, 
such as clcctrical, sanitary, Iieating and ventilating installations, kitchen equipiiient and 
surfacc trcatmcnt. 

Thc sanitary installations, etc., have to be coordinatcd witli tlic framework in such a way 
that the total time of construction is rcduccd. l'liis view on the basic problems is decisive Tor 
assembly building. or rather for systeiri building, in our country. Tlie term "system building" 
is used Tor buildiiig methods wherc all details down to tlic most niiiiute detail of installation 
havc bccn coordinated iiito a unit giving optimum results. Tlie system inay be a pure and 
simple assembly building or a combination oT in situ construction and asseinbly building. 
Tlie developincni of systcm building is illustrated in Fig. 4. 
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Fig. 4. The dcvclopnient of systeii? building. 

It is often hard to draw a dividing liiie betwecn the system building and traditional 
building methods. Systein building has influenccd tlic entire evolution of building. Some 
constructioiial solutioiis arrived at by tlic prefabricnted uiiit builders are at present in 
common usc on inost building sites. These have becn accepted and are today regardcd as 
traditional, e.g. refuse chutes, stairs, light concrete units. balconies, joinery painted at  
tlie factory, arid rnachine-finished plasterless surfaces. 

Accordiiig to ihe system building it Iias also become more coiiimon to utilizc (a) coor- 
dinated arid detuiled preplanning; (b )  load-bearing wall systeiiis; (C) economic dcsign of 
flats; and (d) geiieral contracting, i.e. the cntire contract is carricd out under the gerieral 
supcrvision of one contractor. Thus the secondary effect of systcin building involves a 
considerable advantagc to thc national economy. 

A rcport recently publislied in Swcdcn shows an annual increase in productivity of 
2-5 per ccnt., wliich is undoubtetlly attributablc to the udvantages of system building aiid 
its secondary influences on traditional building (Fig. 5). 
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HOUSES, SWEDEN, 1956-59 

Fig. 5. The influence of systein building 011 traditional b~iilding mcthods 

It is obvious that system building is well ablc to cornpete with traditional building. The 
savings through rationalization are perhaps not discernible i i i  the final cost price, bitt tlie 
entire housing production prolits by tlie influencc of the prefabricated iinit system on tlie 
general development. It is not kiiown to what extent the prefabricated unit system has 
succeeded in forcing down the general price levcl or in checkirig the inflationary rises, but a 
great advantagc acliieved through this systern is the dccreasirig demand for labour on the 
sitc (Fig. 6). 
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Fig. 6. Advantage of the prcfabricntcd b~iildiiig systerii in redlicing tlie anioliiit «f labuur req~iired on Ihr 
b~iilding site. 



What are the demands on research raised by System builders, particularly with regard 
to tlie present subject: large-sized units? Many of ihe successful results have been made 
possible not only through the intensive development work carried out by the contractors 
in close cooperation with consulting engineers and architects, but also tlirough their adapting 
their production to the results of tlie research carried out by the industry of building mate- 
rials and of the general research at universities and institutions. Nevertheless, many prob- 
lems are still unsolved, the majority of which also apply to traditional building. However, 
some of tlie problems become more acute in the case of prefabricated unit systenis: e.g. 

shrinkage of concretc units; design of joints and their interior and exterior sealing; facade 
materials, etc.; heat insulation; sound insulation. 

These problems may be divided into those concerning material, which may be handled 
tlirough inanufacturers of inaterials and their laboratories; building techniqiie, which may 
be handled by specialized research institutes; and production. Production problems are 
naturally best handled by the contractors themselves in their rationalizatioii departments 
or  by consulting engineers or  institutions engaged for the purpose. 

-1lie shrinkage of concrete units is an important problem, especially in the case of interior 
partition units. Thus, the following questions have to be answered: Are there any admixtures 
that reduce shrinkage? Could the prepacked method be used? 

If a reduced time of construction should be attained. the problem of shriiikage must be 
solved. The joints cannot be filled until the units have stopped shrinkage. Connected with 
these "joiiit" problems is tlie question of jointing material for exterior walls, its aging, etc. 
The contractors themselves are also interested in finding means of reducing the storage 
time for prefab units. Tlie cheapest way is to hoist them straight to their permanent place 
i i i  the building. 

As regards facade materials there is an abundant clioice, but we lack experience in the 
use of them. Possible materials are aluminium, asbestos cement, exposed aggregate, brick, 
etc. International cooperatioii is desirable. 

In  the field of heat insulation there is quite a number of good solutioris, but further 
improvements should be attainable. The Same applies to sound insulation. which in soine 
cases has proved problematic. 

Priniarily, the problems mentioned seem to be coiinected with the coinposition and 
design of materials. It is our belief that the technical problenis of production o n  the site 
will take care of themselves as soon as the technical problems connected with materials 
have been solved. A prerequisite (sine qua non) for the most efficient solution of the problem 
of production technique is, however, to create possibilities for iiidustrialized building. 

D o  not study large-sized units as an  isolated item, study them as a n  integrated part of the 
entire object. 

Another short special report was made by Mr. I. NYQUIST of the National Swedish 
Committee for Ruilding Research in Stockliolm. This report deals with tolerance problems, 
a subject raised by tlie sanie author in the discussion on Subject 3. The text of the report is 
given here: 

V A R I A T T O N S  T N  D I M  E N S T O N S  

Variations in dimensions and measurements may be attributed to  the following factors: 
Measuring errors, i.e. errors due to tlie measuring tool being inaccurate or  to  the meas- 

urement being made in a n  incorrect manner. 
Material movements resulting from changes in temperature and humidity, aging and 

plastic and elastic deformation. 



Load deformation, e.g. in concrete inoulds when the rnoulds are subjected to casting 
pressure. 

Faults during curing. An investigation of the deformation arising during the curing stage 
with concrete units 1 metre wide and of rooni height showed that faults of this nature were 
appreciably smaller than those occurring during the manufacturing process. 

Faults due to  incorrect technique and systematic deficiencies (chance errors). 

P R O D U C T I O N  L I M I T S  

Production limits are tlie limits within which the dimensions of a product may be expected 
to vary. These limits are calculated in accordance with the forniula 

Production limits mean value _t 3 x standard deviation 

where the standard deviation is 

n - l  ( iv3i 
i.e. the square root of the sum of the Squares of the deviations from the niean value, divided 
by the number of measurements less one. 

The production limits are used as an  aid when it is desired to fix suitable tolerances for a 
product with a limited number of measurements. 

A C C U R A C Y  O F  V A R I O U S  T Y P E S  O F  U N I T  

The following comments can be made about the measurements of different types of unit 
and finished buildings. 

The accuracy of the dimensions of concrete units depends mainly on the type of mould 
used during the manufacturing process. As regards width and length it may be noted that 
simple horizontal moulds made entirely of wood result in units showing wide variations in 
dimensions. It is probably unlikely that tolerances less than about & 10 min can be achieved. 

Stable, horizontal wooden irioulds and moulds in which wood is only used for Part of the 
construction, e.g. edge moulds of wood accurately attached to  a concrete bottom mould, 
can result in more accurate dimensions. It appears to  be possible to work to tolerances of 
& 5 mm with such moulds. 

Horizontal moulds of concrete with steel edge moulds sliould result in good dimensional 
accuracy without calling for any coniplicated procedure. 1t has been found possible to keep 
the tolerances within + 5 mm. If necessary the tolerances probably can be kept down to  
f 3 mm. 

Horizontal moulds made entirely of steel or moulds in which the outer surface is of 
plywood supported by a steel undcrlay and the edge moulds are of rigid steel profiles, will 
probably result in units of such accuracy that a tolerance of 3 mm can be achieved if the 
work is done accurately. 

Special horizontal steel moulds have been used in conjunction with the Coignet system in 
France. It is understood that tolerances of down to & I mm have been achieved. 

The dimensional accuracy of the thickness of units when casting in horizontal moulds 
depends on the material, the accuracy of the edge mould, the degree of filling and the means 
by which the concrete is compressed. Even if the rnoulds are good, large differences can arise 
in the thicknesses unless the casting is done with great accuracy. The mean values have a 
marked tendency to  be too high. In the best series of measurements the standard deviation 
was 0.7 mm and tlie mean value I mm too large. 

It should have been possible to keep to a tolerance of 'I mm. Other measurement series 
showed even greater standard devilitions. 



Batteries of vertical nioulds of steel for units I metre in width probably allow tolerances 
of ,L 5 mm in widtli and & 3 mni iii tliickness without very accurate treatnient of tlie steel 
components comprising the assembly. 

The measurenlent accuraey of tinished buildings seems to vary considerably. The results 
appear to be mainly dependent on the coiitrol exercised. The iiiean standard deviation when 
nieasuring the wall distance on six different types of prefabricated buildings was 9.9 mm. 
If allowance is made for tlie deviations in the mean values tlie production limits work out at  
more than i 30 mni. However, by exercising coristant control and adopting other measures 
it Iias becn possible in some cases to bring tlie tolerance Sor room measurements, ; . P .  wall 
distance, wall leiigth and room height, down to 3: 15 nim. 

Since, in some cases, standard deviations as low as about 3 inni are noted for such 
measurenients it is possible that in special cases the tolerance can be kept down to 10 rnm. 
However, such a close tolerai-ice should be denianded only in exceptional cases since, as a 
rule, it involves fairly drastic measures Tor the control and rejection of unacceptable units. 

A good survey nlethod must enable accurate measurenients to be acliieved a t  low cost. 
Sonie of the general requirements are: 

It must be siniple to apply. A complicated niethod is seldoni carried out in all details. 
Tt should involve as few nieasurenients as possible. Every nieasuremei-it involves a 

measurement error of some degree. 
Every effort should be made to use chain measurements instead of successive measure- 

ment methods. 
It should facilitate tlie final adjustmer-it of tlie units. A considerable portion of tlie crane 

time is taken up in doing tliis. This time can be greatly retluced if the units are hxed with stop 
edges, rests, Supports, slots, etc. 

The method adopted should be easy to check. 

C O S T S  O F  A C C U R A C Y  

The problem involved wheil setting tolerances for building units is to find a mininium for 
the total of tlie cost to the factory for small tolerances ( e . g .  increased machining, labour and 
material costs and the cost of inspection and rejection) and tlie extra cost of the constructiori 
job resulting from tlie delibery of units with excessive measurement deviations (e.g. the 
increased cost of adjusting, fitting, joining, dressing and surface treatment). 

The cost to the factory for accurate measurements will, of Course, be sniallest in the case 
of units for which no tolerances are fixed. Coi-isequently, tolerances should only be fixed 
where absolutely necessary and they sliould iiever be snialler tlian is econoniically justified 
by the requirements of the constructioii and the factory's resources. 

R E A S O N S  F O R  T O L E R A N C E S  

The reasoiis for establisliing tolerances vary. Tolerantes may be set to ensure that joints 
can be made according to programnie, to acliieve better measurenient accuracy with a view 
to eliniinating or facilitatiiig additional work Stages, to rationalize certain complementary 
work, ~ . g .  pipe installations, to ensure the static function of bearing members, to  reduce the 
dimensions of the unit and thus save material, to determine the division of economic 
responsibility concerning measurement accuracy between the purchaser and the manufac- 
turer or  to ensure that all the units in a series can be used on any site where this type of 
unit is prescribed. 

Elastic solutions refer to makeshift components that may be used to enable the units to 
be erected despite poor measurement accuracy. There are occasions when such methods 
are to be preferred to close tolerances. 



S T A N D A R D  T O L E R A N C E S  

A German proposal for standard tolerances refers all concretc units to one and the Same 
tolerante class within which the tolerances are based solel y on the production dimensions. 
This rneans that the inethod of manufacture which results in tlie greatest deviations deter- 
niiiies the tolerances in the class. A point for discussion is whether or  not a proposal for 
standard tolerances should allow for the fact that the accuracy of thc dimensions of rnany 
products is greatly depcndent upon the method of manufacture. 

There is every reason to debate whether the standard tolerances should be related to the 
manufacturing measurement. 

C O N T R O L  O F  T O L E R A N C E S  

To  fix or promise tolerances without ensuring in some way or otlier that they are adliered 
to can hardly lead to thc desired results unless, of Course, the tolerances are comparatively 
large. It will, therefore, often be necessary to excrcise sonie form of control, both during 
manufacture and on dclivcry. Sevcral different methods involving statistical quality control 
can be readily applied in such cases. 

Apart from tlie foregoing special reports tlie discussion showed that in Western Europe 
large element construction has to  develop in competition witli traditional construction 
under the existing system of contracting, whercas in Eastern Europe provision of large-size 
contracts over a sufficicnt time to offset costs of industrial developmerit facilitates matters. 
Thus there is in Eastern Europe a greater degrcc of structural novelty. Western European 
delegates, nevertheless, tended to justify large element development by three arguments: 
firstly, the effect of better wages and working cotiditions for operatives in the case of 
industrialized production; secondly, the higher statidard of finish and large numbcr of 
niodern services to be provided at  reasonablc cost by factory production; and, tliirdly, the 
existing tendency towards a n  increase of wages is at  a rate that would seem to be higher than 
that of costs of materials. 





Subject 5 

MASS HOUSING IN RAPIDLY DEVELOPING 
TROPICAL AND SUBTROPICAL AREAS 

G. A. A T K I N S O N  

Heud of Tropicul Ririlcli~rg Srctioir, Builcliitg R~~seurclr Stutioii I Unitrd Kirigrloin) 

G. A. D O X I A D I S  

Corwultiir~ eiiginc~r (Grrecr)  

K .  H A D I N O T O  

Director of Regioirul Hoirsiiig Crritre IIiicloncsiu) 

N. S T U T T E R H E I M  A N D  G .  C A L U E R W O O D  

Nutionul Builcling Rescnrch Iiistitutr (Urrioiz of Soirtlr Africu) 

S I R  H .  W I L L I A M S  

Coitncil of Scirntific nncl Jrrc/~~.striul Re.reurc11 (Iritlicr) 

G .  B L A C H E R E  
Director of tlie "Crntre Scientifique ct Techniqire clu Bütirrieiif " (Frunce) 

UDC 333.32(213) 

0 .  H.  K O E N I G S B E R G E R  

Architecturol As.~ociution (Uniterl Kiiigclorrr) 



Mass housing in rapidly developing tropical areas: 
an introduction uDc 333.32(213) 

G .  A. A T K I N S O N  

Hrad of Tropicol Builtlirrg Saclio~i. Br~i l t i i~ i~  Rrsaarclr Slotiotr (Ut~ifecl Kirl~dom) 

Population growth and the attraction - economic and social - of town life makc urban 
housing one of the most intractable problems facing rapidly developing countries in tropical 
regions. Very many new dwllings are needcd to rclicvc overcrowding aiid provide passably 
tolerable living conditions, or at least to prevent thein beconiing worse, to control and 
cventually to replace the disorderly shack commuiiities springing up in and around towns, 
and to provide hoines for families inoved froni sites required for industrial and conimercial 
devclopment or from unsafc, insanitary buildings. In most countries housing is also needed 
for workers in new industrial settlements, as well as on schenies for agricultural improvc- 
mcnt. 

Most tropical regions - south and east Asia excepted - are not yet as densely populated 
as Europe (Fig. I ) ,  none is as urbanised (Fig. 2). The inajority of families are country 

Fig. 1. World population. Exccpt for south and east Asia. including Java, most tropical regions are not 
as denscly populated as Europe. (Each dot  reprcscnts approximately 10 inillion persons.) 

people, usually peasant fariners. hlany grow hardly enough to feed thenlselves, lct alone 
Iiavc crops to sell for cash at the inarket. Their homes are simple, built with materials 
rcady to liand: stones, eartli, baniboo, grass, etc. But in son-ie countries (Ghana, lvory 
Coast and Malaya, for example) inany pcasant farmers have cash to spend on ccment, 
sawn tiniber and inetal roof slieets. Though possibly less pleasing to thc cye, their houses are 
better places to live in - drier, more durable and. usually. healthier. The improvement of 
rural housing - and the infi uencc. on  one hand, of agricultural prospei-ity and, on  the other, 
of local materials 2nd building crafts - despite its in-iportance must, however, fall outside 
thc scope of this paper. 

S T U D I E S  O F  U R B A N  S O C I A L  C O N D I T I O N S ,  I N C L U D I N G  

H O U S I N G  

Urban social conditioiis and, particularly, the Patterns of urban growth and housing in 
economically underdeveloped areas (which, as Table 1 shows. iriclude the majority of 
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Fig. 2. World urban pupulation. Nonc of ihe tropical regions is yet as urban os Europe or North Arnerica. 
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tropical countries) have beeri described in the United Nations report The World Social 
Situation '. Conditions in Africa south of the Sahara are surveyed iri greater detail in a 
special chapter of the report and also in a comprehensive study Social I~ l~pl icat ions of 
Inrlustrialisation und Urhanisation in Ajkica South of the Sahura 2 prepared under the auspices 
of the Unesco. An Inter-African Conference on Housiiig and Urbanisation was held in 
Nairobi in January, 1959. TIie proceedings of an  early regional Housing Conference, held in 
Pretoria (1952), also describe coriditions in many African countries :'. 

Urban conditions in Latin America, including housing, are also described in the United 
Nations report, as well as in the report Prohlen~s qf ffousing of Social Interest 4 and other 
publications - nlainly in Spanish - of the Division of Housing and Planning, Pan-American 
Union. The report of a Seminar on Housing Through Non-profit Organisations in Latin 
America, held in Copenliagen under the U N  Technical Assistance Programnie, forins the 
main content of UN Housing, Building and Planning Bulletin No. 10 (1956) 5 a special 
issue of wliich - Bulletin No. 6 (1952) 6 - had earlier been devoted to housirig in tropical 
areas generally. Housing conditions in the Caribbean area are described in UN ' and 
Caribbean reports; for the West Indies, in particular, in annual reports of the Comptroller 
for Development and Welfare 9. 

Urban social conditions, including Iiousing, are a main concern of the UN Economic 
Comniission for Asia and the Far East, which has reported on housing and building mate- 
rials I n .  Social conditions were examined at  a joint UN/Unesco Seminar in 1956 l .  Workers' 
housing problems in Asian countries have been studied by tlie ILO " 2 .  The report and sum- 
niaries of Papers of a UN Seminar on Housing and Community Improvenlent held in 
Delhi were published as UN Housing, Building and Planning Bulletin No. 9 The report 
of a further Seminar on Housing Through Non-profit Organisations, held in Copenhagen 
under the UN Techriical Assistance Programme, has also been published 14. In 1958, a n  
Asian conference on regional (physical) planning was held under U N  auspices in Tokyo. 

Tliere is also an extensive literature dealing with conditions in individual countries; for 
example, the reports of a U N  housing mission to Ghana '5 and of housing agencies like the 
Singapore lmprovement Trust 16, the Hong Kong Resettlement Department l 7  and the 
former Belgian Congo Office des Cites Africaines 18. 

P A T T E R N  O F  U R B A N  D E V E L O P M E N T  

Most of the rapidly growing cities of the less developed regions of the world are composed of 
several quarters which, though economically interdependent, are often imperfectly inte- 
grated socially aiid on occasion form politically distinct units. These quarters may be 
divided into: 

(1) The modern commercial and administrative centre with its associated better-off 
residential areas and, in some cases, its publicly financed and administered workers' 
housing. where building is regulated by law and conventional techniques introduced from 
Europe or  North America prevail. 

(2) The "old centre" of narrow streets and densely occupied buildirigs usually of the 
"shop-house" type - overcrowded tenements over cornmercial premises and petty industries; 
a n  unimportant part of the newer towns of East and Southern Africa but the predominant 
section of older Asian cities. 

(3) Areas of huts a.nd shacks within or just outside the town boundary. Often built 
illegally of scrap materials oii public or  waste land. these areas are rural rather than urban 
in character despite the density of their settlement. Most of their inhabitants follow urban 
types of employment though they and their wives may add to the household income by 
keeping pigs or  poultry and running small market gardens or  let rooms to  newcomers. 

A recent survey of Iiousing in Jinja, Uganda a town founded early this century and 
with a large migrant population - showed that a third of the workers lived in African 



built and owned housing on the fringe of the  town, mostly mud huts with thatch or  - increas- 
ingly - metal roofs, not conforming to building rules and sited haphazardly. A further third 
lived in accommodation which was provided, usually free of rent, by employers and which 
varied much in quality from neat police quarters to old, neglected lines. Only one in ten 
lived in houses built and run by government as a social service. An earlier survey of Singapore 
housing " gave much the same picture. One in fve  of lower-income households within 
the city were living in "attap" dwellings (timber huts witli thatch roofs, mostly sited chaoti- 
cally), one inthree in "shop houses" (upper tioors of brick or  concrete buildings in the older 
parts of the city, usually divided into overcrowded cubicles), and only one in eight in 
publicly built and managed housing. 

H O U S I N G  P R I O R I T I E S  A N D  P O L l C l E S  

Such figures, from places where government has been exceptionally active in providing 
housing as a social service, indicate the scale of the problem facing most tropical couiitries. 
Few governments can afford the money or technical resources to house as a social service 
inore than a minority of urban families. Only model or  large employers are willing or able 
to house satisfactorily many of their workers. The mass of town dwellers, therefore, have 
to depend on their own initiative or  on that of private entrepreneurs for shelter; for the 
poorer families this is often found in overcrowded cubicles or in sliack settlements on the 
fringe of cities. 

Faced with such a situation governmeiits are finding that little benefit is to be derived 
from merely condemning and clearing these areas. Poverty - private and civic - and the 
demands of other social Services and of wealth creating development usually preclude 
rehousing all the displaced in permanent buildings of an  acceptable standard. Possibly 
conflicting economic and social claims compel governments deliberately or inadvertently 
to fix priorities. Directly and through local autliorities, non-profit inaking organisations or, 
on occasion, employers build dwellings of lasting construction for selected groups: key 
workers, public employees, families cleared from slums, the most needy or those best able 
to pay a n  economic price. 

However, it is being accepted more and more that in most tropical towns many families 
will have to continue to live in huts and similar short-life dwellings for some years to come 
and that, consequently, this form of mass housing cannot be ignored or  condemned out- 
right 21. Rather it must be regulated to ensure tliat its layout, in particular, is orderly. 
Families may be helped with building plots, teclinical guidaiice, materials, etc. 

Mass housing in tropical regions tends to take on one of three forms: liousing of a 
lasting nature built by a public or social agency or sometimes by an employer; private 
building - often by petty jobbing builders - for owner-occupation or use as a lodging 
house in either durable or  short-life materials; and self-help building by afamily and friends, 
possibly with outside assistance and usually in short-life materials. 

S O C I A L  A N D  E M P L O Y E R  H O U S I N G  O F  A L A S T I N G  N A T U R E  

S T A N D A R D S  A N D  H O U S E  P L A N S  

Table 11 shows tliat the floor space provided in mass housing in tropical countries is 
usually small- at  least by post-war European standards. It reflects the lower standard of living 
which prevails (Table 111). However, in a warm cliniate inany household activities can take 
place out of doors, especially wliere there is a private yard and trees to give shade from the 
sun. Thc dwelling, at  least for the less well off, serves mainly for sleeping and Storage; indecd, 
in dricr cliinates it is possible - even preferable in the liot seasoii - to sleep out of doors. 

Many early schemes were in the form of one-rooiii dwellings with communal sanitation 
and possibly kitchens. The accominodation was often built to house single migrant workersZ2. 



T A B L E  I t  

COMPARATIVESCALEOF L>WELI.ING SPACE COMMONLY AVAILABLE IN DIFFERENT PARTSOF THE WORLD 

(The following tentative scale - gross floor area per Person - is based, wherever possible, on that us~ially 
provided or  commonly available for a household of five   in der various circumstances in different countries. 
Figures are usually based on gross floor areas within outsidc walls on a!l fioors occ~ipied by Lhe household.) 

Conditions of serious overcrowding 0.7-2.5 
Three-bcrth European riiilway 
sleeping car compartnient 0.76 

Housing in some large Asirin cities 3-5 
Static caravan ( U . K . )  3 4 . 5  ' 
Hong Kong, legal ininimum 3.25 
Legal minimum for labour housing in 

some tropical countries 3.7 
Hong Kong Housing Society. oiie- 

room flat (1953) 4.3 2 

Ho~ising in Africa and similar tropical 
areas 5-10 
Kcnya, two-room Rats ( 1947) 5.9 
So~ithern Rhodesia, detached bungn- 

low (1 955) 7.0 
Congo, two-slorey Lerrace hoiise 

(1956) 8.8 

Fiji, two-storey police housing (1958) 10.2 
14oiising in E. Europe and parts of the 

Mediterranean; also in Latin Amcrica 8-12 
Warsaw, f a t s  (1953) 8.8-1 1.2 2 

Greece, n~ic le~is  house (1951) 9.6 
Latin Anierica, recornmended niini- 

mum for social housing (1953) 12 
Social housing in W. Europe 12-17 

Netherlands, minimum flats at Vlaar- 
dingen (1952) 12.6 

England, Welwyn workers' cottages 
( 1925) 13 

England, Housing Manual (1944) 
houses 15-16.7 

based on 4-person household. 
based on  6-person household. 

T A B L E  1 1 1  

COMPAI<ISON OF STAFDARD OF LIVLNG: WEALTHY (u.s.A.), INTERMEIJIATE (ARGENTJNA), A N U  POOR (INI)IA) 
COUNTI<IES 

(Based oii J .  P. COI.E (1959), Geography of' Miorl(1 ilffi~irs. Penguin Books, Harmondsworth. Middlesex.) 

Food consuniption : 
calories per day 
per inhabitant 

Housing: rooms per 
10 inhabitants 

U.S.A.  Arget~liwa Itltlia 

Textile consumption: 10 
kg. ofcotton yarn per year per inhabitant (5) 

Doctors per 100,000 inhabitants 

Literacy : perceiitage of population over Len Alniost 
ycars of agc literate 100"„ 87 ": I 8 ,, 

Higher education : 150 40 
students per 10,000 inhabitants (12.5) (3.3) 

Motor vehicles per 1000 inhabitants 390 3 3 I 

figures in brackets: number of time5 niore tliiin in India. 
Qery approximate figure. 





T. 19 (net floor area 28.2 m" ( 8  (Fig. 6), the Barbados Housing Authority's type 100 
(37.1 m2) L-' (Fig. 7) and the South African Bantu house type NE. 5119 (47.4 m2) 2"Fig. 8). 
Many Aats follo\b tl-iis plan, ~ . g .  the Hong Kong Housing Authority's North Point scheme 
Type J (38.6 mz) -"Fig. 9). Differentes iii area are due as much to  the absence of passages 
and lobbies and to the small space allocated to the saiiitatioii - in the Congo design a 
combined squat latrine/sliower (1.05 m" - in thc smaller types as to rooin size. (For 
comparison, tlie English post-war ternporary bungalow - the popularly named "prefab" - 

of much the sarnc plan but with a lobby Passage, Iiad a net floor area of about 57 rn2 
(Fig. 10) 27. 

- 
Fig. 5. Hoiig Konc Resettlenient Departiiieiit I I I .  I i i . i i i ~ . i - i i ~ i , .  ~ ' i . i i i  ii,>riii.il. 

(1958). Coiiversion oi' two tencinerit rooiiis into a 
one-rooni sell'-contained flat. Floor iirea abo~i t  Fig. 6. Ofice des Cites Africaines, former Belgian 
20-35 ni2. 1 unit uidth, 2 eritrance balcony, 3 Congo (1954). One-storey "four-sq~iare" house, 
kitcheri, 4 living accomniodation, 5 toilet-shower. TypeT. 19. Floor area 28.2 n ~ ?  I rooms, 2 kitchen, 

6 private balcony. 3 liviiig area. 

Fig. 7. Barbados Housing Authority ( 1957). One-storey "four-square" house, Type 100. Floorarea37.1 m'. 
1 kitchen, 2 shower, 3 bedroom, 4 cupboard, 5 living-rooin. 



The plan has many advantages. It is economical: in South Africa - where building costs 
are low - the NE. 5119 house with water-borne sanitation has cost about 1(: 325 "8; the 
Barbados Type 100 house, 1(: 360 '-'. I t  can be built detached, in pairs or  terraces. Where 
the climate permits, an  Open verandal-i can take thc place of the kitchen. Additional living 
space can be provided by a walled courtyard at the back. Onc ofthe bedrooms can be planned 
witli access from outdoors so tliat, as happens in East and Central Africa, it can be let to a 
lodger and the rent brought witliin the nieans of more families. Its main disadvantages are 
the rather long frontages which it needs (5 to  6 m and upwards). Through vcntilation is 
available only a t  some loss of privacy - not an  over-ruling matter in mass tropical housing. 
Skill in layout is needed if nionotony is to  be avoided in large schemes. 

The "four-square" plan is much used for flats - for example, in Hong Kong 2"Fig. 9). 
Singapore I G  (Fig. I I )  and Mombasa. In an  attempt to  increase densities, two foor s  of 
flats, based o n  this plan, have been built in different parts of Africa, Fiji, Mauritius and 

0 s .O 1s 2 0  

Fig. 8. South African National Housing ancl 
- 

Planning Cornrnission (1951). One-storey "fo~ir- Fig. 9. Hong Kong Ho~ising Authority (1955). 
square" housc, Type NE. 5119. Floor area 47.4 rn2. Eleven-storcy Rats, North Point. "Four-squarc" 
I bedroom (carth floor), 2 bath (concrete floor), plan, Type J. Floor arca 38.6 m2. 1 open cntrancc 
3 dining kitchen (concretc flour), 4 bedroom (earth balcony, 2 bath, 3 living-room, 4 kitchen. 5 bed- 
floor), 5 Jiving and sleepiiig quarters (earth floor). room. 

Fig. 10. U.K. Ministry of Works (1945). One-storey temporary prefabricated house of the "four-square" 
plaii. Floor area about 57 ni2. 1 bedrooms, 2 bathroom, 3 kitchen, 4 living-room. 



other tropical areas. There are few advantages. The slight increase in density hardly balances 
the cost of the concretc iipper floor and staircase which usually is provided or tlie lack of 
direct access to  a yard for the upper flat. As Iias been found in Fiji, two-storcy terrace Iiouses 
are a better way of increasing densities. 

There is little to distinguish the two-storey terrace Iiouse being used incrcasingly in tropical 
countries for inass housing froni its fellow in Europe e ~ c e p t  size and simplicity. Typical are 
the BelgianCongo Type T. 18 desigiis (net floor area 44 ni" 18 (Fig. 12), tlie British Guiana 
Housing and Planiiing Dcpartnient Type 112 (45 ni-) (Fig. 13), Fiji Police liouses (51 ni') 
and thc Singapore linprovenient Trust design (57 in2) '"(I'ig. 14). Usually thc W.C. and wach 
stand arc at ground level. Though floor areas are a little larger to allow for tlie stairs, 
frontagcs are shorter (frorn 4 m). An Open staircase is advantageous in a warn1 climatc as it 
facilitates ventilation by stack effect when there is no breeze. Witli a n  uncciled wood joisted 
floor, tliere is no overruling objection to  a storey height of 2.3 m. In countries where it is 
custoniary to sleep on mats oii thefloor, atimber upper fl oor is welcomed. Bedrooin wiiidows, 
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Fig. I I. Singapore Lmprovcment Trust (1954). Three-storey flats, Alexandra Road. Typical plan of a pair 
of fliits, each with a floor area of 51.3 m?. 1 bedrooin, 2 kitchen, 3 bath, 4 comniiinal stairway, 5 living-room. 

Fig. 12. Otfice des Cites Africaines, Former Belgian Congo (1954). Two-storey "terrace" house, TypeT. 18. 
Floor area 44 m2. (Left) I kitchen, 2 living-roorn. (Right) 1 roonis. 



being nlore secuse against thieves, are more likely to be kept Open at night. The judieious 
use of two aiid one-storey designs helps to prevent rnonotony. 

C ' O N S T R U C T I O N  

Much attention lias been givcn to ways of redueing the cost of "perinanent" housing 
- possibly too niucli conipared with tlie econoniics of layout and services. Three niain 
lines of approach can be distinguished: 

( 1 )  Prefabrication: tlie erection of ready struetures brought frorn a distance, even from 
abroad. 

ground floor first floor 

Fig. 13. Britisli Guiana Ho~ising and Planning Departmerit (1954-57). THO-storey "terrace" house, type 
112. Floor arca 45 ni2. (Left) 1 terrace, 2 dining-room, 3 kitchen, 4 liring-room, 5 Rower box. (Right) 

I showcr, 2 bcdrooni. 

Fig. 14. Singapore lrnprovement T r ~ ~ s t  (1957). Two storey "terrace" house, Duchess Estate. Floor area 
57 ni? I Iiving rooni, 2 bedrooiiis, 3 kitchcn, 4 and 5 nien's and women's conveniences. 

(2) Mechanisatioii: the use of niechanical inethods for handling, rnaking and placing 
parts of a building, usually based oii concrete. 

(3) Rationalisation: the rnethodical use of traditional (with local rnaterials) or conven- 
tional (usirig normal concrete block, brick or timber construction) building tecliniques. 

linmediately after the last war, interest in the export of prefabricated structures to tropical 
and other developing countries was stiinulated by shortages of materials and skilled labour 
overseas and by the need to iiiid markets for prefabricated house industries in Bi-itain, 



Sweden and soine other European countries. Experience in the former Belgian Congo l 8 ,  

where 2,200 houses were iniported fronl a number of European countries in the late 1940s, 
confii-ms that of the United Kingdom "9". Oiily in specially favourable circiimstances d o  
iinported houses compete in cost with local building. Only a few are suitable oii design 
grounds. 

Prefabricated and sirnilar unconventional building systems based on local inaterials 
and manulacture havc been used in various tropical countries. Some using timber, likc 
tliat developed in Jamaica for rehousing the homeless after the 1951 hurricane, arc adapta- 
tions of coriveritiorial methods. In Ghana, for a workers' housing project in corinection 
with the proposed Volta River Dam, part fabrication of timber structures in the country 
and part iiiiportation was considered 30. Increasingly, local fabricatiori of steel as well as 
timber components such as roof trusses is being adopted. 

The use of precast concrete elements marks the transition between prefabrication arid 
niechanisation. In many countries, varieties of precast concrete post and panel systems are 
in use 319 32, 33. It is possible to use simple equipment for casting, which may, in larger 
schemes, be carricd out on  the building site. Tlie competitiveness of tliese systems compared 
with the more conventional concrete blockwork depends largely on the price and availability 
of aggregates - in many areas the gravel or crushed stone needed for precast units is scarce 
and costly while rather fiiiely graded river sand for blockmaking is plentiful and cheap-and 
on local management and labour skills. Iri mass housing, the precast units are usually 
unlined and, being thinner and denser, may resist less well heat transmittance and rain 
penetration. 

The use of novelties like concrete shells cast on inflated balloons, as in Dakar, and wheel- 
mounted steel nioulds for casting a whole house in one operation, reported from Israel, 
has not yet made any significant contribution to cheap mass housing. The poor thermal 
behaviour and weather resistance of thin corrugated shell vaults forined by a cenient 
plaster on coarse cloth, such as shown by the Indian Central Research Institute at the Delhi 
International Low Cost Exhibition (1954) U, would seem to rule out this type of structure 
for general use. 

In southern Africa, tilt-up concrete construction with no-fines concrete has been used 
extensively for niass Iiousing 2% 35. The operations are ingenious and labour-saving. They 
have shown savings over conventional methods when European artisans were employed 
but, with tlie growing use of skilled Bantu building workers arid tlie greater use of conven- 
tional concrete blockwork, some of the advantages claimed seem to have been lost. Ln otlier 
ti-opical regions, aerated and no-fines concretes Cast in place mechanically havc been used 
successfully; large precast units using a lightweight pumice concrete have been developed 
in Kenya. 

All these methods depend on the building of a considerable number of houses usually 
on  the Same site and to a more or less standard design. Experience in South Africa, Southern 
Rhodesia and Keiiya - and on a snialler scale in Barbados - has chown that the rationalisa- 
tion of conventional brick or concrete block techniques may result in equal economies. 
South African methods, by which building opcrations are broken down into relatively 
simple repetitive tasks and detailed, coritinuous cost studies are made, have reduced costs 
considerably as sell  as providing training on the job ", 2\ The Barbados experience under- 
lined the role of training, particular attention being given to the foremen 24. 

Except in parts of South Africa where coal for burning is plentiful and bricks are cheap 
- 88s. a 1,000 (1 954) - most of the techniques described make use of concrete. Roofs are 
covered with asbestos cement sheets, though metal sheets are also frequently used. Windows, 
door frames, purlins, etc., are of metal, timber or  occasionally precast concrete. Floors are 
concrete, though the upper floors of two-storey houses may be timber. Though by European 
standards cement consumption in most tropical countries is low, as Table 1V shows, pro- 
duction is expanding. For example, in East Africa the cement-making capacity in I958 was 



alrnost 600,000 tons coriipared with less than 30,000 tons, using iniported clinker, in 1950. 
It is likely, therefore, that in most tropical countries mass housing of a lasting character 
will largely be of concrete construction - usually more or less conventional in form. 

T A B L E  1 V  

1'01171 A N U  CEMEN7 CONSUMPTION IN SOML SELFCTtU COUNTIIILS: KC~/HEAO Ob POPULATION (1957) 

(Sources: Masnlah Baiig~iiian, October-November, 1958, derived froiii A/S Aalborg, Denmark, Overseas 
Building Notes No. 58; Bo~iw, February 28, 1959.) 
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P R I V A T E  H O U S E  B U I L D I N G :  J O B B I N G  B U I L D E R S  

In many tropical countries private house building, at least in durable inatciials, only meets 
the needs of wealthier families. In few of tliese countries are efficieiit house builders to  be 
found. Their absence is associated with the lack of reasonable facilities for loans for house 
purchase. Where they exist, and especially wliere goveriinient has developed building sites, 
as it Iias done in Malaya at Petaliiig Jaya, Kuala Lumpur, cominercially built houses can be 
affordcd by families with siiialler incomes. (At Petaling Jaya, coinmercial builders Iiave 
sold brick terrace Iiouses for less thar iF  600.) 

Much private building is badly and wastefully designed, frequently by ill-trained "plan- 
drawers". Preliminary cost studies are neglectcd and cost control hardly exists. The work is 
contracted for at a lump sum price based on a n  arbitrary unit rate which ignores the siniplic- 
ity or complexity of a design o r  on a labour-only basis, the building owner purchasing 
niaterials. Half-finished houses whose owners, through optimism arid lack of sound 
technical advice, Iiave temporarily run out of money are a frequent sight in less teclinically 
developed countrics. Over a tcn-year period of visits to  Uganda, the slow Progress of a 
large aiid substantial brick liouse on the Kampala-Entebbe road lias personally been 
observed; it was not yet finislied when secn last early in 1959. Such practices do not favour 
econoniical building, nor do they enable savings foi- house purchase to  be put to best 
advaiitagc. 

The merit of ratioiialised building metliods for large-scale housing - in contrast to 
prefabricated and nieclianised coiistruction - is that building workers and small contractors 
are trained in better conventional niethods which they can subsequently apply to private 
house building. Too little attention has been paid to tliis feature of public encouragement 
to private builders. It is complementary to  aid in the form of housing loaii finance and the 
developnient of building sites. 

In soine tropicai areas, for example, in Northern Nigcria and on the East African coast 
and also in many South East Asinn countries, jobbing builders using local tcchniques arid 
relatively short life materials - mud, wattle and daub, bamboo, local tirnbers - are to  be 



encountered. Probably illiterate - at least i i i  European language - these builders rnay be 
responsiblc, as they Iiave been at Dar es Salaarn and Zanzibar and Nigerian cities like 
Kano and Zaria, for a large sliare of new Iiousing. Tlieir work rnay cost iiiorc than half that 
of construction in durable materials and requires more maintciiaiicc. Mostly it takcs the 
form of singlc-storcy dctaclied buildings whicl-i rnay Iiousc a faniily or an extcnded farnily 
or provide lodgings. Critics claini that such less durable buildings arc more likely to dcterio- 
rate ~ ind  becoific slurns and, having to be spaced apart for reasons of fire and sanitation, are 
wasteful in urban land. On tlie otlicr hand, they are usually less crowded than othcr types 
of dwelling, except well-managed public housiiig. iind wcll suitcd to tlie clirnatc. Thcy 
are built within tlie indigenous econoniy and d o  not cornpctc for financc and niatcrials with 
large-sciilc building. Tliey are rnorc within thc incaiis of less well off fainilies and, in 
particular, do  not call for largc initial suins of capital, bcing capable, as a recent social 
survcy of Dar es Salaam shows 3" of continuous irnprovenieiit. Tlie introduction of graded 
building rulcs, pcrrnitting tlie use of simpler designs in local, short-life inaterials in desig- 
natcd areas of a town, is being used in East Africa as a means of controlling yct not discour- 
agiiig this type of building 3'. 

Anyway, in thc proccss of continuous improveiiient very noticeable in more prosperous 
comriiunities, a gradual cliange from short-life to niore lasting materials and tlie abandon- 
incnt of local for rnorc conventional techniques are apparent. Corrugated metal sheets 
take the place of thatch; door and window opcnings arc frained in sawii tin-iber and glazcd 
saslies inserted; concretc takcs the place of clay for tlie floor; earth walls arc coated - soine- 
times uiisuccessfully - with a cement-sand rendering; electric lighting is installed. Thc final 
product looks little different frorn its fellow built in concrete blockwork. Because of tliis, 
at  least in places where sawn tiinber and cement are becornii-ig more plentiful, which include 
an  increasing proportion of tropical towns, it is debatable wl-iethcr technical assistance 
should contiiiue to be given to tlie irnprovernent of local techniques. It may be better to 
cnsure that jobbing builders becorne coinpetent in convcntional tcchniques and i i i  simple 
business and costing metliods and tliat "plan drawers" learn how to design economical and 
convenient dwellings. The value of large public housirig schemes as a means of providing 
on-site training for petty builders and for developirig rnodels for new house designs tends 
to be uiiderrated. Wlicre the balance in cost on such schcrnes between niechanisation and 
building rnore conventionally is sliglit, tlic educational advantagc of tlie latter sliould tip 
the scalcs. 

More study should be given to tlie jobbing builders, their econoiny and techniques, 
using both traditional, short-life and convcntional, iiiorc lasting materials. Tliey have the 
advantage of the working participation of the niastcr and low ovcrhcads. Expansion of 
their activities would niean a n  increase in indigeiious wealtli as well as a niarket for locally 
maiiufactured materials. They may be rcgarded as playing the sarne role in thc buildirig 
industry as tlie peasaiit farii-icr growiiig cash crops does in tropical agriculture. 

S E L F - H E L P  B U I L D I N G  

It may be incorrect to assumc tliat the hut areas which fringe tropical towns are all built by 
the occupiers tliemselves. Social surveys have sliown that many pcoplc living in these areas 
rent the roorns or bed spaces they occupy 1% 36. Thc huts rnay be put up by jobbing builders 
or artisans i i i  thcir spare time often for cntrepreneurs ulio own thc land, occupy it on some 
kind of ten-iporary permit, or  were first there as squattcrs. Whcn there is a shortage of 
acconiniodation and reasonable prospccts of crnployment, savings from rents or  wages are 
paid to thesc builders for specific jobs of work. In Dar es Salaai-ii. for exaniple, it is usual 
to pay a jobbing huilder sorne 300s. to cover a roof with corrugated iron shccts which liave 
previously bccn bouglit frorn a trader, possibly on credit. Even roofs of flattcncd kerosenc 
tins are put on by petty builders "6. Nevertlieless, wlicre occupiers arc iiiore than casual 



tenants, they are likely to improve tlieir dwelliiigs by self-help as circumstances periiiit. 
Where. because «f disaster or rural poverty, iminigration to towns gets out of hand. as 

happened in India and Pakistan in 1947 or in Hong Kong in 1949, shacks of scrap materials 
are put up by families theinselves o n  any waste land available. Having little work, with 
encouragement and assistance sucli fainilies can by self-help irnprove their dwellings o r  
build better. Tliey are like peasant peoples who are able to rebuild or improve their homes 
in the slack period of the agricultural year. 

Much attention has been given to  aiding self-help builders as a ineans of bettcring housing 
conditions in tropical countries " 6".  It has niany advantages for rural communities and tlie 
scasonally uiiemployed, but for town dwellers iri more or less full employinent it has 
limitations. One qucstions whether the elaborate comniüiiity developnient techniqucs, 
such as are favoured in Puerto Rico and sponsored by thc Housing Division, U.S. Interna- 
tional Cooperation Administration 39,  whicli are based on selected families working coopera- 
tively under tlie guidance of traiiied instructors as ainateur builders, might not be morc 
usefully devoted to the technical and coinmcrcial education of a professioiial house-building 
industry. Such an  industry exists in a morc or less rudinientary forni i i i  many tropical 
counti-ics. Attention can then be given to the provision of a n  adequate supply of serviced 
building plots, possibly in satellite cominunities, anti to the construction of nucleus dwellings 
possibly by jobbing builders as a conimercial vcnture -- this happened in the lirst stage of 
Petaling .laya, Kuala Lumpur 40 - which can be improved by housebuilders in their spare 
timc or, if they can afford it, by professional builders. 

The two inore proinising fo rn~s  of niass Iiousing in tropical countries are the rationalised 
and mcthodical use of more or less conventional techniques (using concrete blockwork, 
brick or timber construction) for large-scale social and employer housing of a lasting nature, 
and private housing by jobbing builders in local or conventional materials, preferably with 
public encousageinent through the developinent of building sites and the organisation of 
loaiis for house purchasers. The two forms are coiiiplenientary. The value of large public 
housing schemes for the on-site training of petty builders and thc dcvelopinent of new 
housing designs sliould not be underrated. 

Exccpt in thc crowded cities of Asia, the majority of less well off households not living in 
conditions of sevcre overcrowding occupy 5-10 m2 of fioor space per Person or 25-50 m 2  
for a fvc-person faniily. A large nuniber of the dwcllings bcing built by public housing 
autliorities is of one of two types: the one-storey or "four-square" plan ranging in area 
from 28 to 47 mqin the examples noted, and the two-storey "tcrrace" plan ranging from 
44 to 57 m'. Both reseinblc European mininium house plans but are smaller in area and 
simpler. 

Iinported prefabricatcd houscs liave rarcly coinpctcd in price witli local building. The usc 
of iiovcl techniques like concrete shclls lias not yet made any significant contribution to  
clieap niass liousing. Prccast and tilt-up Systems and those using lightwciglit material have 
been used succcssfully. but the ratioiialisation of conventional brick or concrete block 
construction may give cqual economies. lt has the advantagc of easicr adoption by petty 
builders. 

Tliougli by European stai-idards cemcnt consumptioii is low, production in tropical 
countries is expanding. Concrete is likely to be the main material for niass building in many 
places. Increasingly, houses built in local. short-life materials are being ccment plastered 
and improved with concretc floors, etc.. to resemble their initially more costly fellows built 
in concrete blockwork. 

Though aided sclf-help building has niany advantages for rural conimunities, refugee 
families and the scasonally uneinployed, thc elaborate techniques sometimes used for 



aiding urban families to work cooperatively on self-lielp building projects niight be better 
devoted to  the encouragement of efficient professional housebuilders. 
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tional demands for bettcr housing. Thus, the lack of proper houses corresponding to the new 
necds of the upcoming classes of urban dwellers, industrial workers, inanagerial classes of the 
goveriiment and social services. became tlie most apparent problem inthedevelopingcountries. 

Attention was turned to the creation of niore and better houses. After all, when people 
speak of bad Iiousing conditioiis they think of tlic liouses tliemselves and ask for more and 
better houses. 

However, this effort to solve housing problems by producing more and better houses has 
not succeeded at  all, with the exception of very few cases whcre problems were of very small 
scale and Iinancial means and taleiit in government and business circles and professional 
and skilled labour were available. In every other case the failure was coniplete and it would 
not be wrong to state that housing conditions today are becoming continuously worse in the 
urban areas of most of the developing countries wliilst they reniain at  the sanie level as 
before in tlie rural areas, which actually means a lower level because the rural inhabitants 
require more and better houses than before. The causes of these worsening conditions were 
not always tecl-inical; on  the contrary, in most cases they were not. 

TI-II: R E A L  H O U S I N G  P R O B L E M S  

The main cause of the housiiig problems creatcd today is the great change in demand for 
houses and housing facilities in general. This is the result of two important factors: the 
increase and movenicnt of population with its splitting of old patriarchal families, and 
the rise of income. New health conditions, allowiiig a greater increase of the population 
than beforc, havc not been followed by an increase of the productive capacity of the pcople, 
who produce pcrhaps the same number of houscs of the same quality as before whilst the 
iiceds are now much greater. O n  tlie otlier Iiand. the splitting of families has created the 
need for more housing units for the same iiuinbers of peoplc. 

Even for a stable population cntering tlie era of development, however, the changcs in its 
geographical distribution are such tliat new colossal needs for houses have been created in 
all urban and industrial eentres. TIie people now tend to abaiidon certain areas and t o  
coiicentrate in others. The change of the Pattern of geographieal distribution is big. People 
are tending towards new central functions, new market centres. iiew centres of administration. 

Tlius, even if we have a country with a stable population, we Iiavc a problem of  
creating new houses in urban centres because peoplc caniiot take with them their old 
homesteads froni the countryside. 

To  these two basic problenis of additional needs in numbers of housing units we have 
another which is of the greatest importance. This is the change in rcquirements, the dcmand 
for higher standards. The fact tliat the factory worker was up to now working in the fields, 
in the mud, toiling with the soil all day and was satisficd to go back to  a Iiut with a thatchcd 
roof and a mud floor, does not inean that thc ncw industrial worker wlio now works in a 
conercte or  stone buildiiig with a good roof, with a well paved, clean floor and perhaps air- 
conditioning, will be satisfied to go back to livc in the saiiie house. 

We eannot expect an individual worker. wlio has now become a servant of the inachine 
aiid who has to protect. inaintain and oil it, to returi-i at night to  livc on a damp mud floor. 
This man has niuch higher requirements which, if not satisfied. will not allow him to becoiiie 
a good industrial worker and will actually inake him wonder i T  the machine is tlic real 
ruler of our era and he is simply its servant rather tlian its master. For all these reasons i t  is 
no longer possible for the industrial worker and the teehnically advanccd man of our day 
to satisfy himself with the old standard of housing. 

Thus we come to the conclusion tliat today we need inuch grcater iiumbers of Iiouses 
in new localities for people requiring inuch higher standards of living. 

Tlie tasks described abovc ai-e so great that they require efforts on a national scale, and 



yet they have iiot been inet by the proper policies. We caii state very definitely that in most 
of the developing countries there is complete lack of national policies and national pro- 
grammes to provide for the necessary allocations of public funds and mobilization of private 
resources to meet this problein. 

The building industries as a whole have iiot been adjusted to the demand, building mate- 
rials have not been produced to meet the needs, people are not trained, methods of financing 
have not been studied and the countries are unable to meet the probleni. 

This is largely due to the lack of understanding of the role of housing in the developinent 
of the country in Programmes of econoniic development. People overlook the Iiuman factor, 
they speak of directly productive sectors, and consequently they have the social and liunian 
problems of displaced, dissatisfied people who d o  not hell-, in the successful implementation 
of overall development progranimes. 

Therc is also a lack of proper regional conceptions, lack of understanding of the clianging 
regional patterns. We have cases where many houses are built by private people or by 
governments just in tlie wrong areas, in the areas which are not going to develop in the 
future. The fact that the national development programmes do not provide adequate 
measures for housing causes rnany houses to be built in the wrong areas and thus a certain 
part of the housing production potential is wasted. 

T o  these weaknesses we have to add the lack of proper pliysical town plans which help 
the creation of the proper housing projects. Everybody tends to  creatc projects with wide 
streets and, incidentally. with relatively narrow avenues. Great expenditures are involved 
in the creation, the rnaintenance and thc operation of housing projects of the wrong kind. 
The people who started them are discouraged by the colossal cost involved and people 
liviiig in them are disillusioned because these projects are never completed owing to  lack of 
financial rneans. We have many cases where the authorities who created such expensive 
projects did not complete them; we have other cases wherc completed pro-iects were passed 
ovcr to municipal authorities which wcre unable to  inaintain them and which again passed 
tlie responsibility to  State governments or  federal governrnents whicli were faced with 
econoniic problerns. 

These practices result from tlie lack of trained people to face the problems of developing 
countries, people to  look at  the overall problein, and hence the planner or the one who 
replaces hin1 because of the lack of appropriate numbers of planners is trying to  copy the 
old Western city which he has seen in books and magazines. He overlooks the fact that 
financial, econoniic, climatic and other conditions are completely different. 

Tliis brings us to another point, viz. the lack of a proper design adjusted to the climate 
and tlie eeonomy of a country. The tendency to copy the Western patteriis, which are 
really patterns of northwestern Europe, in countries wliieli have completely different 
conditions, is creating insurmountable problems for people wlio find themselves in a new 
environmeiit, rnuch more expensive than it should be and serving their needs much less. 
In this way people are again disillusioned, authorities are disappointed and think that tlie 
probleins cannot be met. 

Finally, we Iiave to state that there is a lack of understanding even in thi: use of local 
materials as soon as attempts for housing begin. People tend to  build houses corresponding 
to British specifications, produce bricks according to Hritish standards, follow types of 
construction and iiiiitate materials produced in other countries for completely different 
conditions. The very fact that even in countries which require very simple walls with 
co~itinuous ventilation through them, attempts have been made to  build low-cost houses 
with heavy brick walls, shows how wrong tlie conception is in many cases of thc real 
problerns and the metliods by which they cnn be solved. 

T H E  C A U S E S  O F  I N A D E Q U A T E  P O L I C I E S  

Let us try to fiiid out why, as we have analyzed in the previous section, the policies are 





living worse in relation to their income tlian before the begiiining of developinent. Wc have 
only to Cross some developing countries in order to find thatched or straw huts. inud huts or 
tin shacks, with a very low level of construction but equipped witli radios, refrigerators. 
some with electricity and even a motorcar parked in front. 

To  anyone who has been to these countries, this is a picture which renlains very strong 
in his mind : the village, the sinall hamlet, tl-ie suburban arcas, consistiiig of very sub-standard 
houses, the occupants of whicli are able to acquire other mechanical and electrical gadgets. 
buy appliances. use otlier facilities, but are not even conscious of or able to build a better 
house. As long as we look at  housing solely as a problcin of constructing houses we will 
fail. The housing problem is a much broader one and we must be prepared to look at i t ,  

understand it, and meet it. 

" E K I S T I C S " .  T H E  S C I E N C E  O F  H U M A N  S E T T L E M E N T S  

W H A T  I S  " E K I S T I C S " ?  

There is undoubtedly a need for a new approach. The approach should not be technical 
and should not teach us a certain technique of "liow to biiild a house" or even Iiow to 
devise a layout  ind der certain conditions, but tlie scicntific approach, because conditions 
differ from country to country, region to region, time to time and specific project to specifjc 
project. Our approach should be scientific; it is the scientific approach tl-iat we need, the 
approach wliich will allow us to recognize situations and lhen lind the appropriate solutions 
and not the teclinique which will teach us Iiow to apply known n~ethods.  

"Ekistics" is the science of Iiuman settlements. Ekistics should operi to us the road to 
tl-ie solution of housing problcms. It begins by looking at  the housing effort as a whole and 
simultaneously as part of a national effort for development. Ekistics corinectc development, 
which is the cause of housing problems, with housing itself. It guarantees a policy which 
starts from the Statement of main causes and acsurcs that the cffort to be made is the proper 
one. Ekistics? by conceiving tlic wholc. can give tlic dircctives for each effort to be made 
within it. 

Ekistics in actioii lias to be expressed in scientitic terrns. i r i  ekistic policies and ekistic 
programmes. Physical plans to wl~ich we are used. designs and estimates of quantities and 
the description of building materials are really only two- and tliree-din~erisioniil expressions 
of programmes. Housing programmes should be the main weapon for the realization of 
our goals. Let us not forget that the main Factor we have to face today is the factor of time, 
because time increases our problems. And yet the main weapon we have in our liarids for 
the solution of our probleins. which cannot be solved overnight, is the factor of time. as it is 
only in accordance with a long-term prograinine that we can face such colossal problems. 
Problems have been created over years, decades and centuries and we cannot face them in 
similar periods. The time factor becomes a very iiiiportant one, the teclinique of designing 
and planning is not enough, we need a technique where the time factor plays a great role, 
a technique for long-terin programmes. Let us not forget that in economic development, 
wliere we have progressed niucl-i inore, we d o  not speak of short-term goals but of long-term 
programines and we have developed special ways of instituting thern. 

F R O M  F C O N O M l C  P L A N i ' i I N C i  T 0  EKISTIC'S 

The development of a nation is usually based on econoinic development, although econom- 
ic developmerit is not an aim in itself. The proper share of available resources should go 
into housirig. I t  does not I-ielp to say that housing is nonproductive. Tliis is very naive. 
Housing, like everything else. has to get its share of the national effort. If it receives less 
than its share then tl-iere is a lack of proper balance and we Iiave disturbances and dissatis- 
factiori of the people; we have. really. socially displaced persons, unrest, and an upsetting 
of the cconomic effort which was our goal when we neglccted housing. 



If, 011 the other hand. we give more for housing than the proper share we have a 

delay in ecoiioinic development bccausc we shift tlie resourccs froin other sectors to  
housing. 

The question, therefore, is: "what is tlie proper share?" This is something that cannot 
bc answcrcd by an  all-cncoriipassingg rule. We rnust find for cach case wliat the proper sharc 
of liousing within the national development progrnmines is. This is the greatest task for 
ckistics. If, for example, in one case liousing is inadequate aiid the country is not yet 
prcparcd to glarice at industrial development then perhaps this country should start by 
dedicating a big effort to housing. lf, on the other liand, the goal is immediate industrial 
developincnt, then wc should proportion housing to thc new industrics which arc creatcd 
in new placcs i i i  order to attract labour and devclop the type of labour wliicli wc nced to 
serve the new types of industries. 

In many cases, although it is not so recognized, Iiousing is morc ncccssary percentagewise 
at tlic beginning of development. Tlic rcasons are the following: 

(a) New development requires inoveinents of people towards new cities and new places 
and proper Iiousing will facilitate such inovement of the people, facilitate tlieir settlerncnt 
near the industriril centres, and will make thcni happy and attract them to newly irrigated 
and ncwly settled lands. 

(b) Housing is also necessary at  the beginning of tlic Programme in ordcr to niobilize 
niore easily tlic Iiumaii resources of the country. It is much easier to inobilize people to  
build their own houses than to inobilizc them for big public projccts, even of a colossal 
interest. A Iiouse being an item of personal property, every person can a fo rd  tlie labour to 
build it without coniplaints if he sees that lie is going to use it directly for his family. A big 
project does not appcal to liim at all in tlie saiiie way. 

(C) Housing is also indispensable at  the beginning of a programrne iii order to ti-ain 
pcople gradually for higher skills. Actually, tlic simpler skills required in a n  overall develop- 
ment effort are the skills required in housing. These are simpler than tlie skills required for 
big public works and for industries. Housing is a vcry good site and a vcry good workshop 
to start traiiiing a Farmer into a skilled labourer. Wc can start by trairiing masons who 
intend to become fitters and by teaching clcctricians simply how to make installations 
within Iiouscs and theii select from thein tlie liighly-skilled electricians for complicated 
installations. 

Housing is also a sector wlierc we can acliieve a bcttcr balance of i-esources to requirc- 
ments. In  Iiousing we can study niariy typcs of solutions which are impossible in industry. 
Onc cannot crente a n  industry i r i  a developiiig country without importing all thc equipment 
pcrhaps from abroad, but in houses one can always choose between a solution based only 
on local inaterials (after all, people Iiave becn buildiiig Iiouses without importing materials 
for centuries and centuries) aiid houses requiririg building inaterials from abroad. With 
housing we can regulate how niuch of the funds in foreign eucliange can be speni on tliis 
sector and liow niucli for other sectors. 

In tlie preparation of economic Programmes we have to  decide how mucli money for 
housing will come from private people in a combination of capital and labour. and how 
inuch froiii tlie govcrnment. It is here that we can rcgulate the market of available labour 
resourccs to serve tliese schemes. Some of thc best rural schenies may liave no value at  
all if not coinbined witli improvement of houses and tlie creation of new ones. 

It is within tlie economic plan that we m~ist find tlie answer to such basic problems as 
the balancc betwecn incoine of various classes and value of the houses. It is unrealistic 
to start witli houscs that are not directly related to the incoines of the people. Somctimes 
tlic inconie is so low that liouses cannot be built for thesc people and then we have to  face 
thc problcin wliether tliese peoplc will niobilire tlicir available labour resources to  build 
tliese houses or, if fully einploycd, iliey Iiave to obtain assistance from the goveriiment t o  
build. Yet this assistance must riot bc beyond thc possibilities of the country as a wliole 



because then it will not lead to the success of tlie housiiig programme but only to the creation 
of denionstration projects. 

It is also within the frame of the overall national developrnent plan that urban land 
policy should be worked out. Land prices in the urban areas should not be permitted to 
rise and kill every effort of Iiousing as it has Iiappened in niany countries. Corresponding 
policies Iiave to be developed. 

It is within the frame of ccoiiomic development Programmes that the building material 
industries have to be dcveloped, from the highest order to the lowest and from handicraft 
to the more elaboratc industries. It is within tlie same national development programme that 
labour policies have to be conceived whicli will enable the mobilization of labour resources 
for housing in a proper relation to the mobilization of labour for other sectors of the 
economy. 

F R O M  S O C I A L  P O L l C l E S  T 0  E K I S T I C S  

To confne studies to econon-iic planning and to ekistics and interrelate them would be 
wrong. We have to start with social policies and derive ekistics policies from tliem. 

Ekistic requirements impose certain social policies, e.g. the acquisition of urban land at  
reasonable prices. Ekistic policies should be the main iiiitiator of urban land reform. There 
is too much talk in all developing countries about rural land reforni whilst urban land 
i-eform remains tlie key to niany other national problems. 

Conversely, social policies should influence ekistic requiren-icnts. This nieans that if the 
government has set certaiii social rules, these will Iiave also to be expressed in large ekistic 
targets. If the government wants to give the rural land to the farmer, it should take it from 
the big landowner and help the farmer create and settle in a village, as in most cases Iie has 
been a serf up to now, moved around from parcel to parcel of land owned by tlie big 
landowner wlio, in many cascs, was doing this in order not to let the peasant settle down, 
and hc gradually became a citizen who could claini certain rights. There is no question 
that people responsible for housing cannot rernain at the end of tlie chain, like mechanics 
rcceiving orders from the economic and social branch aiid other branches. They have 
to influence decisions in most of the countries; otherwise the effort will break down a t  a 
very early Stage on problems like the lack of sufficient urban land, its exorbitant prices or the 
insufficiency of skillcd labour, high cost of materials, bottlenecks in tlieir production or  
lack of foreign currency for their iniportation. 

The persons responsible for housing should be the ones to initiate right at the conception 
of the economic and social policies of tlie government the measures which are going to 
influence Iiousing activities morc than if they remain at tlie end of the chain and wait for all 
otlier branches to take tlieir decisions and then have to struggle with the rcsults acliieved 
through economic and social policies. 

Let us not forget that human interests are always the goal, and not the construction of 
houses. It may be better to build only Part of the houses for 10 families than a complete 
Iiouse for one fainily. We should not start by conceiving the house and then seeing how we 
can build it, but we sliould start by conceiving tlie economics of a society and the social 
goals by n-iobilizing best and utilizing best our resources for the largest possible number of 
people. 

Social goals should always aim at satisfying the largest numbers of people in tlie classes 
which are in greater need of better housing facilities for the achievernent of tlie national 
goals. 

L K I S T I C S  E X P R E S S E D  I N  R E G I O N A L  P R O G R A M M E S  

No Progress can be achieved in the housing development of any area unless there is a 
regional Programme. A regional plan should be the two- and three-dimensional expression 
of such a programme. l t  is the housing development programme which is important and 





( f )  Areas whicli are cconoiiiically retarded unjustifably because they have been over- 
looked, have not been aided. and wliere existing natural potentials will create a mucli more 
iinportaiit development and turn them froin depressed into fast-developiiig areas. 

It is obvious tliat policies have to be decided for every such area in a different way and 
only after a real understanding of tlie phase they are in. On the basis of these policies the 
sizes of settlemcnts at present and in the future have to be decided and only then can the 
functions within them be determined, as well as the action to be taken for every one of them. 
Tlien action will follow in accordaiiee with the expected trends in every area and in every 
scttleillellt. 

F K I S T I C ' S  HXPKE:SSI . I )  I N  M A S T E R  P R O < ; R A M M L S  

Just as wc have to approacli the problem of regional programmes without limiting 
oursclves to physical plans, in the same way we have to approach the problems of the 
developmcnt of cities with major long-teriii progi-arnrncs whieh will define the trends of 
population and of tlie economy before proeeeding to anything related to the physical 
developinent of a city. I i i  this way we arrive at  programmes arising out of the needs of the 
city and its possibilities for development. 

Witli such prograinriles we sliall be able to estiinate the sizes of tlie different projects to 
be crcated in houses or buildings or other faeilities down to tlie land ai-eas which are 
required and caii be developed within the city. After defining tlie sizes of the different 
projects and tlic areas required for them we are able to proceed to physical plans and 
defirie the sites of'the different functions witliin a master plan, thc arteries and other features 
for tlie coinplete design of the city, wliich will be only an  expression of the long-term 
Programme conceived for it. Following this. we have to draw up partial programmes of, 
say, the urban econoinics. including everything relatcd to the econornic development of the 
city and referring to tlie possibilities of public and private financing for its development, 
programmes of coinmunity faeilities, programmes of houses, publie buildings, etc. 

E K I S T I C ' S  I-Xl'RI.SSI:D I N  D E S I G N S  

Following tlic conception of regional prograrnines for major regions anti master pro- 
gramines for thc cities. we can proeeed to designs which are intended to meet the problems 
of particular localities. We should be convineed from the start tliat we cannot transfer a 
dcsign from one country to tlie otlier or from one region to the otlier, espeeially in the 
underdeveloped areas. Everything has to be conceived anew with a clear understanding of 
tlie conditions of the developing countries, from the community layout to the house design; 
everything Iias to be dcsigned on the basis and the knowledge of local conditions. 

A basic problem which arises when designing for the devcloping areas is the problem of 
cost. We have certainly to know the budget of the city. the budget of tlie community, of the 
family or  of the school cominittee for their corresponding projects. We have to estimate 
how inuch can be spent now and how rilucli in the future. lf we decide on the realistic then 
we have to face the following dilenima: if we relate the expenditure for the project to the 
present incomes and budgets, then the project will very soon be surpassed by natural evolu- 
tion in a developing eeonomy; it will be vcry small and will not serve its purpose any inore. 
If, on  the otlier hand, we base our estimates of cost on the future possibilities of tinancing, 
we create a project which will bc impossible to finaiice and, even if it is financed, it will 
prove uneconornic because it will not be econornically in balance with the classes which are 
using it. 

Consequently, in developing countries we must decide to plan for the future but to build 
for the present. This means tliat we must coneeive big and construct small, we must tliink 
every time how many years the house is going to last, how many years a road is going to 
last, Iiow mucli of it can reasonably be built now and how rnuch should be justified in five, 
ten and fifty years. 



In the case of housing, this leads to the conception of the growing house. The same goes 
for schools. public buildings, etc., although in a house the notion of growth may be expressed 
in numher of rooms, whilst in a school building, where all classrooms will be necessary riglzt 
from the beginniiig, i t  may be expressed in degrees of finishing and facilities, so that the sanie 
building will cost lcss at  the beginning and will bc completed with the passing of years and 
thc increase of the inconie of the community. 

In  this connection we must remember that most facilitics, especially houses, already exist 
locally and if we Want to be realistic and adjust our new projects to the existing economic 
conditions we must think more of the evolution of local types of houses than of a revolu- 
tionary chaiigc, which is really inipossible if tliere is no rcvolution also in the ecoiioinics of 
the area, in the social habits. in the technical possibilities, etc. 

When thinking of new and developing countries, of countries wliere there is no traditional 
or modern technique, we should not speak of inodcrn coriceptions or modern architecture 
but we should speak and think of local architecturc which will have to be improved gradually 
and constantly and which will bc more modern for tlie country, much more adjusted to the 
local conditions and will serve the people better tlian what is called modern abroad. 

We have to recognize that no revolution is possible i i i  housing where a whole nation is 
involved and wliere the total labour force is concerned. We cannot consider new iinported 
techniques because we are not dealiiig with one single building where, after all, we can 
import some skilled labour, but with a question of building for inillions of families and 
witli the total labour force of the country, which cannot change its habits and skills overnight. 

When designing we have to consider the basic fact that we must develop what is healthy 
in the country. Our role. really, should be the role of an  archaeologist who excavates to 
find what already cxists and the role of a farmer who plants a tree and looks after its 
growth. We have to be sure that we plant the right seed and that we look after the gradual 
growth of housing as one of the natural expressions of the country and people as a whole. 

This is the reason why we often have to use tlie systcm of experimentation in everything 
we do. We are not allowed to, and we cannot crcate a revolution; we have to organize a n  
evolution i n  the housing conditions and in order to be sure about the road that we are 
going to follow, the balance which must be kept between local and imported materials. 
local and iii-iported techniques, present-day economic conditions and future development; 
we must test iiew ideas in sniall scale and experiment continuously. 

E K I S T I C S  I N  M A T E R I A L S  A N D  C O N S T K U C T I O N  

The same ideas as the ones we expressed in physical designs sliould influence our thinking 
in developing policies and Programmes on inaterials and methods of coiistruction. 

We must start with the national interests which usually impose tlie rnobilization of all 
local resources. These local resources can be in raw materials and skilled labour or  they can 
be in local industry, which can producc new niaterials based on tlie local raw ones. 

We must study the possibilities existing in the country and use tlieni i n  the best possible 
way. We have to use local materials and methods and develop them gradually since we 
must be sure about the best type of developnient, not to learn it from abroad, and we Iiave 
to convince tlie total labour force to follow this evolution of techniques. 

This poses a big problem: What will be our position rcgarding the experience gained 
abroad? Therc is no question that wc have to use this expcriencc in the best possiblc way, 
but we should not transplant the findings as they would have been implemented in another 
country. We should study what Iias alrcady happcned in othcr countrics and sec in what way 
we caii adjust it to the country we arr  concerned with. 

It is here again that we niust use as much as possiblc every type of experimentation and 
carry out all possible research. l'liere is one point, however, that we have to insist upon in 
this question of research. Very often in new countries we start research from the very 
beginning on problenis which Iiave alrrady been encountered in other countries. We stress 



the point that in most cases the best type of research starts in the library and tlie first people 
on research sliould accun~ulate and use the experience already gained in other countries 
arld then decide about tlie new Iields of researcli or experimentatiorl for the new country. 
1 have seen so many cases of experimentation and research oii problems already answered 
that I have to  insist when spealting of research and expcrimentation that we i-iiiist first 
evaluate tlie experience already gained before procecding to  new experiments. 

Thc samc probleinc as tlie ones faced in buildiiig materinls and methods of coiistruction 
exist wit l~ local labour, and, tlierefore, any programme for better materials aiid better 
metl-iods of constructioii has to include a plan for traiiiing sltilled labour at  different levels: 
in thc urban areas, in tlie rural areas, etc. 

If we look realistically at the housing efforts iii most countries, especially tlie under- 
developed ones, we n-iust immediately admit that large efforts I-iave failed in most cases. 
We inay find good projects and bad projects, but we do not have cases wliere a whole 
country Iias really reformed tlie housing coiiditions. Tlic failure is usually one of scale if it is 
not also a failure of quality in the sinall projects, because usually it is the failure in quality 
that leads to a failure in scale: a failure to meet the real problern, of which the most charac- 
teristic elemcnt is its size. 

When discussing housing we arc usually met by the reaction tliat housing is a luxury, but 
I-iere we niust remcmber that Iiousirig is not only a luxury but a basic goal of natioiial 
developrnent Programmes. as well as a means of their successful operation. Through hous- 
ing, as we liave already explained, we can achieve certain targets of the Programme, help the 
peoplc to move into the new areas to be developed and assist certain economic and social 
classes which arc eitl-ier suffering moi-e or  are the backbone of ecoriomic development, 
strengthen certain depressed areas until other types of econoinic development take place, 
etc. 

W H Y  H O U S I N G ' ?  

At this point we should ask ourselves if housing is really necessary. This question is 
usually aslted by maiiy peoplc. especially in the Course of economic planning and allocation 
of resources. It is better to break the question down to its scveral elemeiits: 
1s housing a productive investment? 

Yes, housing is :I productive investillent. at least as productive as any other investment 
under a well-balanced programme. 

Is it a luxury? 
No, it is not a luxury. It is indispensable. 

Does housing increase labour output? 
Yes, more than aiiy other investment. 

1s housing an  item of high priority? 
Yes, housing is in many cases ari item of very high priority. 

1s housirig an  impoi tant part of a development programme? 
Yes, housing is a very important part of the development programmc. 

Should not housing be left to the private citizen? 
No, housing cannot be left to the private citizen alone - it is too late for tliis to be possible. 

Should it be the concern of tlie governinent? 
Yes, it should be the coiicern of the government, otherwise the problen-i will ncver be 
solved and even private initiative will yield no results. 

The reasons for tlie answers to  all these qucstioiis are explained below. 
It has sometimes been said that housing is not a productive investment and should not 

be included in development piogrammes. If we ask what "productive" is, tl-ie answer often is 
investment in industry, agriculture or stock-breeding. Certainly, factory buildings and 
grain silos and stables for cows are productive, but we cannot build good factories and 



stables to protect machines and livestock and leave the workers in mud huts. We cannot 
treat our workers and peasants lightly. We must protect them at  least as fully as good 
machines. They are at  least equally valuable, even if we ignore the human aspect and only 
think in terriis of econoniic values, since they arc skilled people whose training has cost 
time and nioney. 

Consider tlie skilled worker in a modern power plant where everything must be clean 
and kept warm in winter and cool in summer. Can he return lioine to find his cliild with 
pneunionia lying on a wet mud floor in a cold, windswept hut? Will he not detest the niacliine 
which is protected and cared for and liate a society which leaves hin1 liomeless in order to 
serve a nionster of steel? 

Even if we ignore all else and speak in abstract economic tern-is, housing is at least as 
productivc as all other investments in a development progran-in-ie. There is no productive 
and non-productive investment but there are reasonable and unreasonable programmes, 
and balanccd and unbalanced programmes. 

Housing is no luxury. It is a need for every nation and for every developnicnt effort. 

Housing is a part of any well-balanced programnie of econoniic developinent. Housing is 
an  economic target. 

lnvestment in housing creates increased labour output. A worker who can spend most 
of liis spare time in a comfortable house docs not feel emotionally repressed and can 
resuine liis daily task with renewed pliysical arid mental powers, thus being able to work 
and produce more. 

For this reason not only governments but also large enterprises devote large amounts of 
capital to provide their workers with good houses. 

Housing investment increases employment. Of all developn-ient projects housing spends 
the higliest percentage on labour and tl-ie lowest oii inaterials. This ineans that for 
eveiy penny spent on housing a greater amount goes to the local labour force than in 
any other group of projects. 

This certainly nial<es supervising personnel more necessary but inost of these people can 
gi-adually be recruited locally and trained for the job. It is a matter of proper planning in 
good time. 

But housing is not only necessary for economic reasons: it is also necessary for social 
reasons. 

How are the people to benefit from higher incomes? The first thing they will ask for will 
be more and better food and the second, better living conditions. How can better living 
conditions be provided for people witl-iout better houses? It is impossible. Houses are the 
foundation of a better life. This is especially true if living conditions are very bad, as in 
many parts of thc world. 

Think of tlie people who earn a higher incoine and arc uiiablc to live in a bctter housc. 
Thcy may buy a radio or even a television Set but tliey will live in mud l-iuts undcr vcry 
unhealthy conditions. Tliey will suffer from Iieat and cold, from intestinal diseases and 
pneumonia. 

Why the higlier incomes then? Wliy econoniic developinent programmes? Housing is a 
primary social target. 

Has I-iousing a I-iigli priority in a development programnie'? Yes, it has, because it is the inost 
sound preventive nieasui-e aga ins~  disease and death, social unrest and social upheaval. 

Why build big hospitals if people live in the mud? The slums are destroying the I-iealth 
of tlie people and sending them to the hospitals. How inany hospitals can be built and how 



big must thc cenieteries bc? Good houses in good time will decrease the nurnber of people 
in need of hospitals and the great expense of cariiig for them. 

Good Iiousing will create happy and satisficd human communities. Housing is a high 
priority itcm in any development effort. 

But action in housing is not only irnpcrative on economic and social grounds. Housing is 
also necessary as a result of disasters, floods, fires and other causes. Immediate action is 
thcn necessary. Otherwise the economy will be dislocated, the people will be unhappy, 
thc social bounds brokeii. 

Housing can inobilize all the local contractors since it can be divided into large or small 
projects and employ the entire managerial potential of the country. Only in this way will 
new contractors gradually be forthcoming for greater and greater projeets until develop- 
ment as a whole can be undertaken by local people. 

Housing can contribute to preventing inflatioriary pressure since it can be extended to 
Cover the country and inake use of all local resources of manpower, matcrials. inanagement 
and transportation. 

This is why housing can be started and applied throughout the country more quickly 
than other Programmes, provided that there are good plans and the proper organization 
to guide the effort. 

Why not leave housing to the private citizen? Because i t  needs 
ample land, 
common facilities, 
good plans for houses, 
inany materials, 
much labour 

aiid funds that private people can only provide in the loiig run all at once in the space of a 
gcneration. 

All these can only be made available now by the government, otherwise 
land prices will soar; 
there will be no water supply; 
sewerage will not exist; 
people will have to walk in the mud; 
prices of materials will sky-rocket; 
skilled labour will be scarce; 
and plaiis will not exist and a new tower of Babel may be started. 
It is too late to leave this colossal task to private citizens - tliey are already too far 

behind, especially those in greatest need. Housing must be undertaken hy the government 
for the sake of all. 

W E  M U S T  U S E  E K I S T I C S  FOR A C O M P L E T F  P R O G R A M M E  

Without ekistics, witliout the overall study of the problern, we will lose precious time. 
Travelling around the world T have Seen first-rate technical experts struggling to face huge 
problems by thernselves in order to solve an  essentially economic and social problem witli 
their technical experience, trying to face a really local problem with the experience they 
gained usually abroad in other environinents under different conditions. 1 mention just one 
simple example in this last instance: 1 have seen people wondering why most countries are 
still insisting on insulation of roofs with a layer of eartli and not with lighter materials, aiid 
they never stopped to multiply the amounts needed for these lighter and so-called cheaper 
materials by tlie enormous number of houses whicli have to be built. They have not es- 



timated the terrific cost of transporting these inaterials even if they are supplied as a free 
gift to the people up to the last village in mountains or deserts. It is clear that in these 
countries, where people have been using ea r t l~  for their h o u s e ~  for thousands and thousands 
of years, this inay be the solutioti for a few rnore generations, especially in the most remote 
areas, even if we know that there are technically mucli better and much lighter materials. 

1 have Seen architects frustrated because tl-ieir moderii designs (and by modern they 
considered what they had learned in a Westcrn European or North American school) 
would not be accepted without discussion in other countries. I have seen economic planners 
who avoided worrying about housing and building and its experts. because the experts 
theinselves were usually unrealistic and would not look at the economic and social aspects 
of the housing problem. 

If we Want to solve the Iiousing problcms of any country, especially an  underdeveloped 
one, we should not hide our heads in the sünd, even if we discover many unknown details 
there. Wc should, however, keep our heads up and look around and understand the enor- 
mity of the problem and the need to  look at it as a grcat iiational task. We must understand 
that the solution of the housing problem is not in the details which have to be taken into 
considcration and studied and solved in their turn, but in tl-ie general conception of the 
housing problem as one of the biggest problenis wl-iich a country, especially a developiiig 
one, has to  face: a problem huge in size. of trenlendous economic. social, political and 
cultural iniplications for the future of peoples and countries. 
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I N T R O D U C T I O N  

Since 1920 the niain stimulus to housing policy in lndonesia has been consideration of 
public health. The objectives have been to reduce the dangers due to  poor environniental 
Iiygiene in the urban areas arising from bad housing conditions and overcrowdiiig (see 
Appendix). In tlie period between 1920 and 1940 many Iiomes were constructed in the large 
towns. 

Since the war the situation Iias deteriorated further owing to the cnormous flood of 
iniinigrants from the countryside into tlie big cities. Urban administration has been unable 
to  cope witli the iiirush of people, many of them drifting and many also entirely uiiaccus- 
tomed to life in the big city. By applying rural techniques of house building and sanitation 
to urban areas, they have reduced standards OS public healtli to still lower levels and have 
now created a grave problein which is in some measure faced by every urban administration 
of lndonesia and, indeed, of Soutli and South-East Asia generally. 

The empliasis i r i  tlie prcwar housing policy has beeil preserved, but owing to the conditions 
stated above tlie health and sanitation aspect is becoming increasingly important. A positive 
approacli to the housing problem was started in 1951 in order to  ensure that the whole 
population (including those living in the rural areas where the danger to  public Iiealtli due 
to bad sanitation is less acute) has the opportunity of obtaining decent dwellirigs of a high 
niinimum standard, the level of which will be raised in relation to the general economic 
level of tlie populatioii of Iiidonesia. This standard Iias been variously defined according 
to differences in conditions in the islands which nlake up the country. In Tiinor, for example, 
the introduction of a proper roof would be a considerable advance, whereas in Java it is 
possible to specify Aoor space requirements, the wall inaterials to  be used, etc., in much 
greater detaii. 

At present, because the majority of people live in the rural areas (it is estimated that 
only about 107:, of the population of lndonesia live in "urban areas" at tlie presenttime I), 
emphasis is placed o n  tliese areas. 

Tliis does not inean that urban problems will be neglected. TIie present urban housing 
problem is due to the fact that rural-type Iiousing has been constructed iii areas where it 
is inappropriate. Tliis will Iiave to  be solved not only by sluni clearance scheines on the 
normal public Iiousing model, but by tackling tlie problem at its roots arid educatiiig the 
rural and seini-urban dwelier in such matters as personal and environmzntal health and 
Iiygiene. 

lt has been suggcsted that there are tliree main ways in wliich the housing problem in less 
developed countries can be tackled: 

(a) By public housing sclieines. 
(b) By use of jobbiiig builders. 
(C) By aided self-lielp methods. 

Methods (a) and (b) have hardly been used in lndonesia during recent times; on  tlic other 

E ~ ~ i n i n f e d  Hoitsilrg .Yerrls of Ir~rlonrsin, ~inpublislied drart by 1ic. LIEM SIANG HOK, Table 4.8. 



hand, the use of aided self-help is indigenous to the lndonesian culture. For this reason, as  
well as those mentioned above, the main ernphasis in this paper will be o n  rural and sen~i-  
urban housing problems, particularly in relation to solutions of tlie self-lielp systein. 

G E O G R A P H Y  A N D  P O P U L A T I O N  O F  I N D O N E S I A  

Tlie housing problem cannot be separated from the specific geographic and population 
pattern of Indonesia. 

Indonesia, a n  archipelago of about 3000 large and srnall islands, is spread over a territory 
as vast as that between Madrid and Moscow. It Covers a land and sea area of 10 million 
square kilometres, of which 15 "„ is land. 

Its 85 million inhabitants (in 1956) are not equally divided over the islands. Java, the 
smallest of the "big flve" islands, has 65 (I:, of the population aiid a population density of 
417 persons per km', which is very high when compared with the average for the whole 
country of 43 persons per km2. 

Tlie annual increase of the population is estiniated about 1.5 million, of which possibly 
1 million takes place on the already overcrowded island of Java. This figure gives an  indica- 
tion of the problems. 

Owing to the extensiveness of the country, its island structure, its high mountain ranges 
and its population patterns. there are great variations in customs, living-habits, religions, 
standards of living, skills and literacy. There are rnore than I9 languages with more than 
100 dialects, which creates communication problems, althougli since 1942 tlie national 
language "Bahasa lndonesia" is increasingly in use as a universal medium throughout this 
archipelago. 

T H E  H O U S I N G  P R O B L E M  

The magnitude of the housing problem in lndonesia is such that some 600,000 new decent 
dwellings should be built annually during 50 years in order to overcome present sliortages 
and overcrowding. population increase nnd renewal of the existing housing stock. At tlie 
same time that the housing problem is being dealt with, social programnies eiiabling the 
development of educational and healtli facilities must be developed. Thus Iiousiiig takes 
its part in the overall programme for social betterment in tliese areas. 

One persistent problem in this whole programme is tlie provision of sufficient finance for 
social development. As a rule, thc more higlily developed countries spend large proportions 
of their national incomes on "social overheads" such as housing and cornmunity develop- 
inent. In tlie less-developed countries, wliere the need for economic development is basic, 
the proportion is much lower. In Indonesia, for example, only 12:/,; of the total expenditure 
o n  general reconstruction is Set aside for social projects. Of this, 8.5",< of the total is for 
education, 2"< is for public healtli and only 0.7'>,, for housing. Tlie last figure may be 
compared with an average of 5'>„ in Europe. This works out at only R p  0.25 or  US $ 0.01 
per capita each year between 1956 and 196 1 .  

In contrast to these small totals, the bulk of tlie national income is set aside for basic 
needs such as food and clothing. It is, indeed, dificult for the accuniulation of capital 
equipment to keep Pace witli the rapid growth of population in the country. 

Family income levels are very low at present in Iridonesia. Tlie following data (Table I) 
are provided in evidence of this. Tlie information is the product of three sample surveys, 
one takeii in a n  urban area of Djakarta (Senen), the second in the suburban village o f  
Andir, on  the outskirts of the city of Bandung, and the third in the rural district of Tjikarang. 
(The official conversion rate at  the tirne was US Y6 I - Rp 30.-.) 

According to  the fainily living survey which was taken in Djakarta in 1958, only about 12 
of the average income is spent on housing, including about 4.5'>„ on rent and repairs. Thus 
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even in the case of individual budgets, tlie amount expended on housing is very small 
indeed and special methods have to be adoptcd to overcome tliis capital deficiency. 

As in other less-developed countries. in lndonesia the poverty of rcsources and thc high 
cost of operation\ in the rural areas still constitute important obstacles to tlie expansion 
of services in education, health, home improvement, etc. These obstacles are beii-ig in- 
geniously dealt witl-i in a nunibcr of cases by special techniques adapted to tl-ie rural needs 
and resources, such as rural health ccntres, mobile liome improvernent, demonstration 
units. rural community development and other approaches relying upon "sclf-hclp". 

A I D E D  S E L F - H E L P  

H A C K G R O U N D  

Much of the backwardness and poverty of rural population can be attributed not only 
to lack of material means (such as land and credit) but also to ignorance, isolation and 
apathy, to lack of organizatioiial means and, in gencral. to adherence to traditional custoni- 
ary practices and lack of any idea of experinlent Progress and development. 

Self-help metliods - or, better, mutual self-help metliods - are in tl-ic villages of Tndoncsia 
an  inheritance of tl-ie centuries. Self-help is not only applied to the construction of roads, 
bridges and houses. but is also used when help is needed in cascs of sorrow and hap- 
piness. 

Fragmentation of agricultural land and the rapid increase of population result in disguised 
unemployment and declining purcliasing power. It is a custom and a general practice that 
holders of land do not object to  the fact that rclativcs and. in  many cases, also non-relatives 
joiii them and work for thein on their land. A provisional investigation in 1940 011 Java 
lsland shows that 702 ,  of the dwarfholdings were less tlian 0.5 Iia. 

Considering tlie low percentage of the national inconie devoted to housing, aided self- 
Iielp in housing permits widc distribution of the benefits froin funds available. l t  tends to 
conserve resources and to avoid excessive capital expenditure by use of underemployed 
labour and locally available inaterials and, in general, bcnefits from the intangible but 
nonetl-ieless real advantages wliich accrue from l-ieightened coinmunity spirit. Only in this 
way can many houses of improved standard be brought within the reach of all people. 

The role of the Governinent i i i  this respect is to  encourage tlie growtl-i of this coinmunity 
spirit by training and educating the people in the conversion and better use of their pl-iysical 
and human resources. 

P R A C T I C A L  DIFFICULT1I.S 

As stated above, only a sinall proportion of family cash income is expended on housing. 



This follows naturally from Tndonesia's mild tropical, Iiuniid climate i n  which food and 
clothing are inore important than shelter to the average pcrson. 

Because of ttiese low income levels, building material can only be acquired by self- 
collection, self-extraction or by barter between inhabitants of different villages. Tlius sarid 
and gravel rnay be extracted froni nearby rivers and timber and baniboo are normally grown 
in the village itself. If these basic materials are not available, barter niust bc used, and this 
may sonietimes be a lengtliy process: it may take inore than one year to accumulate by 
barter suficient roof tiles for the construction of a house 50 ni- in area. Moreover, duc to 
shortage of money, these building materials have to be transported by laborious means 
- by bicycle or oii ttie shoulder - and this liinits the distance which can normally be traversed 
in barter trade. Tliere is no doubt that local production of building materials in places near 
to the village is the best solution. 

Usually there is no nioncy available for repairs and maintenance of buildings: in the 
Djakarta survey inentioned above, an average of only 0.86'(, of the total family incoine was 
set aside for this purpose. 

The time factor is not important in the village if savings are effectcd in the ultimate cost 
of the house by taking longer to build it. A caw was reported from tlie island of Sumatra 
where the construction of a house was delayed by a period of 10 years to acquire timber of 
first-class quality for the franie and piiiielling of ttze Iiouse. 

Bearing all these factors in niind. tliere is a natural resistance to abandoning traditional, 
well tried methods of construction for new techniques unlcss it caii be satisfactorily proved 
that substantial savings can be nehieved as result of tlieir introductioii. 

P R O B L E M S  O F  T R A I N I N G  A N D  1 ) I S S I I M I N A l ~ I O N  O F  I N f O R M A T I O N  

Apart froni basic difficulties of obtaining finance and materials, tlicre is an  acute shortage 
of ti-ained personnel who are equipped to disseininate the new techniques. This is indeed 
:i problem coinmori to all less-devcloped countries. Oiily very few people are available with 
sulficient teclinical background to teacli methods of house building; but bccause these 
people have maiiily an  urban background, tliey often lack practical iirst-hand knowledge o f  
village building practices, and difficulties arise due to the fact that tliey cannot gain the 
conlidence of the village people. 

About five years ago, mobile demonstration units were established for thc purpose of 
guiding self-help mettiods into the niost fruitful chaniiels. In practice. however, many 
dilficulties were met in this connection because of tlie extreme lengtli of time neccssary 
for the teams to get the projects started. Thus, as subsequent case studies will show, tliere 
seems to be no proper alternative to the presence of a really active and entliusiastic native 
of the village itself who is prepai-ed to devote time and energy to the development of the 
prqject. 

Tlie main problem here, once again, is that of tinding a well-trained teaching staff. 
Possibly one way of obtaining this would be to encourage people from sclected, more 
liighly developed villages to "transplant" their techniques to other villages. A niethod 
siniilar to this was einployed by UNTAA when a group of five Buriiiese (one engineer, 
two foremen and two villagers) canie to Indonesia some years ago to be trained in village 
tile-inakiiig for a pei-iod of a yeai-. Tlie intention was that ttiis team should "transplant" 
lndonesian tcchiiiques to Burma. No final report has yet been received oii the success of 
this scheme, but it is being awaited witli the greatest interest. 

All of these solutions meet with continual difficulties due to ttie barriers of the older 
traditions and widespread illiteracy. To  achieve tlie required impact, full-scale demonstra- 
tion projects have to be devised which are sufficiently simple to enable the message to get 
across to the people. 

For the complcx housing problcm the lndoncsian Government lias establishcd two 
national bodies: in 1951. ttie People's Housing Departinent. which is a policy-making and 



executive body; and, in 1955, the Regional Housing Centre, which takes up the research 
on the socio-economic and the tecllnological aspects of housing. The Regional Housing 
Centre is a joint project with the ECAFE-UNTAA. 

C A S E  S T U D I E S  

I t  is helpful at  this stage to consider four specific projects where the employment of aided 
self-help has achieved noteworthy results. 

Torongre~ljo village, Batu, East Java 

In this village. the headman, without any form of external aid whatsoever, Iias changed 
the whole aspect of the village froni an  exceptionally backward one to a flourishing, pros- 
perous place. In the five-year period 1952-1957, about 497 houses out of the total of 648 
have been rebuilt, roads widened and properly paved, public baths constructed with 
piped water installations, commuiiity facilities such as schools, meeting halls and sport 
fields provided and tlie agricultural output increased. 

Pasar Minggu, West Java 

In this semi-urbanised village near Djakarta two primary schools have been constructed in 
the sliort period of eiglit months. This work was entirely a spare time occupation, and took 
pIace under the leadership of the two villagers. Assistance was provided froni outside the 
village in designing the buildings, giving technical advice where necessary, and providing 
non-local materials. 

Goa, near Tjirehon, West Java 

In this village, 40 new houses are being built for the lowest income groups, using entirely 
new techniques of stabilized earth blocks which form the walls. Once again, assistance is 
given in the design of tlie Iiouses, in general technical guidance and by the provision of a 
long-term loan for buying non-local materials. In addition, on-site training of future 
instructors is being given by the mobile denionstration unit which is responsible for advice 
on  tliis project. 

Tjipajung village, Tjikarang, West Javn 

Here, a rural policlinic has been constructed. Under the integrated health plan of the 
Indonesian Government, it is proposed that general hospitals should be established in the 
main towns, with rural hospitals in the district and outpatient clinics at the village level. 
l'he dutics of the coordinating public health nurse at  the village level include collection of 
vital statistics, Iiealth education, environmental sanitation and reporting of contagious 
diseaqes. 

As a first condition for the provision of external aid for this project, a satisfactory health 
service had to be established as a corporate effort by all the villagers, and this had to be 
maintained by the active participation of the villagers in organising healtli services for their 
community. 

Certain conclusions niay be drawn from tliese case studies. and these are discussed in the 
paragraphs which follow. 

In Torongredjo, Goa  and Tjipajung, it is reported tllat a period of more than one year 
was required in order to convince an active group of people of the need for self-improve- 
ment - in Fact, to push aside their fundamental apathy. This long preparatory period 
undoubtedly contributed in no small measure to the ultimate success of tlie schemes. In the 
Course of these intensive discussions. specific needs had siitficient time to crystallize. 

Once the peopls can be convinced on  the need for improvement, the project should be 





A low-cost liouse in the aided self-help system is a Iiouse designed for the lowest annual 
Iabour utilization and lowest annual cash expenditures. Materials and special skill which 
will give problems of replacement in case of defects should not be used. 

Research in the field of housing in rural areas should concentrate on finding tlie most 
effective ways of helping the villagers to solve tlieir probleins and to adapt improved tech- 
niques applicable to local conditions. 

lmproved and/or better utilization of abundantly available "disguised" labour and local 
materials sliould be studied as a means of ensuring niore sanitary and durable housing. 
Materials produced at  a distance and imported materials, e . 5  nails, should be eliminated. 

In tliis wliole field, building research can assist in the following ways: 
(a) Developing methods by which tlie desire to achieve an improved standard of living 

can be stiniulated. 
(b) Developing designs and metliods of construction which will be an  improveiiient on  

existing cheap village Iiouse buildiiig or which will be longer lasting, yet will not call for 
additional expenditure in cash or for the iise of materials, like nails, which Iiave to be brouglit 
from a distance or imported. 

(C) Finding ways of communicating new techniques to the most illiterate people, wliicli 
will at  tlie same time be adapted to local village conditions. I i i  this connection, thc making 
of small-scale models often yields very profitable results. 

(d) Finding ways of traiisplanting sound existing techniques froni one area to another. 
In this connection, a survey should be made of the existing techniques. Centralized mobile 
demonstration units are not practical for an  exteiisive country, owing to the higli operation 
costs. 

(e) Adapting progressive standards for the gradual improvement of tlie house and its 
environinent, and avoiding exccptionally high standards which will unduly increase tlic 
cost of housing. 

(f)  Making a careful survey and study of indigenous Indonesian dwellings, sliowing the 
natural process of thcir evolution. Tlie result inay point to the most appropriate dwelling 
for the physical and social needs of the lndonesian people. 

(g)  Finding simple and cheap methods for tlie construction of a safe rural water supply 
systein and safe sewage disposal. 

( h )  Promoting building material and building coinponeiit industries in rural areas for the 
utilization of "disguised" labour and local materials and thus raising the present low 
economy of thc people. 

A P P E N D I X  

E X T R A C T  O F  S U R V E Y  R E S U L T S  

The following table gives a picture of the conditions of houses of the masses. It is extracted 
from sample surveys niade: 

( I )  In a n  urban kampon, Senen, in the heart of the capital city Djakarta (total population 
2,500,000) 21 15 Iiouses were visited in July, 1956. 

(2) In the semi-urban village Andir, on  the edge of the second-biggest town in West Java 
(total population 1,000,000) 864 houses were visited in July, 1956. 

(3) In tlie rural area Tjikarang, located 40 km east of capital city D-iakarta and 150 km 
northwest of Bandung, 822 houses were visited in March, 1957. 



T A B L E  11 

HOUSING CONDlTlONS OF T H t  INLIONESIAN POPULATION 

Frorn the total oj 100 r>r  euclr areu Sctrcri (rirhurr) Arr~lir (semr-rrhun) T~rkaru~rg  (rural) 
< I  / . "  

Houses with iiiore thaii: 
1 family ' in one housc 
2 faniilies in one hoiise 

Faniilies with morc than:  
4 persons in thc Iioiisc 
6 persons in the Iioiisc 

Hoiises with a floor area: 
srnaller than 10 m2 
1 C 3 9  rn2 

Hoiises with a tiled roof 68.6 99.8 96.2 

Houses with a dry Roor (concrete tile o r  
raised bamboo/tiinber floor) 58.4 94.5 

Hoiises with safe piped water 54.5 1.3 0.3 

Hoiises with septic tank (no central sew- 
erdge system exists) 3 1 0.3 

A family is regarded as a group of pcrsons who eat together. 



Tlie need for research in relation to mass housing in 
rapidly developing tropical Africa u I l ~  333.32 (6) 

A N D  

D. M.  C A L D E K W O O D  

H<,url oj' Architrct~rrnl Dii.i.viotr uj  tlrc, Nrrtiotrnl Brrilrlitrg Rr.rearc,lr Irrs/i/r~tr (Utriotr of So~rllr Africrr) 

I N T R O D U C T I O N  

Judged by European or American standards, Africa soutli of the Saliara does not have inany 
large towns. I t  is only during the present century, particularly since the First World War, 
that cities and towns have started to grow at  a fairly rapid rate. 

Population increases, which can be attributed directly to reduction i i i  inter-tribal warfare 
on the one Iiand and to improved hygiene on the otlier, Iiave forced thepaceofurbangrowth. 
This growth was further stimulated by the universal expansion ii i  industrial developnierit, 
which was intensified after the Second World War. Another irnportaiit factor was the 
iiiiprovement in commuriications and transport, which, inter alia, made rural African 
peoples aware of the attractions of the cities and towns witli their social amenities and ever- 
iiicreasing variety of consuiner goods. 

A large proportion of rural people i r i  Africa lives precariously at  subsistence level and 
earns little or no cash income from the traditional agricultural or pastoral activities. Tlieir 
only sources of cash would be trading and paid employinent, for both of which there are 
bettcr opportunities in the towns and cities. Morcover. sophistication of the townsman has 
beconie a symbol of status erninently desirable to the rural African. 

Settlement in the towns of Africa takes place regardless of whether housing and related 
amenities are available or  not. New arrivals overcrowd already congested quarters or erect 
shacks of whatever materials are available a t  no cost o n  ariy piece of vacant land. Unless 
some official control is exerted, such dwellings are erected chaotically at high densities, so 
creating squalid shanty towns which offer little or  nothing in the way of amenities, services 
or  security, and wliich conscquently provide good breeding grounds for ill health, discontent 
and crime. 

This picture is. of Course, not iinknown in European arid American cities, where ovcr- 
crowding and slum development are features of many towns aiid cities. However, it differs 
from most of these in the feature of shanty town developnient and in that the migrants to 
African towns are relatively much poorer and less adapted to urban liviiig than their 
European and Ainericari Counterparts. 

These are the aspects which demand particular attention in formulating a housing policy. 
That overcrowding could develop during the war is understaridable in view of other pre- 
occupations. However, after the war local and central authorities tcnded to become aware 
of their responsibilities in this connection and were forced to face the problem of finding 
ways and mcans of providing decent dwellings in adequate numbers. This required 
both short-rarige and long-range planning and in addition land, equipment. materials and 
labour. 



A N  A P P R O A C H  T 0  M A S S  H O U S I N G  A N D  T H E  C A S E  F O R  

R E S E A R C H  

l i i  order to approach the housing problem intelligcntly, planning must be based on funda- 
mental information if it is to be both valid and economic. It is necessary to obtairi informa- 
tion 017 the populations to bc houscd, their numbers, fan~ily sizes and cornposition. their 
incomes and expenditures, in order to detertnine their rent-paying ability and their basic 
requirements for dwellings. Studies must be made of the mininiun~ standards of accommoda- 
tion which would be permissiblc under the circuinstances, so as to ensure decent family 
living; in addition, suitable constructional requireinents Iiave to be laid down to ensure that 
the buildings erected provide adequate protectioii against both the climate aiid the weather 
and havc a durability that would justify cxpenditure of public funds. 

M I N I M U M  S T A N D A R D S  O F  A C C O M M O D A T I O N  

Minimum standards of accommodation niust be related to the needs of both the individual 
and tlie family. For such standards, the dimensions of doors, rooms and equipment are 
deterniined not by conventional design practice but by the human scale in order to ensure 
that the individual and the furniture which he requires can fit into the house witliout undue 
physical restriction. The family requiremerits are related to the needs for privacy, separatioii 
of the Sexes, especially of cliildren above adolescent age, and space for cooking, toilet and 
ablution facilities. Minimum requii-einents for lighting and ventilation must also be taken 
into account. Consideration should be given to tlie fact tliat cooking in the Open air is 
traditional in inany parts of Africa. Moreover, it is probably desirable for people who have 
their heritage and background in the soil to liave some space for gardening activity. 

The standards that apply in otlier countries are not necessarily acceptable, for, as already 
described, the conditions in Africa differ in important respects. For instance, in the tropics 
the thermal environment of a house obviously is quite different to that in the temperate 
rcgion. and this deterrnines sucli factors as niinimuin standards of ventilation, ceiling insula- 
tion requirements aiid orientation of the building, particularly with regard to the un- 
desirability of having openings facing east and, even more important, West, as these Iiave a 
profound effect on  heat gain respectively during the morning and afternoon periods. 
Moreover, as far as lighting is concerned, the basic information on daylight, in respect of 
sky illumination and ground reflection, available in temperate zones, is not imnicdiately 
applicablc in tropical Africa. Therefore, in all these fields ttiere is scope for study and 
collectiori of information before standards can be laid down. Tliis indicates the need for 
research. 

SOCIO-ECONOMIC A S P E C T S  O F  H O U S I N G  

Similarly, with regard to socio-economic conditions, surveys should be undertakcn to  
establish the trends in average family sizes and family size distributions: composition in 
ternis of head of the household, numbers of cliildren, and other dependants. African families 
are frequently extended families. i.e. tliey often consist of more than parents and children: 
ttiis may have to be allowed for in design and planning. 

lnformation on family incoine and Pattern of expenditure in terms of food, clothing, 
transport, lieating and cleaning materials, mcdical care and recreation, is rcquired to 
establish what proportion and what actual amounts can be considered to bc available for 
paying rents. Such surveys require field studies by sociologists and careful analysis of the 
results if intelligent planning i i i  terms of the needs of tlie pcople and what they caii afford. 
is to  be carried out. 

S O l L  P R O B L E M S  A N D  S O l L  S U R V C Y S  

Apart from these aspects it is necessary to take into account the soil conditioiis cricoun- 



lcred in a Iiousiiig estate since foundations have to be as simple arid of as  low a cost as 
possible. Howevcr, in many areas of Africa, soil conditions lead to rnuch dificulty, partic- 
ularly in respect to voluine change leading to cracking of structures and consecluent high 
rnaintenance cliarges. In particular, rnention can bc inade of the problem of heaving, a 
condition whicli is hardly known in the Middle East, India. Australia and in niost ofEurope, 
but a f i c t s  pai-ts of tlie world, inosi rcgions of Africa, and which has led to considerable 
darnage 10 structures. Exarninatioii of soil frorn this point of view also requires careful 
study sincc virtually no two soils arc identical and ~idditional factors such as degree of 
dessication and posiiion of the water lable play a part in  heaving. 

If it is ci;lablisiicd tlint thc soil niay lead to  troubles of tliis character, research is required 
into thc bcst inethods of constructing the building to resist soil rnovernents or to accornrno- 
date thcni. There are rnany metliods which could be ernployed, but the greatest problern is 
to find one which is economical; cconomy, of course, is particularly vital in  the case of niass 
housing, since aiiy increased costs on one house niust be rnultiplied by the nurnber of houses 
affectcd to give sorne idea of the total additional costs wliich would have to be rnet. In view 
of tliis. it is advisable to carry out soil surveys of any areas considered for large housing 
estates, iiiaking iise of special tecliniques such as geophysical and aerial surveys wl-iere 
necessary. Often tlie niore econoinic solution is to avoid bad soil conditions by finding 
alleri?ntivc land, cven at higher cost. 

D U I L D I N C ;  M A T E R I A L S  I N  I < C L A T I O N  T 0  N A T U R A L  RESOLIRC'ES,  < ' L I M A T I !  A N 1 1  

D U K A D l L l T Y  

In ~iiost  of tropical and sub-tropical Africa, industrialisation Iias not yet taken root and, 
therefore, unlike rnore developed areas, manufactured building inaterials arz available in 
liinited ainounts. leaving relatively little choice and sometirnes 110 choice at  all. Mariy 
parts of the continent are still largely or  wholly dependent on irnports for such basic rnaterials 
as cenient, steel. tirnber. asbestos ccment, glass and fittings generally. Moreover, tlie 
perforrnaiiccs of soine of the rnaterials used in building. wlien exposed to tropical conditions, 
particularly high teniperature and high hurnidity. and to direct rays of the sun, are not 
known and therefore requirc further study. 

WIien establishing new industries, i i i  most parts of tropical Africa it is neeessary to  take 
into account particularly the lack of skilled labour. lack of fuel and power, and the greater 
dependence therefore on inanual labour instead of rnechanised processes. Another irnportant 
factor is the question of ecoriornics of production; where no industry exists and where tlie 
dernands for a particular material are such that local rnanufaeture cannot be justified, 
importation is the only rnetliod of obtaining building rnaterials. However, at a certain stage 
of dernand it niay becorne econornic to produce iriaterials locally, but unless such an  industry 
is establislied on a firm footing frorn the oriset, there is always a risk of its failing owing to 
price-cutting by irnporters bent on eliininating competition. Careful rnarket research is, 
therefore, to be recornniended in such cases. 

T I l E  N l l l i U  F O R  .4 TEZAM A P P R O A C H  

The objective of researcli on housing should be the provision of facts on which to act. 
The rnany facets of the liousing problem for whicli data are required dictate that a teani 
representative of a widc range of disciplines should be employed. For instance, architects, 
engineers and town planners are required to study minirnurn standards of accominodation 
and related aspects to  provide a planning framework; sociologists should study the popula- 
tion to be housed. tlieir economic conditions and family size distribution, aiid from the 
data obtained, present an intelligent picture on which the planners caii work; physicists 
rnust examinc thz weather conditions that apply and so influence the dcsign of the house to  
ensure an  internül environment satisfactory for living. Tlie chernist arid inaterials engineer 
must exarnine the inaterials available, their performance, durability and resistance to various 



destructive agents that may occur. The structural engineer must examine the type of  
structure which is proposed and establish its performance under various conditions of 
load, movement of foundations, wind forces, roof loads and damage by hail. The foundation 
engineer and engineering geologist must examine the soil to establish its suitability for 
services and foundations for buildings and roads and must assess the need for special 
precautions if soil conditions are poor. Finally econon-iics and costing experts are required 
to coordinate all cost aspects of tlie undertaking. 

None of these activities can be carried out in a vacuum. They require exchange of ideas, 
constant consultation and teamwork under conditions that enable close cooperation. 
This can best be achieved in one organization and, because many of tlie studies require 
laboratory facilities, a research organization specially equipped to provide these facilities 
would allow the team the n-iost efficient environment in which to achieve their objectives. 
Such an  institution requires drawing offices where initial planning and subsequent details 
can be worked out so that concepts can be given practical form, and laboratories for research 
in the fields of engineering materials, soil mechanics and physics, with the necessary 
experimental facilities and equipment. In order to translate research findings into practical 
reality there is a need for close collaboration with those responsible for fnancing and for 
adniinistering housing, with experts on building costs and with the building industry, both 
departniental and private, which has the experience and the knowledge to organize execution 
of the work. Most important, however, is the creation of a sound research team, imbued 
with a sense of the urgency of finding a solutioii both valid and economic. 

H O U S I N G  R E S E A R C H  I N  S O U T H  A F R I C A  

South Africa's experience in the low-cost housing field has borne out the value of research 
and has demonstrated the need for a research organization, backed with adequate funds, t o  
undertake detailed studies in this important field - housing for Africaiis living in urban areas. 

A survey conducted a t  the end of 1951 had shown that about 170,000 dwellings were 
required immediately to house those living in shacks and overcrowded premises. 

It was estimated that, taking into account the growtli of the cities, an  additional 186,000 
Iiouses would be required to allow for newcomers over the period 1952-1961 inclusive. 
Therefore, the indications were that sonie 35,000 houses would have to be built per annuni 
over the decade mentioned if at  the end of the period there were to be no housing shortages 
in the towns. T o  achieve this target with the methods of construction and the ruling costs 
at  the time was out of the question in tern-is of the economy of the country. 

This problem provided the stimulus to discover how to make available Iiousing of a n  
adequate standard and a t  a cost coiiimensurate witli the country's resources and, possibly, 
within econoniic reach of the individuals to be housed. 

For this purpose a number of research committees were set up, each with the task of 
covering specific problems that had to be faced. In the first instance, minimum standards of 
accomn-iodation had to be drawn up. This required considerable study of standards used 
within the country as well as in other parts of the world and relation of tlie information to 
the basic requirements of the people to be Iioused, taking into account the needs for health 
and for decent family living. Having established these, it was necessary to examine the 
possibilities of constructing houses to meet these standards and yet to achieve reduced costs. 

Prototype house designs were prepared to conform to the minimuni standards and, a t  
the same time, to achieve efficient planning, dimensioning and detailing to ensure low cost. 
Once promising designs had been developed, experimental housing was carried out using 
both orthodox and unorthodox methods of construction. During this Stage detailed studies 
were niade of the possibilities of reducing the amount of materials and improving the 
efficiency of labour, until it became clear which of the range of orthodox and unorthodox 
construction methods appeared to  be most promising. 



The next stage in the Programme was to  establish tlie minimuin standards of performance 
to which these houses had to coinply. Such performance standards were drafted i i i  relation 
to ~ninimum rcquirenients for structural stability, rain resistance, indoor thermal environ- 
ments as related to health, durability, as well as for general requirements relating to fire- 
proofing and verrnin eradication. The necessary conditions had to be establislied for each 
of these aspects, which required a considerable amount of research work. 

Once tlie rcquireinents were established. practical experiments were carried out on each 
of thc inethods of construction whicli satislied tlie following conditions: 

(a) It must bc capable of conforming to tlie minimum standards of acconimodation; 
(b) It must habe low-cost potential; 
(C) It must be applicable to methods of mass production; 
(d) It inust have a reasonable chance to satisfy the niiilimum performance requirements. 
Tliis researcli work. whicli has been described in detail elsewliere I ,  Iias been an  iniportant 

factor in making it possible to  carry out large housing scheines in many ceritres of Soutli 
Africa and to produce Iiouses at  costs whicli range froin two thirds to  half' of tlie costs 
obtained before the research work was commenced. Such houses have proved adequate for 
farnily living. U p  till tlie present, approxiniately 100,000 Iiouses of this type have been 
constructed at  costs not exceeding, on the average, L 250 per house. 

Because of the low costs achieved much more could be done witli the housing funds 
available. Moreover, and perliaps rnore important, a very much larger proportion of the 
people to be housed could now become the owners of tlieir own houses. Finally, public 
nioney was iiivested more soundly. In this way not only could the responsibilities for house 
subsidies and for inaintenance be removed from central or local housing autliorities, but 
stable population5, house proud and witli a stake in good :~diiiinistration and in maintenance 
of law and order. tended to evolve in the new towiiships. 

In additioii to houses a housing estate also rieeds services, administration facilities, 
community centres, schools, clinics, hospitals, recreation facilities and many other social 
amenities, and since these in themselves pose many problems to which the solutions are 
not ready to hand, particularly for new types of coiiimunities sucli as arr: found in Africa, 
there is tremcndous scope for applying research tecliniques to  gain more information of 
value to the administrator, tlie medical officer, the town planner and the social worker. 
By providing amenities which meet the needs for Iiealthy urban development, coniniunities 
which have a degree of coherence and of community feeling tend to evolve. 

R E S E A R C H  O N  A D M I N I S T R A T I O N  S E R V I C E S  A N D  C O M M U N I T Y  FACIL1TIE:S 

Some of the most urgent problems in this connection whicli affect Africa, although, of 
Course, not exclusively, coiicern: 

(a)  Water supply and distribution in places where water is often scarce. 
(b) Sanitation and sewage disposal for people whose concepts of hygiene are generally 

primitive. 
(C) Electricity supply where per capita consuniption is low because of low buying power. 
(d) Roads and streets wliere veliicle taxation can yield only limited revenue. 

(e) Community facilities like schools, clinics, hospitals, markets and recreation facilities, 
for whicli the Patterns of requirements are not established and funds are often difficult to  
find. 

There is considerable scope for studying the cost of serviccs and of administration, not 
only to  assess their effect o n  housing costs, and therefore on rent, if the costs of these 
factors are to be charged to the inhabitants, but also to allow comparison between one 
scheme arid another in order to seek ways of reducing overall costs. Few urban administra- 
tions seem to know the true costs of the various services they provide aiici administer; 
often there is also much confused tliinking on the relationship between costiiig and methods 
of financing sche~iies. 



H O U S I N G  R E S E A R C H  A N D  I T S  A P P L I C A T I O N  J N  A F R I C A  

S O U T H  O F  T H E  S A H A R A  

Much work has been done in Africa that is of direct importance to housing authorities. 
Jn particular, valuable studies have been made of the African populations in their tribal 
settings in rural areas, the causes of their migration to towns, their adaptation to town and 
city life in its various phases, tlie evidences of tribalism in the towns and how this tends to 
break down gradually to be replaced, generally after a hiatus during which there is little 
social cohesion, by a new structurc of a more urban cliaracter. Such studies have bcen 
published in many territories and through various niedia 2. 

Notwitlistanding the divergence in sizes and types of towns and the activities which have 
led to their establishmeiit, as well as differencec in the kind of people aad their backgrounds, 
there are some remarkable siniilarities in the urbanisation Pattern through Africa south of 
the Sahara. This has involved migration to towns and settlenient both in shanty townships 
built chaotically on the outskirts and in already overcrowded existing housing. The develop- 
ment of housing by public autliorities which only accommodates part, often only a relatively 
small part, of the total population to be lioused is also a fairly general feature. Health 
standards applied in these towns are bascd on  European practices, but in few cases there 
have been permissive regulations for interniediate or  lower standards which can be applied 
for more primitive types of housing so as to take into account the lesser needs acceptable 
to the new migrant to the towns and to meet more realistically the general economic 
Situation. For instance, i n  Kampala studies are now being made of the feasibility of providing 
houses of different standards, from the grass hut to the small but well-finished house, to 
accommodate different income groups. 

Where authorities have realised the need to clear slunis and redevelop areas, there have 
been studies made of the possibilities of satellite development or clearing redevelopment on  
site, taking into account the need for reducing densities, botli per unit area of land and per 
unit area of house. Methods of financing housing have also been studied in various territories. 
Of particular interest in this regard are the various schemes that have been developed in the 
forrner Belgian Congo. wliere tlie Fonds du Roi and the Fonds dlAvance have been used 
for subsidised and economic housiiig respectively. Systems of roof-loan, which are not 
dissimilar to the methods used by the Fonds du Roi, have achieved remarkable success 
also in various countries of West Africa, thus permitting the individual, assisted by financing 
agencies, to proceed with house construction. 

Many studies have been made by civic and central authorities in carrying out mass 
housing schenies, detailed investigations being made to ensure that costs rcniain within 
reasonable limits. Much more research, Iiowever, is needed to establish the true require- 
ments of tlie African for whoni Iiousing is to be provided. Both dwellings and township 
lay-outs are often quite ill-adapted to the needs felt by the people who are to occupy them. 
Little is known of these needs, because no attempts have bcen niade to study them: rather 
facilely, they are assumed to be similar to those of people with whom the designer and 
planner (usually a n  expatriate and invariably oiie enjoying a much higher standard of 
living) are faniiliar. Moreover, these needs will change, and do change, as the migrant froiii 
a rural area settles in a town and adapts hiniself to new social relationships and new ways 
of living, particularly those of the European; for the urban African tends to demand a 
European-type house and Services, as well as furniture of European character, regardless of 
the fact that their uses are often neither wholly understood nor fully utilised by him. 

S U R V E Y S  O F  M A T E R I A L  R E S O U R C E S  

There is a special iieed for surveying the natural resources of Africa in relation to buildiiig 
niaterials. Such surveys would bring to light more economic materials than used at present 
and would stimulate studies of processes for making tliem available to the building industry. 



Examples of valuable work in this regard are thc exploitation of tlie pumice deposits in tlie 
Rift Valley near Nairobi for lightweight concrete Iiouses, the use of coffee husks as fuel 
for producing good quality hollow clay building units near Kampala and the use of local 
timber for demonstration houses in French Equatorial Africa. 

The last-mentioned is perhaps of particular significance: in Ccntral and West Africa vast 
tropical forests exist which have so far only been exploited at  points near ports or rivers 
which facilitatc export of the timber. There is no  traditioii of building in timber in Africa, 
if one igiiores wattle and daub construction as well as even niore primitive methods involv- 
ing bent latlis covcred with palm leaves, thatch or straw. Timber houses such as constructed 
traditionally in Scandinavia, Canada and Australia are virtually unknowii, except as 
experimental houses. 

In view of the potentialities of timber houses in the forest-rich territories, there is much 
scope for breaking down conservatism and prejudice; considerable investigation is, there- 
fore. justified. Much work can be done not only to  overcoine popular misconceptions about 
tiniber houses, but also to solve the more real problems associated with buildiiig in timber, 
as, for example, timber-destroying organisms such as termites, borer and fungi, problems 
of heat exchange between a building and its eiivironment, sound insulation for light- 
weight partitions. painting and decorating of tiniber exposed to  the weather and cost 
comparisons between timber houses and conventional houses 

With important exceptions, tlie provision of housing in the countries of Africa is very 
inadequate because the resources of these countries ai-e insufficient to meet the needs in 
terms of European standards. The Iiousing which is done is, therefore, frequently only a 
part solution, witli some of the inliabitants obtaining housing of relatively high standard, 
while the rest reniain in shanties or in overcrowded sluni quarters. The new migrants are 
accustomed to low accommodation standards and unless rigid control is exerted, over- 
crowding even in new Iiousing schenies tends to develop. Higher standards can only 
develop hand in hand with general economic development and both demand factual infor- 
mation if their future is to  be secure and valid. 

There is no  clear understanding of the needs felt by the people regarding housing; neither 
is it yet established what the Pattern of requirements of urban dwellers will be in the future 
because growth of African towns is too rapid and changes in Patterns of livirlg are still 
rather unpredictable. These considerations complicate the planning of houses and housing, 
and Support the case for extensive and intensive research to  reduce ignorance and provide 
planning data which will Iead to valid rather than arbitrary solutions. 

There are many common features in the housiiig problems of the different countries 
of Africa south of the Saliara. In realization of this, the Conimission for Technical Coopera- 
tion in Africa south of the Saliara (CCTA) has established an  Inter-African Conimittee 
for Housing whicli promotes active cooperation between the governments concerned and 
which, througk CCTA, arranges periodic conferences on housing matters. In this way the 
different governments become more fully aware of the problems that are involved as well as 
of the research and developnient work that has been done and still is beiiig done in 
relation to housing in Africa. 

A C K N O W L E D C M E N T  
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The problern of urban housing in India 
UDC 333.32(540) 

S I R  H. W I L L I A M S  

Corrticil of Scicntific atld It~rlrrstrial Rcsearcl~ ( India)  

During the last eight or ten years large Iiousing colonies and estates and evcn new cities 
have been constructed in the urban areas of lndia and tliere has been considciable activity 
in the building industry throughout the country. Yet for various reasons the demand for 
housing continues to exceed tlie supply and tlie overall position shows little sign of im- 
proving. There has been a marked iricrease in populatioii during the last twenty years. The 
influx of refugees in 1947 and subsequent years added greatly to the iiumber of those who 
required to be housed. Industrialization and the many large-xale projects now in hand not 
oiily absorbed a great deal of the construction industry's capacity but Icd also to furtlier 
increases in tl-ie urban population. 

Tliroughout tlie Second World War very few houses were constructed. Meanwhile costs 
have risen steadily since 1939 and it is no longer economically possible to build houses for 
the lower and iniddle incotne groups at rents which they can afford to pay. F'or example, 
tl-ie economic rents of one-roomed and two-roomed tenements are about Rs 281- and 
Rs 411- per month respectively, whilst the incomes of about 50°„ of those who would 
i-iormally rent them does not exceed Rs 1001- and less than I0 "4 earn more tlian Rs 3001- 
per nionth. Privatc cnterprise at  one time financed and constructed tl-iese houses but it no 
longer finds it prolitable to d o  so and as a result the Goveriiment. in addition to constructing 
acconiniodation for a large proportion of its own cmployees, and these have increased 
enorniously in nuinbcr since 1947, has had to subsidize housing in various ways for the low 
income groups. Thc capital available for this purpose is necessarily liinited because of the 
large developmental prograinmes in hand, and so tliese specials chemes affect only a small 
Part of the urban population. 

G O V E R N M E N T  S C H E M E S  F O R  S U B S I D I Z I N G  H O U S I N G  

During tlie first Five Year Plan period (1951-56) and i i i  subsequent years substantial 
I-iousing schenies were undertaken by the various Ministries of the Central Government, 
and by thc State Governments and Local Bodies to house refugees arid their own einployees. 
At the same time work in the private sector provided sonie accomn-iodation for those who 
could afford to pay I-iigh rents or to purchase their own I-iouses. Meanwhile thc Government 
undertook to subsidize housing under a number of scliemes wliich are still in operation. 

Under the Industrial Housing Scheme loans and grants are made to State Governments, 
Statutory Housing Boards, Iiidustrial En-iploycis and Registered Cooperntive Societies 
of lndustrial Woikers for the construction of onc- arid two-roomed tenements. Though 
the conditions under wliiclz loans and subsidies nre granted appear favourable, the funds 
made available have not been fully utilized. Tl-iere Iiave becii dificulties in procuring sites 
at  reasonable rates and witlzin reasonable distances of the workers' places of employment, 
and rising prices made it dificult to keep within the ceiling costs originally laid down. 
There has been a shortage of technical and administrative pcrsonnel to complete the 
various projects and employers havc been unwilling to divert funds from productive to 



non-productive purposes and to  assume responsibility for owning housing estates and for 
all that is involved in administering them. Measures have been taken to make the scheme 
more readily workable and some improvenient is already noticeable. 

The Low-lncome Group Housing Scheliie was introduced in 1954 and was designed to 
help individuals and members of cooperative societies whose annual incomes did not 
exceed Rs 60001-. Assistance is restricted to SO/,< of tlie cost of thc site and construction 
and is limited to Rs 8000/-. Again for similar reasons the scheme Iias not achieved all that 
was expected of it. State governments have now been permitted to  let houses constructed 
under this scheme on a no-profit no-loss basis to eligible persons and action has been taken 
to make the workitig of the scheme simpler. 

The Slum Clearance Sclieme enables State governments to  receive assistance from the 
Ccntral Government for slum clearance and improvement projects. It was intended that 
the persons affected would be subjccted to the minimuin of disturbance and would be 
rehoused as near as possible to their existing places of employment. Their ability to pay 
rent is small, and this limits the kind of accommodat io~~ wliich can be providcd. For 
example, in Bonibay and Calcutta the prescribed cost is Rs 60001- per tenemei~t. The 
Ccntral Government providcs 25 " „  as a subsidy aiid 502 ,  as a loan repayable in 30 yearly 
instalnients, and tlie State government provides tlie remainder. Progress has been slow 
and a Cominittee has recently rcported on the measures wliich should be takcn to ease 
administrative difficulties and facilitate the work of slum clearance under this schcme. 

Finally, tlie Governnient has revived a scheme whicli operatcd before 1937 whereby 
governmeni eniployees can borrow sums up  to a maximum of Rs 25000/- for the construc- 
tion of their own houscs, loans being repayable at  44 '7, interest over a period of 20 years. 

These schemes will. in time, ease the situation but they cannot by tliemselves solvc the 
problem of the acute shortagc of housing. Attention is accordirigly being paid to the meas- 
ures whicli should bc taken to expand the inaterials and construction industries and to lowcr 
building costs generally. 

M A T E R I A L S ,  C O N S T R U C T I O N  A N D  C O S T S  

In the larger cities niany impressive multi-storey blocks of flats, hotels and houses have 
been constructed using niodern materials and the most up-to-date iiiethods of construction. 
The demand for these buildings has been so great that costs have not been a priinary 
consideration. For the general run of housing, however, costs niust decide the Pattern of 
materials, standards and liiethods of construction. 

In most parts of lndia bricks are comparatively clieap and it will generally be found that 
alternatives to  brick masonry walls are more expensive. Steel arid ceiiient have been in 
short supply and are relatively expensive and it has always been necessary to be most 
economical in their use. Cement is now becoming more readily available and it is probable 
that when the steel plants now under construction come into production steel also will be 
available in quantity. 

Timber is scarce and expensive in niost places and thougli efforts are being made to niake 
the lesser known varieties available for construction purposes it is likely to remain so. 

Labour is not experisive but it is often criticized as inefficient. Yet a great deal of work 
is done at piece rates, and if materials are regularly supplied at  the site construction proceeds 
at  a satisfactory rate. Labour costs work out at  30-35 " „  of tlie total, a figure which makes 
it difficult to sec how mechanization can result in any great saving in cost. In general, 
tlierefore, most houses and flats will have brick or stoiie niasonry walls, flat R.C.C. roofs 
with sonie form of terracing, polished grey cement or terrazzo floors and teak or  deodar 
joinery. Building costs, though high in the content of liidiaii economicconditioiis. compare 
favourably with those prevailing elsewliere. (For further information about costs See 
Tables 1 and 11.) 



T A B L E  I 

MIDDLE A N D  LOWER INCOME GROIJP HOIJSES - LIETAILS OF COSTS 

LXTAi1.S OF ACCOMMOI>ATION 

0 - 2  Tipc E- fipc~ 
Living-roorii Living-room 
2 bcdrooriis 2 bedroonis 
Diriirig-rooiii Dining-room 
Lourige Lounge 
Kitcheii aiid store Bath and W.C. 
2 bathrooiiis and Kitchen 

W.C.'S 
1 servant room with 

W.C. 

2,035 24,545 14.17 Brick masonry in cement lime niortar, 
50 flooring in terrazzo in sitri and 
50:; in 1 : 2 :  4 cement. Joinery in 
second-class varnished teakwood. 
R.C.C. roof with lime surkhi 
terracing. 

1.094 12,528 12.53 Brick masonry in cernent lime niortar. 
Joinery work in first class Deodar. 

1 : 2 : 4 cement concrete flooring 
R C.C. roof with lime s~ i rkhi  ter- 
racing. Joinery work painted. 

850 8,676 12.95 Brick masonry in cement lime niortar. 
Joinery work in second-class Deodar 
painted. I : 2 : 4 ceinent concrete 
flooring. R.C.C. roof with lime 
surkhi terracing. 

584 7,028 12.76 (Same as type F.) 
312 3,552 11.84 As above, except brick masonry in 

mud mortar and half brick partition 
in I : 2 : 4 cenierit niortar. 

F- Type G- 7 : i . p ~  H-Tipc 
Living-room Living-room Livirig-room 
Bedroom Bedroom Sitting alcove 
Lounge Verandah Kitchen 
Kitchen Kitchen Bath and w.c. 
Store Bath and w.c. Enclosed co~irtyard 
Bath and W.C. Enclosed co~irtyard 
Enclosed courtyard 

T A B L E  I I  

~~~~ - - - - - - - - - - 

S.  No. Dcscription qf ~trutrrinls Utiil 

1 Aggregates 
"/4" to I l / ~ "  gauge 

2 Sand 
cwarse 
fine (river) 

3 Lime (unslacked) 
Satiia 
Dehradun 

4 Cenient 

5 Bricks 
first class 
second class 

6 Rubble 
7 Stoiie slabs for flooring 

I ' /?" thick Red 
Ir/2" thick Kotah 

100 cu.  ft 

100 cii. ft 
100 cu.  ft 

ton 
ton 
ton 

1000 pieces 
1000 pieces 
100 CU. ft 

IOOsq. ft 
1 sq. ft 

~ ~ - ~ -  - - 

Rate ( Rs) Rrmark .~  
- ~ 

At qliarry site 

At quarry site 
At river site 

Godown 
Godown 
Central stores issue 

rate 

At kiln site 
At kiln site 
At quarry site 

Ex Godown 
Ex Godown 



Tiles 
brick tiles 100 pieces 
cement tiles ( 6  X 6" x 3/4") I dozen 

Timher 
Hard wood 

C.P. teak (first class in scantlings) CU.  ft. 
C.P. teak (second class in scantlings) CU. ft 

Soft wood 
Deodar (first class in scantlings) CU. ft 
Sal wood (in scantlings) CU. ft 

Steel (untested) 
M.S. round bars 

'14'' diam. to 1'' diam. ton 

Light structural 
Angle iron (1" / I "  > "/,,I") ton 

Heavy structural 
m.s. channels 

r.s. joints ton 

C.G.I. sheets ton 

Asbestos cement sheets 
'/4" thick, plain 
'/4"thick, corrugated 

Paints and varnishes 
Oil paint for wood and steel work 
Copal varnish 
Super spar variiish 
Dry distemper 

Glass panes (Indian) 
?/aa" thick in sizes froni 2 to 7 sq. ft 
Plain sheet glass (22 oz.) 

"Sitabord" flush doors (synthetic resiii 
bonded, I '/z" thick) 

Commercial 
Decorative (teak face) 

Bitumen, for hot application: 
Maxphalte 8 0 / ~ ~ «  

sq. ft 
sq. ft 

iiiip. gal. 
inip. gal. 
imp. gal. 
cwt 

sq. ft 
sq. ft 

sq. ft 
sq. ft 

ton 

Rare (Rs) Remurks 

36.00 At kiln site 
6.00 Ex Godown 

19.50 Ex Godown 
14.50 Ex Godown 

13.50 Ex Godown 
12.00 Ex Godown 

725.00 Central stores issue 
rates 

675.00 Central stores issue 
rates 

707.00 Central stores issue 
rates 

636.00 Central stores issue 
rates 

909.00 Central stores issue 
rates 

0.68 Ex Godown 
0.64 Ex Godown 

34.00 Ex Godown 
12.93 Ex Godowii 
28.87 Ex Godown 

100.56 Ex Godown 

2.00 Ex Godown 
0.50 Ex Godown 

3.00 Ex workshop Sitapiir 
5.00 Ex workshop Sitapiir 

P R E F A B R I C A T I O N  A N D  L A R G E - S C A L E  T E C H N I Q U E S  

It is against this background of costs that proposals to prefabricate complete houses and 
to mechanize the industry on a large scale have been examined. Many Indians who have 
visited Europe and the U.S.A. have admired the energy and imagination with which other 
nations have tackled their housing problems and have asked why the industry in lndia 
does not take similar action. Even if it were possible to show that prefabrication and 
mechanization o n  a large scale was economically sound, it is certain in present circumstances 
that the capital and foreign exchange necessary to finance housing factories could not be 
made available. Moreover, the dificulties with which an  industrialist has to contend in 
setting up a new industry are sucli that no one would attempt to do so unless assured of  
a constant regular demand and no one is in a position to  guarantee this. The different 
trans?ortation Services in the country are working to capacity and the movement of heavy 
components to distant sites is a further difficulty. Moreover, the Government is unwilling 
to add to the problem of unemployment and this in itself virtually rules out large-scale 
mech'anization. 



P R E C A S T I N G  A T  T H E  S I T E  

This does not, liowevcr, rule out soine measure of mechanization and prcfabrication and as 
prices rise these will be resorted to. The in situ construction of R.C.C. roofs is a tiine- 
consuming process and involves the use of form work which is steadily becoining more 
expensive. 

It has been found that the use of precast roofing units, lintels, staircases, etc., inaiiufac- 
tured at the site, is a practical proposition and greatly speeds up the rate at which buildings 
can be constructed. Very little capital investment or imported plant is necessary and work- 
inen learn the prncesses quickly. As a n  exainple mention may be inade of a prqject receiitly 
coinplcted in the Punjab where some 1400 houses were required to be constructcd urgently. 
Doubly curved shell units ineasuring 4 'x4 '  and weighing 275 Ibs were Cast at the site. 
They were of one-inch concrete with reinforced edge beams and were easily handled by 
four inen. They were laid on R.C.C. joists and concrete was then poured tn form the flanges 
and level off the roof. They showed a saving in steel and cemen? coinpared with thc usual 
R.C.C. roof construction and no ccntring was required. Most of the work was done by 
unskillcd labour and the finished roofs ai-e in every way satisfactory. 

Prcstressed precast units have been successfully incorporated in multi-storey buildings 
and it is tliouglit that when high tensile steel is manufactured in the country this form of 
construction will be economical. Here again it will bc necessary for a long time to inanufac- 
ture units iiear the site and to avoid long hauls. 

There is scopc for further inechanization on  a limited scale. Concrete mixers, vibrators, 
lioists, sinall cranes, etc., are already in use but a great deal of work is still done by human 
effort. As soon as other mechanical aids can be inaiiufactured locally they will certainly be 
niore generally used. 

Other directions in which action is beiiig taken to increase thc nuinber of houses construcl- 
ed and to cut do\vn costs include: 

(a) Tlic expansion of existing building material industries and the developinent of new 
iiidustries. Here thc main difficulty is that of finding foreign exchange for thc import of 
essential plant. 

(b) Greater control of the types of building constructed: cutting down the nuinbcr of so- 
called prestige buildings and conceiitrating on  purely functional structures. Here the danger 
of ovcrcentralized control and the administrative difficulties of eiiforcing austei-ity standards 
in a couiitry the size of lndia have to be borne in mind. And for Indians. who have a long 
and impressive record for stately and monumental building, tliese are unpopular measures. 

(C) The methods usually advocated for increasing building productivity: better planning 
beforehand, hetter manageinent on  the works and a better flow of niaterials to tlie site. 

A I D E D  S E L F - H E L P  S C H E M E S  

In countrics wherc unemployment is a serious problem. proposals based on aided self-help 
havc a strong appeal. The housing project referred to above was carried out by ariny 
troops \vorking under tlie direction of their own officers. They were given a good deal of 
techiiical assistancc and they employed skilled labour fnr the inore difficult tasks. l'lie 
success of thc schcme seeined to demonstrate the practicability of aided self-help on  a large 
scale. Where the persoiis concerned have a n  organization capable of ordering and accounting 
for Stores and the discipline and control necessary to produce concentrated effort, aiid 
where thc tiine of tliose concerned can be devoted almost entirely to construction work, 
then and then only is aided self-help feasible in urban areas. Wherc tliose requirements 
are lacking and men have to earn their livelihood in somc other einployment it is practically 
impossible for any such scheme to be a success. 

In drawing up the Slum Clearance Scheme it was inteiided tliat wherever possiblc Statc 



governinents and local bodies should provide the occupants with a developed and demar- 
cated site and a limited quantity of building materials, leaving it to thc occupants to build 
their own houses to a prescribed pattcrn on a self-help basis. It has bcen found tliat this 
part of the scheme has very ljmited application. In rural areas the position is different as  
the villager is not fully occupied for long periods during tlie year and mutual and aided 
self-help schemes form an important part in the Indian Govcri-iment's plans for improving 
village housing. 

B U I L D I N G  R E S E A R C H  

Much more is expected of building research in lndia than it is ever likely to be able to 
accomplish. It is not enough, for example, to  study building materials and their performai-ice 
under the climatic conditions to wl-iich they are exposed and to publish results. Most 
industries in lndia have littlc or  iio research facilities and they look to the National Labor- 
atories for advice and help to n greater extent than elsewl-iei-e. Government departnients 
expect advice on problems which affect the granting of import licences and the setting up 
of new industries, and questions of wl-iy ii-idigenous materials cannot be used in preference 
to imported materials must be studicd and answered expertly. Planning and development 
are the concern of government, and industry is being directed to a greater cxtent than 
elsewhere: a building research institute must be careful that its enthusiasn-i does not inake it 
blind to the fact that processes which are successful in the pilot plant Stage are not always 
commercially feasible. Advice is continually sought from foreign experts but there is a 
natural desire that Indians should have a decisive say in matters affecting the industrial 
development of their country and the National Laboratories arc expectcd to providc this 
expert advice. 

1i-i the field of building materials inuch still rcmains to  be done on clays and clay products 
and thc measurcs which should be taken to expand tlie brick industry: also on cements 
and concretes, on lightweight aggregates and on the utilization of industrial wastes. Much 
work also is necessary on paint specifications and the perforn-iance and weathering of paints, 
on  the corrosion of steel and on the Performance and development of roofing 
materials. In a country where nearly 802; of the population live in villages attention must 
continue to be paid to the stabilization of soils, the waterproofing of mud plasters, tl-ie use 
of bamboo as a reinforcement and to any dcvelopn-ient which might economically be 
applied to the improvement of the village house. 

More work is i-iecessary on the transfer of heat through walls and roofs and 011 the thermal 
beliaviour of buildings under Indian conditions: also on problems relating to air condition- 
ing, to  acoustics, and to the non-destructivc testii-ig of materials. Work still to bc done in the 
field of Structures includes tl-ie examination of measurcs likely to lead to cconomy in tlie 
use of steel and cement; to the production of precast prestressed units; to the developmcnt 
of indigenous prestressing equipment and to the study of shell structures. 

In foundation engineering considerable work I-ias still to bc done o n  foundations in 
expansive clays, the settlement of building foundations a i ~ d  tl-ie bearing capacity of soils. 

Under building operations, study is required on the extent to which mechai-iization can 
economically be applied; to the breakdown of construction costs ai-id ways and means of 
stepping up productivity; to tl-ie more cfficient utilization of space in buildings and to the 
standardization of building components. Many building practices - for cxainple, tl-ie water- 
proofing of Rat roofs and the construction of expansion joints -require to  be re-exainined and 
improved. 

lf the work which remains to be done appears formidable it is a coiisiderable consolation 
to  recall the very generous help which the C.B.R.I. reccives from other countries. The 
Institute is in close touch with individuals and organizations in Europe, the Cominonwealth 
and the U.S.A. It has had the pleasure and good fortune to welcome visitors from practically 



every country working on building researcli. Many of its scientists and engineers have 
received training abroad. Indians have iiaturally to  apply not only the work and conclusions 
of others but also their owii imagination and kiiowledge to tlie solution of India's housing 
problem, but it is pleasant to  be able to  record that lndia Iias bcnefited greatly by tlie 
international cooperation whicli exists iii tlie field of Building Research. 
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Improvement of traditional liousing for the rural 
population iii North Africa UDC 333.32(61) 

The problem of improving the traditional liousing of the rural population in North Africa 
is a typical problein of improving housing in an overpopulated country where the averagc 
income is low. This is essentially the problem of improving tlie accommodation of three 
quarters of the world's population. Only the different climatic cotiditions introduce any 
variations and these variations are not very great: the countries where inan can survive 
with a very low standard of living are necessarily countries with a high mean temperature, 
i . ~ .  countries with a warm teinperate climate, a tropical climate or  an equatorial climate. 
The most striking climatic difference is whether there 1s a cold or  cool scason or  not. 

111 couiitries with an  insufficieiit standard of living man lacks enough of everything: food, 
clothing, culture and housing. It will be clear that if the standard of living rises, if the 
individual income increases, all the characteristics will rise niore or less simultaneously. 
As the efforts of those responsible for undeveloped countries are all directed, more or  less 
successfully, towards increasing individual income and raising the standard of living, is 
there reason to embark upon a special campaign for housing? Would it not be advisable to  
await the effect of the general progress of thesc countries on the field of construction? 

l t  would seem that special circumstances do, in Fact, justify a special campaign for the 
improvement of housing. The cliief ones are the following: 

A frequent fault of housing in underdeveloped countries is the disorder of centres of 
population. Order costs nothing more than a little imagination and discipline, and besides 
the satisfaction of, as it were, the moral order that it brings, it provides opportunities for 
improvement and extension, i.e. tlie opportunity of beginning a certain capitalizatioii of 
effort. 

The traditional housing of underdeveloped countries is based exclusively On the use of 
local natural materials, which are, incidentally, employed in most cases with great skill. 
But the contact between the most traditional environments and the modern economic world 
allows tlie introduction of new materials with qualities whicli make them more interesting 
for certain uses than traditional materials: binders, materials in tension, sheets, etc. The 
introduction of these new materials requires studies and popularization. 

Normally developed countries have housing techniques which were created for them. 
These techniclues adapt poorly to  tlie constructiori of housing of an intermediate level such 
as is suitable for uiiderdeveloped countries in the Course of improving their standard of 
livirig. There is thus a specific problein concerning countries which. having already made 
some progress, may hope for better accommodation thari the traditional housing and which 
have not yet reaclied the stage where they can lay claim to the housing of normally developed 
countries. 

Quite often the countries concerned do not have populatioris with a farmiiig tradition, 
but pastoral and more or less nornadic populations. It is an established fact that the growth 
of population leads the nomads to settle down, but that does not give them a tradition of 
building. The otlier problems quoted above are, therefore, joined by problems peculiar to  
the cessation of a nomadic life. 

Finally, in underdeveloped countries thc labour force is very often underemployed: the 
labour that is iiicompletely employed may be invited to work on housing for itself. 



All these aspects of the problem are to be found in North Africa: North Africa is 
characteristically an  ovcrpopulated regioa wlicrc the civil peace maintaincd for mariy years, 
the aid given in periods of famine and thc development of public health have led to a 
growth in the nunibers of tlie population that lias alniost exceedcd the development of 
natural resources - which has essetitially been perforrned in thc ficlds of agriculture and 
mining - and that lias almost outpaced the changes i i i  social cnvironment brought about by 
culture, urbanization and enrichinent, changes which in general have led to a reduction in 
tlie rate of expansion of the population. It inay be estiniated that the population of North 
Africa has quadruplcd in thc last ceiitury aiid its rate of growth rernains exccptionally high. 
Many of thc population come from nomadic tribcs. 

The traditional niaterials of rural construction are. in gencral, rammed earth or clay or 
limestone brick. Good quality wood and metals werc unknown. Consequently, much of the 
housing retains its tcrnporary nature: thc mud shack and tlie hut constructed from branches 
oii a base of clay, worthless structures whicli are periodically destroyed by storms or  fire. 
Ccrtäiil regions (the Tunisian Sahel, especially Kabylia) liave, however, a tradition of 
building in brickwork, but with little or no good quality niaterial. 

Finally, the statc of the population does not permit thein to lay claini to European- 
standard housing as yet, because of the cost of the latter. What kind of steps can consequent- 
ly be taken to iinprove Iiousing, means being what they are? 

Tlie solution that we shall explain below is applicable to all underdeveloped countrics 
and is, inoreover, similar to that adopted generally in Africa or in various countries of the 
Far East. 

It should be sti-esscd tliat tlie aiin of this solution is to iinprove liousing conditions within 
tlie context of a generally low Icvel of means; it is a provisional solution, since the final 
solutioii will li~ive to be achieved by a general improvement of thc standard of living and the 
income level, inaking i t  possible to bring liousing and other featurcs i i i  line with those of 
norinally developed couiitries. The solution adopted has two aspects: firstly, administrative 
and financial and, secoridly, technical. 

The formulae for assisting construction in developed countries with tlicir mechanism of 
loans. interest rebates, assuming the keeping of files, title deeds, etc., adapt poorly to the 
situation of the rural population of North Africa. A special formula has, therefore, been 
recomineiided as follows. 

The assistance given is assistance in the form of a grant of materials and help by specialized 
labour and technical direction of operations. This assistance is given to the head of a family 
wlio are building their own house. In all cases whcre those concerned d o  not have the neces- 
sary land - and this is the usual situation - i t  also consists of the allocation of a plot of 
ground; this land is either given or sold on crcdit (in Algeria it is taken from public land 
or given to the authorities and ceded free of charge to those concerned); this land is provided 
with the indispensable equipment, roads are constructed, tlie water head-limit is deter- 
mined. The size of tlie plots depends on the way of life of the people concerned. 

These operations relating to land inevitably expand assistance to housing. making of it a n  
operation of parcclling out, of town-plaiining: the access road has to be laid out, a water 
supply has to be provided. This is work whose costs have to be borne by the community, 
making maximum use of the local labour force and, therefore, creatiiig resources for the 
population at a time when tliey are coping with the effort of creating their accom- 
modation. 

It is, therefore, necessary to draw up a lay-out that is human and pleasant, and this is 
perhaps the most dillicult task of all. The officials who take part in this work are too 
rrcquently tempted to adopt regular plans which are monotonous and out of place. It 
rcquires a special talent to design a small residcntial centre using contrast to give it life and 
personality, concentrating iiiterest on a small Square, a fountain, a n  old tree, the few shops 
and an  unrestricted view. However, i t  is not necessary to be a great sociologist to persuade 



oneself that such a design is indispensable to the real life of the centre one is trying to creote. 
Human societies are like plants: they take root only at thc cost of certain precautions. 

Tlie assistonce given is aid in kind: materials. advice, specialized labour. Tlie giving of 
this assi5tance necessarily supposes thc very direct intervention of son-ie official body. Tliis 
Opens the way to a difficulty that has to be guarded agaiiist: the civil service has a natural 
tendeiicy to take the wl-iole of tlie construction of thc house for its account, thc rccipient 
being nothing more than a spectator. The civil service finds it easier to have things done 
well and under its comn-iand so that it is often difficult to have it done correctly - at least at 
first - by the intercsted parties. Thc latter also often tend to lcave thiiigs to tlie "Govern- 
nicnt". 

The pitfalls are numerous and deep. First of all, if the man for whom tlie Iiouse is being 
built does not play an  iniportant part in thc construction of that house, governn-icnt 
expcnditure o n  tliat work is considerably increased, whicl-i changes the whole aspect of the 
problem. At the saine time, the advantage of making use of labour incompletely utilizcd on 
sornething eise is lost. Furthermore, it is very difficult for the government to aid its nationals 
to improve their housing or  to  construct "government dwellings" then-iselves. 

In tlie second place, this system will inevitably lead to the building of l-iouses that are 
"too good"; certainly not too good in an absolute sense, but too good in relation to the 
means that can be devoted to housing. And, since it makes tlie I-iouses too good, it will make 
too few of them; how many efforts have not fallen into this trap! One has to have the Courage 
to make mediocre houses in order to niake a lot of them. 

Finally, if the man who is going to live in the house docs not build I-iis "own" home but 
waits until it is offered to Iiiin, his critical instincts are going to devclop: instead of being 
satisfied with the improvements. he is going to be discontented with the iinperfections. 
Furthermore, he will not be attached to his house. He will not try - in any case. he will 
not know how - to irnprove and extend it later. 

Care must ~lierefore be taken that the operation retains its nature of a "beaver project", 
or  building by the Person concerned with his own hands. 

In the technical field, the operation consists of a coristructional tecl-inique and of a plan. 
The constructional teclinique is chosen for each site and is governed by the local resources. 
It has to be economic of Course, but it must also be such that the man who is going to  live 
in the house can help to build it and can later extend it by hiinself. 

All such houses in North Africa are single-storey ones. The material is bearer brickwork 
with ties at top and bottom. Rammed earth has not been adopted; its durability is question- 
able as soon as construction leaves anything to  be desired; moreover, it reminds tlie 
population of the mud hut: it is not considered as being capable of constituting tlie material 
for durable housing. Rubble-stone masonry is possible wlien there are quarries that the 
inhabitants can work tliemselves, but it requires experienced masons. The most general 
solution is the concrete block: the interested parties help to quarry and to prepare the 
materials required and assist in block-making, for which machiiies are usually employed. 

Roofing consists either of tiles o n  joists or prefabricated domes or  slabs; the fittings are 
tlie simplest possible: raii~med earth for the floor, doors and solid shutters. Tlie structure 
consists of a rectangular shape of about 18 square metres, witli interior partitioning. It is 
corripletcd by an  enclosure formed by walls of rammed earth or  of masonry and often by a 
thorn hedge in which there is fi-equently a lcnn-to of 4 to 7 square metres foi-ining a kitchen, 
if that is the local custoin. 

The amount of assistance at present given for such structures in Algeria is Fr. fr. 200,000. 
Hundreds of villages and tens of ttiousands of houses have been built o n  this systein in 
Tunisia since 1951 and in Algeria. In Algeria frorn 1955 to March, 1959, 328 villages with 
20,700 houses were completcd, of which 12,300 houses were built between March, 1958, 
and March, 1959. Tlie Constantine plan provides for tlie construction in five years of 
100,000 buildings of this kind. 



What is the lesson to be drawn from these operations? We believe that the principle of 
them is good and well adapted to a rural country just beginning to acquire facilities, and 
that it can even be extended to suburban populations. The main difficulties that still have 
to be solved are, in particular, improving the insulation against the heat of the summer 
sun; it would be necessary to increase the thermal mass of the walls and, especially in the 
Sahara, to find an  economic means of providing sun screens. Techriicians rnust devote their 
efforts to these two problems. 



Professional training for mass housing in the tropics 
UDC 373.63 : 333.32(213) 

0. K O E N I G S B E R G E R  

Dirccror, Depurtnteiit of Tropical Archirecfirre, Architectural Associatiotr (Utzitetl Kirt~cl(~rn) 

R E Q U I S I T E S  F O R  E C O N O M I C  D E V E L O P M E N T  

Housing must be understood as part and parcel of the economic developnient of a region. 
Econoniic development requires: 

(a) a developer; 
(b) a n  effective demand for its results; 
(C) finance; 
(d) suitable land; 
(e) suitable materials; 
(f)  technical man-power. 
This paper is concerried with the last of these requireinents, technical nian-power for 

housing, but it is necessary to keep the other five in mind. Tlie nien and skills needed for 
mass housing are related to  the type of developer who initiates a particular project. to 
niethods of financing, to the groups of Users who supply tlie effective demand, to  questions 
of building land (limited urban o r  ample rural) and to building materials. 

H J E R A R C H I E S  O F  T E C H N T C A L  M A N - P O W E R  

The building industries of the West have developed elaborate pyramids of teclinical 
professions. At the base are the unskilled labourers. The next tier is formed by trained 
artisans, led by foremen, overseers, technical draftsnien, land surveyors, clerks of works and 
contractors. The top of the pyramid is formed by the highly skilled professions of town 
planners, architects, quantity surveyors and structural engineers. 

T H E  M A N - P O W E R  S I T U A T I O N  I N  T H E  T R O P I C S  

Two questions arise: how far have the fast developing countries of the tropics followed the 
patterns set in Western Europe and the U.S.? and how much of this elaborate build-up is 
needed to cope with the urgent task of mass housing? 

U N S K I L L E D  W O R K E R S  

None of the tropical regions, not even the less densely populated countries of Africa and 
the Middle East, is sliort of unskilled labour. What is more, recent experience has showil 
that the illiterate immigrants who crowd the towns of the tropics can be trained to acquire 
the skills needed to lay bricks or blocks, assemble reinforcenient, mix and Cast concrete o r  
handle carpentry and joinery work. 

Most urban areas suffer from shortages of trained workers. Industrial schoolsand training 
centres exist, but do not train sufficient numbers to nieet the demands of rapidly expanding 
housing industries. The UN Housing Mission to Ghana estimated that the country would 
require scllools turning out a t  least 480 skilled artisans a year in order to cope with a niini- 



mum Programme of 7,200 small houses per year 1. The Mission recommeiided an  expansion 
of training facilities, the import of skilled workers and forcmen from ltaly and the adoption 
of accelerated mcthods of training on the basis of the French System known as "Formation 
Professionelle des Adultes". as adopted with great success in Dakar -. Training facilities 
in many other tropical regions are as insufficient as thosc in Ghana. 

F O R E M E N  A N D  O V 1 R S k : t K S  

Skilled building workers and artisans cari receive their basic training in technical schools. 
Foreinen and overseers must grow out of thr ranks of artisans aiid craftsmen. Building 
operations depend o n  teamwork. The qualities of leadership rieeded in a good foreman 
- reliability, talent for organisation and capacity for handling otl-ier men - becorne apparent 
in the day-to-day work at  the building site. There would be no reason to assume that buildirig 
practice in the tropics could not produce as mariy "born leaders" as it does in tlie West 
if it were not foi- the necessity of having overreers and foremen who are literate and can 
read drawings. 

Until literacy has become almost universal, men who can read and write command 
rmployment that is more lucrative or provides a higher social Status than manual labour in a 
building trade. An educated boy will not become a bricklayer's, carpenter's or plurnber's 
apprenticc in the hopc of working his way up to  tlie position of foreman or  overseer. The 
ideal of the "people's army of house builders" with leaders who have worked their way u'p 
from the ranks. cannot be realised without special adult training facilities which allow selected 
workmen to learn reading, writing, arithmetic, drawing and understanding of plans as a 
preliminary to the promotion to  thc position of foreman, overseer or  even to becoming a 
working builder or  contractor. 

India, Pakistan and a few other tropical countries havr technical schools, usually coiinect- 
ed with Public Works Departments, where boys with secondary education can train to 
beconie overseers or  draftsmen. Apart from the fact that the overseer who has riot grown 
out of the ranks is at  a disadvantage when leading older and more experienced men, the 
nunibrrs of overseers and draftsnien trained in these schools are insufficient for the needs 
of inass housing. 

GE0UI ' :TIC  S U R V E Y O R S  

Survey departments have in many countries established schools for the trniiiing of their 
own staff. Few of these are large enough to cope with departmental needs, and there 
is a n  almost universal shortage of men trained to survey a building site and take levels. 
This affects not only house building but also other vital requircments of economic devel- 
oprnent, such as thc establishinent of boundaries and registration of titles in many 
African territories. 

C O N T R A C T O R S  A N D  13I J lLDERS 

Building contracts are undei-taken either by foreign firn-is interested mainly in large 
projects or by local entrepreneurs who usually start as purveyors of labour or  suppliers 
of materials and slowly graduatr to bigger tasks in tlie tield of construction. Many are 
Iiandicapped by shortage of working capital, technical know-how and business experience. 

T E C I I N O L O G I C A L  P R O F E S S I O N S  

Developments in the professional field must be understood with reference to thc histories 
of tlie countries concerned. Army officcrs and military engineers were first in the field 3. 

They were followed by civil engineers concerned mainly witl-i public works. Architects 
appeared late and planners still later. In 1952, London had oiie arcliitect for every 1350 
inhabitants, while India had less than orie for every million, most African countries lrss 
than one in 500,000, Jainaica one in 100,000 and Abyssinia one in I I million. Thc number 



of planiiers was even smaller and the profession of quantity surveying is practically non- 
existent in the tropics. 

The number of professionally qualifed men has increascd in the last seven years. Ar- 
chitccts' schools have been started in Ghana, Nigeria, Uganda. India, Indonesia, Burma, 
Singapore, Hong Kong and the Philippines. Graduate Courses for town planning exist in 
Bandung (Indonesia), Bangkok (Thailand) and in Delhi and Kharagpur (India). Yet, with 
the exception of the Philippines, niost tropical countries must reckon with shortages of 
architccts and planncrs for many years to come. 

Most tropical countries thus find themselves faced with the need for mass housing 
prograinmes to be tackled by professional armies with plenty of nien, an inadequate number 
of officers (architects. planners, etc.) and a n  even less adequate number of the interniediate 
ranks represented in the building field by foremen, overseers, draftsmen and builders. 

P R O P O S A L S  F O R  T R A I N I N G  P R I O R L T I E S  

The building up of elaborate man-power pyrainids as they exist i i i  Western countries 
obviously takes time and can contribute little to the solution of immediate and urgent 
housing needs in fast growing town?. Questions of technical training for mass housing must 
be approached differently. 

The clue lies in the role of the developer. Past tliinking has attributcd too much importance 
to governments, local authorities and industrial employers as initiators of housing develop- 
ments. George Atkinson, in his introduction to the discussion of mass housing in rapidly 
developing tropical areas 4. has showii that "the mass of town dwcllers. . . have to depeiid 
on their own initiative or on that of private entrepreneurs for shelter". I i i  other words, in 
the tropics, as in most Western countries, the individual home builder will be tlie most 
important developer in tlie field of liousing. Technical training, to  be effective, inust serve 
liis needs. 

In England, the designing of houses is supposed to be the concern of four higlily specialised 
and skilled technical professions: the town planner, tlie architcct, the quantity surveyor 
aiid the structural engineer. In practice, the majority of small houses is built without any of 
them. Tlie contribution of thc architectural profession to the building of small houses 
consists less of individual designs than of the provision of patterns that are copied by small 
house builders all over the country. 

This may or  may not be a desirablc state of affairs. It is certain that the small developer 
in the tropics who invests much smaller amounts than his Western Counterpart will adopt 
siniilar methods. He will not einploy aii architect and pay professional charges for a n  
original design. He will employ a small builder who will produce a n  exact or  modified copy 
of a house that appeals to his client. 

Tcchnical training for mass housiiig should, therefore, give priority to two tasks: the 
training of competent sinall house builders and the provision of an  klite of architects to  
specialise in the provision of good pattcrns for use by house builders. 

T H E  H O U S E  B U I L D E R  

The Iirst of these two tasks is by far the more difficult of the two, involving as it does 
either the creation of a new profession or the up-grading of an existing one. A good house 
builder is more than an overseer, clerk of works or "plan-drawer", yet less thaii a fully 
qualifed architect. He should know enough of architecture to design a small house o r  
adjust a standard design to a particular location and supervise its construction. He should 
be cnough of a planner to  handle questions of site layout. enough of an  engineer to cope 
with simple structural problenis and enough of a surveyor to estirnate costs and present 
accounts for building operations. He may act as designer and adviser to a middle class 
client or investor, but more often he will be a house building contractor. His services would 



no doubt be in demand not only for housing but also for rnunicipal works and for a multitude 
of minor building jobs; in short, he would be the "general practitioner" of tlze building 
professions. 

The curriculuin of a school for tlie training of house builders would have to vary frorn 
country to  country but, broadly speaking, rnay follow the pattern of the German "Bau- 
schule". The emphasis should be on practice rather thaii theory % Success of a school for 
house builders is less an  educational than a social problern. Artisans and technicians have 
established and respected places in tlie societies of the West. Their social status dates back 
to  tlie days wlien their guilds ran the towns of northern Europe together with those of the 
merchants and bankers. 

The towns of tlie tropical East and South have no such traditions. The overseer, technician, 
clerk of works or skilled draftsman finds hirnself in a social no-man's-land between the 
university graduate and the wealthy on the one side and the coolie labourer on the other. 
Unless a suitable social status for the house builder is established, recruits for the new 
profession will not come forward and all effort and expenditure on training facilities will be 
in vain. 

Here is an irnportant field for research in "social engineering". a subject that may be as 
important for mass housing as research into new rnaterials. The right kind of designation, 
a suitable professional organization, political representation, something corresponding to  
a Royal Charter laying down a professional code, are arnong the means might help to 
achieve this objective. The first step must be the recognition that technical training for mass 
housing presents a formidable challenge to the social scientist. 

T H E  T E C H N O L O G I C A L  P R O F E S S I O N S  

House builders are needed in large nurnbers to cope with a n  ever increasing need for 
small individual houses. They will supplement but not replace the technical professions. 
ldeally the architect, planner, quantity Surveyor or structural engineer with full professional 
training and status should be recruited from the ranks of house builders, in the sarne way as 
the rnedical and surgical specialist grows out of the ranks of the general practitioners of 
rnedicine. Countries not hitherto cornrnitted to  the British professional set-up may adopt 
this solution; others may continue their present systeni of ecudation and professional 
organization, but will be well advised to institute special evening classes for house builders 
who Want to advance and becoine fully-fedged technologists. Such advancernent. even if 
infrequent, will be of benefit for both professional groups: the profession of the house 
builder will cease to  be a cul-de-sac and that of architecture will gain a few ambitious men 
with a background of practical experience that is different from tlie rest. 

It will be for the architects to provide the ideas and patterns for the house builders to 
copy. This task must be treated as a social Service for which architects should be ernployed 
by the State. 

P A T T E R N  B 0 0 K S  A N D  I N F O R M A T I O N  S E R V I C E S  

Patterns for mass housing should be more than tlie type designs used by public works 
departments. They should incorporate the theoretical and practical knowledge accumulated 
by builders and research workers in the tropics. In  fact, pattern books could be at  the sanle 
time text books and become a ineans of bringing the results of building research to every 
house builder in the country. 

The building industries of the tropics are young, as are the building professions and 
research organizations. They can avoid sorne of the rnistakes of the West and build up  from 
the beginning eflicient methods for the exchange of experiences and dissernination of 
information 6 .  Technical training in particular can be helpcd and accelerated by the universal 
adoption of a staiidardized system of classification for plan patterns, codes of practice and 
research results. Architects and house builders should be brought up  to  subscribe to 



comprehensive information services which would keep them up to  date and provide them 
with technical information in a form desigiled for convenient storage and reference. 

Tropical building research and the art  of designing for tropical conditions have made 
great strides in the past decade. The time has come to  put increased knowledge to  use 
through the right kind of tcchnical training and through effective information services. 
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Discussion 

In addition to tlie Papers circulated before the Congress, reports were given on housing 
activities in the Congo, Hong Kong and Libya. 

C O N G O  

Mr. E. SCA~LLON (Belgiuin) i-eviewed the work of the Office des Citks Africaines: he illus- 
trated his talk with a film. Features of thc housing problem in the Congo were the low 
avcrage incorne of the population, tlie lack of an urban tradition and the rapid growth of 
population in urban areas. Housirig sliould not be regarded as a n  isolated activity but as 
part of a gencral plan for urban development. Oiily about 20°.„ of the population could 
afford to pay for tlieir own liousing, the remaining 80"'„ needed somc kind ol'financial aid. 
Aided self-help had a useful role to play provided that it was undertaken within the frame- 
work of a well thouglit-out tow~i  plan. With aided self-help housing maintenancc was, 
liowever, likely to cost more because the builders were less skillcd. Mr. SCAILLON referrccl 
to cost studies carried out by his Ofice, particularly with regard to the developnient of 
self-supporting roofs of steel and asbestos ccmcnt slieetirig. 

Mr. W. PODWAPINSKY (Poland) described his work with a United Nations niission to Libya. 
Features of the country's liousing problem were: population largely noniadic with strong 
tribal allegiarices, 907,; being illiterate; no locally born engineers or  architects; poor natural 
resources; a sevcre climatc with very Iiot sumiiiers; few local industries. Migration of 
country pcople to the two main towns was leading to their uncontrolled growth and was 
creating a problern of shanty-town settleinents. 

The only readily availablc building rnaterials were soft limestone and sand, all other 
materials were imported. Both cliinate and the social backgrourid influericed low-cost 
house design, which was based on tlie following principles: 

1 .  Minimum floor area per persoii: 3.5 mz. 
2. No  more than two persons per room. 
3. Courtyard-type housc plans pi-ovidiiig a private, screened worlcing area for women 

folk. 
4. A squat-type toilet with shower ovcrhead; a wash-tub and sink in the courtyard 

(Moslems pray fivc timcs a day and wash in water before praying). 
5. Construction was modular throughout, the basic module being 25 / 25 \ 25 cm. 

This perinits interchange of buildiiig elements. 
6. Rigid standardization of elemerits (doors, windows, etc.). 
7. Substantial Open space for courtyards and playgrou~ids, resulting in an econoniical 

population density of 420 persons/liectare (170 persons/acre). 

H O N G  K O N G  

Mr. W. W. E. COLLARD (Hong Kong) spoke of the very high population densities which 
liad to be provided for. An already difficult housing situation had been considerably 
aggravated by war damage and the post-war influx of refugees. The Hong Kong Housing 
Authority, which Iiad been provided by the Government with 5 "„ loans for a 40-year period, 



was building multi-storey flats. Space standards were low (about 3.5 niz per person) and 
densities high (more tlian 2000 persons per acre, or 5000 persons per Iiectare). 

G E N E R A L  D I S C U S S I O N  

Frorn the papers and discussion which followed, it was clear tliat the serious and most 
urgent problem of mass housing in rapidly developing countries did not depend only o n  
technical solutions. Tlie administrative and financial aspects were at least as important. 
Even within the technical sphere, as Mr. G. A. ATKINSON (United Kingdom) stressed, the 
planniiig and cor-istruction of housing areas and tlie infra-structure of towns was a inore 
iniportant and dificult problem than tliat of individual dwellings. Mr. E. SCAILLON (Belgium) 
underlined the need for well adininistered technical organisations to carry out housing 
Programmes. Mr. P. PH. ARCTANI~ER (Deiiniark) concidered that there was little rooni for 
iniprovernent in the traditional use of local materials. Of greater importance was thc 
provision of tlie basic sanitary and technical services of a community. Well tliought-out 
plans, related to national development as a whole, were of niore value tlian tecliiiical 
novelties. 

A I D I I D  S E L F - H E L P  

Miss R .  M. FREAN (South Africa) considered that aided selt-help in urban areas was 
costly. The effort put into house huilding by men who had already spent their day working in 
industry could not but be detrime~ital to their normal work. Mr. G. A. ATKINSON (United 
Kingdoni) notcd that aided self-help rnetliods had becn most successful when applied to 
rural areas and to places whcre there was seasonal u~ieiiiployment, or where tliere was a 
great influx of people without perr~ianent work. The importance of relating aided sclf-help 
schemes to town plans was stressed hy Mr. E. SCAILLON (Belgium). 

L O C A L  M A T E R I A L S  

In view of tlie fact that most of the countries undcr consideration had an abundant 
supply of labour, intensive construction inethods which used local materials to the fullest 
possiblc extcnt needed to be studied. 

Mr. P. PH. ARCTANDER (Deiiniark) considered i t  was often better to build less durable 
houses with relatively cheap local nlaterials tlian to build in solid, durable, imported 
tecliniques. Wheii properly applied cuch local niaterials had proved satisfactory. In India, 
as both Sir H .  W~LLIAMS (lndia) and Mr. N .  S. PARTI (I ndia) nientioned, the probleni was to  
develop local building material industries. In a country where there was an unlimited 
supply of unskilled workers, prefabrication arid mechanization were of little use. 

Mr. J .  DRCYFUS (France) drew attention to the need to train technicians so that tlie 
results of experience in research could be applied quickly. Under certain conditions pre- 
fabrication had its uses and there sliould be flexibility in choosing technical solutions. For 
exainple, i n  Africa oiic niay have to use only one sixth of tlie amount ofcement rcquired for 
house building in metropolitan France. 

D E S I G N  A N D  P L A N N I N G  

The Same flexibility was n.ecessary in house planning. Mr. J .  DREYFUS (France), in 
referriiig to housirig standards, diKerentiated between hygienic requirements such as water 
supply, sewerage. etc., and social needs, particularly those of adapting to urban ways of life. 
The provision of reasonably comfortable living conditions, especially protcction against 
heat, should not be excluded. Mr. P. CHOMUART DE LAUWE (France) said that it was not 
often possible to delay construction until the basic sociological studies, which could take a 
long time. wcre completcd. Nevertheless, there were investigatioiis which could be rnade 
rapidly. 



T R A I N I N G  O F  B U I L D I N G  T E C H N l C l A N S  

The creation of a local industry involves a major trairiing problem. Mr. D. A. G. REID 
(United Kingdom) noted that as the demand for better quality work increased the need 
for more skilled craftsmen and technicians grew. From these better traii-ied men might 
be selected potential candidates for further subprofessional training. Dr .  0. KOENIGSBERGER 
(United Kingdorn) summed up the problein of the training of building technicians in urban 
areas as follows : 

1. Information and docuinentation services were just ris important in tropical countries 
as in Europe. 

2. In providing such services it was important first to decide for whom they were meant. 
3. Public bodies only meet a small part of the housing needs. Information research 

services should not exclude the people who build for theinselves. 
4. lmproved housing depends first on better trained designers and builders. 
5 .  In no tropical countries were there yet adequate training facilities for the building 

professions, but as development could not wait until these had been provided there must be 
priorities. The first priority was the training of people a ~ h o  could both design and build, 
the general practitioners of the building industry. 

6. The training institutes of more developed countries should allow some of their staff to 
l-ielp in this work of training local building technicians. 
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Technical problems of flat roofs 
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In my capacity as chairman of the Congress scssion on the subject "Flat roofs" I would 
like briefly to introduce the Papers to be presented and to give a preliminary review o n  thc 
subject matter. 

T H E  F U N C T I O N  O F  A R O O F  - T H E  W A Y S  O F  F U L F I L L I N G  1 T  

Let us first consider the fuiiction of a roof and tlie constructional means to fulfil this 
function. 

It is evident that a roof must provide protection against atmospheric conditions. This 
inust be interpreted as protection not only against wind, rain and Snow, but also against 
excessive solar heat gain and excessive heat losses. Obviously the effect of each climatic 
influcnce dcpends on the siting of tlie building, and the importance of the various physical. 
chemical and mechanical properties of the materials used varics accordingly. 

lii traditional wall construction, one single material combines several functions. The 
masonry of an outer wall combines a load-bearing function witli protection against rain 
arid wind and with good thermal insulation and sufficient fire rcsistance. Howevcr, in tradi- 
tional roof construction the tendency is to use a special material for each separate function. 
For example, a roof may have a timber load-bearing structure, a layer of light material or 
air to provide thermal insulation and fii-e protection, another layer to protect against rain 
and sometimes even a further layer to reflect solar radiation. 

We find thcse layers also in various types of flat roofs, but there arc important excep- 
tions, e.g. timber or cellular concrete flat roofs where one material combines both the 
structural and the insulating functions. The use of different materials for different functio~is 
tends to sirnplify research aimed at  achieving the most successful combination. 

For brick construction, it would be out of the questiori to try to develop a form of the 
material that would provide a better heat insulation without making completely sure that 
thc bearing capacity and the capacity to resist rain are still adequate. For roofs, however, 
it is perfectly possible to strive at  a better thermal insulation or  an  improved waterproof 
layer without violating any of the other properties of the I-oof. Nevertheless, one cannot go 
too far in this dii-ection, since experience sliows that the different layers are not wholly 
independent, but J o  influence one another directly or  indirectly. Moreover, the conditions 
to be met by I-oofs are generally more severe than those to whicli walls are exposed. 

Summarizing, one can expect the relative importance of certain specific functions of thc 
roof to vary in a certain degree with geographic regions, with the materials that can be 
procured econornically and even with the calculation niethods or construction techniques. 
But in the first instance there are some common factors, even if they havc a relative and 
varying importance, and in the last instance the exchange of information, as in today's 
meeting, permits us to compare and to discern the different solutions. 

T H E  P , 4 R T I C U L A R  P R O B L E M S  O F  F L A T  R O O F S  

It would seem to be generall y recognized that flat roofs present, at least in northern European 



climates, more or newer technical problems than traditional pitched roofs. Some of these 
problems are related to the necessity of a watertight rather than a porous covering as provid- 
ed by concrete and ceramic tiles; others are concerned witli the need for a continuous 
covering that nevertheless must be able to follow the movements of the entire building it 
Covers. 

The particular problems of Rat roofs considered at the British Building Research Station 
include: 

I .  Durability of exterior covering. 
2. Value of different materials for insulating layers, and, especially. difficulties caused by 

moisture: how to prevent water frorn getting in the insulating layer and Iiow to  get it out  
once it is there. 

3. Structural precautions against wind effects, especially for light roofs. 
4. The problem of expansion joints in flat concrete roofs. 
5. Measurement of I~eat  losses and the relation between the details of the roof construction 

and heat transrnission, as well as condensation risks. 
6. Exclusion of solar heat. 
7. Risk of tire for combustible roof coveriiigs. 
8. Durability of parapets. 
This list is not exhaustive but givcs exainples of tlie problems met. Participants may wish 

to discuss others that are more urgent to them. The reports presented deal witli northern 
European conditions, and it would be valuable if participants who have experience of the 
behaviour of flat roofs in tropical or  subtropical conditions could contribute. 

T H E  W O R K  O F  C T B  O N  T H E  S L I B J E C T  

In the former Research Section of C1B a Working Commission composed of representatives 
of CTB members in Norway, Sweden, France, U.S.S.R. and the United Kingdom studied 
some of tlie problems, in particular those of conimon interest to participating countries. 
lnitially Mr. R. Hansoii of the Swedish "Statens Näinnd för Byggnadsforskning" was 
reponsible for organizing the work: later Mr. T .  lsaksen of the Norwegian "Byggforsknings- 
institutt" took over. The Special problems studied by the Commission are moisture trapping 
in the watertight layer and tlie means to solve this difficulty - a pro1;lem especially treated by 
the Norwegian meinber - and the durability of roof coverings - a problem especially treated 
by the Swedish member. Both studies are coinpleted now and the reports by Messrs. Hanson 
and Isaksen may serve as a starting point for our discussion. 

The third report, by Dr. F. G. Thomas, on wind effects, deals with a different aspect and, 
in the absence of Dr. Thomas through illness, will be introduced by Mr. Sirnms, wlio 
collaborated with him. 

After our discussion we have to deal with one particular question. The Commission has 
completed its present Programme. l t  may be desirable to put new items on its progranime 
and suggestions would be of interest. 

Now I invite Mr. Isaksen to introduce his report. 





relatively short time. How to obtain this has been the main aiin of the research in Norway. 
This papcr gives tlie main results of the Nor~cegian investigations. 

N O R W E C i I A N  R E S E A R C H  

Failures of roofs present a great cconomic problein in Norway. Leakages have frequeiitly 
occurred; the necessary iiiaintenance is sometimes so extensive that a rebuilding of the 
roof is the only solution. Some roofs, however, have served remarkably well during 15-20 
years, evcn unventilated roofs. Some ventilated roofs constructed after the Second World 
War are as bad as the old, unventilated ones. 

American, Swedish and otlier investigations indicated that the major part of the rooting 
damages, like blisters, buckliilgs, etc., may bc due to a wet underlay. In a n  Arctic cliniate, 
a great moisture content in a flat, compact roof always iinplies dangers to  the construction; 
many leakages are due to frost-cracked screedings. In Norway, it was decided therefore to  
exaniine the moisture probleiii in the construction underneath the roofing. We have, 
accordingly, tried to find the influence of the water content o n  the heat loss and maiiitenance 
of the various constructions, and how to reach the necessary decrease in water content. 

The investigations Iiave lasted nine years and have been carried out in specially constructed 
roof laboratories and on actual roofs. The roofing itself has not been thoroughly investigated, 
but the condition of the roofing is described on every roof studied. 

Tlie research programme for the Roof Laboratories was: 
I .  To  compare the drying-out process in ventilated and unventilated test panels. Tcst 

samples had to be taken from every part of the construction. 
2. To  compare the drying-out effects of various ventilating systems. 
3. To find possible advantages and disadvantages of a different location of the ventilating 

System. 
4. To  solve the problem of "residual moisture-vapour diffusion from the rooni" in 

unventilated constructions with a concrete slab carrying thermal irisulation and roofing on 
the top. 

5. To measure the heat loss through ventilated and unventilated consti-uctions. 
The research Programme for the actual roofs was to establish: 

(a) The amount of water in the usual flat roof constructions. 
(b) The drying-out effect of various ventilating systems. 
(C) Thc condition of various thermal insulations, especially weak ones, in unventilated 

constructions. 
(d) Thc ventilatioil eflrect on t l ~ e  durability of ~veak thermal insulation materials. 
(e) Whether a high watcr amoiint is always a condition for daniages in the roofing. 

R E S U L T S  F R O M  T W O  S M A L L  T E S T  H U T S  A T  Tt1E T E C ' H N I C A L  U N I V E R S l T Y  O F  

N O R W A Y ,  T R O N D H I I I M ,  N O V E M B E R ,  1948 - N O V E M B E R ,  1952  

The test roof panels were constructed on two older experimental houses in the siimmer of 
1948. 

The design of the roof panels and the results are shown in Fig. 1 .  Inside temperaturc and 
humidity were kept constant, 4 20" C and 75 "„ respectively, the latter corresponding to  a 
vapour pressure of 13.2 mm of mercury. The moisture content in tlie roof was calculated 
from borings made in tlie gas concrete, which had a weight of 0.725 g/cni? The results were 
published by Professor Holmgrcii in tlie Teknisk Ul~ehlad (The Teclinical Weekly Journal), 
No. 26, 1953. 

I .  A large initial difference was found in the moisture coritent in ventilated and unven- 
tilated panels. 



2. In tlie unventilated panels, tlie moisture content varied with the seasons. There was no 
real difference betwecn the results fr0111 the four panels, the plotted curve is the same for all 
of thcrn. No  effect from the vapour barriei facing the room could be detected. 

3. The nioisture content varied very little in thc ventilatcd sections; mutual differences 
were also vcry sm;ill (Common curve). 

I .  The insulation in the ventilated panels was already dry when ttie mcasurements were 
started in November, 1948. 

2. The insulation in ttie unventilated panels stayed rnoist through the wliole tcsting 
period, and had about the sarne moisture content in November, 1952. as in Noveriiber, 1948. 

3. Since thc houses were small arld the roofs were constructed in the summer, all thc 
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Fig. I .  Small Roof Laboratories, N.T.IJ., Trondheim. 

scctions had received the same amount of water precipitation. Tlie initial difference between 
the moisture content in ventilated and unventilated sections is thus an expression of the 
ability of tlie ventilation System to dry out the insulation. The drying-out period is calculatcd 
froni the time when the rooting was placed until the first specimen was bored out. 

A rather important and frequently disputcd question was still unanswered: Was the 
residual moisture from the construction period or the diffusion of water vapour from the 
room tlirough the concrete slab the decisive factor? The results may indicate either answer 
according to  the way tliey are interpreted. As the houses had to be torn down to make room 
for ncw constructions, it was not possible to proceed any fiirtlier with this problem. 

R E S U L T S  F R O M  A  L A R G E  R O O F  L A D O R A T O R Y  I N  T K O N D H E I M ,  D E C C M B E R .  1953 - 
M A Y ,  1957 

The dcsign of the roof panels is shown in Figs. 2 and 3. Inside temperature and humidity 
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Fig. 2. Large Roof Laboratories, N.T.U., Trondheim. 
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were kept constant. I 20" C and 65"„ respectively, corresponding to I I mrn of niercury. 

The dr,i,ing-out process (Fig. 4) 

The rnoisture content in thc rnaterials was calculatcd frorn borings of test specimens. 
The concrete slab under the insulation material was provided with concrete cones, which 
could bc taken out, making borings Frorn thc insulation and screeding possible. 
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Fig. 4. (a )  Dryiiig-out ofcelliilar concrete in all panels. 1 .  Uriventilated with concrete slab (E. F, I and K ) .  
2. Poorly ventilated triangular ducts 12 cm? (A,  B, C and D) ;  iipper limit, panel B ;  lower limit, panel A. 
3. Uriventilated structural cellular concrete slab (G and H). 4. Well ventilated rectangiilar ducts 120 cm2 
(L,  M ,  N and 0); upper limit, panels Land  N ;  lower limit, panels M and 0. (b) I .  Mean rnaximum tempera- 
ture of the month (of day maxirna), 2. monthly mean temperature, 3. monthly mean rninimum temperature 

(of day minima), 4. relative humidity. 

For  thc gas concrete the results were as follows: 

Decem ber, 1953-March, 1954 

Even the first results showed a very distinct variation in the water content of tlie various 
panel groups, from 4 to  20 per cent. vol. In panels with a concrete slab, this difference must 
be due to  tlie ventilating rate: the well ventilated panels were dry half a year after the roofing 
was put on, while rlie unventilated panels still kept the same water amouiit. 

March, 1954-May, 1957 

'Thc upper and lower limit in each group have approached eacli other. Panel A suffered 
from a vripour leakage froin the rooni side, and the water content iiicreased in the mid and 
southern section of the panel. The structural gas concrete slabs G ai-id H had a varying 
rnoisture contcnt during one ycar; but they were as wet in June, 1956, as in December, 1953. 
Thc panels of group 4 got rid of sornc water duriiig March -June, 1954. They arc drier than 
what is assurned in the Norwegian Building Regulations to be a normal water content, and 
they rcinained dry during the rest of the test period. The unventilated panels with a concrete 
slab did not dry out, nor did they becoine wetter. 



The concrete slabs (Fig. 5) were drier i i i  the well ventilated panels. The difference between 
tlie wettest slabs in group I and the driest in group 4 was very sinall, only 2:,, vol. 

The variations in water content of the screeding (lean conerete) are theoretically rattier 
great during a whole year. Since our tests were bored out only in spring o r  early suininer, 
they inust not be considered as  an average. The screedings kept nearly the Same water 
aiiiount in all panels. 

Dec Feb Apr June Aug Oct Dec Feb Apr June Oct Feb Apr June Oct 
1953 1951 

A P ~  
1955 1956 1958 

Fig. 5.  Moisture content in  concrcte slribs. 

The ventilation rate of thr various p a ~ i r l ~  

Measurements of wind speed in narrow ducts were carried out by Mr.  B. G. Collins of the 
Building Research Station with staff inembers froin the Swedish National Cominittee for 
Building Research arid from the Norwegian Building Research Institute as attendants. The 
inain results are presented in Fig. 6. In Fig. 7 the quantities of wind from various directions 
are quoted as a percentage of the total wind quantity for the years 1954, 1955 and 1956 
(Voll Mcteorological Station, Trondheiin). 

S 

Fig. 6. Wind speed i n  ;iII ducts cxpressed in  percentage o f  free wind from certain directions. I free 
wind speed. 

The rneasurements had to be made during a relatively sllort period. The wind came only 
from the directioris quoted here. We liad no chances of making rneasurements in all panels 
at the Same time wlien the wind caine from one specific direction. 

The air speeds in tlie big ducts are rather great compared with tlie small ducts. The 
difference is clearly visible for the south-southwestern direetions. The other graph inay give 
an  impression of the wind directions in Trondheim. The sector south-southwest to West 
contains tlie greatest air speeds. The big ducts let througli 60 tiines as much air as the 
smallest ones did. 



The reason why panel M was obviously so much drier than panel B was the effective 
duct of the former panel. The drying-out of panel B might have been much improved if the 
duct had been deeper and iiarrower at the top. A niore rigid "ceiling" covering the duct and 
a precise laying-out of the gas concrete blocks might lead to a better drying-out in panel B 
than in panel A. The ducts of A and B were propped after some of the borings and had to  
be opened. 

The ducts of panels M and 0 were covered with 5 cm prefabricated concrete plates capable 
of carrying inspection traffic. Rigid 3 cm concrete blocks between gas concrete and the plates 
permitted a reasonable shifting of the gas concrete blocks. 

Ai r  tenipc~raturr an(/ vapour transport in ducts 

In the Trondheim climate the differential of the vapour pressure from the room to the 
duct between thermal insulation and concrete slab might reach more than 10 mm of 
mercury near the openings. If the duct is too sparsely dimensioned, crevices and holes 
through the concrete slab lead the vapour from the room into the thermal iiisulation. This 
might have happened in panel D. where, unlike the situation in all other panels. the moisture 

Fig. 7. Air quantities in percentage of the total from I2 directioiii: in 1954, 1955 and 1956 based on 
observations at the Voll Meteorologic:il Station, Trondheim. 

content is higher near the openings than in the mid section. Results from the measurements 
of vapour content of the air in the duct of panel D show that the air is nearly saturated a 
few metres from the end facing the wind. Measurements in panel L, on the other hand, 
indicate a very effective ventilation with coinparatively inoist air occurring only in quiet 
weather. 

In the duct betweeii thermal insulation and screeding of paiiels M and 0 the vapour 
pressure, in the wiiiter, is nearly the same as outside. It sometin-ies occurred that the ventila- 
tion air carried small amounts of vapour condensation to the lower side of the screeding. 
During the day the screeding reached a higher tenlperature, and the vapour transport was 
reversed. 

Residual moistwr-val>our cl$fiusion in unvelitilatetl con.structions with concrrte slahs insulatc~d 

an rhe rup 

Fig. 8 is a n  exanlple of the condition in panel F on February 1, 1956, when air from the 
space between the gas concrete blocks was sucked off through Dehydrite filters. The gas 
coiicrete insulatiori contains, in this case, an average of 18.5 per cent. water by volume. 
Hygroscopic saturation for this type of gas concrete, according to Swedish investigations, is 
reached at  about 3.5 per cent. by volume. The lower part of the ren-ioved samples. in the 
same group where air was sucked off, contained about 16 per cent. water by volume. Based 
on this, it could be assuii-ied: 

I .  The air in the pores of the gas concrete is saturated with water vapour, including the 



part situated closest to the concrete slab. Under the conditions measured, the vapour 
pressure is higher here than in the room below the concrete slab. It is, therefore, rather 
irnprobable that the water vapour can diffuse from the room up into the gas concrete 
insulation and accumulate there. Diffusion of water vapour can take place when the vapour 
pressure i n  the room is higher than that in the top surface of the concrete slab, or wlien 
water vapour from the rooin is condensed in or on the underside of the concrete slab. In 
our case, such a condensation could not take place. 

2. It has not been possible to ascertain any drying-out in tlie construction. 
3. Froin I and 2 it follows that it is the moisture content from the construction period 

which moves up and down in thc construction according to the seasons. 

' \  
2 layers of felt 5cm Lean Concr. l/d„, 
in asphalt. concrete. slab 

Fig. 8. I-luniidity i i i  aii- siirroiiiiding tlicrnial i i is~ilatioi i in the iinveritilatcd panel F. 



Heut loss through the paiiels 

The results are presented in Table 1 
Reniarks: Tlie theoretical heat transmission coefficients are based o n  the thermal conduc- 

tivity of the water content in tlie panels. Ventilation effects, Snow insulation, etc., are not in- 
cluded. The ineasureinents carried out in the winter 1956-1957 are not complete, as the lack 
of recordci-s and other equipment riiade it impossible to investigate all panels at the Same 
tiinc. But the results are rather instructive and, therefore, have been quoted here. 

Uiiventilated constructions. - The results of the ineasurements are rather similar to the 
theoretically estimated values based on a known water content. The panels F and J let 
through 30-4O0„ riiore heat than allowed by to the Norwegian Building Regulations. The 
measurements were, however, carried out during an  unusually mild winter with Snow cov- 
ering the panels during a great part of the test period. 

T A B L E  I 

THkOKTTICAL AN[> MEASUKkI> HEAT TllANSMlSSlON COEFblClENTS I N  PANELS 

Crr/ci~l(rtctl 
Meun rrsirl/.s i~u1r1c.s Meun rrsi~lts MCPC~II 

Pcr/rc,l Dcc 1953 ( Full, ' 5 6 )  4"< I>O/ .  ( l$., ' i~rt~~r, re.s~rl/s (I / /  Rernrrrks 
srctior~ (kcti//r11~11" C )  ( k c I / r ~ / i "  C) ( BIcIg Cotlc.) '56-'57) rr~eusi~re~~ierrts 

( k c  m2110 Cl ( k c u l / r r ~ ~ i "  C )  ( kcul/rrr21i' C)  

E 1 .1  I 1.11 0.75 N o t  measured 
F 1.10 1.04 0.75 0.97 
J 1.19 1.12 0.75 1.05 
K 1.15 1.05 0.75 N o t  nieas~ired 
G 0.99 June, '56 0.82 Not  meas~ircd 

0.98 
H 0.07 0.98 0.82 0.83 

A Norih 0.97 0.72 
Mid 1.09 10.3 1.04 0.81 
S o ~ i t h  1.03 0.76 

B North 1.08 1.04 
1.13 1.09 

Mid 1.19 1.14 

C ' M i d  1.15 1.04 
1 . 1 1  0.98 

South 1.08 0.92 

D North 1 . 1 1  1.05 
Mid 1.05 1.07 0.98 1.01 
S o ~ i t h  1.04 1 .OO 

L North 0.86 
Mid 0.83 0.84 0.65 
South 0.82 

N Mid 0.94 
0.88 0.69 

Soiith 0.83 

M North 0.69 
0.75 0.65 

Mid 0.81 

0 North 0.72 
Mid 0.77 0.74 0.65 
South 0.73 

0.75 Not measured 

Panel A, nieas- 
0.97 ~ i r e d  near open- 

ings in sou th  
a n d  north, lacks 
some heüt insu- 
lation along 
eastern side 

Panels C a n d  D 
1.06 are mcasured 2 

meters from the 
south end 

1.18 

0 lacks heat 
1.12 ins~ilation along 

Western side 



The poorly ventilated panels. - The results are very close to the theoretically estimated 
values based on the actual water content. The measured heat flow through tlie panels is, 
howcver, from 24 to 41 3„ greater than allowed by to the Building Regulations. 

The well ventilated panels. - All panels have a lower water content than foreseen in the 
Building Regulations. Tliecooling effect from ventilation in panels with the duct close to the 
concrete slab is clearly visible, especially near the openings facing the wind. The panels L 
and N have a heat flow 41 to 577(, greater than that allowed by the Building Regula- 
tions. If the measured values are compared with the theoretical ones from 1956. the ventila- 
tion seenis to increase the heat flow through the panels. The increase was for 

Panel L 81 "„ 
Panel N 49:„ 
Panel M = 18 "„ 

The constructions might be iniproved near the openings of the ducts. A blanket of mineral 
wo01 should be placed on top of the concrete slab. This improvement would not prevent a 
cooling down of the inner part of tlie panel. and in this way the duct would only bc inoved 
higher up in the thermal insulation. 

Thc results seeni to point out that the correct location of the duct is in the upper part of 
or above the thermal insulation. 

It is very difficult to construct roofs like M and 0. The drying-out results, however, make 
it evident that the duct may bc niuch sinaller than here. 

A C T U A L  R O O F S  

The investigations were carried out during spring or Summer of 1950. 1951, 1955 and 1956. 
Samples were bored out on about 100 roofs. The moisture content was measured in different 
thermal insulations used over rooms with varying climate, from apartments to paper mills. 

The maiii impression after the investigation is that designers have no clear understanding 
of the great quantity of water wliich is usually trapped in their constructions. Owners and 
designers are usually shocked when, for the first time, they are confronted with damages 
like blisters, ridges, cracks and bleedings in the inspected roofings. 

Some thermal insulation materials are used in constructions where destructive processes 
are to be expected. Shredded wool slabs, for instance, liave collapsed in nearly all inspected 
roofs where they were sandwiched between two layers of concrete. 

Tlie high nioisture content is caused by rain, splash, bad storing of niaterials and, last 
but not least, the thermal insulation maierials being far from dry when they are deliv- 
ered at  the construction site. After tlie first investigations from 1950 to 1951, Mr. Prestrud, 
in the NBRl Report No. 4, emphasized the necessity of using tarpaulins or  tented roofs 
during the period of roof construction. It seems to  be very difficult, however, to  convince 
the owners of this fact. 

C O N C L U S I O N S  F R O M  I N V E S T I G A T I O N S  O F  A C T U A L  R O O F S  

1 .  Roofs without tliermal insulation, in our climate, are an  impossible construction over 
heated rooms. The strain of the roofing will be too hard because of temperaturc movements 
in the concrete slab and freezing of condensation water. 

2. Pumice and slag used in unventilated constructions have not proved to  be satisfactory. 
3. Expanded cork slabs have kept their quality when the vapour barrier of asphalt is 

carefully pasted on top of the concrete slab. When the roofing was put on in dry, warm 
weather or under tented roofs, etc.. tlie roofs inspected served well. 

4. The veritilation rate is usually too sniall, especially when thc therinal insulation consists 
of airtight materials like light-weight concrete. 



5. Structural unventilated slabs of light-weight concrete are too often used over hot and 
damp rooms. The water content. in the worst cases, is 5-6 times as high as forescen in the 
Norwegian Building Regulations. 

6. Ventilated gravel layers of light-weight concrete have been investigated on a very snlall 
number of roofs. The roofs were wet bccause of wrong grading of the granules: a great 
mass of very small sized granulei made the layers too airtight. 

7. Macadam roofs where the thermal insulation was ventilated on top or on the lower 
edge were rather dry. The grading varied bctween 10 and 20 mrn in the macadam layer. 
Normally, the openings to the free air had a good design. The wood wo01 slabs kept their 
consistency in this type of roof. 

8. Our roofings. normally consisting of two layers of asphalt fclt brushed with hot asphalt, 
seein to be too weak, as the strain will frequently be too hard in our climate. Experience in 
America and Canada Iias shown that a roofing consisting of 3-4 layers of pliable felt mopped 
in hot asphalt and protected on top with a gravel layer, is much to be preferred. A great 
nuinber of roofing damages, especially blisters, are due to poor workmanship in pasting the 
asphalt felts. Here our experience is in line with that of Mr. Hanson. 

9. Most roofs will probably serve well witliout damage or leakage when the thermal 
insulation and the roofing are put on dry. It is absolutely necessary to make propaganda 
for the use of tented roofs or permanent Covers, especially because the Norwegian roofs 
are normally finished in the autunin or in tlie early winter. 

10. Maintenance is usually totally neglected. 

A R C H I T E C T U R A L  D A T A  S H E E T S  

To make tlie results frorn the rescarch more widely known. the Norwegian Building Research 
Institute has prepared a loose-leaf series of so-called Architectural Data Sheets (Byggdetailj- 
blad). The shccts dealing with flat roof constructions can be bought by everyone and used 
witliout a great deal of special technical knowledge. The general sheet, NB1 (26).001, has 
been translated into English and is presented as an appendix. From this data sheet may be 
Seen the practical conclusions frorn the investigations. 

So far, six sheets about flat, compact roofs, two sheets about double roofs, three about 
roof terraces and two about roofing of flat roofs have beeil printed. Tlie sheets will be kept 
up to date, and it is hoped that they will irnprove the planning and construction of flat roofs 
in Norway. 
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.0 I COMPACT ROOFS 

Veii t i lat ionandHeat NB1(26).001 
General ~ lnsulation 

0 G E N E R A L  I N F O R M A T I O N  for the degree of construction 
moisture are: 

01 This sheet has been prepared on tlie Tlie moisture content in the 
basis of experiences from actual Iious- rnaterials when they arrive from the 
es and from roof laboratories. Ex- factories; the degree to  which the 
perience has shown that it is necessary materials absorb moisture or  dry 
to ventilate tlie majority of compact out during storage on the building 
roofs. Structural roof sections of  site; the cliinatic conditions during 
reinforced gas concrete can be used the construction period, particularly 
without ventilation with tlie following if the construction method requires 
reservations : a supply of moisture, as, for instance 
1 The sections should be as dry as in pouring concrete in situ. 

possible, i.e. they sliould bc pro- 2 Leakage in the roofing. 
tected against moisturc during stor- For construction. metliods and 
age and construction. quality of roofing, see NB1 (47).301. 

2 There should be no vapour-proof 3 Condensation of water vapour 
barrier between the sections and the from the interior. 
room air (diffusion-tight pane, for Decisive factors are the hurnidity 
example). of the air under the roof, to what 

3 The heat insulation of the roof degree this moisture can penetrate 
should be sufficient to prevent any into the materials in the roof and 
condensation at any tinie on the the ability of those materials to get 
underside of the roof. rid of the moisture. 

4 Tlie water vapour pressure in the These factors should be considered 
room under the roof should never 
be higher than 9 min Hg. 

02 This sheet is niainly concerned with 
roofs over heated buildings. The roofs 
for other types of buildings, especia!ly 
for cold storage houses, etc.. sliould be 
designed conipletely different froni the 
methods shown here. 

03 Moisture in the insulation may bc due 

when deciding the requirements for 
the ventilation. 

04 When the moisture is to be removed 
by vcntilation of the insulation, the 
design of the ventilation systein will 
depend upon: 
I Tlie temperature and humidity of 

tlie air outside and the temperature 
and moisture content in the roof 
itself. 

2 The wind conditions on the building 
to  site. 
I Construction moisture. 3 The location of the roof witli respect 

Those factors whicli are decisive to the prevailing wind directions, 



terrain and neighbouring buildings. 
4 Location of ventilation openings to 

the Open air. 
5 Dimensions of openings and ducts. 

05 Some of the ventilation systems for 
conlpact roofs most frequently used 
today are: 

Fig. 05a. Light-weiglit concrete poured directly 
on the roof constructioii with siiiall d~ic t s  or grooves 
for ventilation, «r with corriigated sheets Forming 

the ducts. 

Fig. 05b. Light-weight (heat insiilating) gravel 
with grains coarse eiiougli t o  let the ventilation air 

through. 

Fig. 05c. Gravel macadam roof with ventilated 
gravel section on  structiiral concrete slab: then a 
heat insulating material and another ventilated 
gravel section on the top of this (patented dcsign). 

Fig. 05d. Roof sections of light-weight concrete 
with sniall ducts in the elements or otherwise 
ventilated. and concrete slab with light-weight 
concrcte insulation with ducts or grooves for 

ventilation. 

Fig. 05e. Expanded cork, shredded wool slabs, 
etc., with grooves f«r ventilation. The  grooves 
could be in top of the ins~ilation or  they could be 
covered with a thinner section of the same insula- 

tion material. 

I D E S I G N  A N D  

C O N S T R U C T l O N  

1 1  As an aid in calculation of the size of 
the ventilation ducts, the ratio O/A is 
used, where 0 is the total area of the 
pores, grooves or ducts through which 
the air passes, and A the area of the 
roof surface served by these ducts. If 
the total area 0 is found to be too 
small by calculations, then 0 has to be 
rnade larger so that larger amounts of 
air may pass through, or the lengths of 
the ducts between the openings to the 
Open air have to be made shorter. 
This can be done by introducing ven- 
tilation stacks, which will also reduce 
the roof area A. 

12 Below O/A are listed four different 
types of material. The factors to be 
considered are nientioned in 02 and 03 
and will, for a great part, have to be 
estiniated within wide limits. 
. I Light-weight concrete 

O/A = 1/500-1/1000 
. 2  Light-wcight (Iieat insulation) 

gravel 
O/A 1/500-I/ 1500 

. 3  Expanded cork, shredded wood 
slabs, etc. 
O/A = 1 / 1000- 1/2000 

.4  Mineral wool O/A -- 1/2000 
Calculation example: 

As an cxainple, a comparatively wide 
house and a material which requires 
a high degree of ventilation have been 
chosen: 

O/A = 1/500. Area of roof sur- 
face : 3000 1800 - 5,400,000 cm2. 

(a) Openings to the Open air only on 
the longer sides of the Iiouse: 



The sum of the areas of the 
primary ducts has to be: 

c.g.  pcr running metre cross scction 
of the roof 

Thc primary ducts per running 
rnetrc cross section of the roof 
should be one of 60 X 6 cm, two of 
36 X 5 cm, four of 15 *: 6 cm, etc., 
depending upon the number and 
the shape of the ducts that are 
preferred. If it is impossible to 
make the ducts so large, it will be 
necessary to arrange openings to 
free air on the roof; for instance, 
by means of ventilation stacks. 

(b) Openings to free air on the longer 
sides of the house and through 
stacks in the centre of the roof: 

O/A = 1/500. 
Areas of roof surface: 
3000 X 900 - 2,700,000 cm?. 
Primary ducts per running metre 
cross section of roof: 

which is divided in suitable cross 
section areas of primary ducts; for 
instance, ten of ten 3 x 6  cm. 
Dimensions, location and con- 
struction of openings to the frce 
air are made according to  the rulcs 
iii 14, 15, 16, 17 and 18. 

13 The most important parts of the 
ventilation System discussed here are 
shown in Fig. 13. 

14 Primary ducts 

141 Primary ducts are those porcs, grooves 
or ducts in or above the heat insula- 
tion material where the moisture in the 
material is given off to the air. The 
centre distance should be short, 

10-15 cm, for instance, in materials 
where the diffusion resistance is high 
and the capillary action low. The cen- 
tre distance can be increased in 
diffusion Open materials and in 
matcrials with a high capillary action. 
In a gravel section the air spaces 
between the grains form the primary 
ducts. 

Fig. 13. Ventilation systeni: a primary ducts, 
b collecting ducts, c vcntilation stacks, 

d rain g ~ ~ t t c r .  

142 Wlien ventilation is plaiined, due 
consideration should be taken of the 
prevailing wind directions at the 
building site and tlie primary ducts 
arranged so that they run parallel t o  
their wind direction. 

143 TIie priniary ducts should be located 
over the Iieat insulating material or as 
high up in the material as possible. 
This is because the moisture usually 
accumulates under the roofing mate- 
rial, and becausc ducts located under 
the heat insulation may form cold 
bridges and lead to subsequent dam- 
ages. In a gravel section the air will be 
distributed over the whole section and 
conccntrated cooling-down will only 
take place near tlie ventilation open- 
ings. 

Wlien the primary ducts are over or  
high up in thc heat insulation, the 
heat insulating capacity of the roof 
will be reduced from 2 to 15 per Cent., 
dcpending upoii the conditions. The 
insulation should be made correspond- 
ingly thicker. 

144 The ducts must havc a cross scction of 



at least 6 cm' to give effective ventila- 
tion. This is not the case wlien gravel 
is used, as the air openings between 
the grains act together. 

15 Collecting ducts 

151 The collecting ducts connect the 
primary ducts with the Open air 
through openings. Along cornices, 
between ventilation stacks, around 
drains, skylights, substructures, etc., 
collecting ducts may be necessary 
(see Fig. 15 1). 

as far as it is possible, be on  the same 
level as tlie primary ducts (Fig. 161, 
a and b). 

Fig. 161. Exainples of ventilation openings in 
a wall. 

Fig. 151. Collecting ducts around a drainconnect 
tlle primary ducts with each other. 

152 If a duct with a limited cross section is 
filled with gravel, the effective cross 
section of the duct will be approxi- 
mately equal to the openings between 
t he gravel grains. 

153 The cross section of the collecting 
ducts has to be equal to or larger than 
the sum of the cross sections of the 
primary ducts they serve. 

To  secure a good distribution of the 
air, the distance between the openings 
of the collecting ducts to tlie Open air 
should not exceed two metres. 

16 Ventilation openings in the wall. 

161 Ventilation openings in exterior walls 
give the most effective ventilation 
because of thc increased pressure on  
the wind side of the building and the 
diminished air pressure on the lee 
side. The air is thus forced through 
the ducts. The wall openings should, 

162 Openings in the walls should have a 
net cross section area at least equal to 
tlie sum of the cross sections of the 
primary ducts that they serve. The 
distance between them should not be 
more than two metres. 

163 Ventilation openings in the walls 
should be arranged so they have a 
decline down toward the louver. The 
bottom should be trowelled smoothly, 
impregnatcd against moisture or  
flashed. 

164 Wall openings through concrete or  
other types of material with inferior 
heat insulation should, if possible, be 
specially heat-insulated to prevent 
cold bridges. 

165 The louvers should be made of 
material with good corrosion resist- 
ance. Louvers for faqades that are not 
rcndcred should have claws embedded 
in the concrcte or  the masonry. 

166 In districts with heavy wind and snow, 
there is a risk that Snow can be forced 
into the ventilation system and supply 
moisture. This can be prevented to a 
certain degree by providing a n  air 
chamber between the wall opening and 
the ventilation system. Tlie velocity of 
the air will be reduced in passing the 
chamber and the Snow will settle. 
F I ~ .  166 shows the principle. 



Fig. 165. A n  ordinary type »f opening For less 
scvcre cliniates. 

wise condense on the walls of the 
stacks and drip back into the insula- 
tion. The stack Cover should be lined 
on  the underside with a moisture 
absorbing material. 

174 Stacks should be constructed as 
shown on Fig. 174 (a, b, C and d). 
Wood used for the construction of 
stacks should be fully impregnated. 
The stack top and sides should be 
covered with galvanized steel sheets 
painted with a rust-protective paint, 
unless a better construction is pre- 
ferred. 

Galvanized steel sheeting 
on 1" board 

1" bitumen impregnated 
fibre building board 

Fig. 166. A n  air chamber between the wall open- 
ing and ventilation system could possibly solvc thc 

probleni of wind and snow. 

17 Ventilation stacks. 

171 Ventilation stacks are frequently nec- 
essary when the primary ducts are 
long and have small cross sections or 
when the roof is joining a higher wall 
on one or more sides. 

172 Ventilation through stacks is less 
effective than through wall openings; 
the volume of air passing through a 
stack is only 20-50 per Cent. of that 
passing through wall openings, de- 
pending upon their location on the 
roof, the shape of the roof, etc. The 
stacks should. therefore, have a cross 
section opening that is five times that 
of the total cross section of the prima- 
ry ducts that they serve. 

173 The Iieight of the ducts must be deter- 
mined according to the aniount of 
Snow on  the building site and should 
always be tall enough to prevent them 
from being buried in the snow. The 
stacks should be heat-insulated, the 
moisture in the return air will other- 

1" mesh 

Galvanized steel s'ieet 

1"x 3" board $*I fibre 1" bitumen buildine ~mpregnated board 

Fig. 174a. An  air chamber between thc wall 
opening arid vcntillition system could possibly solve 

the ~ r o b i c n i  with wind and snow. 

Galvanized rteel rheeting 
on 1" board 

1" bitumen impregnated 
fibre building board 

- ,,P , merh 

Galvanized rteel sheeting 

l " x  2" lath nailed t a  post 

5 cm light weight concrete 

2" post braced to the slab 

Roofing felt at least 
20 cm upon side of 
stack and nailed 

I ' 

Flg. 174b. Stack insulated with light-wcight 
concrete blocks. 

18 Other ventilation possibilities. 

181 If ventilation stacks already exist o n  
the roof for other purposes, they 
should, as far as possible, be used for 
the ventilation of the roof also. Stacks 



of this type give a much more effective 
ventilation than the low ventilation 
stacks. 

1" bitumen impregnated 
fibre building board 

l "x  1" lath nailed to post 

Galvanized steel iheeting 

5 cm light weight concrete 
I ' Roofing paper at least 20 cm 

Fig. 174c. Stack along wall against neighbouring 
building. 

Aluminium louvers 

Arbestos cement board 

Frame of 1"x 2" braced 

Fig. 174d Thc shape of the stacks caii be varied 
on roof ierrnces eiiher for acsthctic o r  other 

rcasons, a s  5hown in this figure. 

182 When possible, lead the collecting 
ducts into a taller, heated neighbouring 
building and into a stack built on tlie 
roof, an  effective buoyancy ventilation 
will result (Fig. 182). If the ventilation 
ducts are led through heated rooms, 
they have to be insulated if condensa- 
tion is to be avoided. 

183 Under particularly difficult conditions, 
i t  might be necessary to have a per- 
iiianent mechanical ventilation of the 

roof. If the ventilationair is preheated, 
it must not contain aiiy moisture at all 
to prevent condensation i n  the roof 
when it is cooled off. Roofs with a 
suspended ceiling where fresh air is led 
in between the ceilirig and the roof 

Fig. 182. Principlc of buoyancy ventilatioii 
thrvugh taller, heated neighbouring building. 

construction and from there into the 
room (see Fig. 183), have proved to 
dry out the construction sufficiently. 
even under very difficult conditions. 

i-1 

Suspended ceiling Ai r  supply to  room 

Fig. 183. Supply of fresh air abovc suspendcd 
ceiling. 

184 Mechanical ventilation for drying out 
the construction moisture can, in 
some cases. be arranged by connecting 
the duct system in the roof with the 
ventilation system of the building. 
Another possibility for a quick drying 
out is to make the dimensions of tlie 
duct system too big and then close up 
some of the openings wlien tlie con- 
struction moisture has been removed. 

2 H E A T  I N S U L A T I O N  O F  
R O O F S  

21 The Building Code of 1949 lists the 
minimum requirements for heat insu- 
lation of roofs over heated rooins, 
according to tlie different clirnate 
zones (See Fig. 21). Within each cli- 



matezonedistinctions are made among 
three categories of buildings: 
(a) Dwellings, hotels, office buildings, 

schools, elc. 
(b)  Hospitals, old people's hoines, 

nursing honies. 

Fig. 21. The B~iilding Code's minimum req~iire- 
ments for the heat insulaiioii of roofs. a dwcll- 
ings, office buildings, scliools, etc.; b - hospitals, 
old people's honies, etc.; C - -  bathiiig iristitutions. 

(C) Bathing institutions with tempera- 
tures above about 20" C.  

The requireinents are listed for catc- 
gory (a). For category (b) the Building 
Council can decide that the k-values 
be reduced by 10 per cent. and for  
category (C) by 20 per cent. 

It should be noted that the require- 
ments are minimum requirements. It 
is economical to insulate better than 
the Building Code requires. 

31 K R .  K. PRESTKUD, Massive Tak,  
N.B.I. report No. 4, 1951. 32 pp. 

32 J .  HOLMGREN A N I >  T. ISAKSEN, Vpt7- 
tilated und unventiluterl Jot, con7puct 
roofs, N.B.I. report (under trykking). 



Deterioration of flat roof coverings : Experience from 
field investigations UDC 69.024.3 : 69.059.2 

R. H A N S O N  

Ciiil r,/igi/it~ei (Swerlcil) 

T H E  P R O B L E M S  I N  S W E D E N  

Flat roofs are becoming m3re and more common in a large part of the world. This develop- 
ment has been made possible by the discovery at  tlie end of the 19th century that it was 
possible to construct a waterproof covering at  moderate cost with tlie help of tar or  bitumen. 
Sincc that time teclinique Iias progressed and new materials have been developed, but coal- 
tar pitch and bituinen are still the predominant waterproofing substances used o n  flat roofs. 
Sevcral types of plastic material have also been developed in the last few years. 

However, as a result of the niany unfortunate experiences that have been encountered 
witli flat roofs, this development has slackened. The life span in  niany cases has not been as 
long as calculated. As a matter of fact, it was said in Sweden during the 1940s that flat roofs 
were not suitable in the severe climate there. For this reason, the Government Committee 
for Building Research put the problern of flat roofs on iis Programme. The investigation, 
which lias been carried on by the author, Iias continued with varying degrees of intensity 
since that tiinc. 

The life Span of flat roofs depends primarily upon how long the roofing material remains 
impervious, but also on gcneral performance. Thc entrapped building moisture is also of 
considerable importance as well as, possibly, moisture from interstitial condensation. These 
factors are, to some extent, dependent upon each other but the problem of roof covering 
can be treated more successfully by itself. 

A preliminary survey of flat roofs in Sweden has sliown that if consideration is confined 
solely to those roofs which, from all points of view, are correctly constructed, the following 
life spans of the most common roofing materials can be expected: Self-finishcd roofing 
felts with a top layer of selt-finished bitumen felt, about 20 years; mastic asphalt 
roofing, mastic asphalt which forms a fjnished surface o n  shaded roofs, more than 30 
years; protected built-up roofing. 2-5 layers of roofing felt alternating with bitumen or 
coal-tar pitcli, more than 30 years. 

The life spans given abovc may be considered to Cover tlie demands placed upon a roofing 
material. The long life depends primarily upon the fact that coal-tar pitch and bitumen are 
very stable if protccted from solar radiation. which causes rapid deterioration. Of consider- 
able importance also is the fact that less stable materials, such as textile and animal 
tibres, become sufficirntly stable if they are completely enclosed by thick tar or bitumen 
layers. 

The problem of flat roofs has arisen because all too many of them have been irnproperly 
constructed. As the following discussion shows, about 15 per cent. of the self-finished roofs, 
about 50 per cent. of the mastic asphalt roofs, and even 50 per cent. of those having protected 
built-up roofs in Sweden have been faultily constructed. 

The goal of Swedish research has been primarily to offer advice and instruction on avoid- 
ing the most conirnon failures of the different types of roof. On the other hand, no attempt 
has been made to dcvelop new types offlat roofs. Swedish investigations have been limited to 
studies of older roofs and detailed work o n  the restoration of damaged roofs, as well as to 
supplement this work by investigations on new roofs. No laboratory work has been done. 
Experiences encoiintered in the investigations have been presented in, among others, two 



paniphlets issued by tlie Building Research Coi~mit tee :  Papjirak (self-finished felt roofing) 3 
and Takterrass~r (roof terraces) the latter of which is currently in the press. Ln the follow- 
ing sections, a concise account of the general srirvey of older roofs is presented first, followed 
by a brief survey of the more detailed studies made on various types of roofing materials. 
In conneetion with the latter, a n  account is given of the metliods of investigation as well as 
of the most conimon mislakes in roof construction and ways of avoiding them. 

S U R V E Y  O F  O L D E R  R O O F S  

In the early part of the 1950s, the author made a survey of 280 flat roofs in various parts of 
Sweden 1.  He also obtained data from surveys made by four different materials manufactur- 
ers. These investigations involved 166 roofs. Approximately 20 roofs were included in more 
than one of these surveys. The total roof surface area investigated was approximately 
600,000 mz. 

The roofs investigated were chosen completely at  random. Nevertlieless. it is possible 
that the investigator was subconsciously directed towards deficient roofs. 

S U P E R F I C I A L  I N V E S T I G A T I O N S  

Observations have been primarily confined to  visible parts of roofs. Furthermore, general 
relations. such as the construction and age of the roof as well as the nature of the underlying 
area, have been noted. No precise conception of the relationships involved in the interior of 
the various types of roof construction has been obtainable. In many cases the various types 
of roof construction have been so new that observations cannot be considered to have given 
definite results. 

More detailed observations were made in some cases (in connection with the superficial 
investigations) o n  different types of damage on various parts of the roofs. These injuries 
should yield a positive clue in the search fcir the main cause of deterioration in specific 
cascs. Comprehensive moisture sampling of the thermal insulation of the roofs has also 
been made. 

'The roofs that were to be investigated more thoroughly were selected with regard to the 
particular questions which were to be examined. Sonie of the roofs, among them newly built 
ones, have been studied continuously. 

1 - R E A T M E N T  O F  T H E  M A T E R I A L  I N V E S T I ( 3 A T E D  

On the basis of the material which has been assembled, efforts have been made to ascertain 
the frequency of unsuccessful cases in different types of construction, and the causes of 
failure. 

Characteristic.~ oof'unsucces.sful roofs 

The material used iii  constructing a roof and, particularly, the material used in the water- 
proofing layer deteriorate more o r  less slowly. A roof can thus be said to have a certain life 
Span, and if it has required substantial repair before this period expires, it can be considered 
to  have been unsuccessful. The life Span of a self-finished roof has been assumed to be 
20 years, that of other roofs 30 years. 

In the Course of the present investigation, roofs which were repaired or stood in great 
need of repair at a time before their stated age expectancies, were considered unsuccessful. 
A roof was considered in need of repair if moisture periodically penetrated through the 
ceiling in the form of water droplets or  water marks. 

In concrete roofs the point of origin of moisture penetration is almost always revealed by 
permanent spots in the form of salt etflorcscence, mould or blistered paint. Cellular concrete 



roofs seldom have moisture spots. as a result of which the information gathered in these 
cases was obtained froin pcrsons who livcd there. 

Roofs which had surpassed thcir calculated life spans wcre judged possibly deficient with 
refcrence to  tlie moincnt whcn moisture penetration first appeared. 

Moisture spots, etc., havc four main causes, vi: 
Lcaks in tlie waterproofing layer. 
Lcaks i i i  various general feat~ii-es. 
Entrappcd moisture. 
Diffusion of inoisture froni insidc. 

Leaks iii tlie waterproc?fing lui3er 

Lcaks in tlie waterproofing layer usually cause considcrable dripping from the ceiling 
wl-ien it is raining or when snow nielts. In the case of cellular concrete or wooden roofs, the 
dripping always forrns directly under thc injury in the roof. On tlie other liand, it is possible 
i i i  tlie case of concrete roofs that the drippiiig develops at sonic distance from tlie damage. 
TIic existence of leak2.g~ can easily be establislied in self-linished felt roofs and inastic 
asphalt roofs. The causc is more dilficult to isolate in protected built-up roofs. 

Lcaks in various featuies. such as roof lights and upstands, also cause considerable 
dripping in connection with rain and inelting snow. Dripping usually occurs directly below, 
or near thc leak. 

Entrappcd moisture i i i  concrete roofs can givc rise to inoisture spots, especially in the 
early years. 111 tlie spring and late sunirner it can also causc leakage of limited proportions. 
The moisture actually seeps through along connected passageways. Entrapped moisture 
seldom lcaves any noticeable marks on cellular concrete and wooden roofs. 

Condensation of moisture rnay occur in the roof, under the waterproofing layer and 
within the rooting material. In damp localities and during tlie cold parts of the year, water 
vapour can condense under the roof covering in sections where the thermal insulation is 
poor. Considerable darnpncss may then occur. 

Coiidensation under the waterproofing layer or within the rooting material caii give rise 
to a high moisture content in tlie construction and even moisture seepage. This occurs, 
above all, i i i  roofs with air spaccs. Constructions lacking air spaces seldom contain signs of 
moisture seepage. That entrapped moisture or diffuscd moisture is responsible for rnoisture 
seepage has been revealed by saniples taken from tlie thermal insulation of the roofs. 

C O M P A K I S O N  O F  1 ) I F F E R F N T T Y P L : S  O F  C O N S T K U C T I O N  

Thc material which has bcen collected and studied has yielded information about whether 
each individual roof could be thought to be successful or  not and on the rnain causes of 
possible failures. To  rnake a proper statistical comparison of different construction types 
is not possible. as the asscmbled material is too inadequate with regard to the many factors 
that iniluence them. In rcgard to age, particularly, it is only traditional construction that 
can present, statistically, a fairly correct picture. Table I shows the connection between the 
various construction types and cornmon causes of failure among traditional roof types. 
The fi ve rnain types accounted for are relatively hornogencous and those variations which 
do occur probably lack signiiicance. 



T A B L E  I 

NLICI t I< ITAL I>lSI1<LHUTION <>F SOMk DIFFERENT K I N D S  O F  FAlLLlRkS IN INVFSTIGATED ROOFS 

Masiic 
rrsphali 

CO i.eririgs 

Total investigated 28 
Total ~ins~icccssful I 4 
Failure owing to: 

Leaks in waterproofing 7 
Entrapped moisture 0 
DifT~~sed moist~ire 0 
Leaks in partic~ilar 9 

features 

Wiih Wii/r CO//u/ar Woor/ ro(?/;s ivi//, 
rorrcrcic roo/.s ,,(, 

isllec, 

huiit-U[, ./(./I roofirlg f;,ll roof,rrE 

In order to deterniine Iiow well the table figures agree with reality, it is necessary to know 
tlie age of the roofs investigated and how tlieir i-espectivc deficiencies werc distributed among 
the various age groups. A closer examinatio~i of tlic iiiatcrial reveals that serious damage 
to a roof coinmonly occurs as early as during the first year. The percentage of roofs scriously 
dan-iaged in tlie first 0-3 years is approximately the Same in the sampled roofs as in older 
roofs. Many of the roofs investigated were, Iiowever, relatively new and tlie possibility 
exists that damage may occur later but prior to the end of the calculated life spaii. Thus, 
the actual number of unsatisfactory roofs should be larger than that indicatcd by the 
invcstigation. For reasoiis enumeratcd above. tlie investigation can be considered to have 
includcd niore unsatisfactory caies than exist in actual distribution. It may be assuined, 
therefore, that tlic frequcncy of unsatisfactory roofs found compares with ieality. 

I N V E S T I G A T I O N S  O F  S E L F - F I N I S H E D  F E L T  R O O F I N G  

C O M M O N  D I  F 1  C TS 

A self-finislied roof is exposed to considerable strain - both climatic and iiiechanical - 
whicli eventually daniages the material. Among other things, the ultra-violet sun rays cause 
deterioration of the bitunien, so that after 15-20 years raw paper fibres are exposed and 
the material becoines non-watertight. However, other defects caii occur much earlier. 

Such serious defects include Iioles, tears, ruptuies, wrinkles, blisters and improperly 
installcd gencral features (e.g. iinproperly installed pipes). It sometimes happens that thc 
uppermost bitumen layer swells arid falls away. 

The frcqucncy of damaged roofs and types of injuries aie shown in Figs. 1-7 2 .  3. Tlic 
manner in wliicli injuries occur and tlieir explanation is also discussed. 

The niaterials which are used - priniarily roofing felt - have, with very few exceptions. 
exhibited an ability to rcsist normal mechanical and climatic strain in a satisfactory manner. 
Holes and tcai-s are caused in most cases by insuificiently strong roof decks, particularly 
porous wallboards. Such material is, therefore, seldom used now and damage of this type 
is now less conimoii. Cases like tliese are not included in Fig. I .  Most roofs have been 
damagcd by ruptures which are caused by movements in tlie deck and by wrinkles rcsulting 
from defective attachn-icnt between the bottom felt layer and thc deck. 

Movement in tlie roof deck (cracks as small as I min in breadtli can causc a wcll-rnopped 
roofing felt to rupture) is caused cither by unsuitable roof construction or  by carelessness 
in its executioii. In order that felt roofing sliall be durable, tlie deck must form, to tlie 
greatest extent possible, a stationary unit. This requirement is fulfilled almost without 
exception by reinforced concrete roofs if there is no smoothing layer over the thermal 



Fig. I. Mcthod oF indicating proportiorially the 
frecl~icncy of particiilar dnniagcs (scc Figs. 2-17). 

Fig. 2. Freq~iency of various types of damage. 
I blister?. 2 othcr injuries, 3 holes and tears, 4 
r~iptures, 5 wriiikles. Exaiiiplcs of lhese types of 

darnage are Figs. 3-7. 

Fig. 3. 

Fig. 5.  



Fig. 6. 

Fig. 7 

insulation laycr. Tlie risk of cracks aloilg the cross joints arises in roofs inride of cellular 
concrctc slabs. 

Poor attachmciit between tlic rooling felt and deck is often the fault of the rooling 
Inan. However, the cause i ~ a y  bc a n  irisulliciently firm deck (for example, it may become 
frozen and split) or i t  may bc due to an  insufficiently sn~oo th  deck. The tiine of year arid 
weather conditions at tlie time when the rooling felt was mopped are also of considerable 
importance. 

M I  A N S  O F  A V 0 I I ) I N C i  7 H r  C O M M O N  C A U S I  S OI I j A M A G I  

The inventory of various types of dariiagc. wliicli is explained in Figs. 1-7, shows that 
:idecluatc attachmcnt to a stationary and hard roof deck is the most essential factor in 
achieving bettcr rcsults witli fclt roof covei-irigs. In order to pr-event the felt laycrs from 
separating from eacli othcr or froni thc deck, strong cniphasis must be placed on mopping 
tliem with Iiot bitumen. The ideal is adhesion over tlic wholc arca. To  achicve this in practice 
is, however, very dilricult and one is compcllcd to rcckon witli some unmopped spots. 
Even such small spots can causc dcfects, particularly blisters. The risk of damagc is imminent 
only in tlie case of large spots, particularly whcre they form coalescing units. Thcy can thcn 
form incipicnt wrinkles, which are tlie most serious consequence of poor attachinent. 

I N V E S T I G A T I O N S  O F  M A S T I C  A S P H A L T  R O O F I N G  

C O M M O N  DEFI1C'TS 

The investigation involved 45 inastic asphalt roofs (without protcctivc coating). About 
half of thcsc Icakcd 5. Among tlie roofs protcctcd from solar radiation ( ; . P .  ai-eas encloscd 



by buildiiigs), oiily one in tlircc leaked. Tlie delects causiiig tlic leaks could bc dctcrmiiied 
wheii tlie uppcr surface was exaiiiiiicd. 

Separation along joints occuis easily at Iiollow glass block wiiidows, entrance stairways 
and the like (Fig. 8).  Mastic asplialt caniiot adlicic dircctly witliout attacliinent by skirtings 
to adjaceiit building walls. 

Fif~een of a total of 23 leaking ioofs liad joiiit scparations. Lcaks can be scalcd tcinporarily 
if tlie joint crac!<s are filled with caulking conipouiid. prefcrably twicc a year. 

Fig. 8. Fig. 9. 

In cases where mastic asplialt is to serve both as a covering and wntcrprooling. i t  must bc 
prepared with a very firm consisteiicy. TIiere is considcrable risk that it will acquirc cracks 
upon cooliiig (Fig. 9). Even if i t  is madc softcr, it will rupture easily if tlic deck cracks. 

Eleven of 23 leaking roofs had ruptures. 

The strong daily teinperature variatioii in iiiastic asphalt "puiiips up" entrapped air 
unless the air Comes i n  coiitact with a pressure-equalizing layer (Fig. 10). Roofs whicli are 
not exposed to sunliglit or have a special protective coating ovcr tlic inastic asphalt do  not 
contain blisters. 

Eighteen of a total of 45 roofs investigated containcd blistcrs. Oiily i n  exceptional cases 
did thcy cause lcaks. 

Skirting O E  mastic asphalt sliould be protected froin suiisliiiie and so constructed that no 
serious damage occurs if they protrude sevcral ccntinictrcs from tlic wall (Fig. I I). 

Tweiity of a total of 45 roofs containcd more or less daniagcd skirtings. Oiily i n  exceptional 
cases did thcy cause leaks. 

Moisture i n  tlic undci- layci is vaporized wheii tlie warm liquid asphalt is spread. wliere- 
upon permanent pores are easily loriiied (Fig. 12). l'he risk is greatest in the case of tliin 
mastic asphalt layers 10-12 min thick. Pores liavc not bccn notcd in tlie old-fashioiied type 



of mastic asphalt layers. \vhich arc mucli thickcr. but ori t11e other tiand, they have been 
fourid in thc niodci-n thiri watcrproofiiig layers. 

M E A N S  O F  A V 0 I l ) I N i ;  T H t ,  C ' O M M O N  C ' A L ' S t S  01- I)AI\I?ZC;F. 

If unprotected inastic asphalt is sub.jcctcd to sunsliine, it sliould not bc used in Swedcn 
or in otlier placcs liaviilg ternperature variations grcatcr tlia~i, for example, London and 
Paris. Experiences in  countries witli milder cliiiiates are cluite satisfactory. 

Fig. 10. 



I N V E S T I G A T I O N S  O F  P R O T E C T E D  B U I L T - U P  R O O F S  ( R O O F  

T E R R A C E S )  

C O M M O N  I > E F E < ' T ' S  

Fifty roof terraces with protected built-up roofs liave been iiivestigated. In about  half o f  
thcse, waterproofiiig ability has failed (i.e. the under  surface has noticcablc moisture spots  
o r  the terrace has had to be reapplied after a short  time). Furtlicriiiorc, 30 additional siniilar 
terraccs liave been iiivestigated a t  tlie tiine they were applied, and  tlic defects wliich caused 
water penetration are  enumerated bclow. 

Holes und tc7trr..s 

T h e  thin felt layers a re  very sensitive t o  ineclianical injury before aiid during the applica- 
tion of  the protective coating, particularly whcre thc  roofing felt layers d o  not  rest directly 
o n  the dcck (Fig. 13). 

Thirtecn of  30  damaged roofs had Iioles o r  tears whcn thc houie  was built. 

Fig. 13. Fig. 14. 

Normally, the waterprooflng layer is applied upon a facing of  non-reinforccd concretc. 
This facing often cracks. wliercupoii tlie felt ruptures (Fig. 14). 

Water. /)enetration hetirseen tlze l a j e r ~  

Water  has penetrated in cases wlierc the space bctwcen tlie layers was only partially 
filled with bitumen (Fig. 15). The  density has, f o r  this reason, been much diminishcd a n d  thc 
perinanency of  thc roofing felt is reduced. 

Twcnty-two of  30 investigated dainagcd multi-layered roofs had so  little bituincn betwccn 
tlie laycrs tliat water could penetrate between tliem. 

Basic plans of  various general features of  construct io~i  liave been nearly nori-existent aiid 
tlie necessity Iias arisen t o  iniprovise upon the solution of this problern. Figs. 16 aiid 17 
illustrate examples of  dcfective details. the foriner a window wliich is situated too low, and  
tlie latter a vertical support ing bcam which eatcrids dii-ectly through the watcrproofing 
layer without protective collars. 

Nine of  30 daniagcd roof terraces had defectively iiistalled features. 



M F A N S  O F  A V O I I I l N C ;  THI:  C O M M O N  ( ' A U S t S  O F  D A M A C i L :  

Thus. it has been possible to determine tliat tlie most iniportant causes of damage are 
nioveinent in the deck, mechanical injury before and duriiig tlie application of a protective 
coatirig, biological and chemical destruction and non-profcssional installation. 

The niost severe strain encountered is caused by moveiiicnt in  tlic deck. Vcrtical movements 
cari bc avoided by means of proper construction. but Iiorizoi~tal movcments cannot be 
coriipletely eliininated. This compels thc waterproofing laycr to tolcratc some degree of 
strctching. 

Even if tlie work is W C I I  done and tlic watcrprooliiig laycr is covered immediatcly with a 
protective layer. it ofteii liappcns that damage ciccurs tci it duririg subsequcnt building 
constructioii. Therefcxe. it sliould be as thick and mechaiiically durable as possible. 

With rcspect to the fact that it is possible to expcct a life Span of 30 years for such roofiiig, 
tlie powers of resistance against chrmical and biological dcterioratioii must bc grcat. 

The job of applying the waterproofing layer will be more dficicnt if ductilc material is 
used and if tlie work is planned so that installation is niadc undcr dry and warm conditions. 



Further advice on utilizing tliis general inforniation is givcn i n  another report "hich is 
currently in press. 

C H O I C E  O F  T Y P E  O F  W A T E R P R O O F I N G  

Waterproofing is commonly a cornbination of sevcral factory or on-the-job installed 
layers, wliose cliaracteristics can be sornewhat different. These layers can be placed together 
in a variety of ways, and many different types of built-up roofing have resulted. Several of 
the types used in Sweden are explained in Figs. 18-22. 

2 I 2 

3 5 

L 

-- 

Fig. 18. Fig. 19. 

Fig. 20. Fig. 21. 

Fig. 22. 

1 Protcctivc coaiing, 2 Friction lowering layer, 3 2 layers 10-12 inm mastic asphalt insulation, 4 Vapour 
barrier (oiled paper), 5 3 layers sanded bitumen felt and 2 layers biturnen, 6 4 layers saturated biturncn 
felt and 5 layers bitumen (applied ns a soliition). 7 Self-finished biiurnen felt, 8 3 rnrn biturnen rnat, 9 Mastic 

asphalt, 10 Sanded bituincn leli, I I Soft plastic sheet (with weldcd joinis) (See Figs. 18-22). 

Despite the fact that conditions for waterproofirig can differ considerably arnong different 
roof terraces, there are probably some definite rninirnurn requireiiieiits which in normal 
cases should be fullilled. I t  should be possible to deterrnins these by means of "quality norms". 
Prerequisites iiecessary in order to confrm these "quality norms" are that tlie technical 
building and material problerns in waterproofing constructions are clarified. Nevertheless, 
these "quality norms" are so complex that, despite some research in various places, the 
knowledge of them is still very scaiity. Yet, by means of earlier studies it has been possible 
to outline several inethods of approach having general validity with respect to how a water- 
proofing layer for roof terraces should be cornpounded. These methods of approach are 
based on those recluirements that can be made in order to ensure tlie avoidance of the most 
common causes of damage, as well as on the previously explained cliaracteristics of the 
different types of tilling material and multi-layered fabrics. 



As a matter of Course a n  atteinpt is made to give some criteria for tl-ie evaluation of 
different types of waterproofing construction. Some of the criteria are taken from foreigil 
SeiurCes. 

A waterproofing layer sllould possess the following properties: 

(a)  Elcisticitjs anrl heating qua1itie.s 

It shciuld tolerate stretching. (French norms Qtate that a waterproofing layer, at  the 
Iciwest teniperature for which it is constructed, should, upon testing in a special arrangement 
- a "fissuremktre" - tolerate a stretching of at  least 3.5 mm and, furthernicire, should tolerate 
the san-ie amciunt of stretching back and forth tllroughout 150 succcsiive trials.) 

(b) Rohustne.~.~ 

The total waterproofing layer should be at least 7 mm thick. 

The uppermost bitumen layer should not be more than I mm thick. 

(d) Fori?iation of'a coilii?ion unit hy the I(7j.er.s 

The biturnen felt should be thinner than 2.5 n-in-i if i t  is to be applied at a teniperature 
lower tlian + 5" C. The lowest layer, which usually lies loose, is not included. Roofing felts 
must not be broken during cold weather. 

The bitumen layers should be at least 1.4 n1nl thick bctween the different sheets if hot 
bitumen is used. 

(e) Periliaiience qf material 

Thc outerinost laycr should be of a material that will not rot or corrode. 

( f )  Ea,~!s detcction of in(lividua1 errors in installation 

Thc waterproofing insulation sl-iould be composed of at  leact three layers exclusivc of the 
mopping layer. The total nurnber of layers may possibly be reduced if thc workingconditions 
are such that possible mistakes can be obscrved upon inspection. 

(g) Coilipensarion,for the,fact that the c1~c.k is offen dailip und the ~ccather r a i y ,  

The bottoin felt layer should be diniensionally stable; however, this is not necessary 
when it is mopped on  to the deck. 

C O N C L U S I O N  

Research concerning roofing materials used in flat roofs is in prcigress in various parts of 
the world. Specific mention should perhaps be made cif Australia 8 %  5 but investigations 
there are still i n  their early stages. Swedish research can be considered as oriented surveys 
which are directed solcly to providing instructions ein n-ieans of avoiding the most common 
mistakes and to determining which problen-is are iriost ~irgently in need of solution. 

In the f~iture i t  is lioped that researcl-i will be brought to bear on  niore thorough studies 
of the different rcquirements of the waterproofing layer as well as the nianner in which 
different factors influence its resistance to deterioration. TI-iis research should. among other 
things, result in : 

1 .  "Quality norn~s" fc>r waterproofing construction in flat roofs. 
2. Construction rules for the deck beneath the waterproofing layer. 
3. Constructionrules for tlieapplication of protective coatings over tlie waterproofiilg layer. 
4. Calculation of dampness in the deck and thermal insulation materials 1. 

5.  Principles of construction for different features. 
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Wind effects on roofs, with particular reference to 
flat roofs of lightweight construction U L K  69.024.3 : 624.042 

F. G. T H O M A S  

B~{ilrlii~g Rt,~errr.ch Siaiioti ( U t ~ i i c ~ /  Ki~rgrioin) 

T H E  C H A R A C T E R I S T I C S  O F  W I N D  

G E N E R A L  

The wind never blows perfectly steadily, its speed and direction are continually varying. 
The variations in speed inay be relatively slow, lasting for scveral minutes, or they may last 
for only a short while. The short-period variations or gusts may reach very high speeds, 
usually about 50 per Cent. grcater than tlie mean wind speed at the time. 

Not only does the wind vary with tiine, but the further one gets above the ground, thc 
stronger tlie wind. In an  Open, level situation it has beeii sliown by Deacon that tlie wind 
speed increases with height, on average, according to 

wliere V,, is tlie wind speed at  a height of h metrcs and v l o  is the wind speed at  tlie standard 
heiglit of 10 metres. This relationship may not apply when there are numerous obstructions 
to tlie free flow of air, such as vegetation and buildiiig. 

In a strong wind the air is very turbulent and consequently poekets or eddies of fast- 
rnoving air are brought down into the slower moving air below, so producing the higher 
speed gusts. On average tlie gust specd u does not increase witli Iieight so rapidly as does tlie 
mean wind speed, the relationship found by Deacon being 

It is probable that the speed of the very highest gusts varies with height even less than this. 
Individual eddies seem to descend to the ground at  an  angle aiid rarely affect the whole 

height of tall vertical structures at oiie tiinc. 

1 N S T R U M E N T S  U S E D  T 0  M L A S U R E  W I N D  S P E E D  

The observations ori wind cliaracteristies made above are based on  measurements made 
with Dines pressure-tube anernoiiieters, which will respond to gusts with a duration of 2 to 5 
seconds. It is clear from the nature of gusts that tlie maximum spccd recorded will depend 
on tlie speed of response of the anemometer. In tlie Dines instrument, the pressure and 
suctiori produced by the wind in two tubes in the anemometer head are transmitted tlirough 
large-bore tubes to a water manometer at the foot of the tower on  which the iristrurnent is 
mounted. A pen attached to the float records the movement of this float, and hence the 
pressure difference produced by the wind at  the mast-head. 

More recently a new type of rotating cup anemoineter has becn coming into use. This 
drives a small electrical generator, the output from whieli is recorded continuously on  a strip 
chart recorder. As this instrument has a rathcr quicker response to changes in wind-speed 
than the pressure-tube anemomcter, it is to bc expeeted that it will rccord higher gust spccds. 





On tlie average the wind speed decreases rnarkedly with distance from the sea. All tlie 
coasts of the British lsles are strongly exposed to winds, although the winds experienced on 
tlie east coast are o n  tlie whole less than on tlie west. The highcst mean hourly wind spccd 
at a height of I0 nietres, likely to be exceeded only oncc in I0 years, is about 40 knots 1 in 
southern England, about 45 knots on eastern coasts, and 50 kiiots or more ovcr much of the 
western coasts. The correspoiiding highest gust speeds in a 10-year period arc about 70 knots 
in soutliern England, 80 knots along inost coasts, and up tci 90 kriots or iiiore in the western 
isles. 

All thesc Iigures apply to well exposcd sites, with anernometers 10 nl above tlie ground. 
Obstructions to the free flow of wind would, of cciursc, considerably inodify tlie picture. 

Thc niaximum gust vclocities likely to be cxpcrienced once in ten years are shown in 
Fig. I for tlie wholc world. The map illustrates the variation fronl place to place, but should 
not be regarded as giviiig exact data for any particular locality. 

Tlie wind velocity likely to he cxperienced in  a period of time increases with the 1engtl-i 
of tliis period. The designer inust, tlicrefore. if wind effects are a critical feature of his 
calculntions. decide on the desirablc lifc of the structurc in  miiid and obtaiii data on the 
likely niaximuin wind velocity corresponding to this life. Data obtnined by the Meteorolog- 
ical OfFicc in England have suggested a relationship betwecn the maximum wind velocity 
and the period during which this maximum is to bc cxpccted. For exairiple, if the niaximum 
gust velocity likely to be cxperienced oncc in ten years at  a particular locality is 80 knots, 
it is probable tliat a gust velocity of nearly I00 knots will occur during a period ofsixty ycars. 

Although wind speeds in general decrease away froiii the sea, the wind at any placedepends 
also on tlie type of country. I n  Iiilly country tlie wind may vary greatly over very short 
distarices. TIiere will be a tendency for the air flow to be channelled along valleys, irrespective 
of the direction of tlie wirid in tlie free air. Locally. these valley winds may be exceptionally 
severe when the wind is froni a particular direction. 

Wheii wind encounters a hill it is forced to rise aiid the streamlines of tlie air flow are 
brought together; there is in consecluence a region of high wind speed iiear the brow of the 
hill (Fig. 2). Ttiis effect is most marked over stcep-sided Iiills facing thc wind, but may be 
important even with quite gentle hills in relatively flat country. 

Fig. 2. L)iagraiii showing air flow ober ;I hill, witli coiicciitration o f  slreainlines at ihc brow resulting 
i i i  higher wind spccds ;it this puiiit than in thc tree air a t  thc saine heighl. 

These effects are so coniplicatcd aiid vary over such short distanccs that i t  is not possiblc 
to display them oii a sinall-scale map like Fig. I. When considering thc probable wind 
speed at any particular site i t  will be best to obtain tlic advice of  thc appropriatc meteorolog- 
ical authority. 

I For coiiversion fdclors, scc Appendix. 



T H E  E F F E C T  O F  I I U I L 1 ) l N G S  O N  W I N [ )  F L O W  

Buildings the~nselvcs affect the flow of the wind. Under somc conditions the sheltering 
effect may be noticed for a distance down-wind of several times the height of thc building. 
In the immediate vicinity of a building, however, and especially around the edge of the roof. 
the wind speed may be appreciably greater than in the free air, just as it is over a hill. 

In general, thc wind will be greatly slowed down in a town although in places there may 
bc appreciable channelling of the wind, as in a valley. It is uncertain whether these channel- 
ling effects can give rise to wind speeds high cnough to cause damage during an othcrwise 
normal wind, but it has been found that the distribution of damage during gales may be 
markedly affccted by the lay-out of roads and buildings. 

P R E S S U R E  D U E  T O  W I N D  

G E N E R A L  

Investigations of wind loads on  buildings have been made for more than tifty years but 
the results were not adopted to any great cxtent in building regulations in Great Britain 
until the preparation of the Code of Practice C.P. 4, Chapter V, Loading, published in 
1944. Although experiments at  the beginning of the century had shown that a resultant 
external suction occurred on the leeward slopes of roofs, engineers were loath to introduce 
refined methods of analysis of the effects of wind pressure on buildings. However, work of 
thc Building Research Board that was completed in 1939 gave a clear picture of the true 
distribution of wind pressure on the walls and roofs of simple buildings" and for design 
purposcs simplified rules were developed. 

The Revised Code of Practice, C.P. 3 -Chapter V (  1952). is now the basis ofmost structural 
engineering design in Great Britain so far as the effect of wind is concerned. The current 
model by-laws of the Ministry of Housing and Local Government specify that wind loading 
on a building shall be calculated on the basis of this code. 

The pressures that are developed on any obstruction to the wind are usually given in 
terms of the dynamic head of the air flow, which is equal to pI.'"2g, where /) is the dcnsity 
of air, and V is the wind velocity. The total pressure p on the obstruction depends on the 
shape and dimensions of the obstruction (tests on model buildings in a wind tunnel have 
indicated a maximum value of p of about 20 per cent. more than the dynamic head). All 
wind pressures to be adopted in design are, therefore, related, in the British Code of Practice, 
to a "basic wind pressure I,", where 

The basic pressures, reproduced in Table 1, are related to the height of the building above 
the general ground level and are coupled with four degrees of exposure relevant to different 
localities. The wind velocity included in Table I is the highest value of the mean velocity 
over a period of one minute at an  effective height of 40 ft (12 m) that is likely within the life 
of a building in a particular locality. 

Owing to the importance of local topographical features, gradings based on geographical 
location can be used only as a rough guide, and designers must obtain more information 
about the particular site before deciding on the wind velocity to be assumed. The local 
authority concerned with the control of building will usually decide the appropriate value 
on the basis of experience and records of previous high winds. They, in turn, may well 
obtain advice from meteorological authorities. 

The mean wind velocity over a period of one minute is used at  present as the design 
criterion in the British Code. Meteorological records, however, are usually in terms of the 
one-hour mean velocity or of the maxi~nu~i i  gusts. I t  is assumed in the code that gusts 
lasting only a few seconds may be of little importance in their overall effect on buildings 



T A B L E  I 

BAYIC WIND PRESSUKt 

Bnsic wi~rcl pre.5 >ur(, p (Ihlsq. f t )  

lrright of 
b ~ / i I c l i ~ i ~  ( f t )  Exposurc A E,~po>urr B E.upo.ci~re C Exposrrrc> D 

( V  4511r.p.h.) ( V  54nr.p.lr.) ( V  631rr.p.lz.) ( V  72111.~11. )  

Up to 10 4 
20 5 
40 6 
80 9 

120 10 
1 60 I I 
200 or more 12 

since (i) a gust affects only part of a large building and the increased local pressure may be 
outbalanced by a momentary reduction in pressure elsewhere, and ( i i )  inertia of tlie building 
will reduce the effect of short-period gusts. It is usually suflicient to assume that the one- 
rrlinute mean velocity is I0 m.p.h. more than the one-hour rrlean velocity. 

I N T E R N A L  P R E S S U R E S  

The main effect of wind on a roof takcs the form of an  cxternal pressure normal to  the 
surface of the roof, but in addition air flow tlirough the cladding of the building and through 
openings in the cladding can build up an  internal pressure acting normal to  the underside 
of the roof surface. Both external and internal pressures can be expressed as multiples of 
the basic pressure p. 

Generally the designer is concerned with buildings where thc cladding permits the flow 
of air into or  out of the building, but where there are no large openings. Such buildings may 
be described as being of normal permeability and the internal pressure recommended in thc 
British Code for these buildings is 0.2 1) acting normal to the roof surface. This value will 
be positive or  negative depending on the direction of the wind and on the disposition of the 
openings. 

If the openings are mainly o n  the windward side the wind will blow through the openings, 
creating a positive internal pressure. If the openings are mainly on sides other than tlie 
windward side, the Passage of wind around the house will tend t o  draw air out of the house, 
creating an  internal suction. In the Code of Practice, the term pressure is used in a general 
sense, a negative sign being used to indicate suction. Hence, for normal conditions of perme- 
ability, the internal pressure may be expressed as & 0.2 p. 

Where the openings on one side of a building are large compared with those elsewhere 
(for example, in hangars), the internal pressures may be as much as k 0.5 p, depending on 
the direction of the wind. If one side of a building is completely Open the Same pressures are 
applicable, but the code gives no guidance for the pressures o n  roofs of buildings with no 
walls at all. 

E F F E C T  O F  TFIE P t T C H  O F  A R O O F  

Wind-tunnel tests o n  models are useful in detcrmining the effect of the pitch of the roof 
o n  tlie distribution of wind pressure on its surface. Typical distributions of pressure o n  
three typcs of roof as obtained from model tests are shown in Fig. 3. It will be Seen that the 
distribution is not by any means uniform but, for simplieity of design, the code recommends 
uniform distribution over each of thc main surfaces of a roof. Table 11, reproduced from 
the code, gives the external wind pressures for wind blowing at right angles to the eavcs, set 
out a t  10-degree intervals of slope. For slopcs up to  35 degrees. wind causes suction over 



the whole roof and the uplift can be further increased if an internal pressurc is sirnultan- 
cously acting. 

LOCAL. P R E S S U R 1 . S  

The wind press~ircs discussed so far arc the averagc pressurcs acting over large areas of 
the roof. Pressures much higher than these often occur locally. In  addition, high pressures 
occur near the cdgcs of the roof owing to  tlie local eddies sct 11p wherc the wind fi rst strikes 
the roof. 

These local wind effects are important as regards tlie roof covering and thc code recorn- 
mcnds a design pressure for coverings equal to  the pressures of Table I I nuincrically in- 
creascd by 0.3 11. It will bc noted that this is, in fact, an incrcase of 0. I p on thc total design 

Fig. 3. Ekternal prcssures and suctions on roofs. wi th wind normal to eaves for (a) Rat roof, (b) 23 ' / zd  rool' 
pitcl-i and (C) 45" rool' pitch. 

T A B L E  II 

WIND PRESSURES O N  ROOFS OF V A R Y I N G  I ' l K H  

(wind normal to eaves) 

ti.trr,rtrl nitr(l prr,ssirrc, 
Slopc. of roof' 011 

»~inclivurtl siele 
Wit~thr~urrl .rlopc L<,rwur<I ~ l o p e  ' 

0 - 1.00 p - 0.75 p 
101' -- 0.70 p - 0.50 p 
20 -- 0.40 p - 0.45 p 
30" - 0.10 p - 0.45 p 
40" 1 0.10 p - 0.45 p 
50" 1 0.30 p - 0.45 p 
60" ! 0.40 p - 0.45 p 
70 ' I 0.50 p - 0.45 p 
X0 I 0.50 p - 0.45 p 
90' t 0.50 p - 0.50 p 

I Windward and leeward halves in thc case ol'a Rat roof. 

prcssure for the main roof structurc of a building with normal openings (i.6,. with an  assumed 
internal prcssure or suction of 0.2 p) .  The roof covering niust be designcd for the worst 
outward or  inward loading; for low slopes tlie worst total inward loading is when tlie wind is 
not blowing at all. Actually the relevant clause in the Code docs not give the corresponding 
increase to thc pressurcs of Tablc I 1  for a building with large opcnings but by implication 
this should be 0.6 / J .  

Fastenings for tlie roof sheeting are required to  resist the higlier local pressures specified 
for the covering of thc roof. Also, in ordcr to  allow for the more serious cfftcts of wind near 
the edgcs of tlie roof, they must be designed to resist a suction of 2 / J  when they are within 
a distance of 15 per cent. of tlie span from the eaves. antl 15 per cent. of the length from tlie 
gables. For conventional roof coverings, fastenings Iiave been dcvelopcd as a rcsult of 



experience; for new types of covering or  fastenings, the code rules provide a criterion for 
checking their probable adequacy. 

D I R E C T I O N  O F  W I N D  K E L A T I N G  T 0  B U I L D I N G  

It is, of Course, necessary in design to assume that the wind may blow in any direction 
relative to the building. The experimental evidence available at the time the British Code 
was drafted was mainly limited to  wind-tunnel tests in which the wind was usually directed 
at  right angles to one or other of the main faces of some basic shapes of model. The design 
wind pressures given in Table 11, for wind normal to the eaves of a building, were based o n  
the results of tl-iese tests and the code makes no reference to the pressures on roofs arising 
from wind blowing in any other direction. The provisions for increased forces on  fastenings 
near the ends of buildings allow partially for the effect of wind blowing on  the ends, but for 
the general roof structure it can apparently be assumed that a consideration of the forces 
arising from wind normal to eaves will ensure reasonable safety against wind from any 
other direction. 

Although for general design purposes it is necessary to avoid undue complication, it is 
worth noting that local pressures on  roofs, particularly near the edges, may be greatest 
when the wind blows at  an angle midway between normal and parallel to the eaves. The 
effect may be of particular importance for small buildings, such as houses, and especially 
if the roofs are of low pitch and of lightweight construction. 

As an example, wind-tunnel tests have recently been carried out at  the National Physical 
Laboratory 3 on  a rectangular model representing a relatively new shape of building with a 
monopitch roof of 6 degrees slope. Tests were made with the wind direction varied through 
360 degrees. The suctions determined with the wind normal to the eaves were not very 
different from those recommended in the code. However, with tlie wind directed a t  a corner 
of the model the suction of quite appreciable areas of the outer portions of the roof was 
greater than the basic pressure p ;  also extremely high suctions, of 5 p or  more, were measured 
on very sn-iall areas of the roof in the vicinity of the corner a t  which the wind was directed. 
The actual distribution of wind suction for this worst direction of wind is shown in Fig. 4 
in the form of contours on one half of the roof plan. 

Fig. 4. Plan of monopitch roof of 6" slope, showing the distribution of external suctions for a wind 
blowing at  an angle to the high front of the building. 

O V E K H A N G S  

The small portion of a roof projecting beyond the walls at  eaves level is a common con- 
structional feature of the traditional roof. In many forms of roof, the effect of wind acting 
on the underside of a small roof overhang would have no special significance, and this is 
probably the reason why the code makes no specific mention of feature. However, it does 
deal with the limiting case of a very large overhang, i.e. a building completely Open on one 
side, and recominends a n  "internal" wind pressure of 0.5 p acting on the underside of the 
roof for wind blowing into the Open side. It will be noted that a positive internal pressure is 
equivalent to a suction on  the top of the roof. Thus, where it is necessary to include the 



effect of wind on the uilderside of a roof overhang it is suggested that, until further experi- 
mental data are available, the value of 4- 0.5 13 mentioned above be accepted for the pressure 
beiieath the windward overliang. This corresponds to a suction load acting on the area of 
roof directly above the overhang. to be added to whatever external wind load has been 
calculated for the top surface of the particular roof. 

As regards the leeward overhang, it would seem, from a cornparison of the actual wind 
pressures on windward and leeward walls recorded in Appendix 3 of the Code, that a value 
soniewhat less, say 0.3 11, might be assumed to act as a suction on the underside of the leeward 
overhang. 

S O M E  D E S I G N  C O N S I D E R A T I O N S  F O R  F L A T  R O O F S  

S T K E N G T H  A N U  S T A L I I L I T Y  

Strength of  a roof is its ability to carry load without failure by overstress. The load includes 
the self-weight of the roof, wind load. an imposed load to allow for Snow, and, in some 
cases where access to the roof is provided, an  imposed load to deal with possible concentra- 
tions of load on or i n  the roof structure. 'i'he design of a roof of normal construction on a 
stress basis using working loads given in codes or  by-laws presents no great difficulty, 
although the designer now has to consider earefully the effect of wind, which can sometinies, 
for instance, lead to a reversal of stress in the members of the roof structure. It is common 
practice to allow increased working stresses when wind effects are considered, so long as the 
increase is wholly due to tlie wind. 

Stability of the roof is its ability, by virtue of its self-weiglit alone or  with anchorages or  
fastenings, to Counter the uplift effects of wind. In the past with roofs of traditional design 
and material, stability rarely called for special anchorages. But the recognition tliat consider- 
able wind suction occurs on sonie fornis of roof makes it incumbent upon the designer to 
investigate closely the possible need for aiiehorages in order to ensure an adequate niargin 
of safety against tlie roof as a whole being detaehed froni the rest of the building. 

The margin of safety to be used in designing roofs to resist uplift or  overturning is not 
stated in any British code or by-law. British Standard 449 for the design of steel-framed 
buildings specilies that the stabilizing monient of any structure as a whole shall be a t  least 
1.5 times the overturning moment due to wind and other forces. Since roofs are more 
responsive to the effect of wind than the building as a whole, a Iiigher margin is desirablc. 
For small liouse roofs, for example, it would be reasonable to ask for a stability factor of 
at  least 3.0, ;.P. twice that called for in respeet of a steel building as a wliole; these factors are 
related to the wind effeets deduced from the inaximuni one-tninute niean wind velocity, 
and the factor 01' 3.0 for roofs corresponds roughly to a factor of 1.5 in relation to the 
effect of tlie maximum likely 10-second gusts. 

M O N O P I T C H  R O O F S  

The design data contained in Table I I were established by tests of roofs with equal wind- 
ward and leeward slopes. They can probably be used also for roofs of unequal slopes if the 
difference between the slopes is not niore than 30 degrees or so, but cannot be expected to 
be wholly satisfactory for monopitch roofs, wherc one wall of the building is considered 
fictitiously as the second slope of the roof. 

However, until more experimental data are available, it would probably be reasonable to 
assume that the external suction on a monopitch roof is the same as that given in Table I I 
for a windward slope of the Same pitch. 

L I C H T W E I G H T  ITOUSE R O O F S  O F  L O W  P l T C H  

With the present tendency towards lightness in eonstruetion, troubles have been ex- 
perienced because the suction due to the wind is sometimes sufficient, if tlie roof piteh is low, 



to cause the roof to lift if it is not adequately ancliored to the walls. Lightweight roofs of 
houscs have comparatively little inertia and can respond to gusts of wind more readily than 
the larger, heavier roofs of bigger buildings. The recommendations of the Code of Practice 
may not. tlicrcforc, be wholly satisfactory for tliese lightweight roofs and a safer basis for 
design is suggested below. I t  is assurned that tlie roof members are properly connected 
togcther to act as a whole i n  resisting wind and other foites. 

In a block of several houses, the end liouscs may be more seriously affected by wind 
blowing at an  anglc to the face of tlie building and it is desirable, thercfore, to give special 
consideration to the stability of their roofs. 

Exccpt for tlie cnd houses, the external wind suction should be deduccd from Tablc I I  
but thc suction should be assumed to be increased to 1.5 /) within a distancc of 4 ft (1 22 cm) 
from the windward edge of tlie roof. Tlie external wind suction on cnd liouscs sliould be 
assurned to be 50 per ceiit. greater than those of thc other liouses, and also thc suction 
sliould be assumed to be incrcascd to 2.25 p for a distance of 4 ft ( 1  22 cm) from the end of 
the roof for tlie whole depth of the housc. For a flat roof, these external suctions are 
illustrated i n  Fig. 5. 

Fig. 5. Roof plan of block of liouses, siiowing Fig. 6. Section through end house «f a block of 
distribution «f cxternal wind suctioiis to  bc ho~ises (at X-X of Fig. 5) sliowing (a) extcrnal 
assumed in the design of fjat roofs of lighiweight s~ictioiis, (b)  wind press~ires bclow roof ( ; . C .  

construction (wind nornial to  eaves). The dinien- intcrnal presiure and pressure beneath ovcrhangs) 
sion A indicates the leiigth of the end house. and ( C )  total suction on the inain roof ( i .e.  s ~ i n i  of  

etTects shown in (a) aiid (b)). 

Tlic internal pressure, also tending to lift tlie roof, should be assunicd to be 0.2 11 as 
spccilicd in the code Tor a building with normal openings. Wherc a roof lias overhangs, 
the upward pressurc under the overhang on the windward side may be taken as 0.5 1) and 
the suction under thc overhang on the leeward side as 0.3 p. The rcsulting total suctions for 
an cnd house with a flat roof and overhangs are sliown in Fig. 6. 

I n  ordcr to provide an adequate margin of safety whcrc no special anchorage of the inain 
roof structure is provided and the effccts of wind suction have to be resisted by thc weight 
of tlie roof alone, this weight should be at least sufficient to prevcnt uplift or overturning 
of the roof when thc forces due to wind are assumed to bc increascd to thrce times the 
nornial values calculatcd in accordance with the above recomrncndations. 

When the dead weight of tlie i-oof is insufficicnt to satisfy this requirement, spccial an- 
clioragc must be provided such that thc wcight of the roof, together with the holding-down 
strength of the ancliorage, is at least sufficient to prcvent uplift or overturning of the roof 
when thc forces due to wind arc again assunicd to be increased to three tinies the normal 
values. 

I t  is important that the assumed strengt11 of spccial anchorages should be realistic in 
relation to tlie variability of this strcngth and tlie standard of workmanship probably 
attaincd on the site. Where permissible working loads are given in codes or by-laws (e.g. for 
boltiiig or nailing) it sliould be assumed tliat tlic strength is not more than twice the working 
values. 

In tlie past, house roofs required no special anchorage. Accordingly. where such spccial 



provision is necessary for lightweight roofs of low pitch, it is desirable to draw particular 
attentioii to the need for this anchorage in the contract docuinents so that adequate super- 
vision is arranged on tlie site to ensure tliat the anchorage is satisfactory. It should also be 
noted that although a miniinuin inargin of safety has beeti introduced into these recommen- 
datioiis, a much higher margin can usually be obtained with little increase in cost. 

The wind forces on roof coverings and fastenings should in general be deduced on the 
basis adopted in the code, i.e. the suction on the coverings should be takeil as 0. I p greater 
than the total values (including the effect of internal pressure) recommended above for the 
main roof structure. The fastenings should be sufficient to  support these forces on the 
covering, and those fastenings within a distance of 4 ft (122 cm) of the Span from the eaves of 
interior houses should be capable of resisting a suction of 2 p o n  the area of covering that 
they support. For end houses it is probably best to  design tlie fastenings for a suction of 
3 p o n  the covering over tlie full area of the house. 

SPI:C'IAL R O O F S  

The British Code of Practice does not deal with all practical conditions of wind loadiiig. 
It is stated in the Appetidix to the code that "where the shape of the building in elevation 
and/or plan is unusual, or there are particularly large openings in the walls. or where there 
are no walls, as in a Dutch barn, available data are insufficient tojustify well-defined rec- 
oinmendations for estimating the effects of wind, aiid in these cases, and also for exception- 
ally large buildings, wind-tunnel tests would be useful, if obtainable." 

For buildings with no walls, such as Dutch barns, or for framed buildings during con- 
struction when infilling wall panels have not been built, it is probably Safe to  assume that 
the worst internal pressures beneath the roof arise wlien partial filling of tlie barn, or partial 
cladding of the framed buildii-ig, leads to conditions similar to those of buildings with one 
side Open, i .e. the pressure or suction beneath the roof is 0.5 1,. 
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A P P E N D I X  

C O N V E R S I O N  F A C T O R S  

Velocitics 

I knot - 1.15 iniles per hour 
1.85 km per hour 

= 0.5 16 m per second 

Pressures 

Dynamic head - pV"2g 
0.00256 V2 lb per sq. ft 

( V  in miles per hour) - 0.001 93 V 2  I b per sq. ft 
(V  in knots) 

I Ib per sq.ft 4.882 kg per sq.m 



Discussion 

N A T I O N A L  E X P E R I E N C E S  I N  T H E  S U B J E C T  M A T T E R  

U N I T E D  K1NC;DOM 

Con~menting on  the reports of Mr. T. I S A K S L N  and Mr. R. HANSON, Mr. A. G. DAY, of 
the British Building Rcsearch Station. refers to substantial trouble that occurred in his 
country witli flat roofs owing to botli nioisturc included during construction aiid entry of 
rain. 

The greatest difficulties have occurred with concrete roofs provided with a lightweight 
concrete screed. Exposure to the Open air gives. oii average, an  increase of nioisture rather 
than a drying-out effect. A temporary sllelter during construction would help, but is a 
costly provision. Once construction is completed lightweight concrete screeds between a 
waterproof layer above and a dense structural roof below dry out very slowly, if at  all. 

Solutions may be sought in the direction of 
(I)  Embedding 2" withdrawable rubber tubes in the concrete screed so as to provide 

ventilation ducts. 
(2) Making the lightweight concrete with the lowest possible amount of water. 
(3) Laying a no-fincs screed, wl-iich allows water to drain through it on a roof deck that 

has been provided with drainage holes. 
The experience in the U.K. with defects owing to roof movenients is similar to that in 

Mr. HANSON'S country. Fully banded felt roofing has to follow the movements of the roof 
and for this reason evcn very little rnovement causes damage to the covering layer and 
consequent leakage. Laying the felt loose introduces a risk of daniage by wind suction. 
Spot sticking or  laying the felt loose and londing it with tiles are ways of overcoming this 
difficulty. For decks, nailing the first layer has been found most satisfactory. 

Contrary to Mr. HANSON'S experience, fibre board is considered to have given good 
service in Great Britain as an  underlay and insulating layer beneath built-up bitunlen felt 
roofing. 

U R A Z I L  

Prof. E. T o ~ ~ r > o  of the University of Sao Paulo presents information on a successful and 
economical form of construction of flat roofs in his country, which has a hot and humid 
(tropical) climate. 

This construction coniprises prefabricated concrete slabs as a walking deck over a long- 
pitch corrugated sheet roof that provides the main barrier to cntry of water. 

O T H E R  P O I N T S  O F  D I S C U S S I O N  

USE O I  G L A S S  A N I )  G L A S S  I ' I U R I  

Mr. J .  HONNOREZ (Belgium) is surprised that the reports d o  not meiitioii specifically the 
use of glass fibre felt. This material, relatively new on tlie market, nleets very well the 
requirements of resistance against chemical attack and of mechanical strength. 

The use of double glazing also with a view to resist wind effects should be seriously 
considered. 

In reply, Mr. R. HANSON makes it clear that his report is not mcant to indicate in detail 
all possible solutions. Jn Sweden, glass fibre felt lias been successfully used for years as a n  



underlaycr for sclf-linishcd roofing and built-up roofing. Trouble is expericnced during very 
cold weatlier, when the felt bccomes brittle. 

With regard to doublc glazing Mr. L. G .  SIMMS states, in rcply. that tlic British Building 
Rcscarcli Station undcrtook to test wind forccs on windows on behalf of glass manufacturers, 
resulting in a report giving thickncsscs of glass for different opcnings and different wind 
loads. Thc influencc of transfer of forccs from outer to inner panes was, however. not 
cxamined. 

U S E  O F  C ' F L L l J L A R  C O N C R E T E  

Mr. G .  BAVE and Mr. C. GIMMI~L,  both represcnting lightweight concrete industries in 
Sweden, advocate tlie use of cellular concrctc. 

Mr. G .  B ~ V E  rcfers to the costliness of special provision for ventilation in roof construc- 
tion. In cellular concrete such provision is often not necessary. In Sweden some 75':;, of all 
roofs are inade of this type of material and experience shows that these roofs dry out until a 
state of moisture equilibrium has becn reached. A main point examined in Sweden is to 
decidc wlicn ventilation must be provided. The aim is not to arrive at  complete drying out 
of thc concrete, but to reach an acceptable moisture content corresponding to the relative 
humidity of tlie air. Obviously this humidity varies with day and niglit, winter and summer. 

Mr. C. GEMMEL supports tliis view. He points out that distillation of moisture in an  upward 
direction is balanced by a downward capillary movement. 

Mr. P. A. DE LANGE (the Netlierlands) agrees that cellular concrete may have tlie advanta- 
ges mentioned in buildings such as offices, etc., but does not think that tlie saine would 
hold good for d\velling houses in otlier countries. Countries like tlie Netlierlands and United 
Kingdom certainly have a Iiiglier level of relative Iiumidity than Swedcn. Apart from tliis, 
tlie moisture production in dwellings tcnds to be considerably higher than in offices. 

Finally, some suggestions are presented for subjccts for further study by thc CIB 
Commission and the conclusion is reached tliat the Building Rcscarcli Station in the United 
Kingdom shall coordinate future action. 
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P R O B L E M S  O F  S O C I E T Y  

T H E  N E E D  F O R  T R A N S M I S S I O N  O F  K N O W L E D G F  

Neither a n  individual nor a tearn of individuals cancornprehend any longer the knowledge 
produced in the world of today: they can at best absorb and use a very restricted part of it. 
How often does the practitioner meet a problem that may well have been solved already 
somewhere else, but for which he cannot find that solution! 

Fig. 1. In former times there niay have been a complete mutual contact and a continuous exchange of ideas, 
knowledge and experience between the practitioner and the scientist. 

The growth and development of society lead to specialization and thus the exchange of 
knowledge and experience becomes more and more difficult. 

Research -I - experierice 
sources of kriowledge 

Building practice 

Fig. 2. The Partners in the total game are driftirig further apart both by the increase of their number and by 
the process of continued specialization. 

There is today also a double language barrier between sources of knowledge and users of 
knowledge: tliere are the normal linguistic barriers which are felt more strongly now, when 
thc distances are so short, and there is also the growing complexity of "trade languages", 
by ineans of whicli specialists continue to isolate thernselves and through which the trans- 
inission of their knowledge is hindered. 

Society. and ~ i t h  it building, has now become so complicated, that knowledge and 
experience, largely spread over the world, are not used sufficiently for the creation of 



buildings because of the fact that the transn~ission of knowledge between sources and users 
is totally inadequate. 

However, there is not only too little communication: there is also too much information. 
The flood of books, periodicals, brochures, folders, filrns, lectures, etc., poured out over 
the world is meant to establish communication and to transmit knowledge, but it largely 
fails to effect its purpose because insufficient adaptation to the necds of the user takes 
place. 

T H E  F U N C T I O N S  O F  TISE T R A N S M I S S I O N  O F  K N O W L L D G E  

The functions of the transmission of knowledge are: 
(a) to bring science and practice nlore closely together so that therc will be a mutual 

understanding of problems and needs (integration of science and practicc); 
(b) to bring under control the uncoordinated and unmanageable stream of data now 

flooding offices and to relate it nlore carefully to the users' needs (canalization of knowl- 
edgc). 

) research  1 1 pract ice  1 

Fig. 3. Iiitegratioii arid canalizatioii are thc two primary fuiictions o f  transmissioii of knowledge. 

The continuous developmcnt of specialization is a general problem of society, the solution 
of whicl-i is an essential condition for the well-being and happiness of coming generations. 
If no  well-considered counterbalancing takes place, specialization undoubtedly leads to 
isolation with all its dangers of lack of mutual understanding and conflict. We may consider 
against the background of this general problem what practical steps could be taken in order 
to contribute, within the limits of the building field, to breaking down the barriers. Integra- 
tion in this sense is a service intended to establish shorter circuits. 

The second aim for the transmission of knowledge is to establish possibilitics of reducing 
to reasonable size and to direct a t  the practical need the almost unmanagcable streanl of  
data. 

The flood of information can no longer be managed by the ordinary practitioner: the 
stream of information nlust be reduccd and adapted to practical nceds. This canalization 
includes: 

I .  tracing of sources of knowledge: 
2. collecting the data available with these sources ; 
3. rendering these data accessible, including, anlongst others, registration, classification 

and filing. This Part of the canalization has been called passive documentation. Then follows, 
however: 

4. selection of data, translation, rewriting and publishing in a form rnanageable for the 
user (active documentation); 

5. distribution of selectcd knowledge by modern means of con-imunication, such as 
exhibitions, films, Courses, radio, television. 



These activitics are so closely interrelatcd ( a  new step iiecessarily follows a prcccding 
one), tliat they niust be dealt with in their entirety. 

Only i i i  special cases can scientists report on  tl-icir results and practitioners oii tl-ieir 
experieiice in such a way tl-iat thesc reports are suitable for a canalized information stream. 
Mostly, intermediary organs will be needed. Many publishers and editors of periodicals 
may feel the responsibility to produce such organs, but as a general solution we cannot 
rely only on comniercial publishers, we also need information centres with well organized 
national and international contacts and comprehensive files of knowledge. Such centres 
could equally fulfil a useful task in stimulating the integration mentioned before. 

The collection, selection, rewriting and making available of knowledge offer the opportu- 
iiity not only to Cover tlie existing patterns of various needs, but also to discover what needs 
are not covered by existing knowledge and to niake practitioners aware that they d o  not 
use fully existing information. 

Tl-iis discovery of unsatisfied needs gives a n  important indication on  tl-ie direction ii-i 

which future research sl-iould go. 
Making tlic practitioners aware of their needs is a subject to which sorne n-iore rcmarks 

rnay be devoted. In many cases the required knowledge is available but cannot be applied 
simply because of the fact that the User is not convinced of the in-iportaiice of tl-ie application. 
Here the "transmitter" is faced with aspects such as: resistance against change ("we managed 
all right last time"); dosing: how much new knowledge can be swallowed by a man within 
a given time; training proccsses; and tlie extent to which thc "receiver" is Open for trans- 
mission in an auditive or in a visual way. 

TIII: M E D I A  F O R  T R A N S M I S S I O N  OF K N O W L F D G T .  

Media for t ra i i$ in i~ion of knowledge are dispersed all over the world. Journals, periodic- 
als, pamplilets, books, radio, television, etc., are such media, brought together here under 
the heading "dispersed mcdia". On the one hand, these media take a useful share in the 
task of spreading ii-iformation: on  the otlier hand, they often fail to be efficient as they are 
lacking in coordination arid adaptation to the users' needs. Adaptation of data and a 
deliberate clioice of rnedia for transmission of knowledge are within the reach of information 
centres. as numerous media caii be concentrated witli theni (data sheets, exhibitions, 
lectures. etc.). 

Thus, as far as integration fails to fulfil the aims, the practitioner must be served both by 
n~edia dispersed all over the world and his own country and by information ceritres where 
data and media are brought together. 

/ 

Integration 

research + 
experience 

practice 

" t r a n s m i t t e r "  U 
Fig. 4. Transinission »F knowledgc will have to develop its owri tecliiiiq~ies i r i  order riot only to canalire 
and facilitate the flom of knowledge, b ~ i t  also to inducc this strearn (stimulatiiig research by so~inding 

cxisting necds) and to rrinforce it (stimulating the Lise by developing latent rieeds). 
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Fig. 5. The streani of knowledge in a desirable form 

P R O B L E M S  I N  T H E  B C I I L D I N G  F I E L D  

P R O B L E M S  OF T H E  R U I L D I N G  P R A C T I T I O N E R  

The first resolution of the first General Assembly of C lDB i r i  1950 requested " .  . . the  
Executive Comriiittee to take all practical steps to promote the widcst distribution of  
documentation to the users - architects, engineers, scientists, contractors, manufacturers, 
administrators, etc. . . ., and to adapt it as riearly as possible to their real needs." 

What are the real needs of tlie practitioncrs? 

The structure qf'huildi~zg practice 

In the building field, in plannirig, construction. and control of one building, at  least twenty 
more or less independent bodies are involved: 

Preplannirig: Client, 
Financiiig bvdy. 
Functionnl consultant. 

Planning, calculatioil and design: Architect, 
Structiiral cngineer, 
Sanitary engineer, 
Heating and ventilation eiigineer, 
Electrical engineer, 
(Experts on acoustics, lightiiig, etc.), 
Quantity siirveyor. 

Control : 

Building contractor, 
Subcontractors ('.g. for cxcavation, asphalt, plumbing. elcctrical installa- 
tion, ventilation installation, lifts. glazing, paintirig, flooring, etc.). 
(Firnis supplying rnaterials and coniponcrits not mentioried here.) 

Town planning office, 
Building aiithority, 
Hcalth authority. 
Fire protcction authority, 
Civil defence authority, 
Labour protectiori authority, 
Commiinity servicc bodies (i.c. for water, seweragc, gas, clcctricity). 

The organization rnay vary froni country to country but the outlines of this scheine are 
essentially the Same everywhere in tlie modern world. 

When analysing the needs for information of practitioners, arbitrarily chosen from the 
table, variations will be found in subject interest but not in the general requirenients. This 
makes it possible to visualize the concept of "practitioner" by one certain Person and his 
office without essentially limiting the reasoning, e.g. an architect with an  ofice of medium 
size. The architect was chosen because he is the least specialized member of the team and 
consequently he has the greatest need for organising his information. It is evident that the 



complicated teamwork of building could not be organized without a pattern of agreed 
conventions. 

Any system to be accepted by building practitioners must be designed according to this 
pattern. Luckily enough there are features in this pattern which are the Same everywhere 
(building types, functional elements, niaterials, components and tools); only trades are so  
considerably different that trade division cannot be used to characterize tlie pattern. 

General requireti~ent,~ of a prartitioticr ' s  ofiice 

The documentation needs of the practitioner are well arranged files for papers related to 
liis day-to-day work and a n  office library consisting of (a) a set of books, including hand- 
books on subjects of his professional interest, (b) a set of binders or folders for the storage of 
the stream of useful sheets and pamphlets, such as reports. standards, codes of practice, 
regulations. trade catalogues, etc., that enter his office in a n  ever increasing amourit, and 
(C) a big waste-paper basket to take the useless papers included in the sanie stream. Another 
iniportant need is an  easy access to knowledge he does not possess in liis own office. 

Usually the practitioner will not possess so many books in his office library that the 
arranging of his books would present him with great difliculties. The classification of books 
is not his main problem; it is more a problem of official libraries and abstract services. 
Practitioners mostly seem to prefer books, but even if books were used to a greater extent 
than is the case today, it remains evident that tliey must be compleniented by other types of 
documents containing an additional quantity of new information. such as reports, regula- 
tions, standards, codes of practice, trade catalogues and all other kinds of current informa- 
tion, including the notes aiid working papers of the practitioner hiinself. 

The practitioner dislikes all these pamphlets and sheets in different formats, although tliey 
are offered to hini as an aid for his work. The publishers of such documeiits apparently are 
not aware of the fact that these days the amount of such documents has growii to such extent 
that great difficulties are caused when tliey must be stored in the practitioner's office aiid 
that the practitioner cari simply no longer keep pace witli the ever increasing streani of these 
documents. The practitioner will ask for a method to arrange all his documeiits (papers, 
pamphlets, leaflets, etc.) and, preferably, also his type drawings according to one "easy" 
system of classification, and by the word "easy" he would mean two things: (a) main group- 
ing in accordance with his way of thinking (the pattern); (b) simple notations for these main 
groups. 

This method of arranging documents in a practitioiier's office is what is usually called 
filing. 

The practitioner needs - besides his owri library of books - one file of well-arranged 
informative documents. He wants his filirig problem to be solved and all publishers of the 
docunients coiiceriied to be convinced that tliey must adapt tlieir documents to fit into the 
practitioiier's file. 

Documents (excliiding books) to be filed must comply with precise demands in three 
respects, viz. format, classification and perforation. 

The question of lormat has, in principle, and also to a great extent in practice, beeri 
solved. The standard format A4 (210:x:297 mm - X$"',< I 12")  has beeil accepted as the only 
format for filing. This ineans that the practitioner should only need to have iiling equipment 
of a size to contain this format. The practitioner may well desire all documents (excluding 
books) which have a long-terin value to be presented to him in this format, so as to enable 
him to file them properly. 

The question of classifcation is obviously a very diflicult one. The practitioner wants all 
documents to be classified in advance, so that they cari be placed autoinatically in his file. 
Facing his own problem only, tlie practitioner. however, often does riot realize the conse- 



quences of such a preclassification. As a matter of fact, preclassification of a particular 
document results in all users of that same document having their fles arranged according 
to the classification of the docunient. This is the strongest argument in favour of using a 
universal classification also for filing. If an. endeavour is made to limit the tield covered by a 
particular classification made for thc purpose of filirig by a rcstricted group of spccialists 
(e.g. architects), then very soon difficulties will arise for two reasons: 

(a) Firstly, the specialist (architect) for whom the special classilication was meant may 
wcll wish to collect serics of documents that are not includcd in that particular classification; 

(b)  Sccondly, numerous documents prepared on behalf of the specialist in question 
(arcliitect) may be equally valuable to other specialists (e.g. liealtli authorities or  brick 
manufacturers), which would mean that tlie latter would have to use the same system of 
classification for their tiles. 

In practice many a special classilication has not survived due to thesc difficulties. 
The question of perforation is linked to the question of the typc of binders that will be 

recommended. It seems that the user would prefer a systern of thin binders - or folders - 
for one subject only per binder. The binders ought to have visible headings when stored in 
boxes on shelves or when hanging in drawers. 

Requirctiients,for tlata not irr~ailahle in the of ice 

However well orgaiiized a practitioner's office may be in documentation matters, the 
practitioner will again and again run irito problcms for whicli he has no answer at hand. 
This raises the question of his need for access into the enormous amount of knowledge 
spread all around hin1 or even hidden froni liim. 

After a trial over many years to introduce abstract cards into the practitioners' offices 
in order to Cover at least Part of those documents tlie practitioner does not possess himself, 
CIB docuiuentalists, who arc active in the lield of the abstracts exchange. now have arrived 
at the conclusion that tlie best access to hidden knowledgc is, for tlie practitioner, not to 
kecp his own. files of abstract cards but to remain in direct contact with a professional 
information centre. 

PR0IILI:MS 01; TIHOSL: W H 0  P U D L I S H  i>OCUMI.:NTS 

Up till now there has been no prograrnme delined for the publishing of inforrnation for 
practitioners' ofices. Even "publishers" - including authorities. research institutes and 
editors of trade catalogues - who really wished to do their utmost to reach the practitioners 
have often failed because practitioners d o  not read unless they are forced to. An ever 
growing amount of information and decreasing prices for inforrnation seem to have killed 
the feeling for the value of the information. If the practitioner receives one article a week to 
read, he will probably read it, but if he gets ten articlcs and thirty catalogues and lots of 
other papers every week he can no longer assimilate the information. That is the dilemma. 
The programme for the altering of tliis situation is based o n  the fact tliat the stream of 
information steadily increases and consequently the practitioner cannot be "educated" to 
read carefully the docunients arriving in his office. The "publisher" therefore has to decide: 
(a) whether the docuinent should, after a rapid glance. go into tlie waste-papcr basket; 
(b) wliether the document is ineant for storing until the moment it may be asked for in the 

practitioner's office. 
This does not concern books. Tlie book market will priiicipally not be influenced by a 
progranime for the future. Pol ygraphies are not wanted. Wel I-arranged hand books and 
good books o n  specific subjects are always welcoine. 

The real problem concerns pamphlets and leaflets and other documents (reports, codes of 
practice, etc.) as  rncntioned before. 

The lack of agreement on format has given "publisliers" every opportunity to  make 
experirnents in transmission of knowledge. There are hundreds of pamphlets meant for 



nailing on the wall in the office on the site, but there is no room for them on these walls. 
There are hundreds of pamphlets and leaflets of different format lost in offices, hiding the 
most important information. There are hundreds of classilication systems invented for 
different purposes by ditrerent societies, publishers, periodicals, firms and even information 
centres with the aiin of "helping" the practitioner. But practitioners are getting more and 
morc confused; they are fed up with documcnts ai-id still hungry for information. 

This, then. is today's problcm of those who publish documents for practitioners' informa- 
tion. 

The practitioner collects liis information from liis own experience; directly from scientists 
and scientilic institutions; from dispersed inedia such as books, periodicals, etc.; and frorn 
institutes specialized in canalization of knowledge and adaptation in accordance with the 
needs of tl-ie practitioner, i.e. the information centre. 

Tlie information centre, tlius, is a kind of collective Organ Tor all practitioners and the 
problem of handling the streain of knowledge in the centre lias much in common with tlie 
problems the practitioner meets in his work. 

Tlie problem of establisl-iing and organising an  information centre, although important, is 
neglected not only because different countries have found different solutions, but also because 
the subject I-ias so many and such interesting aspects that it would take too long to deal with. 

General reniarks 

(a) An information centre should preferably be a n  institute independent of any special 
group or  trade. 

(b) Its function lias to bc served by a well organized contact with groups representing 
different aspects of building science and building practice. 

(C) The information offered to the consumer must necessarily be impartial, concise and 
quick. 

Looking back to the fields of transmission of knowlcdge as summarized above (furthering 
integration; canalization by tracing of data, collecting, arranging, selecting, adapting and 
disseminating them; detectiiig gaps and prornoting consumption of knowledge), it is readily 
seen that, in fact, a n  inventory of activities of a n  information centre is at Iiand. From these 
some practical subjects can be deduced. 

Tracing antl collecting tlata (references, ahstracts) 

An inforniation centre on  building probably need never go so far as to try to obtain 
every existing docurnent i n  this tield. What is needed is a world-wide systcm of signals, 
enabling every centre or library or research institute to trace the data it deems of iniportance 
for its activities: consequently, an international service of references and/or abstracts. 
l t  will be tl-ie task of the "signallers" in this service to separate important data from un- 
iinportant ones and to make in this way the first excision in the overwhelrning quantity. 

A rranging tlata (classification, terni inologj~) 

To tlie same extent as the practitioner needs a simple classification to arrange his docu- 
ments, the same need presents itself to those people whose particular occupation it is to 
collect and disseminate knowlcdge. From the point of view of the information centre it 
is clear that classification systen-is have to fulfil a dual requirement. They niust allow for the 
arrangement and the making accessible of the material collected in the information ccntres 
(for purposes of cataloguing, literaturc research, exchange of bibliographical data, etc.), 
but at the Same time they must, as far as this material is accessible to the practitioner, bc 



easily understood. Hence this requirernent pleads for a uniform systern which can be handled 
by the practitioner in the office as well as by those whose main taik it is to collect and deal 
with information. In this connection it inay be observed that the point of view of the infor- 
mation centre should not conflict with the work of existing Iibraries, research institutes, etc.. 
since it is also their task to arrange tlie material and to rnake it accessiblc. The information 
centre has, moreover, to take into account the demands of tlie laynian, who must be enabled 
to find his way into the material available in the information ccntre with a mininium of aid 
by documentation experts. 

When arranging a comprehensivc quantity of material, tlie problem of terrninology 
makes itself felt. It is well known that in various linguistic arcas important work has becn 
done in order to unify tcrrninology. This work will have to be cxtcnded by international 
cooperation. 

Selection an(/ aclaptation c?f'clata (tligcst.~, hihliojyat~hirs, data .shrets, trans1ation.v) 

A inain task of thc information centres lies in tlic ficld of selection of data in such a way 
that they can be consulted by the practitioner in the niost simple way (active documcnta- 
tion). This means not only selecting or often rc-grouping and rewritiiig for tlie sake of 
simplifying the language, but also bringing togetlier data which are dispersed arid publish- 
ing, r.g. in loose-leaf documeiitation systcms, in a way to mect all deinands of forrnat, 
perforation, preclassification and so on, which can be made with a view to easy handling 
of the material. 

It has become clear already in the past that tlie rnultiplication and distribution of titles 
of, amoiigst others, books and articlcs with which tlie practitioner should build up liis own 
well arranged card file, do  not solvc his problems. 

Also more elaborated references, such as abstracts, are not vcry welcorne in the practi- 
tioner's oflicc. They are indispensable Tor mutual contact between information centrcs, 
librarics, research institutes, etc., but will probably not easily be introduced in otlier 
circles. As the practitioner is not scrvcd with original docunients, it will be necessary to 
supply liim witli data that will save tiim the trouble of keeping comprehensive card Iiles 
and of searching thern. I n  this connection digests, bibliographies on selectcd subjects and,  
of Course, thc above-mcntioned documentation sheets can servc to advantage. 

If the main task of an inforrnation ccntre is to prepare knowledge fully on behalt'of ttic 
practitioner. the linguistic problern irnmediatcly prcsents itself. lnvestigations have rnade i t  
clear that evcn research workers make use of a stock of literature in which only a very low 
percentage of titles einanatiiig frorn outside their own linguistic area is found. For practi- 
tioners tliis situation will even be less Iiopeful. It is undoubtedly of vital interest tliat national 
information centres import foreign data on a largc scale into their own country. However, 
one has to be aware of the fact that tlie translation of foreign data in every country is a task 
which canriot be fulfilled without special rneasures. 

Di.ssrtrrinution qf'data (coniniunication media, latent needs) 

When disseminating knowledge the question is iiot only Iiow to mect existing deiiiands 
but also how to realize such a transmission of available knowledge that the practitioner 
is induced to nlake use also of that knowlcdge which he did not know to bc of value to 
him. 

It is a task of inforrnation centres to pay full attention to this problem and to niakc use of 
all the knowledge and means which modern comrnunication tlieories and tcchniques havc 
developed so far. Thc dissemination of knowledge by nicans of documents. thougli being 
the generally tnost familiar form, is by no means tlie end of tlie story. Courses, lectures, 
discussion rneetings, exhibitions, escursions. experimental building projects, radio, televi- 
sion. etc., will often effect transmission of knowledgc in a inuch rnore direct and arrcsting 
way than well-produced docurnents. 



W H A T  H A S  B E E N  D O l U E  

What has been done to meet the requirements arising from the need for transmission of 
knowledge? 

The problems are similar in all countries. The way of acting, therefore, as far as joint 
interests are concerned, has been: 

(a) To create an organization for international cooperation with suficient authority to 
make reconimendations. 

(b) To agree internationally on a general Pattern for the arrangenlent of knowledge 
(classitication and filing) and on inethods and means for the exchange of information. 

BASIS  FOR AGREI:MENTS 

The establishnient of the United Nations Organization after the end of the Second World 
War provcd to be of immediate importance also for the development of building docu- 
mentation. The U.N. Economic Commission for Europe, the Housing Sub-Committee 
and the Housing and Town and Country Planning Center, U.N. Headquarters, New York, 
from the very beginning took a great interest in the promotion of building documentation. 
The U.N.1E.C.E. was the Sponsor of the Conference on Building Documentation, October 
6-15, 1949, at Geiieva. 

The establishment of an international organization in this field and the realization of an 
international cxchange of abstracts of building literature were considered to be immediately 
needed. Three technical problems of a general scope were involved: 
1 .  international cooperation in the feld of documentation; 
2. form and contents of abstracts; 
3. international uniformity of classifcation and filing. 
These topics were already being eagerly discussed by international institutions of learning 
on a n-iore general level. 

The lnternational Federation for Documentation (FID), frst  and foremost, was con- 
cerned with this at its annual conferences. Especially, it was recommended at The Hague 
in 1948 that an lnternational Coniniittee on Building Classification should be formed. 

Organizational endeavours of the building people themselves were started in connection 
with the lnternational Reconstruction and Town Planning Exhibition, Paris, 1947, continued 
at a restricted Expert Conference at Brussels, February, 1948, and were finally stated in the 
resolutions of the Gerieva Conference in 1949. As a result the lnternational Council on 
Building Docunientation (CIDB) was set up at Paris in 1950, where the First General 
Assenibly took place in October. 

A Working Party on Classification was also established and linked with the FID in 1952. 
On this occasion the lnternational Building ClassificatioiiCommittee (TBCC) was established. 
This permanent committee, consisting of six nienibers nominated by the CIB Executive 
Committee and six members nominated by the FLD Council, plus 13 coopted expert 
nienibers, is responsible directly to the two bodies mentioned for the developnlent of 
building classification and filing. 

The Second General Assembly of the ClDB was held at Geneva in June, 1953. At that 
occasion the orgdnization was transformed into the International Council for Building 
Research, Studies and Documentation (CIS), which since then has been FID's Partner in 
the IBBC. 

A G R E E M E N T S  O N  D O C U M E N T S  FOR F I L I N G  

The fact tliat tlie practitioner can no longer handle all the different documents which 
are offered to hiin was stated at the first meeting on building documentation in Paris, 1947. 
The resolutions made at that meeting still form the basis for the CIB agreements of today 
although therc have been modifications according to later discussions and experiences. 



Tlie rnost important features of the rccornrncndations as thcy stand today arc as follows. 
Books are prcferred to inforination in leaflets. etc. I t has bcen recornmended that publish- 

ers print abstract cards rcfcrring to books siinultrineously with the books concerned and 
disscminate these cards to all libraries and information centres. Tlie cards rnight also be 
uscd for informing practitioners or thc  existencc of tlic book. Tlie card shall bc in accordance 
with international i-ulcs f'or abslracting (see Agreements on tlie exchangc of iriformation). 

It was decmed desirable that books should not be printed bigger tlinn A4 forniat. Books 
bigger than that cannot casily bc stored in the library. The title of tlie book rn~ist be clearly 
visible when thc book is placcd on the shclf. "Scries". year volumcs of periodicals and other 
polygraphies are not considered as books. Tliey hidc the inforination they Want to bring. 
Polygraphies, including pcriodicals and other "srries" publications, therefore, should be 
considered as collections of inonographs, each monograph being treated as a single docu- 
inent for filing. 

Documents for filing (cxcluding books) are accepted iis conipleriients to tlie books; they 
shall bc: 

forrnat A4 (210x297 m m  8A''\\ I I:"): 
preclassified for f ling ; 
prrpunched for liling. 
Format needs 110 furthcr cornrnent. A4 is an intcrnationally agreed papcr Standard size, 

at prcsent accepted iri most countries. 
Preclassification for filing is tlie most important and most difficult rcquirenient. The 

problem is treated separately in the following section. The classilication should be printed 
on the first-pagc, right-liarid upper corncr of the document in a space of length 40 mm and 
hcight 20 mni, divided in two parts by a horizontal line. Bclow the linc shall be printed the 
appropriate UDC numbcr according to tlic rules of the  ABC. Above tlic line shall be printed 
the spccial iiling systein of the practitioner. 

Prcpunching shall be made for tlie binders or folders of practitioners. In most countries 
the punching is standardized with tlie A4 format but thcrc are diferenccs in practice. Tlie 
latest recommcndation is: two holes of 5.5 inm diriineter, spaccd 80 mm symrnetrically in 
height and with a centrc ,I0 rnm rrom paper lefi cdge. Tlie prepunching, liowevcr, is not 
considered to be of prinie importance. as every practiiioner will havc his own punching 
apparatus for his binders. 

All thcse questions of standardization are trcated generally by ISO. tlie International 
Standardization Organization. with which tlic CIB has close contacts. 

A G R L L M I  N  r S  O N  C L A S S L F I C A T I O N  

It can be statcd today that tlie decision made at the Geneva Conrereiicc ten years ago of 
adopting the Universal Decimal Classification (LIDC) as a coinmon classilication tool for 
building documents was justified, and vcry notable results have followed. 

Ahriclged Building Cla.s.sific~ritio~~ (ABC')  ,/i)r Archi/ecrs, Builr1c~r.s. C i i i l  Engineers 

A selection from the Universal Decinial Classilication. compiled by CIB, Copcnhagerz/ 
Stockholm, February, 1954, 59 pp., first preliminary edition, has bccn issued in 1954 in 
300 copies. It was followed by the second edition, published by the Documentation Scction 
of lhe CIS, Bouwcentrum, 1955. 70 pp., and valid until 1965. 

Translations of the second edition are publislied i n  llie following languages: Dutch, 
Finnish, French, .lapanese, Norwegian, Scrbo-Croatiari and Swedish. Ready for printing 
are: Danish. Gerinan, Hungarian and Russian. Manuscripts under preparation: Italian, 
Portuguese and Spanish. In all there are 15 languagcs. Thc publisliing work will be completed 
in due Course. 

Followirig a decision of tlie IBCC at its Fifth Meeting in 1958 cnergetic sales promolion 
inust be carricd on from now until the c.xpiration of the validity of this edition in 1965 so 



that the world of building may learn what is offered through this booklet. The CIB recorn- 
mendations that the UDC, as presented in ABC, should be used for classification has been 
widely accepted. Building centres in all parts of Europc now use this classilication for thcir 
retrieval machinery (mostly card-files). Building abstract cards for the international 
exchangc organized by CIB are classified accordingly. Most encouraging is the fact that 
more and more editors of periodicals print the appropriate U D C  number on  the first page 
of the articles so that they may be cut out and liled. Also a n  increasing  lumber of research 
institutes classify reports according to U D C  for tiling and some building universities and 
architectural academies arc arranging not only their libraries but also the contents of study 
books accordingly. For thc practitioner in the offices of architects, engineers and contrac- 
tors, or  for building research stations, information centres, authorities, institutiorls and 
special libraries it offers a universal and simple tool for handling ordinary literature of all 
kinds. 

It is a great advantage for everyone to have in his own language the group headings of an 
accepted universal system in ABC. The U D C  revision and developnlent work organized 
by the F I D  has also prolited by the ABC activity. Rules of prcference5 for main-aspect 
groups and the choice of "entrance numbers" in doubtful cases have been standardized 
and concisely explained in the rules of application. Certain adaptations according to riiodern 
needs of groups within section 69, Building. have been accomplished and included in this 
part of the 4th (English) complete L D C  edition, published in 1957 by the British Standards 
Institution. 

Sl7ecial huilrling, fi l ing .sj3strlrrs 

An investigation into existing building filing systems was started by the I BCC in 1957; in 
the beginning of 1958 the Secretary. assisted by tlie members, had collectcd much reprcsen- 
tative litcrature on  the sub.ject. The final report is included in tlie IBCC publication Rrc017t 
Developn7ent i17 Building Clu.~s~ficat ion (September, 1959). 

It appears from the study that the picture as a wholc is co~nplicated and confusing. Most 
of the systems, designed as they are for special purposes by a single person or  a team 
represc~ltirlg certain professional or  national points of view, cannot be accepted for a Inore 
widespread application. Only a few arc of sufficiently high standard that they can be dis- 
cussed in this respect, and only one. the SfB system. is suitable as a complement to the 
universal decimal classification UDC and is designcd in order to facilitate the filing of trade 
catalogues and trade information especially in the building field. 

Therefore, according to a CIB recommendation the IBCC has published the Builrling 
Filit ig hlanual, which shows how tlie tiling according to U D C  numbers is simplilied and 
improved by a first division according to main groups and tables on  buildings and building 
parts and on building activities. 

In C l D B  and C'1B the abstracts and the abstract exchange have been. from the beginning, 
one of the main questions for both tlie research and documentation member institutes. 

The Conference on Building Documentation (Geneva, 1949) made a survey of possibilities 
for a building abstract exchange service for housing, building techniques and town planning. 
The General Assembly of the C lDB (Paris, 1950) - taking into account existing [SO 
recommendations for abstracting - adviscd members to make a start using abstract cards 
of size and layout shown in the examples. The advice was followed by some ten countries 
in the next few* years. 

Similar abstracts, not strictly conforming to the CIB recommendations, are published 
by seven more countries. The abstracts are selected and written on  a national or  regional 
basis, in   no st cases by research or  docunientation institutes, and exchanged between mem- 
bers. 



Detailed rulcs for tlie sclection of thc docuinents to be included i n  the service have been 
drawn up. As a guiding principlc it has been acceptcd that a sub.ject should be included if it 
has a direct influeiice on the design, construction or cost ( i i i  a gcncral sense, i.e. including 
cost of building, maintcnance and tcchnical operations) of houses or other buildings and 
if. in addition, it is of value to other nations. The results, which havc becn carefully 
studied by CI B froin 1953 onwards, are useful. but rievcrtlieless the service has deficiences 
(sec lmprovement of thc abstract servicc). Morcovcr, the problem of availability of original 
documents must be solvcd. 

L A N G U A C i E  B A R R I E R S  

International cxchange of information is useful and will furthcr transniission of knowledge, 
provided that the contents of documents. etc., are corrcctly understood aiid translated. Two 
things are importaiit in this connection: 

(a) the correct undcrstanding of each tcchnical term in one's own language; 
(b)  the correct understanding i n  other languages. 

The ABC cditions in various laiiguages give somc hclp for translation 2nd questions of 
tcrminology. For more extensive translatioiis arid exact description of building terms, 
however, tliey are iriadequate. Time aild agaiii tlie problenl of tcrminology has beeil the 
sub.ject of discussions at CIDB and CIB confcrcnccs and in the former CIB documcntation 
section. Scveral trials have been made to start practical work in this licld but most of them 
failed. probably because funds were lacking. This problein necds further study (see Language 
barricrs). 

RI:COMMENUATIONS F O R  C001'1:KATION BIiTWI:I:N N A I - I O N A L  I N F O R M A T I O N  

C E N T R t S  

In 1950 the CIDB stated that an answer to the request for availability of data which do not 
iiecessarily bclong to the invcntory of a practitioiier's office should bc given by inforrnation 
institutcs. C1 DB recominended: 

1.1 I t  is rccomnlended to undertake intensive propaganda so as to Iacilitate the cstablish- 
ment of National Building Documentation Comniittees or Centres. Eacli Committee or 
Ceritre should at  least be able to givc inforn~ation on other organizations. to plriy a role 
as Information Centre and to indicatc the fields and the limits of the activities of such 
I nforinatioii Centres. 

1.2 In each couiltry onc or more Centres should be able to supply, within tlie framework 
of the arrangeinents made by thc National Cornmittee, at least tlie fc>llowing data:  

iiiformation on cxistiiig publications; 
inroriiiation on existing matcrials for construction purposcs; 
addresses of coriipleted prqjects of particular interest; 
addresses of inaiiufacturers (construction inaterials, plant, sitc cquipinent, etc.); 
addresses of highly specializcd technicians. 

1.3 Information on existing docuinentatioii should be widely distributed amongst users and 
producers of documents relatcd to building. 

Since 1950 in various countrics iiiformation ccntres or national committees h~ive bccn found- 
ed arid existing centres have exterided their activities. 

The scope of tlic celitres or comrnittees. however. differs from country to country. Some 
of thcse coiiline theinselves to exhibitioiis only, others to documcntatiori work, but there are 
also exainples of ccntres covering an extensive part oT the field of rcscarch. documentation 
and inforination. The establisliineiit of an intensive international coopcration conscqucntly 
is i n  rio more than an  initial stagc. 



W H A T  C A N  B E  D O N E  

B R I N G I N G  A G K E L < M E N T S  I N T O  A C T I O N  

Many aii iiiteriiational agreemciit (and not only in the building ficld) lias beeil welcomed 
with enthusiasrn at conferences and forgotten or ncglected afterwards. This situation is not 
necessarily due to a lack of intcrest from countries or persoiis conccriied, but inay also arise 
from thc circunistance that thc results reached at  interiiatioiial n~cetings are oftcti. insuffi- 
ciently disseminated. 

It is certainly a task of tlie CIB and its nieinbcr orgaiiizations. cquipped with a bulletiii 
aiid, recently, a full-time Secretary-General, to promote thc trarisriiission of knowledge as 
far as recommendatior~s and agreements of preceding ycars are conceriied. 

A sumniary of agreenierits o n  documentation and inforiiiation may be inserted in the 
CIB bulletin and furtlier widcly disseminated as a frst manual for the practice of trans- 
mission of knowledge by CIB nierlibers. 

C L A S S I  FIC'A'fION 

The Building Filitlg Manual publislied rccently by the International Building Classilica- 
tion Conimittee (IBCC) was thc result of tcn years of iiitcnsive studies on tlie subject and 
has to be accepted as widely as possible. lt is based on existing systenis and no alterations 
will be made until 1965. In thc meantime, however, the IBCC will carry uri its work. The 
Builtlitlg Filing Munual indicatcs the direction of future development in building classilica- 
tion. The IBCC team wliich is engaged i i i  devcloping tlie project has stated that: 

" .  . . Uniformity in international classification practice can be achieved sometime in the 
future by making use of a universal classilication in combination with simple, coordiiiative 
subject field systcins. l'liis solution nieans that thc universality inight be represented by a 
hierarchical division of the total knowledgc into subject lields. such as is the case witli the 
basic divisions of UDC or  Dewey's decirnal classificatioii, but rnodernized i r i  accordance 
with tlie latest schcine of art, scieiicc and technology. 

"For eacli of the subject fields a special faccted classification is required. The facets 
relevant to each licld may be compared arid unified so far i t  seeiiis practical. A subject 
analysis covering cach feld may be designed aiid published together with a list of all existing 
subject fields." 

This programme is, of course, a long-tcrm one. It should be noted that the proposed new 
systeni will also affcct the UDC. If conditions are frivourable it inay be completed in the 
next ten years. TIie team Iiopes to reccive su16cient s~ibsidies to subinit thc tirst draft in 1960. 
After practical tests to  be carried out by Bouwccntrum it might bc possible to present the 
draft for discussion in CIB and FID i n  1962. Such discussioiis will necd a period of a t  least 
five years and it will probably take three niore years for thc programme to bc linally accepted 
and printed in. several Iaiiguages. The original language of the System will be Englisli. 

This work. however essential, should not confusc practitioners and publishers who are 
now gradually acceptirig thc SfB t LIDC nictliod as presentcd in the IBCC Buildin~ Filing 
Manual, 1959. Full attention should, therefore. be given to the promotion of the use of this 
inanual regardless of what might result frorii tlie IBCC development work in the future. 

S T A N D A R I ) l Z A ' T I O N  O F  D O < ' U M I : N T S  A N D  O F F I C E  I:Il.I:S 

Standardization of documerits is a necessary condition for easy arrangenient of onice 
iiles and, therefore, for accessibility of information in the practitioncr's ofice. 

Tlie recommendations o n  size, layout and perforatiori o f  data sheets agreed upon ten 
years ago and repcatedly stressed by CIDB and CIB documentalists are in force arid there 
is no reason for changes, except for minor points. In some cases the 1949 recommendations 
may be unncccssarily detailed, but the niajor points and their applicatioii should be strongly 
pronioted. 



It may once more be said that articles in journals often contain most important informa- 
tion. The publishers of journals should. therefore. have these articles printed in such a way 
that they are suitable for being filed as information sheets, i . ~ .  every article to have size A4, 
to begin on a right-hand page and with the U DC number according to ABC on its first page. 

On the onc side, producers of documents must be persuaded to follow international rules 
recommended up till now, and it is undoubtedly a task for CIB to take action in this field; 
on the other side, "consumers" of documents can hardly do any more than refuse documents 
which are not up  to standard, and use their waste-paper baskets for them. 

E X C H A N G E  O F  I N F O R M A T I O N  

I~l~provr/l imt of tlir ahstract service 

The abstract exchange system (see Agreements on the exchange of information) has 
during the last ten years developed into a valuable means of communicating knowledge 
between participating information and documentation centres and. through these. it has 
served practitioners. The interest shown by countries that do  not participate as yet is 
increasing and there are positive expectations for a good coverage of literature. 

Out of the experience gained up till now some points may be worth mentioning. 
In  many countries the main function of the abstract is to indicate to the reader whether 

he should purchasc the original document. Hence it is more important to have short 
abstracts immediately available than to get longer abstracts which include more data that 
are chosen in a subjective way. 

The international exchange has proved to be of specific interest to information centres. 
I t  is important that those centrec in the various countries have the necessary sourccs for 
supplying further information on  a mutual exchange basis (i.e. bibliographies, lists of books, 
etc.). The abstract service needs to have in every country a n  information centre to fall back 
upon. It 1s not sufficient for practitioners in one country to obtain abstracts that are prepared 
for international exchange. It is important for a national centre to make national abstracts 
for the practitioners of its country and to add filrtlier data on request. From such national 
abstracts, covering the national literature more or less exhaustively, abstracts for interna- 
tional exchange can be selected and multiplied at relatively little cost. 

CIB cannot terminatc its activities in the field of the abstract service before a CIB member 
or other institute is found in cvcry country to participate in the international exchange of 
building abstracts and before the present methodology is improved. 

In order to take into account the experience gained and to bring the abstracts question 
up  to date the General Secretary of CIB should guide and stimulate members that are 
working today with different kinds of abstracts and should encourage countries which 
have no abstract service to make a start. l'his action should be undertaken in accordance 
with the existing rules of CIB, FID, I S 0  and Unesco (a help for the start can be I. Karlin's 
recent study on  the efficiency of the existing service) and with the needs of institutions, 
libraries and information centres. The last-mentioned requirement is important to prevent 
a new unmanageable stream of references being poured out over the heads of librarians 
and documentalists; they might only require abstracts on literature which is not easily 
traced in existing sources of bibliographical information. 

The number of documents that are published is increasing by loo':,; over a period of I0 to  
20 years. l'he cooperation in building research and practice between countries and regions 
is also increasing all over the world. Hence the problem of how to indicate and draw atten- 
tion to literature on  certain subjects is of great importance and must be studied carefully. 

Specific attention must be given to matters such as widening the field of subjects (today, 
attention is mainly concentrated on housing and town planning only), selection of data, 
coverage of the totality of important data, taking over and division of the work for those 
areas that cannot take their sliarc in the cooperation as yet for economic or organizational 



i-easons, establishing a subject division that will enable aii expert to follow eacily tlie literature 
of a certaiii subject field, etc. 

Improvcment of tlie abstract servicc is iiii itein on tlic draft programme for CI B's activities 
during the next thice years. 

E,uteti.sion o f the  e.uchange of infirt)iarioti (r1ocu1~ient.r) 

Extension of refercncc services can promote tlie transmission of knowledge and solve 
problems of iiiforniatioii centres aiid practitioners, i f  properly inade and restricted to 
essentials. 

Between the original documents and thcir bibliograpl-iical datii lies a range of types of 
references givirig more or less information about tlie originals. such as annotatcd bibliog- 
rapliics, abstrricts, digests and condensed full docunients, tliat can all be published in differ- 
ent ways. Examples of typcs of rcferences have been giveri in a small special exhibition at the 
CI B Congrcss. 

If international cooperation. e.g. in CI B, finds a key to tlie questions of how to select in 
every country the knowledge which rnay be of international intercst and whicli should 
coiisequently be specifically referred to and of how to organise thc transfer of such references. 
a considerablc contribution to the transmission of knowledge will be made. 

In tlic ncar future it should be possible to find in nearlly every country an  instit~itc (often it 
will bc an information or docunieritation centre) prepared and able to act as national ccntrc 
for the selection and exchange of iriformation which is of international value. Witli a chain 
of such national centres, CIB can stiiiiulatc and help a.s far as exchange of information is 
conccrned to find tlie response needed to reach definite results. In the tirst place thc iinprove- 
ment and adaptation of tlie abstract service will be acct:leratcd. Secondly, with tlie abstract 
service as a "backbonc", the organization of the e\chaiige of additional iiiformation (digests, 
condensed full docunients. etc.) will be within reiicli. 

Exchangc is not only scrved by referring to docurncnts as soon as they are published, but 
also by issuing surveys about the dcvclopmcnt of knowliedgc in a certain field. Such surveys 
can, for exaniple, be given in selected bibliographies, trend reports and data shcets. 

What is said ahout a cliain of national centrcs for tlie furtlicring of reference services 
applies to this kind of iriforniation as wcll. Only if a well-equipped working apparatus is 
handling informatiori problems nationally, can a sourid basis be fourid for international 
cooperation and excliangc. Froin tlic survcys mentioned above on the international level, 
the selected bibliographies. trend reports and data sliccits are niainly of interest for rcscarch 
workers and information centres. Data slieets, on the other haiid, give condensed informa- 
tion whicli should bc useful for tlic practitioncr as well. 

If cooperation of inforination centres could lead to a coordinatcd active ("condensed") 
documentation, resulting in the production aiid disseinination of data sheets in a way 
already known in sorne countries, the practitioncr would have imrncdiate benefit from tliese 
activities. Meanwhile it can. bc stated that cxtcnsion of tlie CIB bulletiii with selected bibliog- 
rapliics is nearing realization. 

L A N G U A G E  I % A R K I I i R S  

Language,fi)r th r  euc/~unge (?J'infi,rtiiation 

It is not up to building docuinentalists and informatioii oficcs to find world-wide solutions 
for the problem of differences in  language, which interfei-es with the developiiient of interna- 
tional cooperation generally. Nevertlieless, at prcsent no world-wide conventions in this 
lield are in t'orce and tlie transmission of knowledge i r i  building needs a practical guiding 
principle to enable languagc barriers to bc crossed by exchange of building inforination. 



Such a guide could be the principle of "three language Icvels", wliich is being discussed 
in CI B circles. Level One (according to this conccpt) is the lcvel of national languages, used 
naturally as the main language in cvcry couiitry. 

Lcvcl Two is the level of "key languagcs" and contains. in fact. a selection of national 
languagcs wliich arc more or less easily uiiderstood in a reasonable number of countries. 
Tlie inost iinportant key languagcs of today seem to be English (dominant in tlie Western 
region) and Russian (domiriaiit in the Eastcrii region). Otlier important languages of more 
than national iinportancc and ilicrcfore eligiblc as key languagcs are Cliiricse, Frencli, Ger- 
man and Spanish. Key languages should be used for publications of morc than national 
iinportance and Iience offcr two advantages: 

(a)  A country publishing in the kcy laiiguage of thc region. concerned contributcs to the 
interiiational exchange without witliliolding too much inforination froni its own country 
(the key languagc is current in tlie country coiiccrned); 

(b) Regional agreeiiients caii be rcached by norninating onc body (e.g. an information 
ccntre) as acting institute for issuing in tlie key language inforination collected from outside 
the region concerned. 

Level Tliree contains one languagc only, scrving as international language for the exchange 
between key language rcgions as far as the kcy languages are not niutually understood. Up 
t i l l  now English has been widely accepted as such an  "international" language. 

It seenis worth while to Iiave tlie "thrce language levcls" principle accepted as a guide for 
language problcrns in tlie cxcliange of building inforniatioii and to bring tlic principle into 
practice by choosing as a iirst step, for exaniple, two centres in the Russian speaking and in 
the English speaking rcgion, whicli could Start with international exchange and act as disseni- 
iiiating centres for the regions concerncd. collecting information from each other. 

Trr177inolog~ ancl translations 

I t  has bcen stated above that correct undcrstandiiig of each teclinical term in one's own 
language and in other laiiguages as well are necessary for the exchange of information. 

Botli problcms could be solved through international standardization of concepts in 
particular fields of subjects and through establishing appropriate terms for these concepts 
in cvery language (p.g. thc UDC as presentcd in the ABC and the Glossary in the Report 
o n  Modular Coordination in Building. EPA No. 174). The task should be solved stcp by 
step in thc fraine-work of the CIB. A standard presentation of the tei-111s of each field 
through ineaningful sentences, supportcd by illustrations. is necessary ( V ; ; .  Table I ) .  The  
translations of such presentations in other languages would give parts of a dictionary and 
would at  tlie saine time prcscnt a basis of a future CIB Building Dictionary in thc form of a 
book. 

Multilingual CIB inonograplis and further translations of theni witli their alphabetical 
iridcxes would also prescrit bricks to work with and could serve for the purpose of trarisla- 
tions. Moreover, the availability of every tcclinical book and documcnt in sevcral languages 
offers excellcnt possibilities to correct translations of other documents in the Same field, 
especiülly when provided with an  alphabetical indcx. It is wortli consideration that CIB 
should publish a bibliography on such books aiid otlier documents, as far as tlie translations 
of tlic documents concerned are up to standard. 

A P I ' E T W O K K  O F  C I  h 1 R E S  I O K  I N I O K M A l  I O N  A N D  DUC U M F N ' I - A T I O N  

It has been stated bcfore that the organization of information ccntres (or, in a inore 
restricted sense, docuiiientation ceiitres) dcpends largely oii the spccific circumstances in the 
country concerned. Some main features. e.,q. independency and impartiality, Iiave been 
meiitioned already. 

It is not deemed useful to develop general pattcriis according to whicli tliese centreisliould 
organize thcir activities. Morc importaiit than giving gencral rules for the organization 



a a  The fundamental  problem a s s o c i a t e d  wi th  t h e  indu-  

s t r i a l i z a t i a n  o f  b u i l d i n g  : t o  i n c r e a s e  t h e  v a r i -  

e t y  i n  assembly o f  p r e f a b r i c a t e d  components  on  tb 

~ i t e ,  w h i l r  rna in ta in ing  n  l i m i t e d  range  o f  i t a n -  

d a r d i z e d  s i z e s  f o r  t h e  p r a d u c t i o n  i n  t h e  f a c t o r y ;  

t h e r e f a r e  a  s u i t a b l e  c h o i c e  o f  dimenmions wi th  a  

v i e r  t o  t h e i r  r e l a t i a n  i n  b u i l d i n g  - t h e  dimensio-  

n a l  C O - a r d i n a t i o n  - is i n d e s p e n s a b l e .  

a a  Le problerne fond~imenta l  de l ' i n < l u s t r i a l i s a t i o n  du 

b ä t i m e n t  : a c c r o i t r e  l a  v u r i e t e  d e s  p o s s i b i l i t ; ~  

d ' a s semblage  d e s  e l e m e n t s  p r6 f , ib r iqu6s  s u r  l e  c h a w  

t i c r ,  e n  maintenaint une gamme l i m i t ;  d e s  a r a n d e u r s  

nor ina l i seee  pour l a  p r o d o c t i o n  e n  u s i n e s ; p o u r  c e t t e  

r a i a o n  une c h o i x  a p p r o p r i r  d e s  d i m e n s i a n s  e n  vue de  
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of these centres secnls to be to assi5t in furnishing data ;ibout cxistingcentres and their ways 
of operating, in the training of personncl arid to coi-isider possibilities of future cooperation 
between centres i n  a world-wide iietwork. 

Collect i t ig ati(1 t l isser~ i i~ ia t ing e.v/~erirnce.s of i n f i ~ r ~ i l a / i o n  cel i t re.~ 

I n  1958 tlie Bouwceiitrum, Rotterdam, cooperating with tlic International Federatioii 
for Housing aiid Town Planning, the Dutch Organization f«r Iiidustrial Research T N O  
and others started an  International Course oii Building, witli opportunity for the particip- 
ants to choose one out of five specializations, the fiftli one being transmission of knowledge. 
Bouwcentrum was glad to find among the participants one choosiiig that spicialization 
and actually cngaged in establishing an  inforniatioii centre. Tlie course, started in 1958, 
will be repeated in I959 (and, probably. in succccding years as well). It sccrns worth considcr- 
ation to collect gradually more data about experiences of cxisting information ceiitres arid 
to put them at the disposal of participants of the coursc and eventually to bring thctii together 
in a concise manual for further disscniination. 

Tra in ing of ' l ~u i l t l i t i g  rlocut~~entali.cts 

More and inore organizations and firnis wish to cstablish docunientation dcpartinents. 
Therefore it is not tlie inforniation ccntres only that benefit if assistance is given to the 
training of documeiitalists. 

It is apparent that therc are few people with tlic necessary experience to build up ai-id run 
such departments and to manage them on tlie basis of' personal experience, and, siniilarly, 
tliere is a deartli ol'qualilied assistance. Consequently tlie training of docuniciitalists must bc 
a niatter of serious concern to all tliose who realizc the iniportaiice of documentation as a 
foundation for research and as a step towards rationalization. 

Docunientation can scrvc inany fields of knowledge. Training, therefore. niust embracc 
two stages: a basic training i i i  documentation and a spr:cialist training directed towards tlie 
particular subject field. Training facilities for the basic training are offered i r i  several coun- 
tries mostly on a private (non-governmental) level. Ac far as is known today, it is in  no case 
regarded as full professional training. The syllabuses today contain so many features in 
conimon that one can say tliat the lines of the basic: training are generally recognized. 
Essential differentes are shown, however, in the \veight given to certain aspects. Nevcrtheless, 
i n  various countries the basic training of docuinentali!;ts covers the needs. 

This is not tlic case with Courses for documentation trainirig in a pnrticutar subject lield; 
whoever is in practice as a subject documentalist today, has grown up in the job witliout 
outside help. Firstly three poiiits niust be stressed: 

1. Special subject training cannot stand alone - it is essential to havc a basic traiiiing 
first and to extend this for the particular subject. 

2. Only documeritalists who Iiave workcd for soine time i r i  a documentation centre in  
their particular specialist field aftei- their basic train.ing should bc adniitted to subjcct 
training. so as to ensure that thcy have a tliorough knowledge of tlie subject and its docu- 
mentation iieeds. 

3. Subject training i i i  documentation can oiily be conducted by people who have built 
up their own oi-ganization and are thoroughly convcrsant with tlie subject feld and docu- 
mentation technique. 

Turning now to ttie niain tlieme of "Traiiiing of buillding documentalists", it will be seen 
tliat these three principles form a programnie of work. 

The responsibility for the training of building documentalists, it seenis, is esscntially a job 
for CIS. If this principle would be accepted. the next lasks would bc: 

provision of teaching material; 
establishment of a syllabus; 
collection of teaching material. 



The collection of the training material requires the collaboration of all tlie member countries, 
as information is required from each country. (A list of training material is giveri in 
Appcndix 1 .) 

As main points for the training programme are mentioned liere: 
I .  Organization of building documeritation; 
2. Special functions of building documentation; 
3. Establishirig a building documentation centre; 
4. Work flow i r i  a building documentation centre: 
5. Classification systems in tlie building field : 
6. Establishment and running of technical building iriforniation scrvices; 
7. Literature handling; 
8. Costing for installation and operation of a building documentation centre. for literaturc 

haridling and information service; 
9. Time and work control in a documentation ceiitre; 

10. Reader relatioris; telephone and written inquiries; visitors' reading rooin. 
(A more detailed programme is given in Appcndix 1 . )  

Future cooperation hetbt'ecii inf0rnintion centres: a iictivork 

In the foregoing pages the necessity of an  international cooperatiori between national 
inforrnatiori centres has been stressed repeatcdly. Participation in irnprovemcnt of ihe 
abstract service, exchange of publications and other information, and a prograrninc for 
production and dissemination of data sheets are some of the points mentioned before where 
activities of and cooperation between information ccntres are essential. 

The Same applies in thc problem of languages: realization of the principle of "three lan- 
guage levels" (see Language for thc exchange of iiiformation) requires at  least oiie active 
centre in every key language region cooperating witli centres in other regions. Terminology 
work will be difficult to control in countries wliere no body qualified to handlc this problcm 
is available. unless a n  information centre or national committee takes its sharc in the 
international work. 

Moreover, the results of international activities with regard to, for example, classilication 
and standardization of docunients. can bc successfully propagated if in every country a 
national centre can organize and give Support to tlie dissemination of these rcsults. Therc is 
every indication today that in several couritries the devclopment of information centres has 
gone so far that there are actual possibilities to givc international cooperation a definite 
form, preferably urider the auspiccs of the CIB. As soon as the network of iriformation 
centres is establishcd tlie possibilities of transmission of knowledge can be further extcnded. 

Not only can the international cxchange of information on building bc assured, but also 
tlie study and the exchange of information on methods and means of transmission can be 
extendcd. Techniques of visual and auditive aids, methods of giving information and 
instructions can be studied jointly and thc results can bc sprcad quickly, thus serving the 
transmissiori of knowledge, building and. finally, society. 

S U M M A R Y  I N C L U D I N G  C O N C L U D I N G  S T A T E M E N T S  

T H E  P R O B L E M S  

Neither an  individual nor a team cari comprehend any longer the kiiowledge produccd in 
the world of today. The growth and development of socicty lcad amongst others to spe- 
cialization: trarismission of knowledgc becomes morc and more dificult. 

Hence science and practice niust again be bi-ought niore closely together (integration) and 
the stream of data now flooding the world must be brought back to a manageable size and 
directed i i i  accordancc with tlie needs of the User (canalization). Moreovcr, necds which are 
not covered by existing knowledge must be traced and research directed to these nccds. 



Knowledge which is not used must be brought into practicc by developing an awareness of 
latent needs. 

The l~ractitioner 

The practitioner prefers books for the "storage" of knowledge in his ofice. Other docu- 
inents he wants to be of standard format (A4), preclassified and in all other respects easy to  
file and to trace. 

Thc practitioner asks for a method of arraiiging these documents and for publishers to be 
convinced that documents not in accordance witli agreements on standardization are  
wasteful. 

Arrangement means classification. The nurnber of data available in the practitioner's 
office is and must be restricted. The practitioner asks l;or a n  easy access to all other data 
which might be of importance for him, preferably to be found in tlie Same part of every 
information centre dealing with his special problenis. 

Publishers, including authorities, research institutes and editors of trade catalogues. have 
to deal with tlie problem of how to  add to the evcr growing stream of documents without 
their publications getting lost. As far as books are concerned the problern is of minor 
importance; for all other documents. analysing and following the requirements of tlie 
practitioner with regards to format, classification ancl other aspccts of presentation for 
easy filiiig and retrieval are essential. 

Tnforniation centres collect information and disserninate it. They should preferably be 
independent organizations, with well organized contacts witli groups representing different 
aspects of science and building. and issue inipartial inforniation concisely and quickly. 

The task of an  inforrnation centre includes: furthering integration of theory and practice. 
tracing data, collecting, arranging, selecting, adapting and disseminating data ;  detecting 
gaps and promotirig the use of knowledge. 

They are, amongst others, in the need of a world-wide system of references for the tracing 
of data (reference service) and a universal classitication systein; they ask for solutions of 
problenis of terminology and translation. exchange of information (digests, bibliographies, 
etc.) and production of condensed data sheets (activi: documentation). Developrnent of 
techniques of transmission of knowledge is of vital intercst to  thetn. 

W H A T  H A S  B E E N  D O N E  

l'lie United Nations Economic Commission for Europe sponsored tlie Conference on 
Building Documentation (Geneva, 1949), from which rlssulted the foundation of thc C1 DB, 
trarisfornied in 1953 into the CIB. CIB and FID together establislied IBCC. 

Under the auspices of tliese organizations agreements were reached, amoiigst other 
matters, o n  standardization of documents for filing (forinat, preelassification. prepunchi~ig, 
etc.), clasiification and exchange of inforniation. Thi: Abridged Building Classitication, 
ABC (a selection froin UDC). was corupiled and published in eiglit languages (translations 
in four more languages to  be printed in due Course; tliree morc are in preparation). 
Existing special building filing Systems have been ii-uvestigated aiid a new coordinated 
system, cornbining UDC with a special systein for biiilding (SfB) has been published in 
t he I BCC Buildi~ip Filitig Marlual (September, 1959). 

For the exchange of information, directives were given with regards to  an  international 
abstract service. about ten countries participating in the service up to the present and se\eii 
more countries ofl'ering sirnilar services. 

For tlie breakiiig down of language barriers, the ABC editions in various languages 



- due to a special layout - give a certain amount of help. Trials have been made with 
terrniiiology problems, but without practical results. 

Directives - altliough limited ones - concerning thc establishnient of national building 
documcntation comrnittccs or  centres Iiave bcen giveii in 1950. Since 1950 in various 
countries ccntres or  cornmittces Iiave been founded arid existing centres have cxtended 
their activiticc. 

W H A T  H A S  T 0  B E  D O N E  

Members of CIB engagcd in docunientation and transmission of knowledge propose that 
a number of the following main points should form part of the Programme of CIB for tlie 
next three years. 

Agreements reaclied in foregoing years inust be brought into action. A Summary of these 
agreenients should be publishcd in the CIB Bulletin and tlie circulation supported by reprints 
in national periodicals. 

IBCC has aniiounced already that it will develop a coordinated classification system and 
that a first draft will be tested by tlie Bouwcentrum. Introduction of any othcr system should 
be postponed. Meanwhile translation and use of the ABC and thc IBCC Builcling Filing 
Manual must be promoted. 

Let everybody involved in building take his share in convincing publisliers that docunients 
sliould be accordiiig to requirenients to prevcnt the loss of knowledgc and to promote its use. 

Exchange of information must bc iinprovcd: 
(a)  It is C1 B's task to promote lhc extension of abstracts production and exchange and the 

adaptatiori of abstracts to the nceds of rescarcli institutes, libraries and inforrnation centres. 
(b) Extension and adaptation of abstract services must be followed by extension of the 

exchange of documents or  data froni docuinents (e.g. niicrocards, digests). 
(C) To  the exchange of information on docunients inust be added information on, for 

examplc, bibliograpliies and trend reports. 
(d) The informatioii on  subjects Iias to be completed by a well-organized production o f  

data sheets (active documentatiori) which will be circulated to practitioners. 

Languagr hurriers 

Gates must be opened in the language barriers. 
(a)  The priiiciple of "three language levels" should be discussed internatioiially and, if 

agreed upon, be brouglit into practice by organizing (as a first step), for example, two 
"linguistic" centres, one for the Englisli speaking regioii and one for the Russian speaking 
region. 

(b) An inquiry into thc possibilities of standardizing terminology is urgently iiceded; 
a loose-leaf illustrated dictionary, published gradually, might be attainable. 

CIB monographs and reports and their translations should be provided witli alphabetical 
indexes referring to the rnain terms. 

An international iietwork of centres or committees for building inforination and/or 
documents must be organized. 



Experiences witli establishnient aiid runnirig of inforination centres might be coinpiled in 
a manual. 

The opportunities for instruction and exchange of experience of persons involved in 
cstablishing and operating inforniation centres, as giveii in the Bouwcentrum International 
Course on Building must be improved and enlarged. 

The possibilities for arranging the international training of building documentalists 
must be examined. 

Since in. various couiitries information centres or c:ommittees have been founded, the 
organization of their cooperation in a world-widc chain can be realized: CIB could make the 
first move. 

An international chain of national inforination ceiitres and coinmittees will have tlie 
task of developing methods and means of transmission of knowledge and to further the 
exchaiige of all the material that is available in this fieltl. 

A C K N O W L E D G E M E N T S  

Valuable contributions to  this paper have been made by. R. Mölgaard-Hansen ~ i t  the request 
of tlie Iiiternational Building Classification Committee (IBCC); he is responsible for the 
paragraphs on classification. 

Dan Fink made v~iluable suggestions for the sectioii on  standardization of docuiiients, 
etc. Data for tlie subject "Excliange of inforniation" were furnislied by him. by I .  Karlkn 
(who lias made an extensive inquiry into the situation today) and others. 

Thc ideas witli regard to languages for exchange of inforniation arc from E. Nicklin and 
0. Stach, those on terminology and traiislation from M. Mole; Miss C. Müller is responsible 
for tlie section on training of buildiiig documentalists. 

The "Bibliography on Building Docuinentation" (Appendix 2) has been compiled by 
R. Mölg~iard-Hansen, with the assistance of members of the IBCC and the CIB group of 
documcntation experts. 

A P P E N D I X  I 

L I S T  O F  T R A I N l k C i  M A T E R I A L  A N [ )  D I i T A I L E D  P R O G R A M M E  

List of t ra i l~ i l~g  ii~atel.icr/ 

Information oii: 
1 .  Organizations 

I . I  Top-level building authorities: their activities. 
1.2 Professional institutions of architects, enginecrs, etc. Lists of members. 
1.3 Trade associations of the building industry an.d building inaterials industry. Lists 

of members. 
1.4 Patent ofices. 
1.5 Standards institutions. 
1.6 Documentation associations. 
1.7 Publishers' associations. 

2. Building centres. Building cxhibitions (permanent and periodic) 
3. Teaching and building research 

3.1 Associations for the promotioii of science and technology. 
3.2 Universities. Technical collegcs. 
3.3 Research institutes. Building materials tcsting laboratories. 

4. Technic~il libraries: range and subject 



5. Docuiiicntation centres 
5.1 For building and architccture. General. 
5.11 For special aspects of building, e.g. roads, house building. 
5.2 For town and couiitry planniiig. 
5.3 For housing. 
5.4 For building law. 
5.5 For ancillary subjects, c.g. paints, optics. 

6. Publications 
6.1 National bibliograpliies or similar reviews of tlie national book production. 
6. I I Publishers' catalogues (only wherc no natiorial bibliography is available). 
6.12 Bibliographics on building. 
6.2 Building directories. 
6.3 Periodicals relating to building or its ancillary subjccts. 
6.4 Serial publications of building research institutes aiid technical or scieiitilic organ- 

izations. 
6.5 Oficial publications, building laws, regulations. etc. 
6.6 Standards. 
6.7 Patents, Copyright. 
6.8 Encyclopacdias. dictioiiaries, glossaries. 
6.9 Data sheets, card iiidcxes. 

For courscs tlic material should be listed aiid ai-ranged by country; a collcctioii of saiiiple 
and cxhibition pieces is desirable. There should be as complete a collectioti as possiblc of 
specirnen copies of glossaries, dictionaries, the n-iost iiiiportant periodicals and documenta- 
tion toois. 

I. Organization of building document* '1 t .  ion 
1. I Witliin the country. 
1 . 1  I Collaboratiorl witli other docurtientation centres witliin the country in the same o r  

complementary fields. 
1.2 Collaboration with foreigii building documentation centres. 

1.3 Definition of thr: rarige and coordinalion of work with documcntatioii centres 
in tlie samc or complemcntary fields. 

2. Special functions of building documcntation 
2.1 For research. 
2.2 For administration. 
2.3 For architects' and engineers' otliccs. 
2.4 For contractors, includiiig site offices. 
2.5 For publishing. 
2.6 For refereiice sections of public libraries. 

3. Building iip a building docuinentation centre 
3.1 General cquipment. With or without sales department. With or  without reading 

rooiii. 
3.2 Handling of special collections (plans, drawings, photos, films, models). 
3.3 Layout of card indexes for different purposes. 
3.4 Technical equipmcnt for rcproduction selection, etc. 

4. Work f o w  in a building documentation centre 
5. Classification systems in the building field 

5.1 Coiiiparative evaluation of various systems. 

5.2 Indepcndent work in tlie field of decimal classilication. 

5.3 Reliable operatioii of any other classilication systcm whicli rnay be introduced iiito 

the documentation centrc in qiiestioii. 



6. Establishment and running of technical building in~forniation services 
6.1 Inforniation sheets. 
6.2 Data sheets. 
6.3 Card indexes. 
6.4 Editing and reviewing technical reports. 

7. Literature handling 
Literature selection, title bibliographies with or without annotation. 

8. Costing for installation and operation of a building documentatiori centre, for literature 
handling and information service 

9. Tiine and work control in a documentation centre 
10. Reader relations. Telephone and written inquiries. Visitors' reading room. 
Plans. illustrations or sketches on  tlie layout of doci~mcntation centres should also be 
requested, as well as trade catalogues with technical data on furniture, processes and 
equipmeri t. 

A P P E N D I X  2 

B I H L I O G K A P H Y  O N  B L ~ l L D I N C i  D O C U M I  N T A T I O N  

Coinpiled by R. Mnlgaard-Hansen, Secretary of the lnteriiatioiial Building Classilication 
Committee (IBCC), Technical Library of Denmark. Elster Voldgade 10, Copenhagen K.  

'rliis bibliography Covers rriainly publications on  buildiiig docuinentation issued during 
the post-war period until June, 1959. It is divided into three Parts. 

A: Articles, papers, proceedings, etc., are arranged chronologically, this being indicated 
by a two-digited year nuniber. Tlie titles covering a i,ingle year arc again classified in a 
helpful way by means of the following designation: 

a Generalities and miscellaneous 
C Classification and filing 
d Dissemination: abstracting, digesting and indexing 
n Needs of tlie Users for documeritation 
p Publications and distribution 
t Terminology 

Finally. a sequential nuniber is assigned to each publication listed. 
B: Abstract joiirnals, digests. indexes, etc., are arrariged according to country of origin. 
C: Authors' nanies. arranged alphabetically, with an indication of relevant sequential 

num bers. 
CIB, CIDB, and UN publications mentioned here may be obtained froin the CIB 

General Secretariat, Bouwcentrum, Weena 700, Rotterdarn, and FID publications simi- 
larly from the International Federation for Documentation, Hofweg 7, The Hague (the 
Netherlands). 

A. Articles, pupers, proceedings, etc. 

38al WLNSER, J.  K., I ~ ~ f o r ~ ? ~ u t i o ~ t  S ~ Y V ~ C C S  i11 t l l ~  h ~ ~ i l < l i ~ ~ g  i ~ ~ r l u ~ ~ ~ t r y ,  Trans. 14th Conf. FID, Oxford, 1938, 
Vol. 2, p. 189-191. 

45n2 TEGNESTUENS OIIGANISATION, Frni Arkitekter redegar for Opbygningen af deres Tegiiest ue, Arkitek- 
te11, 47 (1945) 1-16 (Exaniples of the organization of five Danish architectural ofices). 

46c3 DII>EI.IN, P., Classification niethodique des activites du Bitinient, de la Construction nietallique et 
des Trüvciux Publics selon la niethode de M. G. Cordonnier, I ~ ls t .  Tech~i. rlu BhrUti~trt er rles Truvciitx 
P ~ ~ b l i c . ~ ,  X, 7 (1946) 35. 

46e4 ROBEI~TS, D. M., Application of the Universal Decinial C1;issitic;ition in the building industry. Some 
suggestions for tiling ofice papers and trade catalogues, Proc. Brit. Soc. 111t. Bihliography, 8 (1946) 
23-27. 

47a5 PENN. C. T., So~irces of Inforiiiation for Architects. R0.i. Inrr. Brit. Arcliitect.~ J.,  55 (1947) 29-33. 
48a6 C~IERTZ, L. M.,  Byggdokumentationens internationella organisation, B.~lgg/ittc.ratrrr, 3 (1948) 157. 



HERZNEK. E., Z ~ i r  Arbeitsnietliodik des Arcliitekteri. 1. Rationalisierung auch i n  der geistigen 
Arbeit. - 2. Die Arbeitsmittel des Architekten. - 3. Die Ordn~i i ig  des StoRes. - 4. I l i c  praktische 
Durchfülir~ii ig, B(i~~li(>//i,r, 3 ( 1948) 623-628. 
THF ROYAL SOCI~I.Y SCIENTIFIC INFORMATION CONFEK~NCE, 21 J~ine-2 J~i ly,  1948. Report and Papers 
submitted. U.K.. Londoii. Tlie Royal Soc., 1948, p. 203-204. Eniphasizes increased, international 
Lise of  tlie U D C  in spite o f  its dcliciencics; recog i i i~c i  the necessity o f a n  iniproved, cvent~ially new, 
classification. 
S j B  hr~iltliii,? rc,gislri. (/irtlii.s upplicciiioi~. Editcd by the SfB Coosdination Committee h r  the Building 
Tradc. Swcdcii. Repori o i  J~ ine  1 1 ,  1948, 18 72 p. (prepared by tlie Secretary, L .  M. GI~RTZ). 
NICKLIN, E., SfB Byggregister, f$ !~r~ f / i / , . l i l l <~r t i l / l ~ ,  3 ( 1948) 133-1 34. 
SfB Byggregisicr «eh CDU,  B,i:y'litic,r(~/~~r 3 (1948) 1 1,  21 3-214, 23 1 .  
UNIT~U NA.I.IONS, HOVSING ANU TOWN ANL) COVNTRY PLANNINC~, Report o f  ihe Secretary-Geiieral 
(Doc. E/1343 : 8 J~ ine 1949, p. 6). Defines the purpose o fa i i  iiitcgroted U.N.  Ipsograiiiiiieon Ho~ising. 
See pages 43--47 and 57-58: Exchange oot' inforiiiation. 
ARCTANDFK, P., Byggedokuiiiciitatioii - et interniitioncilt samarbejde undcr ~idvikl ing. Arki irklc~i  
Ugrliuc,fi<~, 51 (1949) 38, 153-155. 
BFUS~KCIM, H .  G.  VAN. Internationale Boiiwdoc~iinentatie, Coiiferentie van deskundigen te Genkve, 
Borfli., 4 ( 1949) 46, 8 19-82 1. 
EVANS, B. AGAI~D. International Collaboratioii in the Field oi' B~ii lding, A S L l B  Prucce( l i~~~~.s,  
1 (1949) 2, 138143. Reviews decisions coiiccrniiig huilrling doc~ii i ici i tation niade at the International 
Rrconstr~ictioi i  arid Town Plaiining Exliibitioii at Paris in  1947 aiid o f  the restricted Expert Confer- 
eiice at Br~issels i i i  Fehruary, 1948. 
LA CC)NF~I<FNC~ SUR 1.A I~OCIJMIN~IA'I~ION I>U 13ÄTlhl~:~~r & Genivc ({LI 6 au 15 octobrc 1949, L<,.s cc~hirr.~ 
( /P  /U ~ / ~ ( ~ ~ I ~ I I ~ ~ I I ~ ( I / ~ o I I ,  B ~ U . Y ~ / / < ~ . S ,  3 ( 1949) 134- 144. 
U .  N .  ECON~MIC COMMISSION F ~ R  EUKOPE, Conference on B~i i ld ing  Doc~inientatioii, Geiieva, 
6-15 October 1949. P r o c ~ ~ ~ ~ l i ~ ~ , y . s ,  225 p., iiiiineographed. (Doc. E/ECE/I I I - E/ECE/HOU/BD/Z). 
U .  N .  ECONOMIC COMMISSION FOR EVKOP~/HOVSIN(I SC~~-COMMITTE~ ,  Note by the Secretariat on  the 
convening o f  an Iiiternational Conlereiicc on B~i i ld i i ig  Doc~in:entation (Doc. HOU/BD/I) .  
Defiiies the prirnary objectives o f  thc Coiifercncc. 
EVANS, B. A<;ARI>, Propo~od I I I / ( ~ ~ I I ( I I ~ O I I ( I ~  U I I ~ O I I  C?/ B/iil( l i l~g D ~ ~ I I I I I P I I ~ U I ~ O I I  C o ~ ~ ~ ~ i i i i f e c , . ~  (Doe. 
HOUjBDj5).  
G i t i ~ ~ z ,  L. M., G(~~~o,rul  Nuic,,s oli ß u i l c l i ~ ~ ~ ~  D o ~ / / i ~ / < ~ / ~ / ~ l i o / /  (Doc. HOU/BD/4). 
NICKLIN, E., Byggnadsdok~in~eiitation, B~:<yarr i l ,  26 (1949) 10/11. 106-108. 
RUSFKT, K.. Zur Arbeitsnieihodik des Architekieii. I. Ratioiialisicriirig in  der geistigen Arbeit. 
-- 2. I las Klassifiziereii nach der Dczimalklassifkation. - 3. Norinkartei des Wissens. - 4. Noch 
einmal: Kartei des Wissens, Bu~~l icl /c~r,  4 ( 1949) 6, 159-1 61. 
Arloplioti o11c1 Atlupiutio~i ( J / ' / / I ( ,  U~~ii.c,r.sul Drciuiol Clc~.s.sifi(~criiori. Report oi' Workii ig Party No.  3 
(Doc. H O U / B D / I 2  Proc. Conf. 1949, p. 42--44). 
DEI.UN~, J., NOIC oll AI I ICI I ( / I I I~ , I~I .S ~ I I I ~  ~ I I I / ) ~ O I . F ~ I I O I I I . Y  io f i r  1tiu(1(, 1 0  tlie' B L I ~ / ( / ~ I I ~  S~c1io11.s I/ IC 
Unii'rr.sc11 De<.i/tlu/ Clt~.s.sifi(.aiio~~ (Doc. HOU!BD/WP3/6 - I'roc. Coni. 1949. p. 158-160). 
EVANS, B. AUAIIU, No/<, 0 1 1  I I IC U K  R1i11isir.1' oj' Wor11.s Ahri(lg(,tl L!DC Scl1c,(l111~ (Doc. H O U I B D i  
WP3/3). 
LOKPHEVIIC, G., R(,pori 011 / / I ( '  1111ii~er.suI ß(,ci~ti(jl CI~~.s.sificr~iio~i (Doe. HOU/BD/WP3/4 - Proc. 
Conf. 1949, p. 125-150). 
Roe~i I rs ,  H., V. MOL~WOIITH ANI) G .  A. Li.ovr„ A(1opiioir UI I</  Atlupiuiio~~ of tlic U~zii~rr.sul Deci~~icrl 
Clus.sifi(~rriio~i in Gr(,nr Brilailr (Doc. HOUIBD,  WP3/5 - Proc. Coiif. 1949. p. 15 1 - 1  57). 
WINTHEII, E., R(,y~/ irc,n~~t~f .s uj' / / I<, U.S(,T.S oj' tlio L!DC ( DOC. 1 4 0  U/BI)/W P3/2). 
Proh1e111.s of Filing UIICI Clo.s.s(firoiio~~, Report o f  Working Party No.  4 (Doc. HOU/BD/ I  I - Proc. 
Corif. 1949. p. 45-46). 
AMEKICAN ~NSTITUTE OF AKCHITECTS. The A I A  Fil ing System aiid Alphabetical Index ( A I A  docii- 
nieiit No.  172); and the A I A  Fil i i ig Syiteri~ for Architect~iral Platcs aiid Articles ( A I A  Ilocunient 
No. 261) (Doc. HOU/BD!WP4/4 - Proc. Conf. 1949, p. 181185). 
GIFKTZ, L. M., Siierliih S f ' ß  Blli/</irig Rq~~i,virr (Doc. HOU/BD/WP4/2 - Proc. Coiif. 1949. p. 161-1 70). 
CUERIN, P., TIIO Cor<10111li(,r C l ( ~ . s . s ~ f i ~ ~ o i i o ~ ~  opplic(1 io B~iil<lit~g on<l Cii7il E~~giiicci.i~~,y Tc,ch~lir.s ( Doc. 
HOIJ/BD/WP4/3 - Proc. Conf. 1949. p. 171-1 80). 
WAHI.IN, E., Bosic P r i ~ ~ r i / ~ l c s  ( / / I ( /  011ili11c of (I N P M .  U I I ~ I . ( , ~ S ~ I /  - \ . .SIC~I I  of C / ~ S S I ~ ~ C ( I / ~ O ~ I  (Doe. H O U /  
BD/WP4/6). 
Cla.s.sificu:io~rc Drcirr~ulc, U~~iver.\rrl(,. Rid~izioi ie 1tali;iii;i delle serioni riguardanti I'edilizia. Coiisiglio 
Nazionale delle Ricerchc, Roiiie, 1949, 27 p. 
DITMAS, E. M. R. ANI) M. GOSSET, Report on the Rcsiricted Confereiice o f  the Internatioiial 
Federation for Docuinentation ( F I D )  at ThcHng~ie, J~ inc  17-23, 1948, A S L l B P r o r . .  1 (1949) 57-67. 
Recomnieiidation o f  the estriblishrnent o f  a joint international coiiiniittee oi i  buildiiig classificatioii 
having as oiic o f  its ainis the coniparative s t~ idy  o f  the U U C  and SfB systcnis as applied to biiilding. 
Scop(, u~ir l  Noil/r<, o/'Ahsiiu<~i.s. Report o f  Working Parly No. I (Doc. HOU!BD/14 - Proc. Conf. 
1949, p. 22-3 1). 
Ah.~ l rc~r l i i~y  i17iill j)</riic,~~lorr Y(:/<,I.CIICO IO  h ~ ~ i l < l i i ~ ~ ~  < / ~ ( . I I I I I ( , I I / ( I / ~ ~ I I I :  note by the Unesco Secretariat 
(Doc. HOU/BD/3 - Proc. Coiif. 1949, p. 71 -77). 
BROEK. J. H. V ~ N  IIFN, S c o p ~  c/11(1 N ~ I I I I ~ C  ~ / 'Ahs i r t~c / .s :  r (>/~orI  111<1(/(' 011 h ~ l i ( ~ / J ( ? / '  U.SCY.S (Doc. H O U /  
BDiWP1/4 - Proc. Co111'. 1949, 1). 99- 109). 



Cins, G. B., Scop(, (rri<l hiuriirp of Ah.sfrucl.s; roport riio(lc~ 011 brliu!f of rlir Arclrirc,ct.s (Doc. H O U /  
BD/WPI/3). 
M n i t i ~ i ,  A., Clior«c/rr crri(1 Bc,uririg oj' .Ihsir-u(~r.v; r(,port niu(l(, orr heli<r!fof' R(~.sc~rrrcl~ 0r~~arrizuriorr.s 
(Doc. HOU/BD/WPI /2  - Proc. Conf. 1949, p. 92-98). 
Orgcirriz<iriori uj 'un Iriierrruliorrtrl Ah.slru(~liri&~ Srrvic<,, Rcport o f  Workirig Party No .  2 (Doc. HOL)/ 
BD/16- Proc. Conf. 1949, p. 32-41). 
O r ~ r i i z u r i o n  air(1 F ~ I I U I I L . ~ ~ ~  oj' 011 I ~ ~ ~ ~ r i r u r i o r i o I  Doc~riir( irfu/ion S<'rvic~ ,/i)r rlic Bii i lr l ir i ,~ l r r ( l ~ i s / r ~ ~ ,  
notc by the Secretariat (Doc. H O U / B D / 6  Proc. Coiif. 1949, p. 78-91). 
ANI)I:L.. GI:RDA H. VAN, Coo/i(>r(lriurr in / / I (>  Fic~l(1 of' Re~pr~~( l i ic l ior~ UII</ Disrril)ir/iori ~ ? ~ ' D O ~ I I I I I ~ I I ~ U / ~ O I I  
Ctrrc1.s (Doc. I iOU/BD/WP2/4 - Proc. ConS. 1949, p. 1 17-121). 
ELIGENIO, C., Or,yriiii~uriuri of oii I I I I (~~I IUI~OI IUI  Ah~iru(.r ir~l( S('I,I.~(.C (Doc. HOU/BD/PW2/9 - Proc. 
Conf. 1949, p. 122-124). 
C ~ v o c ,  Rcsolutioiis piissed at ihc Lnternational Coiigres:j on Building Doc~iinentation, Paris, 1947, 
and Repori o f  the Mecting on February 27, 1948, iii Brussels (Doc. HOUjBD/WP2/7). 
GAIIUNEI~, A. L., Norc, oir i l i r  Bri/i.sli Ahs/rucl.s Jorirr~ul 'Biril(lirrg Sci<,ric(, Ah.r/rucls" (Doc. H O U /  
BD/WP2/8). 
GIEKTZ, L. M., Bliil(1irrg Do~~r i t11~~17f~i io11 iii SIL'C(/~,II ( Doc. HOU/BD/WP2/2). 
CUERIN, P., Tlie Ah.slrucliii&~ Ser~,ic(, for Periorlic(i1.s ur rli12 Tt~clirricul I/ i .c/ i / ir lc~for Brriltling UII(I Piihlic 
U'orks (Priris) (Doc. HOU/BD/WP2/5). 
MAIIE~EK, F., O r ~ ~ ~ ~ r i z ~ r / i o n  ~ ~ " U I I  Irr/errir~riori~I A h s ~ r e ~ e / i ~ i , ~  S S C ~ I . ~ C ~ ,  (Doc. HOU/BD/WP2/3 - Proc. 
Conf. 1949, p. 1 10--121). 
VLSTFL, L. ~ t ,  No/(, co~~e (~ r r i i ~ i g  /IIC I I I IP~I I ( I I~OI IU~ O r ~ ~ ( i ~ i i z ~ r / i o i i  OII Bnikliii,q D o c ~ ~ t ~ i ( ~ i i / u / i o ~ ~  (Doc. 
HOU/BD/WP2/6). 
Rc~c.~~trri~i~~iit lrrf iori~ f iw Brril(1iiig P ~ ~ h l i c ( ~ f i o ~ ~ . s  rrii(l Ofjiciul Biriltlii~g Piihlicurioii.~. Repori o f  Working 
Parties 516 ([>oc. HOU/BD,/IS - Proc. Conf. 1949, p. 47-53). 
ETTINGEK, J. VAN, A C(>iribiii(>(l Pu/>(,r reluririg io Curnlognr.s, Trtr(l(, Lirt,rcirirre uir(1Dciiu Slieers (Doc. 
HOU/BD/WP5/4 - Proc. Conf. 1949, p. 190-196). 
GARDNCR, A. L., TIIC Nurionul D i ~ ~ c ~ i ~ i i n ~ r i o n  oj' Piihli?:lr(~d 1iiji)rnruriotr oir Bail(liii,? (Doc. H O U /  
BD/WP6/2 - Proc. Coiif., 1949, p. 197-210). 
G~ULDEN.  G. I., Tlie U.sc of Filiris iir /Ire Biiil(1iirg Iirrlrixrr~~ (Doc. HOU/BD/WP5/3 - Proc. Conf. 
1949, p. 186- 189). 
HOLM, K. L.. Hoir.si~rg U I I ~  PIuni i i~~g I i ~ o r i ~ ~ u l i o ~ r  in //I(,  USA: Aii Oiriliiie ( Doc. HOU/BD/W PS/$'). 
LNTERNATIONAL ORGANIZAI-ION FOR STANUARDIZATION (ISO), Rvporr of Firrrli~igs. on rhe Srrhject i// '  

Forurul (Doc. HOIl /BD/WP5/2).  
M A R E ~ E K ,  F., Ofljciul Buil( l i~ig P ~ ~ b l i e u ~ i o ~ ~ . ~  (Doc. HOU,'BD/WP6/3). 
MÖLLER-SÖR~NSEN, P., R C ~ ~ I I I I I I ~ ~ I ~ < / U ~ ~ ~ ~ I S  fOr Brril(li~rg Pirhli(~urioir~: Porio(licu1.s (Doc. HOU/BD/  
WP5j5). 
VESTEL, L. nt, Puper relrriing ro Work ulrrtrrlj. uc(~o~i ip i is l i r~ l  i ~ r  Brl,yiir~ii (Doc. HOU/BD/WP5/6). 
VFSTEL., L. OE, R P ~ ~ O I I I I I I ( ~ I I C ~ U ~ ~ ( > ~ . T  f i)r Brrilclitrg Pirhlieorro~r.~ (HOU/BD/WP5/7).  
Tc~rniiiiologj~. Report of Working Party No.  7 (Doc. HOU/BD/13 - Proc. Coiif. 1949, p. 54-55). 
GOIIYNSKI, J., Note, 011 Tc~rtriinolog,~~ (Doc. HOU/BD/WP7/5 - Proc. Conf. 1949. p. 21 5-217). 
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Building Research Station, G~irstoii, Herts: Brril~lirrg Scic,rrcc, Ah.structs. and Brtil(1irrg Rrsetrrch Sttriion 
Di~rcst. 
Ministry o f  Works Library, Lrimbeth Bridge Ho~ise, Londoii, S.E. I : Accc~.s.sion Li. , / ,  Lihrtrry Br~llc,lirr, and 
Curr.solirltrtr<l Buil(1irrg R~qfi,rerrcr.s tu Arti~,lc,.s irr Prrio<li~~rrl.s. 
Royal Institute o f  British Architects, 66 Portland Place, Loiidon. W. 1 : R I B A  Lihrtrrjl BirIl<,titr. 
Leonard Hi l l  Technical Gru~ ip ,  I 7  Stratford Place, Loi-idoii, W. I : Brriltlirrg rligest. 

Finland 

Statens Teki-iiska Forskriingsaiistalt, Lönnrot inkat~i  37, Helsinki: Sec Scai-idii-iavia. cooperative enterprise, 
B~,yclitrr~rtrrrrr,  Brrilclirrg .4hstrtr<~i Srri,icc,. 

France 
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Central Scientific Centre o f  Information oi i  Building. 

German Federal Republic 

Dokuinentationsstelle für Baiitechnik, Stiittgart: Schrifitruitkurtei Barrive.se~~. Verlag Wilhelm Ernst & 
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Other reports 

Apart froiii the preceding general report. a number of otlier reports can be mentioned. 

1. TIie International Building Classification Committee (I.B.C.C.) presented a report 
entitled Recent rlt~veloptiirtits in huil~iing cla.c.cification. 

Tliis roneotyped report. which costs Swiss francs 5.-, contains a n  introduction by 
L. M. GIFRTZ, Chairman of the IBCC, and tlie following five TBCC reports: 

(a) The SfB systein, by E. NICKIAN. 
(b) A stiidy of building filing systems, by R. MCILGAARD HANSEN. 
(C) Bibliography of building classification, compiled by R.  M ~ L C A A R D  HANSEN. 
(d) Towards a composite classification practice within the building field. an  introduction 

by R. MOLCAARI) HANSEN On behalf of the IBCC team on building filing systems. 
(e) A building filing manual, recommendations for filing presented by DARCAN 

BULLIVANT On behalf of the IBCC team on building filing systems. 
The last item was separately introduced and is referred to below. 
Four co-rapporteurs presented reports that dealt in inore detail with specific aspects of 

the general report, orally. These oral contributions are now summarized. 

2. MR. DARCAN BULLIVANT, architect, United Kingdom, introduced A Builrling Filii~g 
Manual. A detailed survey is given in the report mentioned under ( I )  above. as well as in a 
reprint of the Arclritrct.~' Journal for September 17, 1959. 

The IBCC teani on building filing systems has completed a manual to guide practitioners 
in setting up a comprehensive filing systein in their offices and to enable producers of 
information to pre-classify their products in such a way and to give these such a form that 
they will automatically Iit into the practitioners' files. 

The recoinmended systein, which can be used for small personal as well as for large 
office filing Systems, is tlie result of a study of existing systems and of the conclusion that a 
universal systein which is widely used by special libraries, the UDC, should be used for 
classifying subjects of general knowledge, such as law, sociology. specialist engineering, 
science, etc., but that for the other sub-jects which form the practitioner's daily working 
knowledge and on which he has inost documents, a inore simple system, closely related to 
building practice, should be used. As such a system the SfB system applied in Scandinavia 
comes nearest to the requirements. Thus the new system is based siinultaneously on U D C  
and SfB. The tables of the manual provide two main groups, viz. one on "functional ele- 
ments and buildings", froin whicli the item "buildings" can be isolated as an  independent 
niain group for filing purposes, and one on  "general, building construetion and products". 
Each main group is subdivided into a limited number of groups all carrying simple 
notations. The idea behind this grouping is to Iiave a classification and filing system coming 
as near as possible to the actual process of thought of the practitioner in building. 

The obvious conipleinent to tlie system is the standardization and uniformization of 
documents, for which the report of Mr. BULLIVANT gives suggestions in line with earlier 
decisions of ClDB and CIB. An illustration finally shows how tlie suggested standard 
practice can work for a n  office file. 

3. Mr. I. KARLEN, Director of Svensk Byggtjänst (Building Centre). Sweden, dealt with 
the subject Availabilitj- ~f'clocunirnts and put great emphasis on  tlie need for a n  effective 
international system to render important existing publications accessible. 



El;change o f  literature ahstracts 

One means is the exchange of abstracts between CIB members. An abstract should 
firstly quickly enable its reader to  decide whether he wants to read the document referred to. 
Hence indicative abstracts are required rather than more elaborate but nlore slowly forth- 
coming informative abstracts. Abstracts may serve information centres rather than practi- 
tioners, who may use such centres as a source of information based o n  national abstracting 
activity and international exchange of data. The participation of such centres in a n  interna- 
tional abstracts exchange should be a relatively small - and hence not costly - con~plemen- 
tary activity to their national work. 

The common rules required for an effective international exchange should be applicable 
also to  the greatest possible extent to national activity. 

Methori oj'ahstracts distribution 

Central collection and distribution of abstracts is more costly and requires more prepara- 
tion time than decentralized exchange. As the market for abstracts is limited mainly to  
information centres, the financing of central publication would be difficult. Therefore a 
decentralized multilateral exchange is preferable. The task of coordination and stimulating 
the participation would be with the General Secretariat of CIB, which should take all steps 
to  make the exchange more and more valuable. 

Further inforrliation 

Apart from abstracts, information centres should also be enabled to supply additional 
information, obtained from their foreign colleagues in a form suitable for practitioners' use. 
It is certainly a task of CIB to establish a n  effective system of mutual exchange of informa- 
tion to this end. 

Rules und recomn?enrJations for ahstracts eschange 

With due regard to earlier decisions the following rules for production and distribution of 
abstracts are suggested : 

(a) Subject field: building and town planning. including architecture, housing, heating 
and sanitary engineering, social, legal and economical aspects; abstracts on civil engineering 
subjects to  be marked specially. 

(b) Selection - criterion: original and of international or regional value - may be made 
by a national committee. 

(C) Character: indicative. not informative. 
(d) Language: original and English (or French) at  the back. 
(e) Printiiig: o n  one side of paper (translation at  the back). 

(f) Format: DIN A7, even if space not fully utilized. 
(g) Classifcation: U D C  code at top left. 
(h) Cases of publication containing both domestic and international abstracts: foreign 

abstracts to  be specially marked. 
(i) Distribution: per participant 9 copies of each abstract to other active partici- 

pants. 
(j) Further information: exchange on basis of separate agreements. 
Apart from these rules the following recommendations are made: 
(a) Contents: brief and precise without abbreviations; characterizing the relevant docu- 

ment by one word: law, critical survey, research report, standard, etc.; first-hand results 
to be marked "original work"; author's authority and profession to be indicated; vague 
titles to  be clarified by explanatory paraphrase; number and nature of illustrations to be 
mentioned; literature lists to  be mentioned; in cases of documents on specific buildings. 
names of architect, structural engineer, etc., to be mentioned. 





"Neufert Bauentwurfslehre", "Mittag Baukonstruktionslehre" and "Brockhaus Dictionary". 
(e) As already mentioned in the main report on the present subject, it would be extrenlely 

uscful if the CIB Bulletin would give "Bibliograpliies on translations of building publica- 
tions", printed in two copies so as to periliit the establishment of alphabetical files and files 
according to subject. 

Fig. I gives an  example. National Documentation Centres sliould provide the relevant 
data to the CIB General Sccretariat in the form of small cards, as illustrated in Fig. 2. 
Only translations of good quality should be included. Publication of such bibliographical 
references would permit ( I )  those centres that iise thc original language to learn for what 
languages the relevant publication may serve translation purposes; and (2) those centres 
that use the translation to learn for what furthcr languages, apart from thc original, the 
relevant publication may serve translation purposcs. 

( f )  Alphabetic indexes greatly facilitate the use for translation purposes. Consequently, 
it would be very useful if CIB added such indexes to publications that have different language 
versions. TIie Congress book might be the first exainple, the more so as the Congress 
reports contain many technical terms. Each subject should be treated as a CIB monograph, 
so that 10 CIB monographs with alphabetic index beconie available. Tlie alphabetic index 
should then give, by nleans of a simple system of codes of reference, indications as to where 
a term is found in different language versions. 

(g) In the same way of simple indication by a code, one could imagine that CIB would 
select some well illustrated handbooks, etc., and publisli an alpliabetical index of technical 
terms. The effect would be that, with a minimum of effort, an  excellent technical dictionary 
would be provided in two Parts: 

(i) "systematic part", comprising tlie already published documents; 
( i i )  "alphabetic part", specially edited. 

624 - 30 
Hütte - Des Ingenieurs Taschenbuch. 
27. neubearb. Aufl. I I 1  Band. 
Mit 2086 Textabb.; XXIV, 1304 S. 
(Mit alphabet. Register) 
Berlin: W. Ernst & Sohn 1951 

Original 

624 40 
Hütte - Manuel de I'ingknieur. 
Traduit sur la 27e kdition allenlande. 
Avec 2086 fig., XXXVT, 1435 p. 
(Avcc la table alphabktique des matikres) 
Paris et Likge : Bkranger 1953 

Traduction 

624 8611862 
Hütte - lnienjerski prirutnik. 
Prevod 27. preradjenog nematkog izdanja. 
Kiijiga 111, 1 i 2 deo. 
Sa 706 1 1380 slika U tekstu; XXVII, 1512 str. 
(Sa azbutniin registrom) 
Beograd : Gradjevinsk a knjiga 1956, 1958. 

Prevod 

Fig. 1 



Hütte - Des Inge~iieurs Taschenbuch. 
27. neubearb. Aufl. 11 1. Baiid. 
Mit 2086 Textabb. : XXIV, 1304 S. 
(Mit alphabet. Sachverzeichnis) 
Berlin: W. Ernst & Sohn 195 1 

Hütte - Manuel de I'ingknieur. 
Traduit sur 13 27e kdition ällemande. 
Avec 2086 fig., XXXVI, 1435 p. 
(Avec la table alphabetique des matieres) 
Paris et Liege: Bkranger 1953 

Traduction 

recto 

Fig. 2 

Tlie systematic part would not be easy to handle, bul it need not be separately edited and 
would still give thc most authentic interpretation of each term. 

(h) However, by a larger effort of CIB rnembers it would be possible to arrive step by 
step at a niuch more condensed systernatic part of such a dictionary. 

On the basis of tlie ABC classification groups, sheets with technical terrns could be 
elaborated, thus establishing the necessary and logical liaison between terminology and 
classification. Standardized presentation of terms, interpreted by means of intelligible 
description, provided with illustrations would be required. Table I of the main report gives 
an  example. 

Translation and publication in exactly identical layout and adding an  alphabetical index 
would result in a n  excellent dictionary. 

(i) It is suggested that cooperative action by CIB members should be undertaken. CIB 
members should provide the necessary funds and engage the required experts to  elaborate 
drafts for the above-mentioned sheets in their own language and sirnultaneously in English 
or  French. They sliould then send these sheets for comment to all mernbers of CIB and, 
next, the sheets should be edited ultimately in key languages - at least English, French, 
Russian and German. 



To economize in costs of printing blocks and to provide bilingual dictioiiaries immediately, 
the sheets should ultimately be published in a bilingual way. For practical and geographical 
reasons it is suggested to have English-French slieets published by the linguistic centre for 
English in Rotterdam, with the assistance of English and French members, and to have 
Russian-German sheets published by the linguistic centre for Russian in Prague, with the 
assistance of Russian and German members. 

The overall coordination would be assured by the General Secretary of ClB, assisted by a 
commission of specialists (probably of IBCC). Members would receive the appropriate 
dictionary and could themselves add a text in tlieir owii language. 

( j )  Obviously. photographic reproduction would quickly permit the making of a four- 
language ClB dictionary as a book. Fig. 3 gives a schematic outline of a bilingual sheet. 
In the same way the pages of a four-language dictionary can be arranged. 

Fig. 

5. Mr. 0. STACH, Deputy Director ofthe Institute for Building Research and Architecture, 
Czechoslovakia, introduced the tlieme A net\ijork of lingui.stti inforniation centres. 

In order to canalize more and more the large flow of information it would be efficient if 
in each country one information centre were to assume the role of main building information 
centre, belonging to a standing international network of such centres. The accessibility of 
foreign information would. via such centres, be greaily improved. 



National centres 

Only bodies that meet high requirements, botli witli regard to their own professiona 
standing and constant toucli with the various groups of specialists and with regard to their 
linguistic capacities, could act as such national centres. 

Members of CIB in the saiiie country may decide which body is to assume such a role, 
either on its own or in cooperation with other national members. The task of each centre 
would be to select and translate relevant information and to send it to the otlier centres and 
to the CIB secretariat. Obviously, cach centre should, therefore, have staff that is not only 
liighly qualified in building and economics, but that has at  the same time a good working 
knowledge of the nlajor languages. 

Tlie network ~ o u l d  act on the basis of complete decentralization. Each centre would 
carry tlie costs of its own share in the work and would provide its results to tlie others free 
of charge. 

Accepting as a principle the supply of a maximuni of three copies to each centre the total 
edition pcr relevant documenl nlay gradually grow to some 100-1 50 in future. 

Rqional centralization 

If eile centre could assume thc above-mentioned task not only for its own couiitry but 
also for a wcll chosen and limited region, including a number of countries using the same 
"key language", the nunlber of centres of the network could be reduced, thus simplifying 
tlie work. In practice, there are such linguistic regions for English, Russian, French, German, 
Chinese, Spanish and also Swedish. 

The exchange betwecn regional centres would still require these centres to be able to 
work in some five languages. That is why it seems useful to select a minimum number of 
languages. each practicable in the highest possible number of countries. 

Kej, languagrs~for tirw rnain linguistic regions 

Most probably English and Russian are such languages, the first being known in a large 
number of C1 B member institutes and the second being used all over Easlern Europe. 

Application of ihis principle would result in a flow of data either to regional centres or  
directly to national centres in one of these two languages only. Since certain centres would 
not have sufficient linguistic capacity, they could together, in tlieir region, select one centre 
that has such capacity and that would care for translation and distribution in a regional 
language. As in this way a certain centralization is introduced the relevant centres ouglit 
jointly to decide on tlie division of tasks involved in the translation services, etc., of the 
regional centre on  behalf of all. The same would apply for the two regional centres working 
in tlie two key languages. 

If, during an initial period, one of these centres would have to provide translations into 
the other key language, the principle of rcciprocation of services could not be applied and 
fuiids out of the CIB budget would have to be provided for this work. 

In the above way the principle of "three language levels", elaborated in the general 
report, could be applied in practice. 

The coordination could be entrusted to CIB's central Organs, which would watch the 
application of correct principles and methods and the selection of irnportant subjects, and 
which would keep a central information file, edit a journal and special central publications, 
etc. Thus Progress could be made on the difficult road of international exchange of in- 
formation. 



Apart from those by tlie preceding co-rapporteurs, a separate comniunication was also 
presented by Mr. B. M. S K O R ~ V .  

6. Mr. B. M. SKOROV of thc Institute of Economics of the Academy of Building and 
Architccture, USSR, discussed Prohlrnls of intc~rnationul infi>rt~zution on huil~l ing. 

The fact of CIB's existciice resulted into two distinct trends in thc splicre oF international 
inforination : 

(a) inforrnation of CIB mcnlbers on its activities, 
(b) organization of international inforinatiori o n  building problems. 
(a) Definite decisions, nieriting tlie grcatest attention, Iiave been taken on the first 

matter, particularly the publication of a CIB informatiorl bulletin. This should be issued 
at  least quarterly and contain informatioii on CIB activities, on work by international 
congresses, commissions and individual meinbcrs of CIB, on experiences in organizing 
national information scrvices, etc. As tlie bullctin is rather small, i t  would be useful to  
organize the exchange of supplementary information. such as full scientific communica- 
tions, presented at meetings and coiigresses. These questions arc not new, but the rnattcr 
of language is. 

Following a decision of CIB's Executive Committec, it is planned to arrange for transla- 
tion of the bulletin and other documents that fall under the exchange Programme into 
Russian in the USSR on behalf of those countries that use Russian as a main language, 
while Czechoslovakia is to undertake tlie publication and circulation to countries where 
CIB has niembers. The general coordination of the excliange should be entrusted to the 
C1B Secretariat, the staff of which niay havc to be increased for this purpose. 

(b) Organizing an international information service is a more complex matter. 
The yearly amount of all sorts of publications is. according to 19561958 statistics. about 

100,000. Thus it is exceedingly difficult to locatc a required publication aiid even iiiore 
difficult to  keep up with new improveiiients reported in various publications. 

The prinie condition to solve tlie problem of mutual information in CIB is the sys- 
tematization of scientific knowledge and tlie unilication of building terrns. The sys- 
teinatization of scientific knowledge should be done in accordance with some uniforiii 
classification. As the IBCC is involved in this matter, it will not be discussed here. 

Until 1965 we shall have to use the ABC classification, though this does not rneet present- 
day requirements. Evolving a unified system of building terins is rnore coinplex, aiid here 
present activities are of a n  inadequate scale. According to earlier suggestions. the first 
step should be to take stock of terms in current use. Then these terms should be distributed 
to CIB members for checking and, where necessary, supplenienting the stock. Next a 
working conimission sliould exainine and approve tlie stock and collcct proposals from 
all inembers regarding the terms in the respective divisions assigned to them. Following the 
classification of the coinposite stock, the terms should be published in the order of classifica- 
tion in tlie languages of all countries where CIB has rneinbers. At the initial stage this 
document may serve as a good multilingual building dictionary. 

At the second stage each niember should formulate tlie definitions of the terms assigned 
to  them and a general terminological dictionary may be compilcd. This work is time- 
consuming and could be coordinated by the above-meritioned coinmission. 

In order to arrive at a flexible form of a mutual information service in CIB, keeping pace 
with new printed publications, tlie following suggestions are made in the spliere of exchange 
of abstracts. 

In each country a inember should systeinatically prepare brief abstracts on building 
literature. There should be no restrictions of length, form. etc., so that each meinber can 
follow thc way tliat suits hiin best. A mandatory condition, Iiowever, is the good quality of 
tlie abstract. Abstracting of literature that has a reference nature. such as standards. technical 
speeilications, etc., is first of all desirable. Each participating meniber should publish tlie 



abstracts in a sufficicnt nurnbcr of copies to circulatc thciii to all CIB niembers. preferably 
rnonthly. or bi-inonthly or, at least. quartcrly. 

Evcry country could frecly translate thc abstracts received and distribute them in any 
form. Thus the costs of thc work would be autoinatically distributed proportionally anioiigst 
the countries. 

Besides this, working conimissions could also arrangc for cxchanges of techriical doc- 
uiiientation o ; ~  specifc problems. Sirnilar exclianges ought to be arrariged in tlie sphere of 
rcscarch w.ork undertaken in difTerent couiitries. Here abstracts on results of coinpleted 
rescarcli projects inay serve. It would also bc expedient to organize excliange of inforrnation 
on building exhibitions, coi-igrcsses, etc., both 3-4 rnonths prior to their opening as well as 
after thcir conipletion. 

Tliese targets oiily cover the initial Stage of the work to bc done. Otlier forrns of exchai-ige. 
such as excursions to currcnt projects, researcli cciitres, etc., and technical f lms should also 
bc undertakeii. Today these activities are conlincd to iriternatioiial congresses. They should 
iiot be liniitcd to conferences but niutual iiivitations on a wider scalc should thus lead to a 
live foriii of rnutiial ties. substantially broadeniiig international contacts. 

Further to the verbal introduction of most of thc preceding reports other contributions to 
thc discussioi-i can be incntioned. 

A N A L Y S I S  01: N E E D S  

Mr. S. R.  A L U N D  (Sweden) draws specific attention to tlie fact that thc realistic basis of 
building up any iiiforrnation activity ought always to bc a corrcct insight into the dcmand 
for inforination by thc various groups of specialists and in tlie inccting of this deniand. An 
indispensiible starting point is consequently a syste~iiatic rnarket analysis in this respect. 
Although such a niarket analysis is prirnarily a matter of national coiicern a certain rneasure 
of international cooperation would be valuable in ordcr to  bencfit from thc comparison of 
the results obtained at national levcl in this rcspect. 

Mr.  L. M. GIIIRTZ (Sweden), one of the iriaiii rapporteurs, gives explanatory cornnient 
o n  tlie material displayed at thc occasion of tlie Congress in a small special exliibition. Tliis 
exhibition shows various types of existing docuinents and rcference documents, thus rnaking 
it extreniely clcar what type of problems the practitioncr receiving all these docunients 
faces with rcgard to Storage and retrieval. 

A filing equipment developed by Mr. GIERTZ hirnself and referrcd to in tlic report, 
entitled "A building filing inanual" is also sliowii in tlie exliibition. 

Mr. S. E. LUNIIBY (Norway), referring to the suggestions with regard to training of build- 
ing docurnentalists as prescnted in the gcneral report and prepared by Miss C L A R A  MÜLLER 
(Federal Gcrinan Rcpublic), expresses doubt on whcther or  not this training is at all a 
rnattcr of international concern. Miss ML~LLER explains that, in her opinion, tlie basic 
training of documciitalists is iiidced a matter of national concerii, but that in the specializcd 
trainirig that Iias to follow, an additional, iiiternational eleinciit, ct.g. by ineans of special 
seminars, could be valuable. 

Mr. A. B. AGAKII EVANS (United Kingdorn) suggests that i t  would be valuable if CIB were 
to organize. about every other year, a seininar for building documentation. 1s it not a 
spccific task for CIS  to arrange for the coinpilatioii of a lhandbook on building docunienta- 



tion? One could, in point of fact, thiilk of two books, one of whicl-i would be made to meet 
the specilic requirements of less developed countries. 

O R G A N I Z A T I O N  O F  A N  I N T E R N A T I O N A L  B U I L D I N G  I I O C U M E N T A T I O N  S E R V I C E  

Mr. 1. KARLEN (Sweden), referring to the proposals for the organization of an internation- 
al documentation service presented by the President of C1B to the Housing Committec 
of the United Nations, thinks that the different views expressed at  the present Congress 
clearly point towards a different solution. Hence Mr. KARLEN would like the relevant study 

Iiews. Comrnission to reconsider the matter in the light of these 1' 

A N  I N T E R N A T I O N A L  C H A I N  O b  I N I . O R M A T I O N  C E N T R l i S  

The significance of a standing network of inforination centres being recognized, it is 
decided that a srnall cornrnission, cornposed of Messrs. J .  VAN ETTINGER,  I .  KAXLEN and 
0 .  S T A C I I ,  will be established in order to study the practical organization of such a chain of 
centres and to forward relevant proposals to C1 B. 
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HEAT INSULATION AND MOISTURE EFFECTS 
UDC 699.86 : 699.82 
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Laboratory studies on heat insulation and moisture 
effects and their practical application UDC 699.86 : 699 82 

H. R E I H E R  

Direcror Q/' rhr "lti.rt;~irr fiir Techwischr Physik" ( Federal Repuhlic qf Geri~iaiiy) 

In tlie U.S. the inedical treatment and care of patieiits suffering from rheumatisni (5 per cent. 
of the population) costs about 900 million dollars yearly. In 1955, 190 niillion working 
hours wcre lost as a consequence of this disease. About half the number of cases are caused 
by danip houses and working roonis. Fifty per cent. of all allergic affections of the respiratory 
systein arc caused by dust in houses, produced aniong other things by destruction of organic 
matter through biological organisms (which readily multiply, especially in damp buildings) 
and their Spores. 

From these facts alone it will be understood how Iiarinful excessive dampness in buildings 
may be. This made it necessary to  engage on a study of the probleins connected with 
danipiicss in buildings in order to lind suitable methods of eliminating the daniage done by 
moist building niaterials. The fact that probleins of this kind in houses and workiiig roonis 
are rnore frequent today than they used to be before should be ascribed to  the lighter 
buildiiig constructions used and the niore intensive use of modern dwellings. Thus recent 
investigations covering more than 700 occupied rooms in modern houses showed that 
30 per Cent. of tlie bedroonis and 28 per cent. of the kitchens showed daniage due to damp- 
ness caused by inadequate planning, faulty materials or constructions and unsuitable 
Iiabitation. 

Apart from the liygiene of problerns associated with this situation, modern liousing also 
involves coiisiderable ecoriornic problems, such as that of efficient heating. 

In Gerniany about j of the quantitics of fuel produced in the country are used for 
domestic Iieating purposes, and conditions are siniilar in other countries. Therefore any 
savings in fuel consumption eiTected by drier and consequently better heat-insulatiiig walls 
mean both private and pu blic economic advantages. 

In many European and non-European couritries tliese dangers have been recognized 
during recent years and extensive investigations in laboratory and practice are being carried 
out in order to reduce moisture penetration in building elements - particularly the exte- 
rior walls - of residential houses aild thus to ensure healthy clirnatic conditions in these 
houses. 

Extensive studies. partly in the form of laboratory investigations and partly in the 
form of long-term comparative tests with traditional houses (e.g. on test sites in England. 
France, Norway, Switzerland, Germany aiid various countries outside Europe) have been 
carried out to examine the effects of climatic conditions (especially heavy rainfall) aiid of the 
habits and intensity of living in these Iiouses on moisture conditions of exterior walls and 
indoor air. 

In order to gain a genei-al insight into the problem of the influenee of huniidity on heat 
insulation by building elements we will niake a selection from the niany data collected from 
practical experieiice, laboratory ai-id field tests that ai-e already availablc. 

This study will include: 
I. Directions aiid regulations on heat insulation issued for the building trade, cspecially 

residential building; laboratory test results and their evaluation. 
2. Experience gained in actual practice and fronl field tests in "artificially inhabited" 

test houses and with test walls constructed by traditional methods. 



3. Measures taken to keep outer walls dry and consequcntly to crcate a hygienically 
sound room atmosphere. 

D I R E C T T O N S  C O N C E R N I N G  H E A T  I N S U L A T I O N  

In order to ensure specific hygienic conditions in  dwellings built with subsidies from public 
authorities, mainly under social housing schemes, it is nccessary to observe certain heat 
insulation figures for external construction elements. 

These figures, which were derivcd from practical experience and laboratory investigations, 
are laid down in most countries in ofticial regulations and standard specilications (sce 
referenccs). Hcat insulation standards for various building elements in force in some ccntral 
European and iiorth European couiitrics (Sweden, Deniiiark, England, Holland and Ger- 
many) are listed in Tables I and 11. Tlie German figurcs correspond to tliose in force i n  
Austria and Switzerland witli niinor deviations (Bundesministerium für  Wohnungsbau, 
1959). 

A comparison of these figures shows in what mannei- tlie varying climatic conditions 
(from a coiitinental climate to an occanic cliinate with the gulf stream) affect the heat insula- 
tion measures to be taken i n  the countries mentioned. In Deiimark. England and Holland 
it is sufficient to lay down a few mininium insulation values which are valid for the entire 
area. In Sweden and Germany the variation in weather conditions makes it necessary to 
divide the country into several districts. In France. Austria and Switzerland minimuin heat 
insulation values are adapted to local climatic conditions and show wide variations. 

Thc ininimuin values laid down i n  these regulations and standards for heat insulation, 
D - I/A (m2h"C/kcal) (from wall surface to wall surface). and for heat transmission 
k(kcal/m2h"C) (from air to air), are established from practical experience of thc need to 
prevent condensation of water vapour on interior wall surfaces and from laboratory data on 
heat transinission characteristics of building materials. 

In the German standard specification DIN 4108. for instance, the influence of the averagc 
moisture content establishing itself under praetical conditions in building inaterials has 
been taken into account in that the heat transmission values corresponding to actual 
moisture contents are used in calculating the wall thicknesses required to provide the 
necessary heat insulation. It remains to be verified by laboratory and field tests to what 
extent thesc assumptions correspond to modern practice. 

In formcr housing practice tlie observation of these minimum requireinents has, in inost 
instances, resulted in satisfactory cliinatic conditions in  living and working spaces. At least 
tlie percentages of damage caused by dampness in  houses werc low and inostly to be ascribed 
to faulty construction and unsuitable liabitation. With tlie introduction of modern building 
and insulating inaterials in house construction - especially liglitweight constructions - the 
exterior walls are affected to a grcater extent by weather conditions, primarily heavy rainfall. 
As a consequence, tliey lose a considerablc part of their hcat insulating properties. In 
addition, the exterior walls of many comparatively new dwcllings built under social 
Iiousing schemes absorb excessive moisture due to ovcrcrowding. 

R E S U L T S  O F  F I E L D  T E S T S  O F  " A R T I F I C I A L L Y  I N H A B I T E D "  

H O U S E S  W I T H  T R A D I T I O N A L  W A L L S  

Most field tests simulating actual practice intended for iiivestigating the relationship 
between heat insulation and moisture conditions or Iiumidity in wall materials and indoor 
air are carried out on test objccts placed i n  the Open air and exposed to various weather 
conditions. In these test roomi "artificial habitation" was created by suitable hcating, 
inoisture development and vcntilation corrcsponding to tlie living habits with intermittent 
heating as is usual in dwellings built under social liousing schemes. In this conncction it is 





P - - P - - - - - - - - -- - - 
P - 

Deiiniark Etrglaiid Hollaizd Gennaily 
P- P P P - - P P P - -- P 

Heat iiisulafroii Heut rnsirlation 
C l a s ~  - Class - - 

IV 111 11 I I 11 111 

Wood ceilings under unheat- Ceilings between sto- 
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1 Over open air 0.45 0.45 0.35 0.35 
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attenipted to carry out tliesc investigations at tlie saine time with the greatest possible 
number of test houses built according to the standards set for tliem and preferably built 
from all usual building n-iaterials by all existing building methods, so that the same climatic 
conditioi-is and habitation of the Iiouses arc ensured for all test objects. 

The experiments cari-ied out during tl-ie last six years with the cooperation of the German 
Ministry of Housing, building associations and the building industry on 25 of such test 
houses on a site near Holzkirclien, in conjunction with eomparative observations in occupied 
dwellings in the so-called "Alpenvorland" (at an altitude of between 900 and 1,800 feet) 
resulted in certain coiiclusions on the mutual influence of heat and moisture conditions in 
exterior walls and iiidoor air. The results of tliesc investigations are of great value sii~ce tlie 
dimensions of exterior walls were chosen in coriforinity with DIN 4108 standards for heat 
insulation class I I .  while latcr the incteorological station in the region in question stated 
that this region belonged to hcat insulation class III. Some data from these investigatioi-is 
that are considered usefiil to  our study will be given liere (Reiher rt al., 1958). 

In almost all test houses it was found that owing to different exposure to climatic coi-idi- 
tions there were considerablc differences in moisture content of similarly built exterior 
walls facing different directions. The moisture content oE exterior walls facing the weather 
side (in Holzkircheii, the West walls) as a rule was a multiple of that of the otlier exterior 
walls (Figs. 1 and 2). The resultant decrease in hcat insulation caused differences in ten-ipera- 
ture of the interior wall surfaces (Fig. 3) and, consequently, differences in condensation of 
water vapour from the indoor air. I i i  Corners behind large pieces of furniture this led to 
increased moisture content of the plaster and mould formation (Fig. 4), particularly in 
unventilated or  iiisufficiently ventilated rooms (bedrooins) and in roon14 witli a Iiigli air 
huniidity (itisuficient heating ai-id ventilation in kitchens and bathrooms). 

0 4 B 12 16 20 24 28 32 36 

Outside Wall thickness (cm) Inside 

Fig. I .  Variation in rnc~isture contcnt of thc north 
and West wall oi'a house built of 38-cni solid bricks. 
Tcst period from December, 1954, to  March, 1955. 

West wall Corner North wall Outside Wall thickness (cm) Inside 

Fig. 3. Variation in teiriperature of the inner sur- Fig. 2. Variation in iiioisture content of the 
face of the west and north walls of a test house north and west walls of a house built oF 24-cm 
built of 38-cni solid bricks (indoor air ternperature solid pumice-stone concrete bricks. Test period 

1- 20" C; outdoor air ternperaturc - 2' C ) .  from December, 1954. to March. 1955. 



A certain relationship was observed betwcen moisture contents of wall niaterials, interior 
plaster and iiidoor air, so that in many instances thc moisture colitent of the plaster could 
be taken as a measuring rod for hygienic conditions (Fig. 5 ) .  A clear picture of the relatioii- 
ship between heat and moisture conditions over a long period \4as obtained by observations 
made in two test houscs as showri in Figs. 6 and 7 (outdoor and indoor air temperaturcs, 

Distance fron NW corner (rn) 

Fig. 4. Variation in tempcrature »f iiiteric~r plas- 
ter on  West a i ~ d  north walls »f h»use G 7 (25-cm 
solid sand-lime bricks), 1.20 rn above floor level, 
nieasured a t  two ditrerent dates during habitatioii 
tests according to  schedule No. 3. A soli-board 
sheet was placed against the north wall to simulate 
rt cupboard. The variation in ternpcratiirc (average 
outside temperature measured on  2.2.1954: - 
13.4" C)  demonstrates the considerable decrease in 
wall tempcrature in thc north-west corner and 

behind the ciipboard. 

Fig. 5. Relationsliip between relative huinidity 
establishing insidc thc house arid iiioistiire content 
of internal rendering (niairi values of nieasure- 
nyents of moist~ire coiiterit i r i  plaster in north and 

wcst walls) rit the erid of test series 6, 1955. 

Fig. 6. Variation of outdoor rind indoor temperatiires, north wail teniperatlirc, relative air humidity and 
differential vapour pressure pl, - p s  for free north wall and north wall bchind clipboard in a test house 
biiilt of 38-cm solid bricks. The difference between actiial water vapour pressure of the air and the prcssure 
of  saturated writer vapour (PI,  -PS) at the given wall tcmperature is a measure of the risk of condensation. 
Coi~dei~sa t ion  will take place when p,, - p ,  has a positive valuc. Mcasurenierit of outside temperature 
fluctuatioils allows ;i comparison with the vario~is  fl~ictuating values iriside thc rooni. i.c. :in cvaliiation ol'the 
thermal stability of the construction. Test period from 17.1 to 17.2.1954. Iiitermittent heating. From 

February 1 t o  5, 1954, the room was also heatcd diiring the night with 2 kW. 



average teinperature of interior wall surface, air Iiuinidity, vapour pressure at  the free wall 
and behind furniture. inoisture content of plaster). From the variation in vapour pressure 
tlie probability of condensation can be established (positive values). 

A mould test lias proved a reliable test in establishing poor insulation and excessive 
moisture content (Fig. 8). In these tests, suspected wall areas are coated with a substance 
which promotes the growth of mould in cases of insufficient lieat insulation and excessive 
water on the wall surface. 

Fig. 7. Variatioii of outdoor and indoor temperatures. North wall temperatLirc. relative air huniidity and 
differential vapour pressurep,, - p s  for free north wall and north wall behind c~ipboard  in a test ho~ise  built 
o f  timber franiing wich lightweight wood-wool board. The difference between actual water vapour pressure 
of thc iiir iind the pressure of saturated water vapour (PI,-PS) at the givcn wall teniperature is a measure 
of the risk of condensation. Condensation will take placc when pi, - p.9 has a positive val~ie. Mcasurenient 
of outside temperature fluct~iations allows a comparison with the various fluctuating vril~ies insidc the room, 
i.e. an evaluation of t l ~ e  thermal stability of the construction. Test period from 17.1 to 3.2.1954. Interniittent 

heatii-ig. From Februriry 1 .  1954, the roon-i was also heated d~i r ing  the night with I kW. 

The experimental determination of average moisture contents and average heat trans- 
inission values of west walls exposed to rain and north walls not exposed to rain, which was 
carried out in most test houses, showed that the heat insulation standards laid down in the 
regulations (e.g. DIN 4108) were not sufficient in those cases where the exterior walls were 
not protected against increased water penetration under rainfall and excessive water 
vapour condensation on the inside (Table 111). 

These data from field tests with artificially inhabited houses were completed with numer- 
ous measurements in occupied houses (Fig. 9) arid with data from recent systematic labor- 
atory investigatinns of conventional wall constructions, sponsored by the German 
Ministry of Housing. According to data so far obtained with brick, sand-lime brick and 
puinice-stone concrete walls (Fig. IO), a n  increase in moisture content of 1 per cent. by 
weight results in a n  increase in average heat transmission coefficient of the wall of 20 per 
cent. for brick, 12 per cent. for sand-lime brick and about 2 per cent. for pumice-stone 
concrete. It is, therefore, not surprising that exterior walls exposed to heavy rainfall are 
very often lacking in heat insulation properties, altliough their diinensions correspond to 
tlie set standards. 
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Fig. 9. Variation in moisture content «f exterior 
walls o l  occupied houses built o f  24-cm upright 

Fig. 8a. M o ~ i l d  tcst: Wall wit l i  poor herit ins~ila- hollow blocks near Holzkirchen. Thc external ren- 
t ion; mould formation on the entire wall arca cov- dering the ir.easureinents 3,4 arid j 
cred with a n~i t r ient  medium. lnsanitary conditions. takcn in places showcd fine hair 
Additioiial heat insulation o f  walls and corners is The shaded section relers to the moist~ire contents 

req~iired. meas~ired on the walls o f  the Holzkirclien test ho~ises 
b ~ i i l t  froi i i  25-cm hollow blocks (honey-comb pat- 

tern) and 25-cni hollow blocks (grid patterii). 

sand-lime bricks and hollow blocks 

----- pumice-stone concrete bricks and 
hollow blocks 

solid bricks 

Fig. 10. Average heat transmission coefficient o f  
Fig. 8b. Mould test: wall and coriicr adequately walls built o f  different kiiids of inaterials, ciz. sand- 
hcat iiisulated. N o  inould formation on the areas lime bricks and hollow blocks; puiiiice-stone con- 

covered with iiutrient i i iedi~im. crete bricks and hollow blocks; solid bricks. 



T A B L E  111 

HEAT INSULATION V A L U ~ S  FOK NORTH AND w E s r  WAI.I .S  OF T t s r  HOUSES HUILT ON BEHALF OF  TH^ G ~ R M A N  

MINISTRY OF HOUSING 

F2 Solid brick 

K6 Solid brick 

N 42.0 

F4 Solid sand-lime brick 

W 42.0 

N 41.5 

K2 Single-gram concrete 

W 41.5 37.5 1570 1.15 1.8 0.313 0.31 1.44 
0.310 

0.765 
N 28.0 24.0 840 9.8 8.2 0.753 0.76 0.35 

G5  Pumice-stone concrete 0.768 
bricks 0.620 

W 28.0 24.0 840 13.5 11.3 o,630 0.62 0 42 

0.91 5 
N 19.5 15.0 730 11.0 8 0 0,885 0.90 0.18 

H6 Porous concrete 
0.580 

W 21.5 17.5 730 40.0 29.2 o,576 0.58 0.33 

Among the essential results of the comparative field tests on the relationship between 
moisture content and heat insulation in building elements may be mentioned the explanation 
of the following main causes of excessive water penetration in part of the exterior walls: 

(a) Fast penetration of rain through external rendering and slow drying, caused by 
unsuitable rendering material whose technological properties and moisture controlling 
capacity are not adapted to the properties of the building material used for the walls. 

(b) Excessive condensation on the walls due to low temperatures at the wall surface and 
excessive humidity of the indoor air caused by inadequate planning (e.g. short-time heating 
from adjacent rooms) and by unsuitable habitation (insuficient ventilation with unheated air). 



It is tlie objeet of various building research stations to  cliininate these two rnain sources 
of trouble (Caniiiiercr, 1939; Kreüger, 1924; Krischcr, 1956). At tlie test site near Holz- 
kirchen, for iristarice, an  experimental project is uscd in wliicli test walls niade of different 
building materials witli different kinds of rendering and tlie sanic type of indoor plaster on  
tlic west walls (exposed to raiii) aiid the east walls (not exposed to rain) of an  experin~ental 
building placed in N-S dii-ectioii could be Iieatcd (Figs. 1 I and 12). This allows the cffect 
of licavy rainfall aiid the influcnce of plaster aiid wüll material on  iiioisturc penctration in 
tlie west walls to be deterinined. 

Fig. I I. Tesl hoiisc o n  Holzkirchei i  test site for  niakir ig coiiipärative Lcsts will1 plaster: ii isidc view. 

Fig. 12. Tcsl hoiise o i i  Hol rk i rchen test site Tor i i iak ing coiiiparative lcsts wi th plaster; part o f  wcst 
exierior wall  wi th bui l t - in  test pieces. 

The results of thcse measureincnts of water absorption by west walls and the correspoiiding 
behaviour of east walls as shown iri Figs. 13 (a. band C).  t l ic effect of a waterproofingconi- 
pound added to nornial rcndering as sho\j!n in Fig. 14. and tlie pcrformance of sucli a 
waterproofed rendering over a period of several years, as shown in Fig. 15, seem to confirm 
the experience ninde repeatedly in actual practice tliat onc and tlie same kind of rendcring 
is not suitable for all kinds of buildiiig iiiaterial and that high-grade plasters with suitable 
additions of waterproolii-ig agents may allow cven tlie weatlirr-exposed walls of a house 
to be kept dry. However, it is not yet possiblr tu draw a Iinal conclusion on tlie various 
modern types of rendcring and watcrproofing agents. espccially as fas as their durability 
is concesncd, or to establish a positivc relutionsliip between rendering and wall building 
material in accordance with thc requiremcnts of dainp coiiti-ul und of thcir technological 
beliaviour. until profouild iiivestigations have bccn inadc ovcr a long pcriod. 



Fig. 13a. Variation i r i  riioist~irecontent in test walls built of different rnaterials finished with the same kind 
of plaster (west walls, exposed to rain): lime plaster on Ytong. crushed brick, hollow blocks, solid sand-lime 

bricks and p~iniice stone-concrete. 

Firsf cout qf plustcr 17ini.c.li cout ofpkustri 

Cenient 1 Ce,iient 0 1 
Hydrate of white I i r e  2 Hydratc of white Iinie I 
Sand 9 Sand 3.5 

- 

(All figure5 are parts by volunie) 

Fig. 13b. Variation in rnoisture coritent in test walls built of different niaterials (east walls, not exposcd t o  
rain): liiiie plaster ori Ytong, cr~ished brick, hollow blocks, solid sand-lirne bricks and pumice-stone concrete. 

Firsl COU/ o/'plus/rr Fi~iisli C ~ L I /  ofplusfer 

Cement 1 Cement 0.1 
Hydrate of wliite lirrie 2 Hydrate of white linie I 
Sarid 9 Sand 3.5 

(All figures arc pnrts by volunie) 

R E V I E W  O F  M E T H O D S  O F  P R O T E C T I N G  E X T E R I O R  W A L L S  

A G A I N S T  M O I S T U R E  A B S O R P T I O N  

The data on investigations concerning tlie water absorption by exterior walls through rain 
and through indoor air hurnidity that are so far available - from which some essential 
aspects have been dealt with in the foregoing pages - may be expected to be incorporated in 
a range of regulations aimed at the prevention of trouble due to dampness in dwellings, 
especially i n  respect of planning, construction and habitation of houses. 

P L A N N I N G  

( L )  All Iiabitable rooms should be hertted either individually by a single heating unit 





Fig. 15. Variation witli tiiiie oi'avcrage moist~irecontent  in west walls huilt of  p«roLIs concrete with d i fe r -  
cnt kiiids oi'plaster (comrrion plaster niid special type faciiig plaster). Mens~ired quaiititics of rniii per inonth 

per I sq. rn oi'wi.est wall nrea. 

( I )  Careful selcction aiid preparatiori of jointiiig mortars and plasters. The tcchnological 
properties, Iieat insulating and iiioisture control characteristics of jointing inortars and 
renderings should be adapted to tlic wall materials used, sincc otlierwise the drying of the 
exterior walls would be hampered. (Deiise and Iicavy jointing mortars used on properly 
heat insulating bricks may cause cold spots and hair cracks between mortar and bricks; 
dense external renderings whicli are not adapted to tlie wall material and therefore niostly 
develop cracks, reduce the moisture control characteristics of tlie building material.) 

(2) External renderings used oii weather-exposed walls require particular attention to 
their compositioii and application. They shciuld prevcrit the penetratiori of heavy rain but 
not iinpede the transmission of danip from inside to outside through the wall. Approved 
special plasters (facing plastcrs) and suitable prooling agerits should be uscd to ensure a 
lasting cRect. 

(3) Exterior walls niade of capillary materials exposed to the weather (mostly west and 
north walls) should be thicker aiici provide better Iicat insulation tlian tlie other cxterior 
walls and should correspond to the next higlier heat insulation class because water 
penetration into the walls cannot be prcvented by a suitable exterior plaster or otherwise. 

(1) No large pieces of furiiiture like cupboards or bcds sliould be placed againrt exterior 



walls faciiig nortli and thosc esposed to wind and rain since dainp patclies and inould are 

liable to form behind them. 
(2) Habitable rooms, particularly bedrooms aiid kitchenettes, should at least be slightly 

heated in wintertinie by tneans of tlieir own licating applianccs. bccause in casc of heating 
by draught air froni adjaccnt rooms there may bc serious condensation (or even ice forma- 
tion) on cold walls and picces of furniture. 

(3) Living spaces, particularly bedrooins and kitehens. should be repeatedly veiitilated 
evcry day to prevent excessive dampness collecting in ihern. 
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Directives and standards for heilt insulation of buildings 
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Heat transmission through masoni-y walls : Measure- 
ments carried out at the Norwegian Building Research 
Institute's wall laboratory in Trondheim uDc 699 86: 69.022.3 

A. T V E I T  

Norwegiun Bui l t l i~~r  Ri,seurcli f~i.t i itr~te (Nor~vuy)  

Tlie Norwegian Building Research Institute has since 1950 performed a series of investiga- 
tions concerning the heat transmission through various types ofwalls. Tlie Iirst experiments, 
comprising measurements of the thermal transmittance values (U-valuec) for frame walls 
with mineral wool insulation, were carried out in occupied dwellings 1. Ac the measurements 
sometimes had to be carried out in rooms used by the occupants, difficulties in heat flow 
deterniinations arose owing to unstable temperature, etc. Experience from those measure- 
ments led to the design and construction of a special wall laboratory in 1953-54. This wall 
Iaboratory was erected by the Norwegian Building Research Institute and rinanced by the 
Institute and the manufacturers of the variouc building and irisulation materials. as well 
as by other interested parties. 

It will be seen from Fig. I that the wall laboratory is a long low building. about 3.5 m 
wjde and with a total length of 29 m, including a room for recording instruments. Partition 
walls divide the laboratory into small rooms, each room llaving four or six test panels, 
1.3-1.5 m wide and 3.0-3.2 m high. The roof is of wood, insulated with miiieral wool and 
covered with biturnen felt. In  the six northern roonis the floor is an insulated concrete slab. 
In  the other rooms the floor is of wood insulated with mineral wool. The test panels are 
separated from one another, so that each wall is easily removed and a new one put in. The 
roonis are heated by thermostatically controlled electric tubular heaters placed in the middle 
of the floor, and there are devices for controlling the humidity of the air in all rooms. 

g Eg:::: F:::;: z: ZDI: :E:::::: b;% with addtional cladding and inrulation 
m l i g h t w e g h t  r o n r r r t r  r a l l r  
m l i g h t w e i g h t  concr r te  r a i l r  w i th  rx te r io r  cladding 

e m c i v r t y  br!ck r a l l r  

Fig. I .  Plan of thc wall Iaboratory. 

The longitudinal axis of the house is orientated approximatcly north-south, so that the 
test walls. which are placed side by side along the length of the house, face either ENE o r  
WSW. The space around the wall laboratory is Open, so that all tlie test walls, practically 
speaking. have no protection against wind and weather. The West walls are subjected to 
severe winds and driving rains but tlie east walls are not, because of the climatic conditions 
in that location. The amounts of driving rain from the different directions are showii on 
Fig. 2. Tlie values are meari values of daily observations over a ten-year period. The West 
walls receive, however, niore direct solar radiation than do tlie east walls. To  deteriuine the 
influence of the climatic conditions and the orientation of the walls on the heat loss, the 
two opposite test panels are practically always identical, e.g. panels I and 36, Fig. 1. 



The heat loss through the walls is usually measured by mearis of theriiio-clcctric heat- 
flow meters on the inside face of tlie wall. In roonis with high relative humidity, special 
hot boxes are used. For solid walls, the heat flow is measured only in the middle of the wall; 
Tor walls with cavities, heat-flow ineters are used over thc total height of the wall. 

Fig. 2. Distribution of driving rain nerir the wall laboratory. Yearly average values during the ten-year 
period 1943--53: no r~h ,  1387 rnni (3OU,): east. 329 mrn (7",:); soutli, 2124 rnrn (46",): West, 4549 rnrn  

(10O0i,). 

Each heat-flow meter is recorded 1 6 1 7  tirnes per day by nieans of recordinp potentioni- 
eters. Tliis is also done for all ternperatures measured either by thermocouples or resistance 
tlieriiiorneters. For the daily control, all roon-i temperatures are read from rnercury therrnom- 
eters. A rneteorological screen equipped for rneasuring the huniidity of the air, niaxirnum 
and n-iinirnum temperatures. etc., is placed outside the wall laboratory. The vertical pre- 
cipitation and the amoui-it of driving rain are rccorded daily, while the wind velocity is 
rccorded coiitiiiuously. 

The first walls [hat were tested were 24 walls of hollow concrete blocks (Fig. 3). These 
test walls werc coiistructed in the sumnicr of 1953. To ensure a workmanship tliat would 

Fig. 3. Vertical cross scctioiis of thc tcst paiiels. a. Cavity brick wall (Cnvity fillcd with insulation iiinterial), 
b. Cavity brick wall ICavity partly filled with iiiinernl wool ins~~latiori), c. Brick vcnccr wall, d. Test panel of 

lightweight concrete, e. Test paiicl oi' hollow coiicrete blocks. 

cori-espond to practice, tlie construction of tlie walls was left to a inason contractor. Tlie 
blocks used were of tliree different types dclivcred froiii tliree differcnt factories. Cornmon 
to theiii aII was that tliey Iiad ninc rows of 0.8 cni air spaces arid dimciisions of about 
30 15 2 25 cni. The bulk density of the material i i i  thc blocks was about 1700, 1800 aiid 
2000 kgsicu. 171 for the different qualities, corresponding to block weights of about 1400, 
1500 and 1700 kgicu. m. 

All tlie walls were rendered both on the iiiside and the outside. The thickness of the 
rendering was 1 5 2 0  nini. As an  attenipt to try to evaluate the iiifluence of tlie mortar joints 
on the heat ilow, the joints were varicd both with respect to tliickiiess and workmanship. 
The regular types of joiiits, such as completely flled joints and joints with two or three 
mortar strips, were used and in a couple of walls there were completely Open vertical joints. 



Tlie measurements were started a year after tlie walls werc constructed, and were contin- 
ued witliout interruption from November, 1955, until the iniddle of May, 1956. The room 
temperature was maintained at  about 20" C in flve of tlie rooms, and at  about 13' C iii one 
room. The humidity, which was not controlled, varied froin 30-55 per cent. in the first fivc 
roonis and froni 50-85 per cent. in tlie last one. depending upon the outside climatc and 
the moisture received froni tlie walls. Thcre was a considerablc amount of rain during tlie 
autunin of 1955, so that some of tlie test walls facing west showei rain perietration through 
the joints and were very dainp wheii tlie frost period started around the iiiiddle of December. 
There were. on the whole. low outside temperatures and mostly cloudy wcather during the 
whole period after Christmas. 

A new series of measurements was carried out during the winter of 1957-58. including a 
series on concrete block walls with an  exterior cladding, with or  witliout additional insula- 
tiori. Two identical panels, one facing West and one east, were given an exterior cladding of 
asbestos-cernent shingles nailed to vertical ; 4" unplancd boards at a centre-to-centre 
distance of 30 cm whicli were nailed directly to tlie wall by rneans of hardened steel nails. 
The air ducts between the boards wcre Open below and i r i  direct contact with the outside 
air. Tlie top openings of the ducts were protected by a horizontal board. 

On two other panels a layer of 20 nini thick sewii glass-wool blankets was placed on the 
outside. The blankets were suspended vertically with nailed butt joints and fasteiied to the 
wall by means of I " x 4" uriplaned boards placed vertically at a centre-to-centre distance of 
30 cm. A cladding of asbestos-cement shingles was fastened o n  the outside. No  attcmpt was 
madc to close the air spacc under the cladding at thc bottom of the sections. 

Thesc four panels were all included in the 1955-56 measurements, but then without 
cladding or insulation. 

Four other walls, coiistructed of a lightcr type of coiicrete block, wcrc also studied. Two 
of tliese were included in tlie 1955-56 measurenieiits. The horizontal joints in tlicse walls 
were niade with a template to forin ten separate strips of mortar, wliile the vertical joints 
were made with two separate strips ofmortar.  In addition, two new test walls were construct- 
ed where the template was used for both tlie vertical and horizontal joints. 

The roorn temperatures and the relative humidities wcre much the Same during the 
rneasuring periods 1955-56 and 1957-58, but the outside climatic conditions were better 
duriiig the last period with less driving rain aiid more solar radiation. 

In the period 1955-56 tlie U-values were found to be in the vicinity of0.9-I .0 kcal/m2h <'C 
for tlie walls of the lightest blocks, compared with 1.1-1.3 kcal/ni2h "C for tlie walls of  
tlie heavicst ones 2. For those walls where iio rain penetration was obscrved on tlie inside, 
the U-values were the same for east and west facing panels of tlie Same construction. West 
facing panels, liowever. which sliowed rnore or less signs of rain penetration through the 
joiiits, gave substantially liiglier U-values tlian tlie east facing panels of the same kind 3.  

The walls that had no asbestos-cement shingles or inineral wool insulatiori showed 102,  
lower U-values for thc period 1957-58 tlian 1955-56. Tliis decreasc must be ascribed to the 
improved wcather conditions. Thc test panels in whicli a teinplate was used both for the 
horizontal and vertical joiiits gave 4 "„ lower Il-vnlues than the test pariels whcrc the teinplate 
was used for thc horizontal joints only. For tlie two walls witli asbestos-cement shingles and 
insulation and for the twci walls with asbcstos-cement shingles only, the U-values were found 
to be 0.54 and 0.76 kcaljni'h 'C. The LI-valucs ineasured 1955-56 for tlie sanie walls were 
about 1.2 kcal/rn2li "C. 

Tlie increase in air-to-air resistance is thus 1.0 rn% C/kcal for the test paiiels with 
additional cladding and insulation arid 0.5 m% 'C/kcal for the test panels with cladding 
only. The increase in Iieat resistance can mainly be attributed to three factors: 

(a) The additional heat resistance of cladding aiid insulation. 
(b) Irnproved weatlier conditions. 
(C) The test panels have dried out because of protective cladding. 



Factor (a) is estimated at  0.70 m %  'C/kcal, or  70':„ of total increase in heat resistance for 
panels with cladding and insulation. For panels with cladding only, factor (a) amounts to 

Factors (b) and (C) will thus amount to  0.30 and 0.35 in" 'C/kcal, for the test panels, 
mentioned in the same order as above, which means 30% and 70"„ of the total increase 
in heat resistance. It is difficult to distinguish between the influence from factor (b) and (C), 
but the Ion:, decrease in U-values for the uriprotected test panels (see above) indicates that 
factor (C) is the dominant one. 

The heat traiisinittance through the walls varied considerably with the time of the year 
and the variations were found to be larger for the West walls than for the east ones. This was 
caused by the more inarked variations in the climatic conditions for the West walls, such as 
driving rain, and partly also by direct sunshine on the walls. Fig. 4 thusshows the variation of 

in the measuring period 1955-56, expressed in terms of the mean value of 

Q is the heat flow, and A t ,  . is the air-to-air temperature difference. l'liz 

values are for both directions and are average values for the 12 test panels. The heat trans- 

Fig. 4. Smoothed curves showirig thc variation 

of  the ratio ffor walls o f  hollow concrete 
A t „  . 

blocks. Meas~ired during the period N o i .  1955- 
Jiine, 1956. The ciirve drawn in  whole linc refers to 
West faced \valls, the doited line refers toeast faced 

paiiels. 
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Fig. 5 .  Heat exchange by radiation, coniputed 
v;iliies for the conditions at the wall laboratory 
Jan. 1955-Junc, 1956. The curves 1, 2 and 3 give 
thc complited total solar radiatiori on vertical 
walls faced 1 east or west 2 i iorth 3 so~i th.  Curve 
5: Aiiioiint o f  solar heat which may be absorbed 
by Cast or  west walls having an absorptivity U 
0.7 for solar radiation. Curve 4:  Net long wave 
radiative heat exchange, assuniing the emissivity 
c. -: 1.0 for walls and surro~indings. Curve 6: as 
curve 4. bi i t assuming the long wave emissivity 
i: 0.9 for the walls and c - 1.0 for theground. 
Horizontally and vertically hatched arciis indicate 
radiative heat gain rcsp. heat loss. (The liries are 
drawn only to connect thc points giving the coin- 

puted monthly rnean viil~ics.) 



mittance through the west walls, computed as the mean for the first half of the measuring 
period, was a little more than 20 per cent. higher than the corresponding value for the second 
half of the period. The difference was only 8 per cent. for the east walls, however. The higher 
heat transmittance figure for the first half of the period was partly caused by a higher 
moisture content in the walls, but also by the fact that, a t  that time, the heat radiation from 
the wall was greater than the heat radiation to the wall, e.g. a heat radiation loss was taking 
place. Around the middle of February the radiation loss and the radiation gain were about 
equal and after this time the amount of heat radiation tliat the wall received was greater 
than the amount that was lost, e.g. a heat radiation gain was taking place. 

This is illustrated in Fig. 5. The curves 1, 2 and 3 give the total aniount of solar radiation, 
i.e. the direct and diffuse radiation o n  vertical walls exposed to the respective directions. 
The values are coniputed o n  the basis of observations taken at  a meteorological station 
near the wall laboratory. 'rhe monthly solar radiation is evaluated from the solar heat 
radiation by clear sky, taking into account the observed cloud factors Curve 5 indicates 
the amount of solar heat which may be absorbed by vertical walls facing east or West and 
having a n  apparent absorptivity for solar radiation n 0.7. Curve 4 gives the net long 
wave radiation, i.e. the heat radiated from the walls diminislied by the radiation received 
from the water vapour in the atmosphere b n d  radiation from the ground, assuming the 
walls and the ground have a n  cmissivity E 1.0 6 .  As the outer wall surface temperature 
and ground temperature were not recorded, they are in this calculation assumed to be the 
same as the outside air temperature. Curve 6 gives the net long wave radiation, assuniing a n  
emissivity of 0.9 for the wall surface. Tlie horizontally and vertically hatched areas indicate 
the radiation heat gain and heat loss. The computed values are by no means exact, and 
even if they were, it would be difficult to use them for anything other than to illustrate the 
great influence of radiation on the heat transfer from the outer wall surface and on tlie heat 
loss from the wall as a whole. 

The radiation curves undoubtedly explain to a certain extent the great variation in 

Q 
A t o  n 

and show the desirability of a correctly deterniined so1 air teniperature, as the nornial 
meteorological readings do not adequately describe the weather for purposes of calculating 
its effect upon the surface heat exchange, particularly when solar radiation is involved. 

The wall laboratory was enlarged in 1957 to include 12 test panels of insulated brick 
walls. There are three types of wall (see Fig. 3a, b, C): 

(a) Cavity brick wall: the 10-cm cavity is filled with mineral wo01 or  other types of 
insulation material. 

(b) Cavity brick wall: 70 cm, mineral wool bats insulation fastened to inner leaf by 
means of special binders, 3-cm air space. 

(C) Brick veneer wall with a wooden frame and 10-cm mineral wool insulation. Vapour 
barrier and 13-mm plaster board on the inside. 

All the outer leaves are in hard-burned perforated bricks, while the inner leaves are in the 
same type of brick, but more lightly burned. Mortar and workmanship are tlie same for all 
the test walls, all of which are plastered on tlie inside. 

For purposes of drainage. a zinc flashing painted with asphalt was placed in the bottom 
of the walls, and drainage openings were formed by leaving the vertical joints in the bottom 
Course unfilled. 'rhe vapour-proof barrier in the roof is extended only to the inner leaf, so 
that the air in the cavity is connected with the outside air. 

For the brick walls, the heat flow and the distribution of the heat flow were measured 
over tlie total height of the wall aiid the heat transmittance coefficients were calculated o n  
the basis of the apparent mean heat loss for the whole wall. In addition to  the temperature 
of the room air and the outside air, teniperatures were measured at  various heights on the 



insidc and the outside of the iiiner as well as tlie outer leaves. I i i  this way the surface resist- 
ances and the heat resistaiiee of tlie various wall components could be nieasured. 

Tlie mcasurements were started i i i  tlie autuinn of 1956 and are still being continued. Bcsides 
tlie Iieat flow aiid the temperature measurernents. determinations of the inoistui-e content 
in tlie walls. etc., were inadc. 

For the cavity walls facing east wit1.i 10-crn mineral wool in the cavities, a heat trans- 
mittance coefficicnt of about 0.36 kcal/rn'h ' C  was fouiid both for the winter of 1956-57 
and 1957-58. For tlie walls facing west and of the sanie construction, the figures werc found 
to  be 0.44 and 0.41 kcal/ni% 'I'C for the Same measuriiig periods. The heat transmittance 
coeflicients arc higher for the West walls than for the east walls because of more severe 
exposure to wind ~ i n d  driving rain. The heat traiismittance coefficients for the west walls 
were soi~iewhat lower during the winter of 1957-58 than the wiiiter of 1956-57. Tliis was 
partly due to inore favourable weather witli less wind and driving rain and partly to other 
causes. During the 1956-57 rneasureiiients, all the vertical joiilts in the bottorn Course were 
lcft open in all the test walls, while during the 1957-58 measurements only six of tlie walls 
had opeii joints aiid then oiily one in each wall. The rernaining six walls had no open joiilts. 
It is, therefore. likely tliat part of tlie decrease in tlie heat transrnittance coefficient was 
caused by a rcduction in the degree of ventilation of tlie cavities after tlie rnajority of the 
Open joiiits were closed. 

Tlie Iieat transniittance coefficients for tlie cavity walls were somewhat higher tlian for 
the vcneered walls, for which the U-value was found to be about 0.25 kcal/mzh 'C. The 
reason for this was the pronounced "cold bridge" whicli occurred because the inner leaf 
was placed directly on thc fouiidation. Tlic primary effect of this "cold bridge" is a inarked 
cooling down of the lower Part of the wall caused by tlie direct heat conduction from inner 
leaf to foundation witli the consequent increased heat loss. The "cold bridge" might, for 
walls of this type, also Iiave a sccondary effect which results in an increased heat loss in the 
top of thc wall. Tlie air will flow from the outcr to the iiiner leaf in tlie bottom of tlie cavity 
due to tlie convection. This air will not bc heated appreciably before it has reached a certain 
height in the cavity. because the lower part of thc inner leaf has been cooled down. This 
causes an increased heat loss also in the upper part of the wall. 

In Fig. 6 is shown thc distribution of the apparent U-values ineasured for the different 
lleiglits of the wrrlls, expressed in teriiis of the inean [J-values for the walls. Tlie ratio 

was approxirnately constailt for tlie whole height of the veneered walls, except for a slight 
iiicrease near tlie very top of tlie wall, where the insulation was open to  the outside air and 
where Part of tlie iiisulation consequently was cooled down appreciably. 

All the cavity wtills witli tlie cavities coinpletcly filled witli an insulation material showed 
approximately thc same Iieat-flow distribution. Tlic heat flow was at a niaximurn at  the 
bottom because of the "cold bridgc", at  a niinirnum in tlie middle of the wall and increased 
soinewhat towards tlie top of tlie wall because of the outside air eooliiig off tlie top part of 
the insulation. 

Tlic heat flow througli tlie two tcst walls witli a 3 crn space decreased considerably towards 
the top of tlie wall Tlie heat flow is at a maxiniuin at the bottorn, both bccause of tlie "cold 
bridge" aiid because of tlie convection in tlie air space. 

I n  the auturnii of 1957, 12 of tlie coiicrete block walls were rernoved and replaced by test 
panels of lightweiglit concrete. Tlie material, which was in tlie shape of blocks, slabs or 
staves. liad bulk densities o f  about 450 to about 700 kg/m2. The iiiaterial was dclivered by 
three different factories. Tlie rnasonry work aiid the surface treatrnent were done by a 
regular inason, according to the directions given by the manufacturers. 

Tlie type ofjoint  consequently varies froin one test wall to the next, apart from the two 



opposite walls facing east and west, wherc they are  always identical. There are  thus glued 
joints, 2-3 m m  thick joints wlicre a special rnortar was used, coiiipletely filled joints o r  
joints with two strips of  activated liiiie-cernent inortar o r  pure cemeiit mortar ,  with the  
thickness of  tlle joints varying froni 3 t o  8 mm. For  the treatrnent of  the exterior and interior 
surfaces, different types of  thin rendering coats o r  more traditional types of rendering were 
used and also impregnating liquids o r  special niasotiry paints, according to tlie directions of  
the manufacturers. A n  exterior cladding of  nsbestos-cernent shiilgles on  batteiis was used 
o n  two of the walls facing wcst. T e n  of  the test panels have a thickness of  25 cin, while two 
of  them are  30 cm thick cavity walls with leaves of  10 c n ~  thick lightweight concrcte blocks. 
T h e  I0 cin wide cavity is filled with a granulated insulation material. 

Fig. 6. Appnrent distrib~itioii of U-val~ics over thc heiglit of the cavity brick walls and brick veneer walls. 
The Li-values are expressed in terins of the niean U-val~ie Tor ihe rcspective walls. 

T h e  inoisture content in the material a t  time of  delivery was detcrmined and varied froin 
about  1.5 t o  9.5 per Cent by volunie, varying for the different materials. T h e  measurernents 
were started late in  the fall of 1957 and a re  still beingcontinued. N o  additional humidity was 
supplied during the winter of 1957-58 to enable thc walls t o  dry out  as  well a s  possible. T h e  
relative huniidity of the air in  the  test rooriis vnried, therefore, inside thc 30-50 per cent.  
range with a rooin ternperaturc of  about  20- C. Froni auturnn, 1958, the rooni hurnidity was 
maintained a t  45 pcr ccnt. Besides the heat-flow atid ternperaturc measurements, determina- 
tions of  the moisture content in the walls werc takcti a t  regular intervals by boring o u t  
specimens of the wall material. T h e  samples were norinally taken a t  three different heights. 

T h e  iirst moisture content determination was inade half a year after the walls had been 
constructed. At that  time a considerable drying-out of  the inaterials having tlie highest 
moisture conteilt had already taken place. Tlie distribution of  tlie moisture was as  evpected 
a t  that  time of  tlie year. i.e. the moisture content increased towards tlie outsidc of the wall. 
T h e  next determinatiori was niade one year after tlie walls wcrc Anishcd. A considerablc 
drying-out had taken place during the spring and  suinmer of 1958. so  tliat therc was n o  
longer aiiy marked difference i n  the  moisture content for  tlie diffcrent walls. T h e  greater 
part of  the frec moisture in the walls had been given off a n d  the moisture content was generally 
evcnly distributcd ovcr tlic wall thickncss. 

It is npparcnt f rom the rcsults from thc wintcr of 1957~-58 that thcrc was little differencc 



in the heat transinittance for the east and the West walls. This is because the moisture 
content has probably been the same in the east and west walls. as the moisture from the 
construction period has been dominant during the first period after the construction. There 
has been a tnarked decrease of the heat transmittance coefficients because of the drying-out 
of the walls. 

The equivalent thermal conductivity for the wall rnaterials, calculated on the basis of the 
heat transmittance coefficients for the period November, 1957-May, 1958, is in the range of 
0.1-0.19 kcal/m h 'C .  More accurate values will be calculated when the moisture content 
in the walls has become more stable. 

Experience from the other tests also shows that there is reason to expect variations from 
one season to another because of, among other factors, the changing climatic conditions. 
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Studies carried out in the Netherlands on the in sit~i 
determina tioii of moisture in walls 699.82 : 69.022 : 69.001 1 (4921 

E. F. M. V A N  D E R  H E L D  

Ut1iversit.v o/' Ufrecltt, A<li.i.~rr to T . N . O .  ( thr Nc~rh~r/atrd.s) 

Tlie probe niethod Iias been used in the Netherlands in different ways and for different 
purposes. It has been turned to account in Wageningen Agricultural College (by Dr. D. A. 
de Vries and other experimenters) for the determination of moisture in the soil; in Delft 
Heating Research Section (abbreviated A. W.) of the Central Technical Institute T.N.O. 
(by H. B. Vos and J .  van Minnen) for measuring the conduction of heat in rnaterials having 
a Iiigher density tlian 400 kg/cm"in tlie case of rocks and at high teinperatures the metliod 
actually offers great advantages over other methods): and again in the Delft lndoor Climate 
Section of the Research Institute for Public Health Engineering T.N.O. (abbreviated 1.G.) 
in collaboration with the above-mentioned A.W. (by Engr. E. van Gunst and H. J .  Erkelens) 
for determining the thermal resistance of walls under practical conditions. 

In all tliree cases the moisture eoncerned is contained in pores. The determination of the 
moisture content of walls is a different matter. One either has to remove soine bricks from 
the wall and deterniine the moisture content by drying, or one has to be conteiit withmethods 
wliich, whilst they d o  leave the wall intact, give cause for niore or less serious objections. 

Various methods for the determination of nioisture have been tried, viz.  

1. Resistance nleasuretnrnts: With this method electrodes spaced at certain. distances 
are lodged in the wall and the electrical resistance measured. The value of this resistance 
depends, however, to a large extent upon salts incidentally dissolved in the water and upon 
temperature. The niethod can, therefore, only be used for ascertaining whether there are 
any water-filled capillaries, continuous or  discontinuous, between the two poles in a n  
otlierwise electrically insulating material, which means that a dividing line has to be drawn 
between "comparatively wet" and "wet" and between "comparatively dry" and "dry". 
This n~e thod  is being used with the 1.G. and with. the T.P.D. (Technical Physical Service 
of the Technical University of Delft) for tracing moisture spots in walls, ; . P .  for qualitative 
purposes (Tlie meaning of this dividing line is, of Course, vague.) 

2. Measuren~ent of the clielectric constant of the material by applying H.F. voltages 
between two electrodes: Every satnple has its own characteristic for the dielectric constant 
as a function of the water content. The required degree ofaccuracy is high, so that the research 
was restricted to preliminary experiments of a n  investigatory nature. 

3. Thermal conrluctivity tnrasurrn7ent.s: The thermal conductivity of heavy porous 
materials such as brick increases greatly with the moisture content of the material. This 
consideration naturally suggested the use of thermal conductivity measurements as a ineans 
of determining the nioisture content. It is necessary, however. to d o  this in such a way that 
tlie result is not affected by tlie displacenient of nioisture caused by the difference in teni- 
perature applied. This requirement can be fulfilled by selecting very slight differences in 
tetnperature in the case of steady-state rnethods or  by employing non-steady-state methods. 
Experimenten in the Netherlands have confined themselves to the non-steady-state method: 
the use of the probe. The mathematical basis of this non-steady-state niethod, in which tlie 
coefficient of heat conduction. is deduced from the nianner of formation of the ternperature 
field around a n  electrically heated wire, is based firstly upon homogeneity of the material, 
and secondly upon a sufficient distance between the heater and the limiting outer faces of 
the sample. 



In a wall tliere is no guarantee of Iiomogeneity; brickwork is interspersed with mortar 
joiiits and in concrete thei-e is gravel. Moreover, the moisturc will not be homogcneously 
distributed tlirougliout the wall. 

Only i f  tlie heater is lodged in tlie centre of the wall aiid is parallel to thc boundary surfaces 
will tlie second of tlie above recluirenients be fullilled. This can only be achieved, however. 
by lodging the 1ie;iter wires in tlie wall during its construction. Existing walls cannot be 
tcsted in tliis way. 

Tlie moisture contcnt in a wall will, as a rule, be non-liomogencous in the direction 
perpendicular to its surfaces. The tempcraturc lield surrounding a Iieater running parallel 
to the wall surfaces will sliow isothernis coiisisting of straight lines running parallel to tlie 
hcater, but a plane perpendicular to the heater c ~ i t s  thcse isothernis according to closed 
curves which, owing to the non-liomogeneity of the moisture contcnt. arc positioned 
asymmetrically with respect to tlie heater. No general solution can be indicated. A solution 
can only be found when assuiiiptions whicli greatly siinplify the problein are made regarding 
tlie dependcnce of thermal conductivity upon position in the wall. The real problem lies in a 
different spliere, as we measure a dcpendcnce of tempcrature upon time and from this try 
to deduce something about the distribution of moisturc. It would be necessary for this 
purpose to lodge several Iieaters at  different depths in the wall. 

In ordcr to arrive at a n-ieasuring niethod that is workable in practice, a combined depart- 
ment of the A.W. and I.G. therefore procecded to lodge thc heater in a vertical position in 
thc mall; tliey realized that whilst tlie mathematical difficulties certainly would not be 
reduced in this way, the practical di~liculties would bc. Now it is true that at a certain depth 
in the wall the moisture field is homogeneous in a plane situated perpendicular to tlie heater 
and tlie ternperature field symmetrical witli respect to the Iieater, but the temperature field is 
influenced froin tlie direction parallel to the axis in a manner that varies with the depth in 
the wall. 

Tlie practical execiition of the measurement is as follows: A hole 4.1 mm in diameter 
and with a lengtl-i convenieiitly taken as 22 crn is drilled in the wall. A thin glass tube coated 
with glue is inserterl in this hole; external diameter of tube4.0 nim, internal diameter 3.0 mni. 
This tube remains lodged in the wall, and the actual probe can be slid into it. The probe 
also consists of a thin glass tube, tliis time with an external diameter of 2.8 mm and an internal 
diameter of 1.2 mm. inside which the heater is niounted. Thc latter (double-folded con- 
stantan wire 0.3 nim in dianieter) is glued to a multiple thern-io-element (diameter 0.1 nim, 
I niain wire. ~ . g .  constantaii. and 7-1 1 outlet wires, r . g .  copper or manganin, with thermo- 
poles at equal distances). 

This overcame tlie practical difficulties, but certainly not all tlie theoretical difficulties. 
We shall now deal with tl-ie latter oiie by one. 

T H I C K N E S S  O F  T H E  P R O B E  

The temperature distribution aroui-id a probe of infinite lengtli coinposed of various niaterials 
can be calculated if the following suppositions are niade: 

1. Cylindrical symmetry exists. 
2. The niaterial's characteristics do not depend upon temperature. 
3. Tlie material outside the probe is homogeneous in composition. 
4. The measurernent relates only to the tcniperature rise occurring as a result of heat 

production in tlie hcater. 
5 .  Heat conductivity inside the probe is infinite. 
6. Heat production per unit of length and per unit of time at a given moinent leaps from 

its original Zero value to a prescribed value. 
The solution found Tor tliis applies outside the heater also, sub-icci to the condition that 

any teinperature differentes existing inside the probe do not change during the test. Tliis 



could be realized physically if the temperature diflerences which actually occur inside the 
probe after a long time existed right from the beginning of the test. This supposition thus 
takes the place of 5. Let us call the solution U,?. 

At the beginning of the test tliere are actually no diflerences in temperature inside the 
probe which originate froi7-i our energy source. It is, therefore, necessary to insert a correc- 
tion function U, at tlie beginning, so that the true teinperature distribution 0 is given by 

As all the eiiergy produced is used in developing tlie temperature field U„  the U,. field 
will have no energy fed to it. Furthermore. at the beginning of the test U must be 0, ; . P .  

0, - U , .  U, is the temperature tield in which the collected heat remains constant but 
increasingly disperses (see Fig. 1). At the location of a thermo-element I U, will have to be 
g U, during the observations, e.g. U,. - 0.01 U,,. Under normal conditions this 
requirement will be fuliilled. 

- l r ,  - 
Fig. 1. Teniperat~irc distribcitioii curves for 0 ,  and Or (see text). 

The principal solution is given by an integral which we express in the form 

For a very thin heatcr. ro - r 0. tlie function F passes into the expoileiitial integral 

(C,) 
In  formulae (2) and (2a) 

Y - heat produced per unit of length and per unit of time, 

I. = thermal conductivity, 
r = distai-ice from the axis of the probe, 

I - time lapse since switching on the current, 

2r0 diameter of the probe. 



C spccific heat, 

/) specific rnass, 
copo avcrage 5pecific hcat per unit of volurne of the probe, 

I. -~~ is thermal diflusivity, 
C/) 

F function givcii by the integral, and 
7 1 erp( ,, ZII)) 

KI  (1) d11. is the exponential integral in Unsöld notation. 

1 

In Fig. 2. taken from reference 2, the teinperature rise related to tlle logarithm of tlie time 
is plotted at r - Y,, for various values of c / ) / c " p ~ ;  Vor ro -t 0 we have 

having as asymptotc the dotted line 

For 4ot / r2 b 100 ;i l l  tlie curvcs coincide sufficieiitly to be represented by (3), at  least for 

We can now define our rcquireinent for 0,. by the following statement: Every probe for 
which IO,.! G 0.01 0 ,  at 4ut / r2 b 100 gives. above tlie indicated timcs, measurements that 
can be used without correctiori. 

Fig. 2 .  Teniperat~ire rise relatcd to the logarithm ol' time at r rci For vririous values of c[)~ci~po.  

F I N I T E  L E N G T H  

The temperat~irc ciistribution in the vicinity of a very thin probe of finite leiigth is given by 



in wliich the new quantities 
-, tlze distance along the heater, 
I - tlze length of the heater and 
erlC = the complementary error function. 

The slope in the temperat~ire, l i i  t  in diagram. is thercfore 

t "" 5 [ crfc ( - ) erfc ( ' :) ] exp ( ) (it 4x2. - d 4 u t  d 4 u t  4ut 

In order that in the middlc of thc lieater 

i [erfc ( d 4 u t  ' I  ) erfc ( %/4at ' I  ) ] 
may remain close to unity, p.g. 3 0.99, 

at  the end of the test ( t  - 1 2 )  must not be snialler than 1.82% Hence 

Furthermore, at thc very first measuring point ( t  t i )  

must be 3 100 in order that I may be written for thc e power, so that 

If, for sufficient accuracy, tr is required to be 10ti. it is iieccssary that 

This is true for every material. However. both limiting times shift in the samc way with 
changing thermal diffusivity. 

The diameter of the hole is 0.41 cm, so that I 15 r is 23.6 Cm. but I is only 72 cm; in other 
words, a slightly snialler time raiige than a factor 10 satisfies the stipulated requirements 
and then only for the iniddle of the heater. 

The deduction given only holds good for a synimctrical case in the z direction. In reality 
only the part that is inserted deepest in the wall coiiforins to the suppositions, assuining that 
the source of error emanating from the other end does not penetrate to this part. 

In this case the term 

with respect to 

crfc ( : ) 
y 4ut 



rnay be ignored, so tliat tlie slope in a 0 4  t I i i  t diagram is givcn by tlie equation 

B. H .  Vos and J .  \ a n  Miiincn have tested this formula on Ytong cellular concrctc. 
The factor 

a i erfc ( ) 
\ /4n/ 

detcrniincs tlie curvature of the incasuriiig curve. 
We see tliat all curves for t t 0 and 0 < z -: cc ".iuinp away", touching a straight line 

parallcl to 

00 C 

O I n t  4712 

whilst for t -.- m they approxiniate to a straight line parallel to 

This is shown qualitatively in  Fig. 3. 

t o t  
iT 

- - 
C T I  - T  N 0. 

Fig. 3. Relation between time and teinperature for ditferent bal~ics of the distance z from the top of the 
heüter. 

In order to calculatc the i. value froni the measuriiig curve thc followirig proccdure is 
adopted. 

Draw tlie tangcnt at. say. threc points of tlie curve and calculate frorii this a n  apparent 1.' 
value accordiiig to 

From this 3. can be calculated according 10 

/. ' 
/. erfc 

2 



In order to apply equatioii (8) the a-value musl be known. As the a-valucs differ littlc froin 
onc anothcr on the whole. a justified estiniate is always possible. 

Measurements were inade in Ytong, a kind of gac concrete with the following charac- 
teristics: 

thermal conductivity: 0.187 kcal/mh "C (dry) 
apparent dcnsity: 800 kg/cin" 
speciiic hcat : 0.20 kcallkg C. 

From this follows the tlicrrnal diffusivity 

The measureincnts wcrc cffected with a doublc-foldcd hcatcr 0.1 rnin tliick and a movable 
thermo-couple 0. I inrn thick. The results are surnmarized in Table I, i i i  which z is the distance 
froin the top of the heater in nim and tlie indiccs 100, 300 and 1000 represcnt thc time (in 

seconds) to which the iL (2')  value (in kcal/iiih C) relates. Lastly, the averageT value is 
calculated. 

60 
60 
50 
50 
40 
40 
30 
30 
20 
20 
15 
I5 
10 
6 
4 
4 
2 
I 
0. I 
0. I 

Average 

By way of illustration, a measuring curvc is drawn in Fig. 4 which was recordcd at 
10 min froni the top; a is the tangent for t 1000, b for t 300 ünd c for t 100 sec. 

Lastly, Fig. 5 shows tlie Course of 1.' as a function of the distancc in the speciinen for 
t : 100, 300 and 1000 sec. The 1.' values given in the table are also drawn in the figure. 

Frorn thcsc experiinents i t  rnay be coneluded tliat theory and practicc are in good agrec- 
rnent. 

T H E  T W l N  P R O B E  

One of the drüwbacks of probe rneasureinentc is the Fact that under non-steady boundary 
conditions. e.g. if the sun is shiniiig on a wall, nieasurenicnts cannot be effected. 

In order to overcorne this difficulty a twin probe was constructed (see Fig. 6). One of the 



"legs" is the probe proper; tlie other coniprises the cold junctions of the tirst. In this way an 
apparently stationary state is created in whicli tliere are no obstacles to measurement. 

F O O T  O F  T H E  P R l 3 ß E  

A study of the phenomena occurring on the outer side (at the foot) of the probe is one of 
the itenis on the Programme of tlie A.W. The I.G. has worked on tliis. Tliis study is still in 
the initial Stages, so tliat little can yet be said on the subject. 

M O I S T U R E  I N  W A L L S  

Thick, lioniogeneous, damp walls can already be tested with tlie long probe for their 
moisture content. 

Fig. 4. Measuring ciirvc for thc rclation between r and 0 (scc tcxt). 

Fig. 6. A twin probe for thermal conductivity measurcrnents 



Fig. 5 .  Relation betwecn distnricc J) and heat conductivi ty coeff iciei~t i' (scc tcxt) 



P- 

Fig. 7. Measurcments in  the vicinity o f  the interfacial boundary betwccn two materials (.).I : i , ~  2 : I ). 



The testing of non-homogeneous damp walls is still in the initial Stages. Thus, the 1.G. 
has carried out thermal conduction measurements by the probe rnethod in samples consisting 
of two different materials, e.5  with equal cp but different 1. (Fig. 7). 

Matheniatically this problern is so complicated that the solution is unserviceable for 
practical purposes. It will therefore be necessary to scan the test field with a number of 
1.1/1.2 and c l p l / r 2 p -  combinations. 

Samples in which Iieat conduction is a continuous function of position, e .g .  damp walls, 
make the matheniatical problems still more complicated. We Iiope that the invcstigation of 
samples composcd of two materials gives a sufficient start to the solution of these problems 
as well. 
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Thermal insulation and the question of establishing 
conlmon building regulations in Scandinavia uDc 699.86 : 35I48) 

P. W .  M A R K E  
Ciiil e~rgineer (Dennicrrk) 

A few years ago housing authorities in the Scandinavian countries formed ,a committee 
for the coordination of building regulations on thermal insulation in Sweden, Norway, 
Finland, Denmark and Iceland. 

This work, which is now nearly completed, was started at  a time when 

Sweden had a system of building regulations demanding a certain minimum thermal 
insulation. These regulations dated back to 1934 for the city of Stockl~olm. and to  
1950 for the country as a whole I .  

Denmark Iiad no regulations o n  thermal insulation, except for the city of Copenhagen, but 
most of the residential houses were financed by the state and for those a complete 
set of regulations on thermal insulation had existed since 1947 2 .  

Norway had building regulations on thermal insulation since 1950 3. 

Finland more or less followed the Swedish rules. 

lceland had no regulations. 

There was, Iiowever, an  essential difference between these regulations. In principle, the 
Norwegian regulatioris were the most complete. They not only gave maximum values for the 
coefficients of transmission, X- kcal/m2h "C (-  U B. Th. U.  (11) (sq.ft) (deg. F), but they also 
contained a list ofthe coefficients of thermal conductivity, A kcal/mh "C, ( -  k B. Th.  U./(h) 
(sq.ft.) (deg. F per ft)), for the building materials, and they formed a complete basis for the 
calculation of heat loss from a house. 

The Swedish regulations did not consider windows, and thus gave no pcissibility for 
calculating the total heat loss. 

In Denmark the regulations comprised only the maximum coefficients of ti-ansniission, 
but the Danish Society of Civil Engineers in 1953 published a complete Set of rules for the 
calculation of heat loss from houses " and these rules were upheld for all residential liouses 
financed by the State. 

Tliese differences made coordination more complicated. At first only the maximuni 
coefficients of trarismission were coiisidered, but it soon proved necessary to take into 
account also the coefficients of thermal conductivity, in order to be Sure that the usual 
wall types were still allowed. 

The last step, i.e. giving the complete basis for calculating the heat loss, has not been 
taken as yet, but it is my personal opinion that this ought to be incorporated in the coor- 
dinated material. 

The system of administration is different in the various countries and, probably, the 
regulations will always be differently formed. However, this has no real importance, as long 
as the subject matter is the Same. 

After these mainly administrative considerations we shall now pass to problems of a 
more technical kind. 



B U I L D T N G  T R A D I T I O N S  

In primitive buildings the question of thermal insulation is hardly recognized as a separate 
problern. The walls generally consist of only one material used in rather great thickness. 
In Norway and in Swedeii this material was usually wood as in the log houses, in Denrnark it 
was partly tirnber, partly brick. 

Only when it becarne necessary to economize in building rnaterials as well as in fuel, was 
it recognized that the function of a wall was 

( I) supporting, 
(2) heat-insulating, 
(3) weat her-screening, 

and that each of these functions might be carried out by a separate element or layer in the 
wall. 

In the various parts of Scandiriavia the starting points were different and thus the develop- 
ment followed a different trend. Therefore the building regulations in the various Scandi- 
navian countries were different not only because of their different authorship, but also 
because the buildings then~selves were different. For example, a villa in Denrnark usually 
has a cavity brick wall. In Norway and Sweden the brick wall is usually solid with separate 
insulation o n  the inside and often with a covering of boards on the outside. 

Tn Norway houses are still largely built as a framework of timber with insulation in the 
gaps and a covering of boards o r  wall-board o n  both sides. 

l t  is obvious that these varying building practices presented a difficulty when comrnon 
building regulations were considered. as the qualities of any material depend to a certairi 
degree on its use in the building. In Denmark, with cavity brick walls, we wanted a separate, 
rather big 1.-value for the outer part of the wall, while in the other countries this was consid- 
ered unnecessary. In Norway air-infiltration into the insulation or through the wall was a 
problem of rnuch greater momerit then in Denrnark o n  account of the tirnber constructions. 

C L I M A T I C  C O N D I T I O N S  

The clirnatic conditions are very different in the Scandinavian countries. Norway. Sweden 
and Finland are each divided into four zones, while Denrnark and lceland have only one 
Zone each, corresponding to  the warrnest of these four zones. 

The zones mainly correspond t o  a certain minimum winter ternperature, but especially in 
Norway the wind and precipitation (rain and snow) differ greatly at  the coast and in the 
mountains, and the local climate for the individual site has a very great influence especially 
in the valleys. 

In Norway the rninirnum winter temperature frorn the point of view of regulations 
should be fixed not only frorn the geographical position but also frorn the height, and even 
then major local variations are possible. 

Of Course, corresponding differences occur in any country, and when they are felt extra 
strongly in Scandinaviri it may be partly due to  the colder climate in the north and partly to  
the widespread use of central heating with correspondingly higher demands for a constant 
temperature throughout the winter. 

M A T E R I A L S  A N D  1 . - V A L U E S  

In order to compare the coefficients of thermal conductivity (the 1.-values) frorn tlie various 
countries it is necessary to  make sure not only that the material in question is considered to 
contain the Same moisture percentage in each country, but also that it is virtually the saine 
material. 

The moisture percentage considered normal may very well be different, partly because of 



the cliniatic differences and partly because we know very little about moisture percentages in 
buildirig materials in practice. This point is, however, at least Open to discussion. 

It is far more difficult to dccide whether there is a virtual difference betuieen what is 
noininally the saine material in two countries. At first sight you might say that a brick froni 
Sweden. and a Danish brick must be more or Iess identi'cal, if they had the Same specific 
weight. They are. however. not only of a slightly different size - thus rnakirig the joints 
carry more weight i i i  tlie Danish masonry - but tliey are of difl'erent sorts of clay, which may 
well give different hygroscopicity. Ac far as I kiiow, this has never been effectively controlled. 
The word "letbeton", which rneans lightweight concretc, in Denmark and Norway comprises 
not only aeratcd concrete, etc., but also clinker concrete, clinker bricks. etc. Tliis is not the 
case in Sweden, where clinker concrete is less frequently used. Moler bricks (moler consists 
of diatomite) are used quite oftcn in Denmark, but are practically unknown in the other 
countries. 

Wood wool slabs form a very heterogeneous group in all the countries, and so the diffi- 
culty in fixing a common i-value is hardly greater tlian for each country to fix a value. 
For most inaterials it proved ratlier easy to agree upon a A-value. For lightweiglit concretes 
several values were tixed: some corresponded to concretc walls insulated on the inside with 
lightweight coiicrete, some to walls insulated on tlie outside and some to wall!; built cxclu- 
sively of liglitweight concrete. For materials in use in only one of the countries, no common 
i.-value was fixed. 

There were. however, several niaterials for which nobody deeined it possible to fix a 
practical 1-value altliough these materials were in comrnon use. Firstly, to a niinor degree. 
this was tlie case for mineral wool. where the Norwegian practice witli timber framework 
made air infiltration a vcry serious problein, and where we agreed upon a range of 2-values 
so tliat the srnaller values could be used under good conditions and the bigger values under 
less satisfactory conditions. 

Then there was expanded mica, a material which is apt to settle in certaini cases up to 
40-5O0„. In Denniark mica is used rather extcnsively for filling tlie air gap in hollow brick 
walls, and it was agreed that no 2-value, however great. could satisfactorily compensate 
for the settling of the material. 

Lastly, there was plastic foain based on urea forrnaldehyde, wliicli is rnade on site and 
pressed into cavities and air gaps in the construction, e .g ,  into the air gaps in  cavity brick 
walls. This material is of a very heterogeneous cliaracter. as it is made on site under little 
or no control. I t  is often impossible to ascertain if the cavities have been conipletely tilled, 
and tlie material shrinks considerably. By the shrinking of the foarn it may be possible to get 
ratlier cffective air circiilation inside the wall, and nobody really knows what the heat loss 
througli thc wall inay eventually be. Plastic foam is, unfortunately, the filling rnaterial inost 
comrnonly used for hollow brick walls in existing houscs in Dcnmark, and as rule it rnust bc 
adinitted tliat it reduces thc heat loss - but nobody knows to what extent, and tliere is hardly 
aiiy doubt tliat the gain is often vcry much less than anticipated. 

F L O O R S  D I R E C T L Y  U P O N  T H E  G R O U N D  

In many nioderndwcllings there is no baseincnt and tlicfloor is Cast directly upon thc ground. 
This construction iiiay give - and has given - very serious inoisture problems. 

There is still a long way to go before thesc probleins can be really solved antl conclusions 
can be drawn by architects and consulting cngineers. Howevcr, tlie Danish National Institute 
of Building Research Lias published a booklet specifying certain constructions which ought 
to work under normal conditions. 

Quite outside tlie problein of makiiig a good floor. we were confronted also by the problein 
of specifying a rniiiiinurn thermal iiisulation of the floor aiid in order to do this we rnust first 
be able to estiinale the Iieat loss through the floor. Tliis in itself is a very diffiirult problem. 



In the middle of a very wide floor there is little heat loss through the floor unless there is 
waler moving in the ground aiid not too far down. In other words: one has to know a 
great deal in order to calculate the heat loss accurately and usually one knows very 
little. 

The Danish booklet "nentions an approxiinate inethod for a fjoor of concrete on a bed 
of drained cinders. For the inner zone the coefficient of transinission to the outer air is 
k 0.9. for the periiueter zone (up  to I in froin the walls) k 1.2. Any extra insulation, 
which is protected against moisture, rcduces the k-value i n  the i-iorinal way. 

This approximate calculatiori is based upon rcscarch in Swcden by Sansson, Holmqvist 
and Hendriksson ". Presuinably we shall agree to use this method for the calculation of 
heat losscs tlirough floors directly upon tlie ground simply for Want of better metliods. 

R E S L I L T I N G  M A X I M U M  C O E F F I C I E N T S  O F  T R A N S M I S S I O N  

The niain trend of the coiniiig inter-Scandiiiavian regulations will br apparent from 
Table I .  

T H E  P U R P O S E  O F  T H E S E  R E G U L A T I O N S  

The building regulatioiis on thermal insulation have several purposcs. 
Firstly, for reasons of health a ccrtaiii tlierinal jnsulation is appropriate, but the require- 

ment is not very stringent. 
Secondly, a consideration of private econoiny shows that it is elieaper to insulate your 

house properly than to use a lot of fuel. This considcration may be opposed by difficulties 
in raising the necessary fuiids. Such a problcin of private econon-iy should rather be a case 
for propaganda tl-ian for building regulations. 

l'hirdly, from the point of view of national econoi-ihy it is preferable that the houscs arc 
well insulated, so that the fuel consumptioii and fuel iinport - is reduced. This con- 
sideration. however. is not adecluately inet solely by demands on the coefficients of trans- 
niission but should really be a dei-i-iand on the maximum overall heat loss per squiire nietre 
of  floor. If a house is built with an  excess of window area or witli quite a lot of bays, the 
total heat loss may very well be great, although thc coel5cients of transiiiission for tlie walls 
are low. 

The logical thing would be to prescribe a eertain maxin~uni heat loss per square inetre of 
the house, as in the U.S.A., where tlie caleulated Iicat loss inust not exceed 55 B. 'l'h. U. per 
square foot of floor area, o r  150 keal/m2. 

For noriual Danish eonditioiis this value will be ainple. Froin eonsiderations of national 
economy thc maximum heat loss should be quite a lot lower, but this would seriously 
encroach on the right to build your own housc just as you like it, c.g. with big frencl-i doors 
opening on to the garden, etc. Therefore, it is not advisable to carry tlie deniands oii the 
overall heat loss too far. 

" T H E  Q U A L I F I E D  G U E S S "  

I n  sevcral cases it has been extrei-i-iely dilficult to decide on a coetfieient of thcrinal conduc- 
tivity for use in practice. as we know too little about the inoislure content and as the moisture 
content may vary greatly. For inost of tl-iese eases we have formed a catch-phrase: "the 
qualified guess". 

Most architects and consulting engineers lhave no possibility at all of estiinating what the 



T A B L E  l 

MAXIMUM COEFFICIENTS OF HEAT TRANSMISSION 

Exterior walls or walls to unheated roonis Decks to outsirle air or to irnheatrrl roorrrs 

---.--..-P--- ~ - -  - - - -  

Zorie Subsiriiary re- Subsidiary re- 
quirrmetits for Normal reyuire- quirements for Siibsidiary re- Norrrial reqirirr- Sirbsidiar~~ re- 

walls exclusir~ely nients light walls < 100 yuiremr~its nrents qirirenir~its for 

of brick kg/rri2 roofs qf woutl 
-- P - - -  

- P 
P- -P -- 

Heaterl roonis 

Floors 
- -- - - - - -- - - P - -P P- - - -- - - Exterior walls 

in frostfree 
Agai~ist partly Agrii~rst the baserrrerrts 
heatetl roo~ns irnheated oirtsirie aii. 

roonis 

Column 2 is necessary in order to provide for wall types now in use, but in time the requirements should be raised so  that all walls correspond to columns 3 or  4. 
In  Denmark, which is Zone 4, the requirement in column 1 1  will not be applicable. 



moisture content will be but are reduced to guessing. Even if we know far too little, 
we have much more material than they and thus our guess will be more qualified and there- 
fore generally better. We have felt that when seriously in doubt, we simply had to fix a 
1,-value. There are only very few exceptions to this rule. and they have been mentioned 
above. 

R E F E R E N C E S  

1 Anvisningar till byggnadsstadgan, kgl.  h~~~~ut l . s .s ty rc~ ls r , rs  piihlikatiotier, 1950 : 1 .  
V e X t l i . t k e  Krav o , ~  Vejlc,dtiir~g, Indenrigs- og boligniinisteriet, Copenhagen, March. 1953. 

By~cifor.skrifier av. 15. Deseniber, 1949, Forsynings- og Gjenreisningsdepartmentet, Oslo, 1950. 
Regler for Bercgizing uf Vurrtietah frri Bvg~ni i iger ,  Teknisk Forlag, Copenhagen, 1953. 

W G u e  direkir puu Jortl, Statens Byggeforskningsinstitut, Anvisning Nr. 40, Copenhagen, 1958. 
V. JANSSON. N. HOLMQVIST AND P. HENDRIKSSON, Isulerirlg U I , ~ L I / I .  UC/I  liggpIuts~,r i t l iur~tuIIer.  Meddelande 

38 froin Statens Forskningsanstalt för lantmannabyggnader, Lund, 1957. 



Recommendations for t11e use of lightweight masonry, 
with a view to its useful thermal cliaracteristics 

UDC' 699.86 : 693.2 

M. C R O I S E T  

Crntrr  Srirrrtifiqrre er Tt,clinique ( / L I  Brjtirncvrt (Frarice) 

The present recommendations were published in November, 1958, in practically identical 
fort11 i n  Cahier No. 34 of tlie CSTB, section 277, accompanied by a report consisting mainly 
of a detailed account of the research carried out by the CSTB in the Course of a number of 
years on tlie actiial thermal characteristics and the behaviour with respect to damp of 
lightweight masoiiry, i.e. of walls constructed of hollow and perforated claiy blocks, of 
expanded clay aggregate concrete and hollow blocks. of heavy and lightwei~ght concrete 
and of autoclaved cellular concrete blocks. 

Tlie reader is, tlierefore, invited to refer to  this Cahier if he wishes to  find the basis of 
some point i i i  the "Recommendations". as the present docurnent has been compiled solely 
for the purpose of making available to users a surnmary entirely devoid of scientific explana- 
tion. 

R E C O M M E N D A T I O N S  

The Centre Scientiiique et Technique du Biitiment recomrnends that the rules given in 
Tables I and 11 should be observed in the application of lightweight rnasonry in considera- 
tion of its effective hygrothermal cliaracteristics. 

Table I sliows the hygrothermal properties (effective K, dry weight equivalent, presence 
of aii absorbent rendering) which a wall niust have under various climatic conditions in the 
European territory of France, dependent on whether it is a froritage wall or an end wall and 
dcpendent on the type of dwelling. Table I I  shows, as a function of the same Parameters, 
tlie thickriess of the fiiished wall and the nuinber of rows of cavities. dependent on the 
nature of the principal material of the wall. 

The directions contained in these two tables have the following signiticance: if they are 
not observed, the housing quality will generally be mediocre and often bad, occupation 
conditions being on the whole what they are for each category of dwelling. Even if they 
are observed, there will still not be any guarantee against disorder, especiarlly when the 
occupation conditions are bad. 

Table I V  gives the values of the intrinsic thermal characteristics (effective K and dry 
weight equivalent) of optirnuni walls of lightweight masonry which make iit possible to 
pass from the first to the second table. Table V1 and Fig. I define and indicate tlie clirnatic 
zones used in the first and second tables. 

Coeficient eflective K 

The coeficient effective K is the overall transmission coefficient from onle side of the 
finished wall to the other, thus including joints and rendering, the materiails being in a 
moderate state of humidity for walls of housing in France. 

The effect of humidity on the coefficient K is important. Hence, the value "effective K" 
is clearly different from that which one could call "theoretical K dry" of the wall supposed 



to be entirely dry. In the case of lightweight masoiiry the former is from 15 to 60"„ higher 
than the latter. 

Only the value effective K is signifcant and must be used for both the calculation of 
losses and of possible coridensation. 

D g ,  weight equivalent 

The dry weight equivalent is eclual to the sum of the dry weight of the wall and the weight 
of water content X 110.22. It is only a inore pronounced form of the thermal inass and 
together with the coeflicient effective K it enables thc thermal inertia o f  the wall to be 
specified. 

Fig. I .  Cliiiialic zones 



RECOMMENUED HYCiROTHFRMAL PROPtRTItS tOK MASONRY %'AI LS I N  F R A N C F  

Heavy masonry :: 600 kg I .5( I .5) l.7(1.5) l.g(l.7) 
Lighiweighi niasonry 450-600 kg I .4(1.4) l.6( 1.4) I .8(1.6) 

350-450 kg I .3(l.3) 1.5(1.3) l.7( 1.5) I .8(1.6) 
250-350 kg I .2(1.2) 1.4(1.2) l.6( I .4) I .7(l.5) 
200-250 kg 1 .  I ( I .  I ) l.3(1. I) l.S(l.3) I .7(1.5) 

Figurcs refer to frontagc walls. tigures in parentheses i o  end walls 
Walls of lcss thiin 350 kg are not recominended for end walls. 

In the walls of housing aiid in the French climate the thermal inertia is a property from 
which it is evident that tlie coc6cient K is less affected as thc wall becomes heavier, the lack 
of insulation being compensated to a certain extent by the additional weight. 

It is important to note that tlie notion of dry weight equivalent is only valid for walls 
that are relativcly honiogeneous tliroughout their thickness. Hence it cannot be applied 
to certain composite walls. 

The interior absorbent rendering cannot be deiined by a quantitative expression at our 
present state of knowledge. Its qualitative definition is as follows: it is rentlering which, 
due to its thickness and its behaviour with respect to damp, enables condeiisation water 
to be absorbed and subsequently to be given off without damage or inconvenience to the 
occupant. 

The mention in Table I of the terin "interior absorbent rendering" mearis that ihis is 
required whercvcr dampness or moisture on the wall surface is inadmissible. This is 
generally tlie case with all spaces other tllan kitchcns and batliroonis, the only spaces where 
the wall furniture, plinths and floor coveriiig are treated to withstand the effects of con- 
densation and nloisture. 

C L I M A T I C  Z O N I S  

Thesc are thc Lones deiined in Tablc VI .  This table givcs a list of the Departn~ents and 
indicates the zorie in which they have been classified. Some are divided into two parts 
according to altitude (above or below 500 m), each part being classified i n  a different zone. 
The map on Fig. I presents an  overall picture. 

According to regulatioiis now in force in France, tlii-ee zones are distinguiijhed. 
Zonc A, with a "hard climate" (east of France and ~iiountainous zones:~ in winter is 

very cold, in suinmer hot, aiid strong daily teniperature fluctuations occui- froin winter 
to summer. Hence, in this Zone provisions are niade for heavy insulation (low K) and this 
insulatiorl is made heavier as the weiglit becornes lower. 

Zone B, interrnediate, with a "rnodei-ate climate", we havc divided into two sub-zones 
with a vicw to separatiiig in some cascs tlie Zone B' of tlie Atlantic coastal area with a niild 
clirnate and with very little variation. for which the inertia of the wall is of less irnportance. 

InZone C, with a "hot arid varied climate" (Meditrrranean coastal area), the resistance 
to hcat ii-i summcr demands a high thermal iriertia and tlius a niarked increase i i i  insulation 
(decreasing K )  for lightweight walls. 



C A T E G O R I E S  O F  D W E L L I N G S  

With  regard to  the probleni in  which wc are  interested a dwelling is characterized a t  oncc 
by its intrinsic qualities, which together can  be defined as  its coinfort, and by the occupat ion 
conditions: underpopulated o r  overpopulated. well o r  badly ventilated, washing and  drying 
inside o r  outside the dwclling, well o r  badly heated (this concerns tlie conduction of  hcat, 
not the installation. of which tlie quality forins part of the coinfort). 

It would appear  possible for o u r  purposes to  inake a unique classification o n  tlie basis of  
two parameters, intrinsic coinfort and occupation quality, which nieans that in o u r  opinion 
the two paraineters are  related in the majority of cascs. In this way wc have arrived a t  threc 
categories of dwellings: superior,  moderate and third-class dwcllings. 

The  superior dwellings a re  defined as  follows: 
A s  regards comfort :  by adequate floor space, separate exits for  service space and  housiiig 

space, central Iieating; 
As regards occupation: by the absence of overpopulation, good quality heating. propcr  

ventilation facilities for washing and drying clothes. 
This  category can be considered to iiiclude tlie non-subsidized dwelliiigs. the subsidized 

dwellings a t  600 F. the "H.L.M. e11 accession", the majority of  thc "H.L.M.B. locatifs", 
certain "LOGECO" particularly well occupied. 

T h e  moderate  dwellings are defined a s  follows: 
Ac regards coinfort:  by just siitticient Roor space, a central heating which more o r  less 

ensures a uniform temperature throughout  the various rooms. 
As regards occupation: by absence of serious overpopulation, moderate quality of  

heating. a certain aniount  of ventilation, facilities for  washing and  drying clotlies. 
Tliis category c a n  be considered t o  includc the "LOGECO" a n d  "H.L.M.A. bis", 

certain "LOPOFA (H.L.M.A.)", particularly well built (having in particular collective o r  
individual central heating) and  well occupied. 

Tlie third-class dwellings a re  delined a s  follows: 
As regards comfort :  by insufficient floor space, the absence of central lieating. 
Ac regards occupation: by overpopulatioii;  bad heating; absence of ventilatioii a n d  

facilities for washing and  drying clothes. 
This category cari be considered to include a large nuinbcr of  the "H.L.M.A.". In this 

category it is evident that  the requirement of  a good quality wall is not  sufficient to  effect 
any  real amelioration of liabitability. T h e  tables clearly sliow that  the lower tlie category 
of  the dwelling the better the wall should be, whicli ariiounts t o  saying tliat it 1s necessary 
to  spend o n  improvement of the wall all o r  part of what  one lias econornized o n  the other  
elernents of  coinfort, especially floor space and  heating. This would lead to the conclu\ion 
tha t  it is not  advisable to  provide third-class dwellings in a hard clirnate. 

O n  the other hand,  in the ho t  regions, where thc heat of surnnier and the cold of  winter 
niust both be considered. wliile airconditioning is not  practised, all the categories of 
dwellings, equally devoid of  artiticial cooling. a re  equivalcnt. 

T H E  F U N C T I O N  O F  P A R T I T I O N  W A L L S  

W e  distinguish "frontage walls" and  "end walls", a iiotion which is self-explanatory in 
the case of  the conventional blocks of Rats a n d  dwelliiigs built in rows. The  choicc of higher 
thermal cliaracteristics for  end walls satisfies the need to compensatc as  far  as possible the 
disadvantages of  the end dwellings, both a s  rcgards comfort in wintcr (losses and condensa- 
tion) a n d  comfort in suminer (insulation and thermal inertia). We a re  concerned here with a 
requirement which is identical t o  tha t  which lias led t o  inore severe insulation mcasurcs for  
terraces being prescribed in certain regulations. 

In the case of tower flats a n d  detachcd and  semi-detached liouses it would be advisable 
in o u r  opinion t o  consider all exterior walls a s  end walls. T h e  consequences of this are, 



liowever. less severe than would appear at first sight, because the houses coiic~:rned hardly 
ever belorig to the third category. 

Tahle of'intrinric t l ~ r r ~ i i a l  characferistic.~ of op t i~~ iun i  light\c.r/qht iiiasonrj3 (Tahle' IV)  

This tablc contains tlie values of the cociiicient effectivc K and of tlie dry v~eight equiv- 
alent of walls constructed essentially of lightweight inasonry: 

hollow and perforated clay blocks; 
hollow blocks nf concrete, with Iieavy aggregates. i.c. sand and ordiriary gravel; 
expaiided clay aggregate concretc and hollow blocks of concrete with liglit aggregates, 

v i i .  pozzolano and expanded slag; 
autoclaved cellular concrete blocks, L,;:. concretc with a nominal density oF 0.6. 
By way of docunientation and witliout clainiing cxactness, tlie values for a numbcr of 

heavy walls are given in tlie tablcs: 
solid bricks ; 
porous concrcte with heavy aggregates, i . r .  ordinary fine gravel. 

The thickncsses iiidicated arc tliose of tlie f nished wall, with an  external rendcring of inortar 
and an internal rendering of plaster. tlie suni of the thicknesses of the two layers being 
approximately 2.5 cm. l'lie tlieriiial characteristics of thc lightweight inasonry giveii in this 
table are not valid for any brick or block; only products designed for optimuni characteris- 
tics are considered here. It may be assumed that in the majority of cases the other products 
would have an  inferior coefficient K. 

The form, tlie dimensions and the coinposition of the optiniuni products were fixed on 
the strength of extensive research carried out by the CSTB in collaboration with the manu- 
facturers; the requirenients for production constituted an importarit criterion and it can be 
said that tliese products caii only be obtained by carcfully designed industrial processes 
wliich, Iiowever. would not be regarded as cxceptional. 

Froni now 011 heavy and lightweight concrete blocks corresponding to tlie types presented 
in the table arc eligible to receive the designatioii N.F. (Norine Francaise). The rules govern- 
ing the granting of this designation can be found in Cahier No. 284 of the CSTB. Similar 
documents will shortly be published for hollow clay blocks. Finally, the autoc:laved cellular 
concrete blocks of which tlie cliaractcristics are fouiid satisf'actory are subjecll to approval. 

Sumninrizing, what are tlie qualities required in respect of optimum iniiterials? Two 
categories may he distinguished: 

Heavy materials, clay and heavy concrete, in respect of wliich the following characteristics 
inust be observed : essentially, tlie forrii, i.e. 

the nuinber of rows of cavities; 
the proportion of void: 

55  mininium for hollow clay blocks, 
30"„ minirnum for perforated clay blocks, 
45 ':;; iniriimurn for heavy blocks for thin partition walls, 
357,; niinirnum for Iieavy blocks for thick partition walls; 

for some. the staggered design of the transverse joints. 
Additionally, the dimcnsions, because they determine the frequency of the joints (lower 

insulating quality than the rest of the wall): the nominal dimensions (including joints) of the 
standard heavy blocks are 40 cm long aiid 20 cm high; the nominal dimensions of standard 
hollow clay blocks will be the same, but will continue to be acceptablc witli a lerigth of 
30 crn and provisionally with a height of 16.5 crn. 

Lightweight materials: lightweight concrete and cellular concrcte, for ~ 'I i ich tlie following 
should be observed : 



Essentially, tlie compositioii, so as to  obtain at once a low density and a low hygroscopy, 
with a view t o  limitiiig the moisture balance or the effective humidity. 

For lightweight coiicrete this results in a reduction o f  the proportion o f  Fines. Table I 1  
lists the proportions which we recommend. 

Poz7olano 017 
Pozzolano 011 5 
Expanded slag 013 

3/12 
12/20 

20 ";, rnaxiiniirii 
80n:, ininimuni 
5 'i;, niaximum 

15'>:, iiiaxini~im 
NO":, niiniriium 

33 maxirnuin 
67'2, rninirnum 
10"„ inaxini~im 
23 " „  maxim~im 
67"„ ininimuin 

This, therefore. relates to concrete without f nes, a characteristic which inust be considered 
as essential. 

Additionally, the dimensions should be obscrved for the samc reasons as mentioned 
above: the nominal din-icnsions o f  the standard lightweight concrctc blocks are 40 (or 50) c m  
long and 20 cm high; those o f  the approved cellular concrcte blocks are 50 cm long and 
25 (or 20) cm high. 

The effective moisture values arrived at oii thc strengt11 o f  our investigations, expressed 
in 7,; by volume, are given in Table 111. 

T A B L E  1 1 1  

Prirrcipr11 tt~o!(,r;ul Joirrt.~ (rirtl r~rr(li,rit,q 

Clay Joints of ordinary mortar 4 
Hollow blocks I 
Perforated blocks I Exterior rcndcring of ordinary 
Solid bricks 0.5 iriortar 3 

Heavy concrete Interior rendering of plaster 10 
All blocks 3 
Porous concrete 2 

Lightweight concrete 
Expanded clay aggregate con- 

crete 4 
Blocks 4 

Cellular coricrctc 
Blocks 6 

Tliis table is a synthesis o f  the preceding tables and tlie explanations given for the latter 
are equally valid for the prcsent table. However. a few remarks should be added: 

I .  The  transitioi-i from tlie preceding table to  tlie prescnt table is not rigorous as regards 
the smallest thickiiesses. In certain cascs 15 cm thick walls o f  lightweight expandcd clay 
aggregate concrete or ccllular concrete would be acceptable. However, for reasoiis o f  
stability and resistance to  cracks - very iniportant for exterior walls exposed to  rain - we 
consider this thickness dangerous aiid we Iiave not gone below 20 cni. 

2. As in the preceding table, thc thicknesses o f  thc finishcd wall arc those o f  a wall with 
an extcrior mortar rendering and an ii-iternal plaster rendering, the total tl-iickness o f  the 
two laycrs being about 2.5 cm. 

3. The range o f  thickiiesses could be extended by choosing figures in multiples o f  2.5 cm.  



T A B L E  I V  

INTI<INSIC THERMAL. CHARACTFRISTICS OF OPTIMUM LlGHTWE1C;HT MASONRY 

(i.r. those obtaiiiable with efficient b ~ i t  not exceptional production processes. For each wall the table indicates 
the coefficient eRective K arid tlie equivaleiit dry weight between brackets ' )  

Clay 
Hollow blocks 
density : 1.8-2.0 
void: 55-65 " „  

Pcrforatcd blocks 
density : 1.7-1.9 
void : 30-40 " ,  

Heavy aggregate concrete 
(sand and fine gravel) 
hollow blocks. 
thin partition wallz (10-20 mni) 
density: 2.0-2.2 
boid: 45-55 ". 

Hollow blocks 
thick pürtition walls (25-35 nim) 
density: 2.0-2.2 
void: 35-45":, 

Lightweight aggregate concretc 
(pozzolano o r  expandcd slag) 

Expanded clay aggregate concrete of porous structlirc 
density. 1 1-1.3 

Hollow blocks 
thick partition walls ( 3 0 4 0  niiii) 
density: 1.2-1.4 
void : 30-4O0,> 

Autoclnvcd cellular concrete 
Blocks, densily : 0.6-0.7 

SOMt H t 4 V Y  W A L L S  

25 

1.9- 
2.25 

(445- 
460 i 

Thickness of fiiiished wall 

Solid brickc 
density: 1 7-1 9 

H e a ~ y  aggregate porous concrete 
density: 1.7-1.9 

I The  maxiiiiuiii perinissible loads are not only dcpendent on  the strength category of the principal material. 
but also on the strength of the mortar aiid on the quality of workmanship. 



T A B L E  V 
P 

Mu.r i t t r~rt~~ per~iii,s.sihlc~ 1outl.s in 
1on.s pcr linror nielrc (hasi.~ fbr 

P<,r~ni.v.sihlr /ypes an</ inii7inirrni /l~irhiie~.v.rc~.s of' /Ire ,fini.sl~r<l wull rrrlrulu/ioir iir preliniinury .s/t/gr 

"Superior" dwellings 
- - P-- -- 

"Moderate" dwellings 

Third-class dwellings 
(not recommended for Zone A)  

of PI oic,ct) 
Zone A Zone B Zone B' Zone C P- - P 

- ~ ~ ---- ~ S/rc~i~g/lz 
Zone A Zone B Zone B' Zone C „/, T l ~ i r h  irc,.~s of 

f i i l i ,sll l~~/ 1tr1// / < R / . s ~ .  p~~ 
Zonc B Zone B' Zone C ~ i i l  20 25 30 35- 

Iii/erior uhsorhc,u/ rortlc.ring 

Clay 
Hollow blocks 
density : I .X-2.0 
void : 55-65 ", 

Pcrforated blocks 
density : 1.7- 1.9 30 10 25 30 20 25 20 20 25 30 3 60 15 19 24 
void : 30-40 2, 20 26 31 
-- - -- E - -- P - - 

Heavy concrete 
(sand and fine gravel) 30 30 30 25 30 30 
hollow blocks for thin 
partition walls (10-20 mni i 
density : 2.0-2.2 35 35 3 5 
void : 45-55 7 ,  

Hollow blocks for thick 
partition walls 
(20-30 mm) 
density: 2.0-2.2 
void : 35-45 

- 

Lightweight concrete 
(pozzolano or  expanded 
porous structure, densit 

g) concrete of 
1.1-1.3 

Hollow blocks for thick 
partition walls (30-40mm) 
density. 1.2-1.4 
void : 30-407, 

ER 
Autoclaved cellular concrete 

blocks, density : 0.6-0.7 

SOML H E A V Y  W A L L S  

45-45 35-45 35-35 35-35 35-35 
- 

Solid bricks: density 1.7-1.9 

Heavy aggregate porous concrete 
density: 1.7-1.9 

The figures in hold type refer to frontage walls, tliose in roinaii type t o  end walls. 



T A B L E  V1 

DtblNITION OF THE C1.IMATIC ZONES 
P- - -- 

Zone B 
Zotir A Zone C 

B B' 
- 

Ain 
Aisne 
Allier 
Basses-Alpes 
Halltes-Alpes 
Alpes-Maritimes 
Ardkche 
Ardcnnes 
Aribge 
Aubc 
Aude 
Aveyron 
Bcli'ort 
Bouches-du-Rh6ne 

............ 
above 500 ni below 500 m 

,- 500 X 500 

Calvados 
Cantal 
Charente 
Charente-Maritime 
Cher 
Correze 
Corsica 
C6tc-d'Or 
C6tcs-du-Nord 
Creuse 

Dcux-Sevrcs 
D o ~ i b s  
Dordognc 
Dr6mc 
Eure 
Eure-et-Luire 
Finisti.re 

Gard 
Haute-Garonne 
Gers 
Gironde 
Herault 
Ile-ct-Vilainc 
lnclrc 
Indrc-et-Loire 
Isere 
Jura 

Lande> 
Loire 
Hziutc-Loire 
Loirc-Atlantiqlie 
Loirct 
Loir-et-Cher 
Lot 
Lot-et-Garonnc 
Lo7i.r~ 

Maine-et-Loire 
Manche 
Mariie 
Hallte-Marne 
Mayenne 
Meurthe-ct-Moselle 
Melise 
Murbihdn 
Mvqelle 

- -- 



Zone B 
Zone C 

N ievre 
Nord 
Oise 
Orne 

Straits of Dover 
Puy-de-Dome 
Lower Pyrenees 
Eastern Pyrenees 
Upper Pyreiiees 
Lower Rhine 
Upper Rhine 
Rhhne 

Upper Sahne 
Saline-et-Loire 
Sarthe 
Savoy 
Upper Savoy 
Seine 
Seine-ei- Marne 
Seine-et-Oise 
Seine-Maritime 
Somme 

- 

Tarn 
Tarn-et-Garonne 
Var 
Vaiiclusc 
Vcndee 
Vienne 
Haute-Vicnnc 
Vosges 
Yonne 

However, we consider this discrimination of little value in the interests of standardization, 
lience a limitation of thicknesses to multiples of 5 crn. These are, therefore, the only thick- 
nesses permissible for standard concrete blocks and homologous hollow blocks of clay. 

Perniissihle 11iaxir~7u117 loa~ls 

The mechanical strength of walls does not come within the scope of these recommenda- 
tions. However, seeing that the choice of a type of material is made at  once for slrength and 
insulation, it would seem practical to place thesc two characteristics side by side. 

ft will be appreciatcd that the maximum permissible load of rnasonry is equal to the 
compressi\e strength of the materials divided by a coefficient of safety. of which the value 
depends on the way the wall is londcd: eccentric load or otherwisc. In each individual case 
this leads to calculationi which are geiierally not made until the production stage of the 
project. However, an  approximate tigure for the maximuin permissi ble load of the wall is 
necessary in the preliminary stage of the projcct. This is the tigurc which has been gi\en. 

The categories of material strengths are those tixed in the different load tables of the 
CSTB. 



Discussion 

T E C H N I C A L  A N D  P H Y S I C A L  A S P E C T S  

The discussion reveals tliat tlie complexity of the technical and physical aspects that are 
involved in heat transmissioii and it5 measurement necessitates the collection of mucli basic 
informatioii tliat is oftcn not available as yet. 

Mr. I. JANsson (Sweden) raises. as a first problein. the question of non-stea.dy heat flow 
through walls. Water and vapour in walls are not uniforinly distributed. They ,will assemble 
in tlie colder part of the structure during the cold season. Apart from this there is the 
influcnce from freezing and thawing of water in the structure on its insulating capacity. 

Mr. R. HANSON (Sweden) advocates more investigation into the variation with time of 
water content in exposed walls. Reference is made to the important work of Prof. KRISCHEV 
(Darmstadt Technical Union) on capillary movemeiit and vapour diffusion of moisture in 
porous solids. Mr. HANSON'S own studies and experiments o n  capillary niovements have led 
hiin to a theory that gives agreement with practical results. 

Mr. G. BAVE (Swederi), speaking of tlie work carried out in several countries on light- 
weight concrete (Siporex). reports a moisture content of 17 ?,, in a 22 cm thick exposed wall 
of a small house. The amount decreased in one year to Ion,;, and in another four nionths 
to 6 :/(,. 

Mr. A.  W. PRATT (United Kiiigdom). referring to Mr. A. TVEIT'S experinienlts on exposed 
walls, asks for information on the effect of ventilation of cavities on the air-to-air traris- 
inission coefficient, and what effect of solar radiation on heat exchange has been noticed. 
He also draws attention to  the importance of determining the functional relationship be- 
tween conductivity and moisture content as a design basis for correcting calculated L'-values 
to practical values. 

In reply to a question by Mr. PRATT, the rapporteur Dr. MARKE makes it clear that there 
is. in fact, very little technical evidence about moisture effects on wall insulati'on in Scandi- 
navia. The actual basis for regulations is and should be a qualified guess until further 
evidence is collected. 

B U I L D I N G  R E G U L A T I O N S  O N  I N S U L A T I O N  

Another specific matter revealed by the discussion is tliat there are at least two different 
schools of tliought on the setting of insulation standards and of measures for moisture 
prevention. 

The niain paper of Prof. H. REIHER anticipates regulutions that may include certain 
requirements for habitation. In Scandinavia, ori the other hand, economic considerations 
prevail in tlie establishment of insulation requirements. 

Mr. E. STROKIRK (Sweden) gives information on what Iie calls the "Swedish (Jovernment's 
way to favour a better fuel economy". The cold winters and the necessity to irnport nearly 
all fuel make the costs for lieating and hot water provision such an iniportant Part of the 
rent of a house tliat a better insulation than that according to medical and miniiinum govern- 
ment requirernents is warranted. 

The financing of the greater part of the newly-built residential houses in Sweden is based 
on a combinatioii of private and state mortgage loans. First and second mortgage loans are 
provided in the capital niarket ( e .g .  by savings banks arid insurance companies). and the 
State offers a third inortgage loan. The size of the different loans is determined in relation 



to  the so-called loan value of the Iiouse (and the site). This value - both of blocks of flats 
(multifamily houses) and of small houses - has been rnaximized by the Government. For 
blocks of flats this maximum value ("the loan ceiling") is at  present 610 Sw. crowns per 
square rnetre of dwelling space; rnore exactly, this refers to a particular house in a towri in 
the middle of Sweden. Consequently tlie maximum value varies in relatiori to 610 Sw. k. per 
sq. m according to  all relevant deviations of a house froin the basic one, first of all according 
to  the geographical dispersion of building costs in the country and to variations with 
regard to  tlie size of the house and tlie different types of dwelling units within it. Rut also 
many other factors are considered. One of them is the quality of the tliermal insulation. 

If the quality OS the thermal insulation of outside walls, attic floor structures and windows 
is liigher than this, it is taken into consideration by increasing the maximum loan value 
(making the loan ceiling higher) as shown in Table I .  

T A B L E I  

I N C R t A S E  OF LOAN V A L U t  FOR HI( iHt l<  Q U A L I T Y  OF T H E R M A L  INSULATION OF OUTSlDt  WALLS (Al L KINDS OF 

CONSTRUCTIOY) 

Traii \niir ,iuti Siv. X .  per ~q .n l  dwclling ~ p ~ i r c  

cocficirtrt ( K) Zone I Zone I1 t I11 1 I V 
P - 

For  attic Roor str~ictures, if K -- 0.25. the loan value is increased by 4 Sw.k. per square metre dwelling spnce. 
When three-pane windows are ~ ised  iiistead of two-pane ones, the loan value is increased by 9 Sw. k. per 

square nietre dwelling spacc in zones I and 11 and by 6 Sw. k. in zones I11 and [V. 

The present terms in tliis respect Iiave been in force since July I, 1959, but some corre- 
spondirig althougli soinewhat different terrns were introduced as early as January 1 ,  1956. 
As is shown in Table 11, the quality of the thermal insulation OS outside walls in newly 
built houses was higher than the minimum requirements in earlier years. Since tlie beginning 
of 1956 still furtlier Progress has been niade. 

T A B L E  11 

M I N I M U M  RtQUIREMLNrS FOR THEI<MAI INSUI ATION OF OUTSlDt  W A L L S  MFASURED DY T H t  HlGHtST ACCEPTED 

TRANSMISSION COE~FICIENTS, K, (kcal/in' h C) ,  A N D  ACTUAL TRANSMISSION COLFFICILNTS (AVERAGE V A L U ~ S )  
FOR RESIDFNTIAL HOLiStS COMPLLTED IU THE YFARS 1953, 1956, 1057 (ONE-FAMILY HOUSES) A N D  1059 IN 

DlFFERtNT PARTS Of SWEDLN 
- 

T ~ ~ ~ T I ? I I \ J I U I I  coeffrrienl, ( K )  in Zone I .  
P 

I I1 111 I V 1-1 V 

Minimum requirements 
Solid brick walls 
Light concrete walls 
Wood walls 

Average values 
Multifamily houses 1953 
Multifamily houses 1956 
Multifamily houses 1959 
One-family houses 1957 

L The country is divided into four zones with regard to theclimatic conditions. Zone I represents the nortilern 
part of Sweden. 



The terms taking into consideration the quality of the thernial insulatiori related in 
Table [ I  refer only to  blocks of flats (rnultifamily houses). 

It might seem peculiar that the small houses are not considered at all in this respect, 
especially as we know that, for instance, the average dwelling space of the one-family houses 
is 90 sq. m, the average area of their outside walls 100 sq. m and of their attic floor structure 
80 sq. m, while the corresponding average numbers for rnultifanlily houses are, respectively, 
65, 40 and 15 sq. m. This means, of Course, that it rnust be still more important to  irnprove 
the thermal insulation of the small houses - and as a consequence their econorny - than that 
of the others. 

One of the reasons why until now not all houses are included in the measures taken to  
further a better fuel econorny is said to be the following. The small houses - at any rate the 
detached ones - are built by their future owners, and i t  is in their own interest to invest 
money in their Iiouses in such a way that the yearly fuel costs will becorne as low as possible. 
The builders of multifamily houses, on the other hand, as a rule have the ainbition to  arrive 
a t  the lowest possible building costs. The questiori whether the yearly fuel costs do not 
beconle as low as  possible is irrelevant, as the future tenants will have to pay these costs, 
whatever they inay be. 

Inany case, it is a fact, as shown in Table I, that all kinds of houses are well insulated. 
According to the opinion of Mr. STROKIRK, the thermal insulation of the srnall houses 

ought also to be considered, but in a n  administratively simpler way. In this connection the 
fact is rnentioned that in Norway the small houses are supported by the State in this respect 
but not the multifarnily houses. 

The question has been raised why the attempts to improve the fuel economy are lirnited 
to taking into consideration the thermal insulation of thc outside walls, the attic floor 
structures and the windows, while. o n  the other hand, nothing is done to furtlier a better 
efficiency of the furnace. If the loss of heat from the furnace, which now as a rule amounts 
to 40-50°„, could be brought down to 30°„. this would mean an iniportant irnprovement of 
the fuel econorny. 

The relative importance of the efficiency of the furnace can be illustrated by the following 
distribution of the total loss of heat in a fairly well insulated small house: 

Outside wülls 8"<, 
Attic floor str~icture 6 " „  
Bottoin structure 8 " (, 

Windows and doors 12"; 
Ventilation 16;" 
Hot wdter 10"; 
Furnace loss 40:'" 
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Industrialization of construction in the U.S.S.R. 
UDC 6!58.2/5 : 69(47) 
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G E N E R A L  P R O B L E M S  O F  I N D U S T R I A L I Z E D  C O N S T R U C ' T I O N  

1'0 realize an  arnbitious Programme of rapid development of the entire U.S.S.IZ. national 
economy, the total State capital outlay for 1959-1965 Iias been fixed at  about two billion 
roubles, exceeding investment over tlie preceding seven years by 1.8 times. Oif the total, 
some 75 Y „  will be invested in industrial development and about 2 0 2 2  "„ in housiiig, munici- 
pal, cultural and ~belfare construction. Dwcllings are to be constructed with a total of 
650-660 million rn2 of Roor space. as against 240 million m2 in 1951- 1957, and another 
7 rnillion Iiouses will bc erected in rural areas by collective farmers and rural intelli- 
gentsia. 

A specific increase is planned for the Urals, Central Asia, Siberia and the Far Ekst, where 
40°,:, of the total investmei~t will go. All this neccssitates the speeding up of construction, 
a n  increase in labour productivity aiid a reduction of costs, together with the improvement 
of quality and hence technical progress and a higher levcl of organization and engineering 
based on extensive industrializatioii. 

Tliis problem Iias become real only because of tlie progress of U.S.S.R. heacy industry 
and sincc indispeiisablc conditions for industrialization - training of many specialists and 
establishmeiit of industrial facilities - Iiave bcen fulfilled. 

Industrializatioii ineans factory production and the ineclianization of transport and site 
operations, introducing mass production followed by assembly operations. Its economic 
effect depends foremost on the introduction of new techniques and also on such Iiiatters as 
organization of the building industry; degree of specialization and cooperation of producing, 
assembling and auxiliary organizations; extent of application and technological suitability 
of prefabricated products, their unification, degree of factory completion, weiglit, dirnen- 
sions, etc.; extent of mechanization aiid automation especially of arduous arid labour- 
consuming operatioi-is; perfection of plant and equipment; quality of design; development 
prospects for industrial coristruction facilities and acceleration of technical progress by 
mcans of planning, financing, incentives, etc. 

Possibilities within reach for 1965 as compared with today, calculated by the Institute of 
Construction Economics of the U.S.S.R. Acadeniy of Building and Architecture, are: 
reduction of labour costs of 12-1 3 /: by better organization, of 1 5 1 6  2, by meclianization 
and of 1 1 1 2 ~ „  by prefabrication and use oi'effective new materials, adding up to  38-41 
whicl-i correspoiids with a 6 1-69 >„ increase in labour productivity ; reduction of costs of 
operations of 6 by increased labour productivity, economy in materials, reduced transport 
costs and lower overhead charges. 

Faster construction, ensuring a rapid start of operation of iiidustries and hence a n  increase 
in national income and living standard, is very important. Examples are: con-ipletion of 
seven blast furnaces in the Donetz coal basin in 1958 within 7-9 months as cornpared with 
13-18 moiiths required 1 0 1  5 years ago and completion of five-storey large-panel i-esidential 
buildings at the Cherepovete Metallurgical Works within 60 days, labour amouriting to 
0.3-0.5 man-day per m%f building. 

Mechanization increased more than 3.5 times in 1940-1957. Averages per 100 million 



roubles of construction work werc, in 1940, 6 excavators and 3.3 cranes; in 1957,20 cxcava- 
tors and 20 cranes; and they will double in the coming seven years. 

The essential material is precast reinforced concrete. Production was I8 million m-n 
1958, and will be 42-45 million m v n  1965, putting the U.S.S.R. ahead of thc rest of the 
world; the 1957 figures were 10 million mJ for tl-ic U.S.A., 3 for United Kingdom, I for thc 
Gerinan Federal Republic and 0.6 for France. Prcstrcssed components were X':,; of thc total 
in 1958, will be 25 in 1965. Usc of prcfabricated elements raised the percentage of corn- 
pleted buildings - i.e. by 700„ as against 41 "'/,, in 1953 witl-i Glavmosstroi - by elimination of 
seasonal variations and doubling labour productivity. 

The degree of industrialization is highest in housing, is well advanced in construction of 
industrial buildings, bridges, etc., and is to bc increased soon in all branches. 

M E C H A N I Z E D  P R O D U C T I O N  O F  P R E C A S T  A N D  P R E S T R E S S E D  

C O M P O N E N T S  

N A T U R E  O F  P K O D U C T S  A N D  S C O P E  O F  P R O D U C T I O N  

Large quantities are rcquircd. In housing: hollow. deck panels with round or oval voids 
occupying 47'x or 577{, of the volurnc; vacuuiii panels with welded or prestressed rein- 
forcement; ribbed ceiling pancls produced by a rolling method at  special mills, ribs facing 
upward or double ribs facing one another; large pancls for walls and partitions. Largc panel 
production in tlie seven-year plan will Cover 25 million m"f dwelling space per year, 
entailing establishment of factories witli a 30 million m2 floor space total capacity. 

In roofing: recent use of prefabricated concrete rectangular Cross section rafters, large 
panels rcsting on walls and ridge beams; until recently nietal trusses and girders to Span 
12-1 5 m ; now concrete girders of 12-1 8 in and prestressed trusses of 18-36 n-i ; girders have 
I-beam sections, upper flanges 40-80 cm widc and 8-1 5 cm thick, lower flanges with pre- 
stressed reinforcement; trusses arc oftcn arch trusses with loosc trussing and prestressed 
lower girders; ribbed panels with conventional welded or prestressed reinforcement and 
spans of 6, 3 or 1.5 m wide. 

Column prefabrication was initially delayed due to the cxccssive varicty in Standard 
dimensions, now cut down by 50°„.  I-bcain and aiiglc columns are used. Bearing elements 
of industrial buildings are prefabricated. Filing is donc with ribbed panels, e.g. in tlie 
Cherepovete Krivoi Rog rolling mill (Fig. I). Quality aspects are also corisidered, and 
very economic thin-walled prcstressed elcmcnts are introduced. 

N E W  T E C H N O L O G I C A L  M E T H O D S  A N D  P L A N T S  

New methods and plants are requircd to increase the production by 2.5 tirnes in the ncxt 

Fig. 1. The erection 01 wall slabs in tlie rolling shop. 



seven years. In the last five years new plants, eacli Iiaving a 180,000-260,000 imZ3 capacity 
and applying conveyor or unit line teclinology, havc becn built. 

T H E  C O N V I . Y O K  h l E T 1 4 O D  

The Stalingrad plant is designed for a 190,000 m" output. Fillers, delivered by rail to  a 
warchouse, proceed by belt convcyors to  the mixing departnierit; cement goes by air chutes 
and a horizontal screw conveyor to  four tower silos of 500 tons each; the mixirig plant has 
three mixers of 7 ni:] per hour each ( I0  batches) and automatic batches. The mixture goes to  
moulds by belt convcyors, the main building houses reinforcement and moulding shops; 
the reinforcement shop has automatic welding machines, suspension welding tongs, butt 
devices and sheariiig tools servirig a wide-grid autoinatic welding line, reinforcement being 
supplied from tlic store to the conveyor by craiie; tlie nioulding shop has four conveyors 
with 15 positions each for removing the finished article, cleaning moulds, lubrication, ctc. 
Moulding is done by special machines on rails; conveyors I and 4 are for ceiling panels with 
oval voids and up to 6.4 m long; conveyor 2 is for ceiling panels with round voicls; conveyor 
3 is for landings. flights, road slabs, etc. Packing is effectcd for multi-void ceiling panels by 
vibrating void-forriiing deviccs. for flights by vibrating staniping dies, for other articles by 
vibrating platforms. By rolkr bcci and lift, the moulding trucks go to their storiedl autoclaves, 
where simultaiieously a truck with the finished article leaves tlie other side and goes by lift 
aiid roller bed to tlie beginning of a conveyor, where it is reinoved by crane to  an inspection 
platform and then to  an open-air stock, froin where 10-ton cranes load them o n  transport 
vehicles. 

T H E  U N l T  L I N E  METHOL> 

The unit line method is simple and flexible and does not rcquire the complex niacliinery 
or rigid rhythm of operations of the conveyor method. Overliauling the bay for production 
of different articles can be done without stopping. The method requires a moulding unit or 
vibration platforms, and a travelling hoist to niove moulds from one unit to anotlicr and t o  
the autoclaves. 

Factory 5 of Mosglavpromstroimaterialy in Moscow - capacity 132,000 myyear- is a 
pioneer of this mcthod and has two moulding shops. 

Moulding shop I in a building of 56 x 32 m has four bays, three of 8 m aiid one of 5 ni, 
each equipped with a line of vibrating platfornis and self-propelled concrete placers. The 
mixture goes froni the mixing department by a system of stationary and shuttle belt convey- 
ors;  the remaining space contains hole chambers on the lids of which all preparatory work 
- striking, cleaning, etc. - is done; at  the other end articles are inspected, rriinor repairs 
inade, transport to store on self-propelled trucks arranged. The reinforcement department, 
parallel to moulding, supplies frames on narrow-gauge rail trucks. 

In moulding shop 2 tlie mixture is transported by cable o n  a nionorail from an outside 
mixing departnient and the reinforcement departnient is also outside; producfion includes 
ceiling panels 6.4 /, 1.2 and 6 . 4 ~  0.8 m, with round and oval voids and prestressed multi 
deckings with oval voids; autoclaves 7.5 /, 3.25 rn and 7mdeep have steam throughperforated 
pipes o n  the floor along the perinieter; stressing of rods is done simultaneousl!/ by a special 
machine; yearly output per worker: 221.4 m< or, per sq. in of factory floor spiice. 27.7 m3. 

An advanced standardization in production and design tends to eliminate the deliciencies 
concomitant with manual labour. 

C O N T I N I I O U S  H I G H - T E N S I L E  R E I N F O R C ' t M E N T  RY K E E L I N G  M A C H I N E S  

One-mari machines reinforce complicated elements. A recent improvement iij the heating 
by electric current up  to 250" C of the mechanically stressed wire. The outside coating is 
burnt, improving the adhesion, and better plastic properties and additional streiss by cooling 
are obtained. 



Vibration statrllring 

Vibration stainping, permitting vigorous vibration, greater spccific pressure and the use 
of hard concrete with a waterlcement ratio of 0.35 or less. is becoming the niain packing 
rnethod. 

Rolling lliethotl 

The rolling method, suggested by N .  Y. Kozlov (Fig. 2), is uscd for largc thiil-walled 
clcineiits. The inill, with its contiiiuously nioving nietal strip, is multi-purpose. Rolled 
products havc constant properties, high frost resistance, precise dirncnsions and a high- 
quality surface. Though light, they are strong and rigid, e.g. ribbed panels up to 25 ni long, 
3.3 111 wide and at least 10 niin thick. Shape and bearing capacity can be varied and ducts 
inserted during production. A rolled panel house weighs 2-2.5 tirnes less, is 15-18 ",,cheaper 
and requires 5-6 timcs less labour tlian a brick house. 

Fig. 2. Production line scheine of the nianufacturc of  rollcd Iargc-sized reinuurced coiicrete wall panels. 

Rolling with a continuous line pcrniits seini-autornatic operation: a hard m i x t u r e  waterl 
cement ratio 0.28-0.32 - supplicd by a continuously working niixer to the moulding strip 
with tlie reinforcerncnt is distributcd by a worin vibrating placer; packing is continucd by a 
vibrating girdcr undcrneath; and a Cutter forms the articlc in approximate thickncss, allowing 
for subsequent cogging. Thc rnoulded uiiits then move uiider rollers that apply pressure up 
to 50 kg/cm2 through an endless rubberized belt, and are calibrated with a srnooth surface. 
Next they pass into a 50 m Iieat trcatineiit section and for 2 hours arc heatcd to 95-98 "C 
by live stearn; then tlie belt is autoiiiatically stripped and tlie units have 70"„ of the rated 
strcngth. Being tipped into a vcrtical position, they arc transportcd in Sets by crane to thc 
Store. 

One rolling plant serviccd by six operatoi-s per shift has a capacity for 60,000 m%f 
dwelling floor space per year. For 1959-1 965 soine 260 plants are to be built and standard 
dwelling dcsigns have becn niadc for plants of 35,000, 70,000 and 140.000 in2 of floor space 
capacity, permitting coniplex housing productioii witli outer walls providing insulation 
only and inner walls carrying the load. 

The cassettc method (Fig. 3) is uscd for 10 crn thick ceiling panels, 12 cm inner wall 
panels (all-roorn size), staircases. ctc., accounting for 70°/,, of all products pcr building. 
Special swinging stands producc 22-25 cni outer wall panelc of thrcc layers, vi:. two outside 
of 50 nim concrete and one inner of 120-150 inrn senii-rigid niineral insulation. 

This production was started in 1958 in Ochkovo, Gorky and elsewhere. TIie mcthod 
permits reduced factory floor space aiid yields products with maxiiliuin factory Iinish and 
minirnuin dimensional allowances. The unit can simultancously producc cight panels. 
ribbed or solid. It coiisists of a bed, inovablc arid stationary cassettes. pans, hydraulic, 



electric a i ~ d  steani systenls, ~tnd acontrol panel. The process includes drawing apart, cleaning, 
lubricating of cassette surfaces. inserting rcinforcement, etc., mounting stops, bringing 
surfaces together, installing vibration head pieces, filling moulds, vibrating, removal of 
vibrators, putting oii Covers. steam treatnient for two hours, seasoning for four hours, 
drawing surfaces apart, removal of finislied article. Concrete, sand (coarsr:-grained of 
200 kg/cm- or with 6-8 c n ~  slump) and up to 30°„ Iine gravel is used. New plants are to be 
built and existing ones will be adapted for production of electrical transmission line supports, 
lighting systerns. rüilway sleepers. mine supports, etc. 

Fig. 3. Cassette method of manufact~iring precast 
reinforccd concreierlements (house biiilding plant, Fig. 4. The splittirig of 3 blast furnace shell 

Moscow). into crrction unitr;. 

I M P R O V I N G  I ' H E  E R E C T I O N  O F  P R E F A B R I C A T E D  B U I L D I N G S  

Large units are required. For example, steel parts formerly used for blast filrnace shafts 
have been replaced by crane-niounted concrete units of up to 25-30 tons, reducing con- 
struction time (Fig. 4). Tlius blast furnace installations at Ghelyabinsk were buiilt in 1958 in 
8 months, twice as fast as earlier structures of tlie same sort. 

Examples are the precast reinforced concrete units of up to 55 tons for ore bridges, 
foundation form slabs which serve as part of the structure of five blast furnaces in 1955-1957 
and three others in 1958 in the Donetz coal basin. 

Fig. 5 gives the bunker trestle of the Krivorozstal works. Large units were also used for 
meclianical, sanitary and electrical equipinent and all such units accounted folr 70"/ of the 
total material costs. Another successful exaniple is a ma-ior 650 nim rolling rriill at Nizhny 
Tagil works in 1958. where 16,000 tons of steel units and 8900 m%f reinforced concrete 
units were assenibled. 

The latter, goirig by crane directly to their ultimate location by vehicle, gave an output 
per worker of 315"„, as con~pared with 160 o',; for stcel parts, of the planned target. For 
power stations the same advantages were obtained. 

Powerful cranes have been developed. r .g .  the G.K. 1425 tower crane used at Nizhny 
Tagil blast furnace 5 (capacity 75 tons, lift 92 ni) (Fig. 6). 

As craiies in housing are used to only 10-40"„ of capacity, uniformity of weights must be 
striven a t  as well as direct mounting froni the vehicle (Fig. 7). This helped reduce labour 
consumption in 1958 in  Novye Clieremusky from 3600 to 2600 man-days per house and 
construction time from 82 to 52 days. 

Light prefabricated masonry of ceraniic blocks and panels, reducing the weight of walls 
by 48"<, and brick consumption by 25-45';;, must be used since bricklaying will remain 



in the coming seven years. Experiences in Kiev, Leningrad, Novo Kuibyshevsk, ctc., show 
that with brick blocks, as compared with conventional bricks, labour expenses arc 15-35"„ 
lower in total and 2.5-3 times lower at the site. 

C R A N E  P R O D U C T l O N  

Large-scale cranc production has started: new mobile towcr cranes (6K-215, C-390, 
MCK-3-5/20, 613-370) transported without being dismantlcd; catcrpillar cranes 3-1254 
with 20 tons capacity and 3-2006 with 50 tons capacity; K-123 12-ton pncumatic tyrc 
cranes and K-104 10-ton automobile crancs. However, current dcmand is not yct mct. 

Fig. 5. The blast F~irnace blinker trcstle of precasl rcinforccd coiicrete ~inita. 

groph o f  t h e  I i f t ing hsight 
and  I i f t ing power 

Fig. 7. Tlie erection of large-sired uiiits 
Fig. 6. The tower crane of 75-ton liftirigcapacity. from the vchicle. 
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A special 5-ton piieuniatic tyre cranc for large-panel 4- and 5-stcirey housing is being 
dcveloped by the Institute o f  Organization, Mechanizatiori arid Technical Aid o f  the 
Acadcmy togethei- with the Leningrad Strcimash Designing Office. Measures planned for the 
futurc arc production o f  5-ton niobile towcr eranes for housing and increase o f  output o f  
special 30-40 ton tower cranes and gantry cranes for industrial buildiiig; increased produc- 
tion o f  10- and 25-ton pneumatic tyre cranes and 20-25 ton catcrpillar cranes: developnient 
o f  special 5-toil pneumatic tyre crancs foi- housing: production o f  0.5-1.5 ton inobile 
craiies, the C-391 type and the KTC-3 type 3-ton automobile cranes for one- and two- 
storey housing. Foreign expericncc with 50-ton pneumatic tyre and 100-ton caterpillar 
cranes will be taken into account. Harinonized production is ainied at in order to obtain 
coniplete basic sets; 10-75 ton caterpillar cranes. 10-50 ton pneumatic tyr~: eranes and 
5-25 ton automobile cranes. 

A U T O M A T I O N  

Automation is equally important. At least partial automation niay be reached by devices 
such as crane Iioisting capacity, stop pieces, load incters. remote control facilities for crane 
operation and television sets, automatic load-gripping fiicilities, etc. 

M E C H A N I Z E D  S T R E A M  L I N E  C O N S T R U C T I O N  A N D  E R E C T I O N  

W i T H  L A R G E  U N I T S  

In housing this process is no novelty (it was applicd in tlie U.S.S.R. in the thirties for one- 
and two-storey housing). but tlie historic developiuent caiiie with the 23 six-storey houses 
o f  the Lenin Prospect in Moscow in 1939, influenciiig development all over the country. 

Analysis o f  the now considerable experience with this process by the Institute o f  Organiza- 
tion, Meehanizatiori and Technical Aid o f  tlie Acadeiny sliows tliat it effects a reduction o f  
20«1„ in the average cor~struction time aiid o f  4.5-5",; in costs, and an incrcase o f  8-10'5„ in 
labour productivity and an improveiuent in quality are obtained. 

Favourable examples o f  the iuechanized streainline process ean be cited for various places 
and various types o f  construction elements. In Barnaul, for four- and five-storey briek 
houses, the foundations and superstructure o f  each house took 24 arid 86 days respectively, 
two houses per month being coinpleted. l i i  Cherepovete, for large-panel tive-storey houses 
o f  1,762 i n q o o r  space each, results were: one house per month; erection time per house 
60 days, o f  whicli 25 for erecting thc precast units: strict correlation o f  tiniirig o f  production, 
transport and niounting led to  0.45 man-day per 111s only and to a rcduction o f  cost per m' 
o f  Aoor space by 8 >,. The more long-tern~ the project, the smaller the irlfluenee o f  "starting" 
operations and the greater tlie advaritages o f  the niethod. 

For example, tlie Moscow housing Programme would. when executed by the methods o f  
the twenties, require a labour force o f  1.3 million in 1958, as conipared with 9--10 times less 
with the modern inethod. 

Excavation and foundation work i r i  housing has also fully been meehanized by means o f  
new niobile excavators and automobile or caterpillar cranes. For one- and two-storey 
houses these may also be used to  mount superstructures, otlierwise done by tower eranes 
(Fig. 8) .  Mortar supply aiid finishing is also inechanized by use o f  mortar Pumps. prleumatic 
burikcrs, etc. 

O T H E R  C O N S T R U C T I O N S  

In 1957 the Magnitostroi Building Trust applied the streamline method to construct a 
500 m long four-span, thin-sheet hot rolling departn~ent, divided during eonstruetion into 
eight equal sections for equal amounts o f  labour. Special teams successively carried out the 
various operations, passing on  froin section to sectiori. 

Experience with onc-storey industrial buildings Ied to full-size prefabrication o f  structures, 



dismantled only in parts if transport necessitated it. Erection is done directly from the 
transporting vehicle. Unlike the complex mounting of small sections with steel structures, 
concrete structures are mounted step by step separately, viz. tirst columns. cliecked and 
fastened, then girders and ceilings. Thus eontinuity of work and simultaneous earrying out 
of different operations becoines possible, as otlier operations ean go on where the structure is 
cornpleted. Stressing reinforcement on site is done after assenibly of large units. Concreting 
the underlying floor precedes crection of overlying structures to sniooth tlie operations. 

Fig. 8. Thc crcction of panels fabricatcd hy thc cassettc rnettiod. 

A typical example of the inetliod is given by the mechanical assembly departinent at a 
Dniepropetrovsk works, using some 3770 in:' of preeast concrete. On-site labour averaged 
3.2 inan-days per m v o o r  space. Erection of double T-section columns of 2.4 tons re- 
quired 0.3 man-day and the crane operation 0.0953 crane shift. Erection of the complete 
ceiling required 0.42 man-day per m". the crane operating at a rate of 28.5 m"er shift. 

As the meehanized streamline incthod Iias beeil cliecked in practice and provcd its value 
it may well becoine applied all over the couritry in the near future. It is particularly effective 
in areas of intensive housing construction ?nd industrial building. where all the required 
facilities exist. 

Erection directly from the transport vehicles reduces costs by 8-10"',; and is consequently 
very important. The factory stock should directly serve the job by well harmonized planning. 
But for real development individual plans inust becorne a part of long-terin overall planning, 
in which inechanized streamline construction plays a predominant role. Standardization of 
the proeess by means of elaboratiori of technological cliarts is also required and these 
should be the subject of an index and catalogues to be published. 

C O N C L U D I N G  R E M A R K  

The above brief analysis may interest foreign specialists. Tliere is substantial Progress in the 
U.S.S.R., though the n~ethods are not dcvoid of deficiencies. A discussion on the matters 
raised may, therefore, result i r i  rurtl-ier irnprovement by industrialized construction. 
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" I N D U S T R I A L I Z A T I O N  A N D  R A T I O N A L I Z A T I O N "  

The expression "industrialization of buildirig" is interpreted i r i  different ways by European 
cxperts. Some understand it to have the limited rneaning of construction with large elements 
prefabricated industrially aiid merely asseinbled at  the site. The greater part of the work that 
otherwise would have been done a t  site will, according to  this process. be done in factories. 

Others give a wider meaning to ttie word "industrialization": the ratioiial development of  
construction in accordance with the principles knovrn and tried in statioriary industry. 
The first explanation of the definition is, moreover, that used by the Germain experts aiid 
the "Institut für Bauforschung". The theine of the CIB Congress should, however, be 
understood in tlie sense of the second explanation of the definition, sirnilar to the word 
"rationalization". 

A I M  A N D  D I R E C I ' I O N  O F  D E V E L O P M E N T  

Efforts towards industrialization and rationalization of building must make it possible to 
be able to build more or better structures a t  the same cost or  to  be able to build the same 
qualities and quantities as a t  present at  less cost. According to the extent that we achieve 
this aim we sliall be able to build more dwellings, better dwellings or less expensive dwellings. 

T o  rationalizc building thoroughly we niust start by giving the most rational form to  the 
buildings and to the details of tlieir Iittings. This is the first condition and also the most 
important one for rational building. We must find the niost rational material!:, and building 
techniques for all the elements of the dwelling and we inust apply them. 

Giviiig a n  economic form to  Iiousing and using favourable materials and working 
techniyues begin to show a profit from the time when work on site is organized according 
to  the principles that have already been shown to be rational in stationary intiustry. 

It does iiot matter whether the buildings are constructed in accordance with revised 
traditional processes or  according to new processes. Whatever the case, rational1 organizatioii 
will show us that plant standing idle, production errors and obstacles can be avoided and 
that in this way productive work can be attained. 

T H E  R A T I O N A L  C O N S T R U C T I O N  O F  B U I L D I N G S  

The ineans for rational construction of buildings may be given by four exaniples: 
t l ~ e  practical ssquence of work, 
rational use oi' niechanical plant. 
site planning, and 
doing tlie saine work in series. 

THF P R A C T I C ' A I ,  S t Q U k N C E  O F  W O R K  

It lias becn proved that in a practical sequence of building operations the gas, water and 
elccti-icity inains, etc., and the streets must be completed before building of the houses 



starts. This sequence is generally followed in a nuinber of countries, for example, in Holland 
and in Sweden, but other countries do not adhere to it. Thanks to this sequence the supple- 
mentary costs occurring when work above ground Iias to be interrupted by the simultaneous 
performance of work at or below ground level are tirst of all avoided. Furtherinore, a road 
leading to the site and passable, wliatever tlie weather, is available. Finally, the additioiial 
costs for a temporary road or for the traiisportation of inaterials on iiiipassable roads are 
avoided. 

In  niany countries houses arc built in tlie following way: the excavation is made, the 
foundations, the walls of the cellar, the ceiling of tlie cellar, etc., are inade, and later the 
mains are installed in the cellar, followed by the floor of tlie cellar. This work is hampered 
by tlie narrowness of the cellar. For soine tiiiie a different procedure has been followed in 
other countries: first the excavation is dug, and then the mains are laid in tlie open excava- 
tion. Next coine the foundations and tlie floor of thc cellar. its ceiling, etc. In this way the 
horizontal mairis and tlie iloor of the ccllar can be made without difficulty owing to the 
larger work site with shorter supply routes. lnstalling tlie maiiis and making the foundations 
and thc floor of the cellar in accordance with the second teclinique require only half of the 
working hours needed for the tirst technique in tlic samc circumstanccs (Figs. I and 2). 

Installing the staircase and the plumbiiig during rough construction -- perhaps even 
before tlie floor has been inadc - has proved more rational than installation after construc- 

Perforrnarce in hours/rn2 of a r m  buiit 

Sequeme of w k  Sequence of work 
1 7 

Fig, 1. Old and  new rnethods for the construction of piping and foundations. 

Fig. 2. Foundatioils, b;iscn~eii~ floor lind piping bcing laid beforc construction of the celliir. 



tion has bceii linished. Thc drainage pipes for wastc water were installed with a saving of 
30 to 35 per Cent. 

R A T I O N A L  U S E  O F  M C C H A N I C ' A L  P L A N T  

Another nieans Ior rational construction in tlie various countries is thc usc of mechanical 
plant for building, whicli is permancntly on tlie increase from year to  year as a substitute 
for human labour. Moreover, plant is needcd for the assernbly of large prefabricated 
elcments. In improvcd masonry techniques, too, building can be performed inore rationally 
witli the aid of plant. TIiis relates in particular to  excavation, mixing concrcte and mortar, 
and transporting niaterials. 

7'hc profit from working with plant instead of manpower depends oii the choice made. 
It is a matter of selecting from tlic large number of types of plant now available the one 
that will best suit the rational work expected. 

Fig. 3, for instance, sliows a few light hoists for the traiisportation of miitcrials. The 
capacity of these hoists is not very great. but thc prime cost and the cost of installation are 
low. The lower part of the figure shows a number of high-speed Iioists. They have a much 
greater capacity than that of thc light Iioists, but the purchase price and the tost of installa- 
tion are higher. Fig. 4 shows several types of cranes. They arc of much greater capacity, 
but are also more expensive. 

Fig. 3. Rapid goods elevators arid lightweighl goods elevators. 

Fig. 4. DilTerent types of cranei lor the transportation o f  b~iilding materinls. 

An investigatioii rnade by thc Institut für  Uauforschung providcs the following informa- 
tion on this inattrr. 

Under ccrtain conditions prcvailing in Wcstern Gerniany tlie first group of Iess productive 
but less expensive hoists works inore rationally for niinor building requirements up to 
about 10 dwcllings. Tlie second group - thc Iiigli-speed Iioists whicli arc dearcr but more 
productive - uorks  most ecoiiomically for average requirements of iipproximately 



10 to 19 dwellings. Cranes of a still greater capacity and even morc expensive are advanta- 
geous only for greater needs. Fig. 5, based on several investigations, shows tlie cost of trans- 
porting a ton of rubble stone with different types of equipment. It gives thesecostsfor houses 
of different sizes, needing from 10 to 10,000 tons of the quantity transported. I t  is interesting 

Fig. 5 .  Cosls oi'lrrinsporling 1000 k g  o f  bricks wi th different types o f  equiprnent and for building projecls 
of various sizes. 

to note from this diagram that a heavy piece of equipment, a crane, for instance, works in a 
much niorc expensive Fashion for a sinall building than the appropriate lighter piece oF 
equipment. A lighter piece of equipment, p .g .  a hoist, works in a more expensive nlanner 
tlian a crane wlien the building on which it is used is too large. but the additional expense is 
not very high in this case. 

S I T E  P L A N N I N G  

Site planning arid work organization are particularly important for niore rational 
construction. A small exaniple taken from practice niay show the effect of the form of site 
planiiing. On a large site in Frankfurt two identical rows of houses were comniissioned from 
two different firms. One of tlie firms plaiined its site rationally. The materials of construction 
were transported ovcr a distance of 20 m froin the place where they werc stacked to the place 
wherc they were uscd. Tlie other firm's planning was not rational. A distance of 50 m had to  
be covered. Bricklaying requircd 3.6 hours per cubic metre for each site. The transportation 
of the materials required 0.9 hours per cubic metrc on one site, and 1.9 hours o n  the other, 
thus bringing the toials to 4.5 hours per cubic inetrc and 5.5 hours per cubic metre, a 
diffe,-ence of 20 "„. 

This is a difference caused only by site planning. There is no fixed pattcrn for a perfect 
site. The buildings themselves, their location and the sites differ too much for that. On the 
other hand, there arc clear rules tliat can be followed everywherc. The site niust have a well- 
built road that can be used wliatever the weather. It inust be wide enough to allow two 
vehicles to pass without difficulty. The road must run past the buildings being constructed 
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Fig. 6. Hardened roadway on the site along the building. 

, , 

Fig 7. Example rhowing a method for the production of concrete on the site. 



so that the building can be easily reached and so as to avoid any nianual transport (Fig. 6). 
Between this road and tlie building there inust be a space large enough to take materials and 
the more important plant. Work must always proceed in tlie Same direction, i.e. the truck is 
unloaded in the direction of the building. The gravel is throwii into the coilcrete mixer in 
the direction of the building. The concrete mixer pours the concrete iiito the wheelbarrow in 
the direction of the building. The wheelbarrow goes on to the hoist in tlie direction of the 
building, etc. (Fig. 7). In this way supply routes are shortened and work routes are prevented 
from crossing. Fig. 8 shows a bad example with a mode of operation in the wrong direction 
and long routes. 

Every kind of plant necessitates different site plaiining. If the materials are transported 
by hoist, they all pass through the Same point, i.e. the hoist. All the materials and the 
concrete-mixing plant inust be arranged in a tiglit circle around the hoist (Fig. 9). If the 

Fig. 8. Work on the site proceeding in dilTerent directions. 
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Fig. 9. Typical arrtingcment of  a site provided with a stationary goods elevator. 



materials are carried by a conveyor belt thcre must be a space near the house lairge enough 
to inove the conveyor belt in easily. The materials must be stacked along this space (Fig. 10). 
But if tlie matcrials are transported by crane tlie rails must bc laid along the long side of the 
building and in its immediate vicinity. On the oppositc side to  tlie rails the materials must 
be stackcd and tfie concrete-mixing plant installed. Finally Comes thc road serving the site. 
The crane niust be ablc to  rcacli tlie buildirig on onc side and on the other tlic piles of 
material and also tlie road, in order to be able to  uiiload trucks (Fig. I I). 

._ 
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Gong of bricklayers 
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. Bricks / 
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Fig. 10. Typicril arrangemenl of a site provided wiih a conveyor bclt. 
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Fig. 1 I. Typical arrangenient of a site provided with a crane. 

Thc iiiiportance ;ind tlie cffect of rational sclection of tlie cquipment, of rational installa- 
tion and of site organization inay bc illustrated by a practical exaniple. During building oii 
oiie of the experimental sites of tlie West German Ministry of Housing, two fiirnis had to  
build in thc Same time the saine I-ow of 48 Iiouses. Tlic plaiis. tlie location aiid the building 
time were thc sanic. Only the planning and orgaiiization of the concrete sites diffcred for 
the two tirins. One used a crane, tlie other a crane and a concrete pump. In this way it 
increased tlie costs by thc utilization of tmro expensive machincs. Onc firm installed its crane 
i i i  a favourable position, cnabling all tlie neccssary transportation. Ttie othcr installed its 
crane unfavourably, and was obliged to fall back on additional ineans of transport. Onc 
firm transported certain matcrials. e.g. thc elcmciits for the ccilings, direct froim the truck 
to  thc scaffolding. The othcr stackcd them once agairi beforc use. One prcfabricated certain 
elements - staircases, coluiiins, ctc. - a t  the site and assembled them afterwards. The other 



failed to do this. Wliereas one worked in scrics. the other did not. The total working hours 
of one firm were 18,000. Tlie otlier totalled 22,000 hours for tlie same arnouiit of work; 
more than 207,; longer. This is inerely tlie result of a few minor measures of rationalization 
concerriirig the installation of the site and the organization of the work. 

L>OING ' f H I I  S A M E  W O K K  I N  S E K I E S  

Finally, doing tlie sanie woi-k in series is a rneans of huildiiig ii-iore ratioiially. By work 
in series we inean tlie repcated pcrformancc by thc saine teaiii of workcrs of the sarnc 
operations succcssively. 

When a nun-iber of the sanie buildingc habe to bc constructed on thc same site, several or  
all the buildings are usually started at thc saiiie tiine. A teain of workers is put on to each 
building. These teains work in practically the same fasliion sidc by side with each othcr. 
But i f  tlie buildings are constructed i n  series oiily one team will bc put to work in all cases, 
and this team will always do the same work in each of these buildings one after the other. 
For iiistance, the tirst team will go froin building to building and will only lay the founda- 
tioris. 1t will be followed by a teani that will only build the walls of tlie cellar. The third 
teain will make the lloors one after the otlier i n  each house, etc. By means of these repetitions 
in series of the same work the working capacity will, as a rule, increase considerably. 
The extent to which this Iiappens depends oii the nuiiiber of repetitions aiid is also deter- 
inined by the forin of tlie work. 

Work in series Iias proved more succcssful for coinplicated operations than for elemcntary 
ones. I t  has more success with rnanual labour than with iiiechanical labour. For instarice, 
tlie costs of constructing brick walls arc reduced by 25"„ after the tifth wall. Tlie costs of 
making reiriforced concrctc floors are e\,en reduced by 45?„ after a fifth repetition. Tlie 
efteet is less for other jobs. Nevertheless, tlie total costs for rough construction work and 
linishing work have decreased by 17"„ after the eigl-ith repetitioii and i n  another case by 
20 ", after thc twentietli repetition. 

T H E  P R A C T I C A L  S U C C E S S  O F  R A T I O N A L I Z A T I O N  

To  conclude, it inay be best to  illustrate by a practical example what the elrect was of a nuinber 
of ineasures airning at  economic construction on operating costs aiid tlie cost of ncw build- 
ings, and the degree to which tlie buildings have actually bcen inade less expensive by these 
rneasures. In 1952 the Housing Ministry had groups of 50 dwellings built in aecordance 
with identical plans in ten dilferent towns in tlie Federal Rcpublic. The clioice of the 
inaterials 2nd tlie form tliat tlie construction was to take was left to the local authorities. 

Tlie table in Fig. 12 shows in the ten wliitc coluinns tlie costs of construction of these 
ten groups. Although the plans were identical, thc costs of construction are difTerent. 
This was the result of the difyerei-ice in niaterials used and in organization. Our institute 
followed the iinpleinentation of the pr~~jects  very closely. The results were analysed and 
passed on to the parlicipants i i i  all the towns. Two years later, in 1954, tlie same groups of 
dwellings were built again in accordance with the same plnns, using tlie same architects, 
firms and job superintendents. Tlie experienee gained in the first construction period was 
then applied. The rulcd columns show that in most cases identical dwellings were built 
at less cost, witli one exception - the second column from the left. In tliat case othcr cir- 
cuinstances prevailed. Tlie greatest savitig was acliieved in the third exarnple from the Icft, 
with ncarly 30 per cent. The total of working ho~irs differs from town to  town. However, 
for rough construction tlie saiiie nuniber of working hours Iias already been acliieved in all 
cases. l t  inust therefore be presuiiied that in this respect a peak of rationalization Iias 
alread y been rcaclied. 

These few examples sclected froni ainong a large number of results of zcrupulous rescarcli 
have clearly illustrated tliat both traditional coiistruction proccdures and noii-traditional 
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Fig. 12. White columiis: operatives top aiid costs hottom I'or thc construction of 10 groups of houses 
built in 1952 in ten towns in West Cierniany. Shaded colurnns: the same indications for 10 groups of 
sirnilar houses built in the same towns in 1954 o n  the basis of the experience gained during the first execution. 

techniqurs can be developed even rnore rationally. The examples have also shown the 
rnethods that have already proved themselves in this case and what results can be achieved in 
practice. Finally, the exarnples are intended to illustrate that endravours to achieve 
rationalizatioii and industrialization in building are definitely crowned with succes:; and that 
we can continue confidently to follow the püth that we Iiavc bcgun to take. 
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The purpose of this report is to examine, according to a scheme common to the three 
Russian, Cerman and French reports, the French conception of the industrialization of 
building (wl-iich in France is confined to house building). 

lndustrialization in the sense in which it is used in this report means the endeavour to 
increase productivity by using the methods of other industries to bring productivity in 
building closer to productivity in these other industries. The three objectives tliat are Iioped 
to be attained by this increase of productivity or  industrialization are: the reduction of costs, 
the shortening of building time and the reduction of working hours devoted to the con- 
struction of a dwelling. 

As regards price, in Frarice (arid we assume all over the world), the client is interested i n  a 
reduction. The person who does the building, the contractor, is equally interested, since 
such a reduction strengthens his position in the market vis-U-vis his competitors. This 
criterion of the reduction of costs is thus very important and doubtless the easiest to  
establish of the criteria of the improvement of productivity. 

Shortening building time has only one inhereiit virtue, viz. that it reduces the length of 
time for wliich capital is tied up uriproductively. 11 is, in Fact, one of the elements of the 
cost of the transaction for the person who has the dwelling built. But when a construction 
job lasts longer than necessary, it is certain that this involves loss of working hours and 
waste of materials, and, on the whole, a higher cost. Cutting time to the minimum therefore 
means improving the cost; on the other hand, cutting the time in an absolute sense means 
reducing the unproductive period during which capital is tied up. 

Reducing the labour force employed on the construction of a building is a consideration 
that should not be entertained separately; here again a distinction should be made between 
the elimiiiation of lost or badly spent hours, which has, of course, to be attempted whatever 
the circumstances, arid the replacement of man-hours by machine-hours and the consump- 
tion of energy. Whether this substitution will be possible depends on the general situation 
of a country's economy; in an underdeveloped country with a surplus of labour and a 
shortage of energy and plant, a saving will have to be made on the latter and not on labour. 

In France it is labour that is scarce, and consequently the country has reached the stage 
where an attempt has to be made to economize on it to increase production. 

On the other hand, labour is expensive and can only become proportionally dearer at the 
cost of energy and plant; as a result, it is necessary to economize on it to reduce costs. 

Economizing on labour and replacing it by plant and energy does not mean reducing the 
total costs of this labour whilst retaining the same number of workers, i.e. replacing special- 
ists by labourers. On the contrary, it means reducing the number of hours by calling in a 
small number of well-paid workers (well-paid because tliey will have benefited by part of the 
increase in productivity). lt is in the interests of the country's economy to replace indifferently 
paid labour, i.e. poor consumers, as much as possible by better paid labour, i.e. good 
consumers. On the whole, the objective of reducing the nunlber of hours devoted to a 
construction project is for the Government just as important an objective as that of 
cutting costs, and for the contractor it is also a n  important objective because he knows 
that it is a means for him to reduce his costs to a n  increasing extent in the course of time. 







recommenced at the sanie place and whicli is hardly ever recoininericed in idcritical fashion 
because site requirsments, the necessities of tlie buildiiig prograinrne or the whims of the 
architcct or tlie builder change the substanct aiid tlie vcry technique of the opcration. 

In the traditiorial coiiception of construction, the resporisibility for orgariizing the site 
is divided betweeri the architect, who has the task of coordiiiatiiig the work of the various 
trades, arid tlie contractor or contractors, who organize their own activities to perform that 
part of the work wliicli is their task. Experierice has shown that this solution is no longer 
suficieiit, and ncw ones have been sought using different ineans. 

Onc means is prefabricatioii which, by reducing all or part of the operations on site to 
simple assembly, f;icilitates organization of tlie sitc. Another rneans is to specify which of the 
participanrs in coiistruction is responsible for the whole of coordination and organization. 
The most usual current practices are to call on the services of the peneral conträctor, to 
appoint a pilot organization from among tlie various enterprises erigaged in thc project, 
to create a coordinating or advisory oKice among the enterprises, or to call in engineering 
oflices and entrust to thern this task of coordination. tlie cnginccring office bein:g responsible 
to the contractors, the clerk of tlie works or tlie architect. 

A final means of irnproving tlie organization of the sites is to extend the preliminary 
studies of the operation and the organization of the site: the lay-out of inaterials and in- 
stallations should no longcr be improvised, biit st~idied fully in advance. Thi: various job 
sites niust also bc studied in detail so as to get the maximum out of tliern. Plans have to be 
drawn up in such a way that they will be followed in two phases: general planiiing followed 
by detailed planning relating to eacli coritractor. 

It is beginiiing to be clearly realized nowadays that as soon as one is concerned with an 
iniportarit operation bringing into play enterprises that Iiave at  tlieir dispo'sal ineans of 
study. the organization of the site and planning carinot be envisaged without the participa- 
tion of those enterprises. To  put it another way. tlie enterprises must be associatcd with the 
working-out of part of the project, in particular everytliing concerning the organization of 
the site and planiiing. 

This is the lesson of a large series ofconstruction projects, known as "Sect~:ur Industria- 
lisk" (12000dwellings a year siiice 1952), for whicli an estended study of the f les was made 
by engineering rcsearch oficcs. Many of the difficiilties would have been removed if these 
offices had been ablc to Iielp with the perfecting of the project side by side witli the con- 
tractors in charge of construction. 

Tliese efforts to improve the orgaiiization of buildiiig sites Iiave led to very iiiteresting 
results in France. However, since in general these organizational endeavours are associated 
with ai-i attenipt at  mechanization aiid also an improvement of the dcsigri of structiires, it is 
difficult to calculate tlie part played by theni in improving productivity. 

Ncvertheless, it niay be stated that on buildingsites using processes wliicli do not include 
prefabricatioii, labour consuniptions of less than 1200 hours ai-e being achicved for a three- 
room dwelliiigof 50 useful squaremetres,and that it is probablcthat certainoutstandingappli- 
cations have reduced this figure to less than 1000 hours ( ; . C .  20 hours per ~iseful square metre). 

Mechanizing a building operation nieans Iiaving machines do work forinerly done by 
human laboi~r.  Since thc stress has bcen put in Frarice on tlie reduction of working hours 
consunied in building, the mechanization of building sites has bcen developed. First of all, 
it is the justifcation and tlie advantage of prefabrication that it enables tlie mechanization 
of operatioris performed manually in traditional processes. Moreover, prefabrication using 
large elements is inconceivable without inechanical handling equipinent on site for tlie 
installation of the elements. 

But traditional building has also been considerably rncclianized. Of coui-se, the niakirig 



of concrete in concrete mixers is the rule, as is mechanical excavation: mechanical shovels 
and soinetimes scrapers are used in the construction of large buildings, in which case thc 
excavation work can hardly be distinguished from general earth-moving and road-buildiiig 
operatioiis. The two important trends in reccnt years have been tlie developnicnt of central 
concrete-mixing plant and the general use on building sites of service crancs which are used 
to handle shuttering. to carry and to pour concrcte, to install masonry and to carry pieccs 
of woodwork and fittings to their place of installation. 

Finally, mention should be iiiade of small mechanical equipment, such as niechanical 
mortar boards. plugging guns and shovels for handling medium-sized quantities ofaggregate. 

As we have already stated in connection with the organization of sites, i t  is dificult to 
distinguish between the considerable gains in productivity obtained by this meclianization 
and those obtained by improving lhe organization of sites, with which mechanization is 
almost inevitably associated. 

The development of this equipmciit renders necessary an cxact study of the cquipment 
suited to a particular site, so that an acceptable return may be obtaiiied from what is chosen. 
I t  is mainly in this field that cfforts should be inade: care should be taken not to tie up power- 
ful machines on minor tasks, and endeavours should be made to achieve a coeficient of 
utilization as close as possible to I for the various deviccs. 

I M P R O V I N G  I N D I V I D U A L  O U T P U T  

The improvement of the individual output of labour has not formed tlie sub.jcct of system- 
atic study in France, and endeavours should definitely be made in this field. At present 
refercncc should be inade to the studies on concrete work sites and tlie studies by tlie Tile 
and Brick Federation on the handliiig of bricks and on kcepiiig tlie place where bricks are 
being laid supplied. 

But, in the absciice of thcoretical studies, quite nunierous experinients have been niade in 
practice towards getting the workers iiiterested in improving productivity. Wliile this offers 
great prospects, it has to be handlcd with great c a ~ t i o n ,  for the danger of abusing picce- 
work is ever present. Excellent results have been obtained in sonie firms at the expense of 
special book-keeping arid letting tlie workcrs Iiave the whole of the gain accruing directly 
from the increased productivity, the firm contcnting itself with tlie indirect gains resulting 
from deadlines being met and then building times being shortened. 

O R G A N I Z A T I O N  O F  T H E  M A R K E T  

I t  has become more and more evident i n  France in recent years that the efforts to achieve 
industrialization and increase productivity in thc building trade would be grently facilitated 
and their efficacy considerably enhanccd if far-reacliiiig modifications were made to the 
structure of the construction iiiarket. This inarket is at present charactcrized by its extra- 
ordinary dispersion. 

Every year tens of thousands of indeperident operatioiis are conducted undcr new prqjects 
and often under new techniques for tlie purpose of constructing the bulk of sornc 300,000 
dwellings built in France. This variety, the heritage of a past in which techniques and the 
economy were different froni those today, is kept alive by the way i n  which prospective 
owners behavc. When they give an architect a programme that is generally incoinplete in its 
dctails, when the architect devises a new plan on the strength of this programme, when this 
new plan is put out to tender aniong contractors each of wliom uses his own special technical 
processes, i t  is inevitable that the results are those arrived at  in  practicc. 

However, this means that when tlie client decides on a construction pro.ject and coininis- 
sions his architect, he is cngaging in the construction of sornething he does not know for a 
price of which he is not aware. 



If the prospective owner could bc persuaded preferably to conimission the irepetition of 
constructions already made, merely improving details, which means that I-ie would be 
commissioning a knowii thing for a known price, these uncertainties would blc solved and 
a t  the sarne time the building trade would be given a continuity that at  present it is lacking. 
Now this lack of continuity means that the study of organization of building sites must be 
entirely written off against one single operation, and that corisequently it is citfier expensive 
or done imperfectly, that labour which isconstantly switching from one technical process to 
another does not attain the output made possible by repetition and the complete perfecting 
of a system, thüt the material which has t o  satisfy varied requirements resulting from plans 
and processes that are always different cannot be ari absolutely suitable material, and, 
finally, that perpetual improvisation prevents the niaking of correct planning forecasts and 
consequently prevents the reduction of building time and the coordination of the various 
enterprises without loss of time. 

It would, therefore, seeni to be anessential objective of thc iniprovement of building prodiic- 
tivity and of thc Jevelopinent of iridustrialization to ensure the coiitiiiuity of plans and tech- 
niques, which can be achieved most easily by repetition. Failing complete repetition, or tlie 
reproduction of the sarne plan with tlie sanie technique of coristruction, technical continuity, 
i.e. the standardization of processes, will already offcr some of the advantages cluoted above. 

It may appear strange to want to restrict the variety of processes, i.e. creativity, wl-ien tlie 
building trade is an industry which is often accused of being too attached to  its traditions. 
It so happens that since 1945 innumerable techiiical processes have blossclmed forth in 
France a t  the prompting of the civil services and also on üccount of the efforts iof engineering 
research offices, which are naturally keen o n  offering new processes of thieir own, and 
because of a certain degree of competition between architects. This large number of processes 
has rnade great Progress possible, and has led to the exploration of new fields, but the time 
has come to apply a crrtain selection and to concentrate efforts on improving and perfecting 
definite processes. 

Research into new processes may no longer set itself tlie objective of equalling tlie results 
already obtained by different processes; it must attain results entirely superior to  prcsent 
results, which presupposes long-term research, working on processes not to  be applied 
immediately but in several years' time or even in tlie iiext decade. Technical efforts should, 
therefore, be directed towards perfecting existing processes that deserve to  be retained and 
long-term research into processes that will revolutionize productivity. 

Whüt is being donc in France to chaiige the conditions of tlie inarket arid to create con- 
tinuity? ln 1953 design/construction competitions were initiated. These required the sub- 
inission of a project drafted by a teani of architects and engineers. This i'ormula, whicli 
made it possible to organize the building site efliciently, the plan being adapti:d to the firm's 
means, was also the beginning of continuity, since the team of contractor and architect 
was not dissociated in successive applications. 

At present eflorts are being directed towards iinrilediate privileges granted by the State 
to repetitive constructions, the chief of these bcing priority of financing given to such 
constructions. In order to allow the prospective owner to becorne sufficiently aware of the 
value of the constructions among which he has to choose the model to  be repeated, a classi- 
fication system is established for certain qualities of the dwellings: acoustical propertics, 
cost of heating, quality of the appointments and the finish. 

It is thought that this classification of the actual qualities of the dwellings anid the privileges 
accorded to  repetition ought to lead t o  a commercialization of the building market, the 
buyer, i.e. the prospective owner, ordering a n  object that he sees arid whose qualities he has 
been able tu e~a lua te  and, furthermore, ordering this object at a fixed price in advance. 
It is also thought that this coinniercialization, by leading to good designs, .will ensure that 
these designs are abundantly repeated, thus bringing continuity, and will discourage 
scattered experiments in favour of the pursuit and perfecting of tlie best techriiqucs. 
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Research into building topics on a national basis was coinmeiiced in tlie United Kingdom 
nearly 40 years ago when the Building Research Station was formed in 1921. In the early 
years tlie iesearch work was primarily carried out i r i  the laboratory and quickly spread over 
a fairly wide iield; the study of tlie properties of matci-ials led into the field of chernistry, 
crystallograpliy and the general properties of porolis bodies; the consideiration of the 
functional requirements of building involved studying problerns of heat, light and sound; 
while the structural side involved incursions iiito the fields of structural and civil engineering. 

As tlie background information in these fields was collected. the Buildiiig Research Station 
partook more and more in Iielping the builder overcoine his dificulties, and the relation 
between him and the Research Station becanie closer and closer. Tlie result was that the 
work widened in scope and tlie laboratory work learnt to walk hand in tiand with an in- 
creasing nrnount of field work. Tliis was the position wheii the very considerable probleins 
of the postwar period arrived. Since the end of tlie last war, investigations in heating, sound 
insulation, structural performance, soil inechanics and so on, have involvcd more and more 
field trials. In parallel with this developmerit the research field was considerably widened 
to include the application of scientifie rnetliods to the study of tlie whole fielld of building 
operations; in other words, the application of wliat has now been termed "operational 
research" or "operations researcli" techniques to problems of design, con'jtruction and 
materials produetion within the building industry. It is this particular aspect of building 
research i r i  Britain wliich will be discussed herc. 

Before reviewing tlie work which has been carried out over ttic last ten years, it may not 
be inappropriate first to corisider what is usually meant by operational or operations re- 
search. These terms were first used during tlic last war when scientists were called upon to 
solve soine of the problen-is which faced the executive side of tlie Armed Forcses. The results 
wcre startling and since tlie war operational research has been applied to many peace-time 
probleins. It has been defined in maiiy ways but a conimonly accepted defiriition is that it is 
tlie applicatiori of scientific method to the study of problcms which norinally face an 
executive authority. At the Buildiiig Research Station the aiin has been to obtain factual 
data on the operations and processes involved in building i n  order to provide a reasonably 
souiid basis for the necessaiy decisions for improving eficieney, increasing productivity 
and thereby reduciiig cost. This. of course, is a t  one with the prirnary airn of arll the work of 
the Building Research Station: namely, to provide the building owner with a building which 
represeiits the optimuni coriiproniise between appeararice, function aiid tost. To  achieve 
this aiin it is important to realisc that decisions are rnade at national level by the top 
nianagement of lirms ac well as by those who have to deal witli the day-to-day probleins of a 
particular building site. 

In studying a wide variety of problems there can obviously be no uriique method of 
approach nnd, because this is a relatively new field of research activity, refercnce is being 
rnade to the rnetliods which have been adopted at tlie Building Operations liescarcli Unit 
of tlie Building Research Station. 



D I S C I P L I N E S  R E Q U I R E D  

By and large in this kind of researcli tlie laboratory is the building site and the design 
office. O n  many scientific problems a single discipline is used, say, chemistry, pliysics or 
matlieniatics. altliough. of Course, possibly with different degrees of specialization. 

In operations research the solution of any problem depends more upon a team involving 
a number of disciplines and it is tlius not surprising to sec the wide variety of professions 
wliich have been found neccssary; nainely, seientists (physicists, cliemists, mathematicians 
and economists), members of tlie professions (architects, quantity surveyors. erigineers) and 
builders. Tlie team engaged on any particular problein is usually niade up from different 
disciplines since few of the probleiiis are anienable to solution by one discipline. 

T H E  P A T T E R N  O F  R E S E A R C H  

When discussing the patterri of operational research it is necessary to realize the conditions 
existing in a traditioiial industry such as building. It is a n  industry based o n  craft and 
consequently cxisting custorns and methods tend to loom large in its tliinking. The building 
industry has always been conservative and cautious of introducing changes. This is not 
unexpected when it is realized that its work is fully exposed to the vagaries of tlie climate. 
Agairi. i i i  building, the product remains wliere it is produced and labour is mobile, pro- 
duction cannot be centralised, tliere is a very high turnover in labour. and thus a consider- 
able number of variables not found in inany industries are introduced. In addition to these 
peculiarities, tlie industry has to deal with a wide variety of work, ranging from large 
constructional projects to small maintenance iteins. 

Such circumstances must. of necessity, give difficulties in bringing problems to the surface 
arid tlie operational research worker must be prepared to assist in isolatiiig problerns and 
deiining them clearly in ternis of building practice. This may involve Iiim in extended 
studies on building sites or within building firins or  organizations for wliicli he has to 
obtain tlie wholehearted support of tliose working in the iiidustry. In fact, to obtain the 
right data. the research man Iias to understand the ways of the industry, know its general 
outlook and realise the day-to-day dificulties wliicli have to be overconie when transforining 
drawings into actual buildings. 

Once tlie problem has been clearly defined, the research tlien follows a fairly staiidard 
Pattern. A solution wliich would apply under the conditions prevailing is sought. This 
usually eiitails tlie analysis of data which are subject to considerable variations from firm 
to firin and from site to site. However. even when a seemingly satisfactory solution Iias been 
found. the third step in tlie research may be to dcvelop the tools to enable tlie industry to 
apply it in practicc. When this has to be doiie witli plant it is best carried out in conjunction 
with a progressive manufacturer. 

When this Iiiirdle has been successfully ncgotiated the next phase is to  deinonstrate to tlie 
industry tliat the solution is a beneficial one. Tlie builder's product has to stand tlie test of 
tiine in the open aiid under the watcliful eye of all future clients. 

l t  is not surprising, therefore, to find tliat buildcrs are conservative and will not readily 
accept anytliing ncw witliout adequate proof that it will be succcssful. It is, therefore, 
advisable to tcst the solution in the ljcld under the sanie conditions as the builder has to 
work. This phase ean have quite a salutary effeet oii the research. 

Tlie final stage, following tlie successful deinonstratiori of tlie solution, is to ensure that 
all tlie information is prescrited to tlic industry in  a suitably digested form. This is niost 
important and the goal inust always be to present the results so that eacli builder or building 
organization caii deterniiiie for Iiiiiiself or itself tlie benefits which can bc derivcd from this 
application. This is not aii easy task in an industry which corisists of a rnultiplicity of Iirms 
of varying size and in whicli there is a deartli of nien trained in analytical inethods. 



P R O B L E M S  I N V E S T L G A T E D  

TIic way thc above Pattern of research lias been applied in Cireat Britain may best be 
illustrated by discussing some examples of tlie investigationi which have been and are being 
carried out at tlie Building Rcscarcli Station. 

Onc of the early investigations wliich lias forrned the background to much subsequent 
work was tlie study of productivity in tlie house-building iiidustry. This was done as a 
survey of tlie performance of about 170 firiiis aiid tlie ai~ii  was not only to obtaiin informa- 
tion on the general level of labour productivity, but also to deterrnine the causes of the 
variation knowii to exist betwccn onc firm and anothcr. Data were extracteti from the 
records of eacli firiii On the labour cxpcnditure pcr house (in man-liours) for each trade, 
such as bricklayer, plasterer. etc. A spccification of the houses built was also obtained. 

Tlie data collectcd were. of Course, extensive and required tlie usc of puriched card 
inachiiies for analysis. A notablc feature was the wide range ii i  performancc from onc 
lirm to another. tlic worst lirms takirig tlircc tiines as maiiy man-hours to build a house 
as tlic best. To  obtaiii inforination on the possiblc causes of tliis variation, the data were 
subjectcd to analysis using norinal statistical tcchniqucs and it was possiblc to show tlie 
effect of such things as inccntivc schcmcs. tlie use of subcontracting or the sizc of tlic 
contract on productivity. 

Not only did this .;urvey provide specific information on s~icli iiiattcrs, but it also demon- 
stratcd the importance of inherent variations of productivity in any coiiiparisons .whicli may 
bc inade bctwecn orie form of construction and aiiothcr. Thus, in tlie survey thc coefficicnt 
of variation for a particular trade betwcen Iirnis was 22 pcr Cent and for diflerent sitcs 
operatcd by thc saiiie firm it was 10 per cent. Even betwcen different houses oin the Same 
site thcrc was a variance of 5 per cent. Clearly tlicse figurcs set limits to thc dctail with 
which site coinparisons can be made and einphasize thc importance wlienever possible of 
inaking comparisons bctwccn incthods on tlie sainc sitc. 

M A N A G E M E N T  I ' R O U L E M S  

-rhe productivity survey showed, i t i te~. alia, the important part inccntive schemes can play, 
sincc pro~jects which had an incentive scheine wcre, on an average. 15 per Cent abovc the 
mean in productivity. Such a survey could not. however. identify the fcatures of a well 
run scheine. A case study was, tliercfore, made of 25 firiiis who were known to be operating 
effectivc inccntive scheines. Thc nature of the scheiiie, its application in practi~ce and the 
problems involvcd in its use werc studicd by interviews lasting about a week and covering 
most branchcs of tlie firnis'activitics. Froin this it was possible to determine the characteristic 
features which wcrc required for tlie successful opcration of an incentive sclicinc. At the 
same time tlic work showed tlic important part that tlie incentive scheme can lplay in the 
general organizatioii of tlie firm, sincc it can provide a link which is often lacking between 
the departments coiicerned with site production and those involved in cstiinating for tlie 
purposcs of tenderirig. 

Anotlicr important aspect of studics in tlic nianagement field arose originally during our 
investigatioiis irito tlic mechanization of ccrtain buildirig operations. It soon becaine 
zipparcnt that success dependcd largely on tlie proper organization of tlie whole of tlie work 
on tlie site. Techniqucs wcre tlierefore devcloped for the program~iiing of building work and 
tliese wert applied not only in connectioii with mechanization but more generally over a 
wide range of building work. These investigations involved tlie preparation. in collaboration 
with the individual contrnctor. of a Programme for the work; a study of how far it was 
practicable to keep within tlie limits Set by the programme and, by comparison with the 
performance of earlier work by the Same contractor, assessing the effect of a programme on 



productivity. Reductions of labour expenditure of 10 to 15 per Cent consequent on  the 
introduction of Programmes was not unusual. 

The subject of site organization was being studied wlieii the European Productivity 
Agency asked the Building Research Station to undertake a survey of the organization of 
building sites in Europe. This study, which lias now been completed, involved an  officer 
from the Station visiting nine countries in Europe and Iiaving discussions lasting several 
days both on site and at  head ofice with 23 firms. The report, which has now been published, 
provides a comprehensive review of tlie whole of the activities involved in site operations 
and the related head office functions. 

In the study of mechanization it is necessary, on the one hand. to study equipment from 
tlie point of view of its mechanical performance and its ability to operate satisfactorily 
under normal site conditions. while, on the other hand, there is its effect on  the whole of the 
site process into which it is introduced. Tlie Station's work has. therefore, been characterized 
first by its study of the particular building operation involved, in order to assess the possibil- 
ities of introducing mechanization. This is followed by a search for suitable machines which 
niay involve a period of development of plant and also of ancillary equipment for use with 
it. Finally the plant is used under normal site conditions and its effect on the building work 
assessed. 

In this way it is possiblc not only to denionstrate the cconomic advantages wliich can 
arise frorn tlie introduction of mechanical plant but also the organizational requirements 
necessary to obtain tlie fullcst advantage. Because tlie Station has oftcn been concerned 
itself with the development of the mechanical equipnient, i t  is in a position to assist both 
tlie builder and the designer of mechanical plant for the industry. Tlie introduction both of 
powered barrows and of the tower crane from Europe into tlie British building industry is a 
direct consequence of the Station's pioiieering work. 

Bricks and blocks may be handled five or  six timcs from leaving the works to being 
placed in position and a technique has been developed for reducing and simplifying this 
handling. Basically it involves the use of a steel band to produce a pack of 50 bricks which 
can be handled as a unit. Tlie Station lias dcveloped a raiige of equipment for handling such 
packs on  the site either by crane or barrow while simultaneously studyiiig the problerns of 
producing tlie packs at  the brickworks. Site trials have shown the advantages of such packed 
bricks, particularly on rcstricted sites in the iniddle of cities, where they facilitate handling 
direct from the lorry by crane to the position at  which they are to be built in. The use of 
packed bricks is now growing fairly rapidly and about a million a week are being delivered 
to sites. 

Concrete forn-is a n  important building material in most eountrics and the production 
problems irivolved in its usc have been engaging increasing attention recently. 

The use of ready-mixcd concrete is growing rapidly in Great Britain and the Station lias 
investigated, both on site and at  the concrete plant, the problems involved in its use and the 
circuinstanees necessary for its rnost advantageous employment. It is now clear tliat the 
straightforward substitution of ready-mixcd for site-niixed concrete, without due consider- 
ation of the iniplications of tlie newer method, does not take full advantage of it. The 
effect of the design of formwork and of the niix-design itself on  the cost of placing concrete 
is also being considered. 

The widespread interest in mechanization in the industry has revealed tlie nccd for 
coniparative data on tlie truc costs of different types of plant. This needed to Cover not only 
the first cost of the plant but its maintcnance and replacement costs, the use tliat can be 
expected of it and thc output wliich can be obtained when in use. TIiis problem requires 
for its solution data on  a wide range of plant under diverse conditioris of use and clearly 
cannot be obtained from the records of a n  individual contractor. A survey of a considerable 



number of contractors operating large plant pools was, therefore. niade and, from the 
information obtained, a basis has beeil provided for the economic assessment of the value 
of mechanical plant in any particular 5et of circumstances. 

Although initially the research into building efficiency and costs was primarily concerned 
with site operations, increasing attention has been given to the contribution which designers 
can make to building econoniy. 

A n  early investigation o r  the design side was concerned with the question of maintenance 
costs of housing. Decisions on alternative methods of construction are often taken oii first 
costs alone and the consequences over the life of the building are ign.ored. Clearly this is 
unsatisfactory and inforrnation was therefore sought on  the maintenance costs of housing 
in relation to particular design features. An approach was made to many Local Authorities 
a:id a considerable \~olume of data was obtained. This showed that thecapitalized value ofthe 
maintcnarice costs was equivalent to about a quarter of the capital cost, but it was made up 
of a large number of relatively small iterns. In fact, external painting was the only substantial 
itern in which it appeared that greater expenditurc in the first instance would be justified 
if thereby the recurrent need for painting could be reduced or eliminated. Unfortunately. 
the Iiouses did not diffcr sufficiently in design to obtairi decisive information of thlr interplay 
of design and maintenance costs. Because of this limitation further information is now bcing 
collected both on a variety of non-traditional housing for which data were not available 
at the time of the earlier survey, and also on other types of building. Because few building 
owners record their maintenance expenditure in a form suitable for analysis, arr,angements 
are being inade with a number of authorities for them to keep special records of'groups of 
buildings of sinlilar design. This will be done over a period of two or three years. In this way 
it is hoped ultiniately to provide comparative data on  both the capital and the n-i;iintenance 
costs of a variety of forrns of construction. 

A separation between design and production is imposed by the structure of the building 
industry but in operational research it becomes vital to avoid separating these two aspects 
and to view the probleni as a whole. This is well illustrated by the work beirig doiie in 
connection with the economics of multi-storey flats. In Great Britain the price of accom- 
modation in multi-storey blocks of flats, say, 10 storeys high, is 70 or 80 per ceint. greater 
than that of equivalent accommodation in two-storey housing. In view of tlie current 
widcspread conccrn with the redevelopmeni of the central areas of cities, when high blocks 
are often rcquired to achieve the necessary I-iousing densities, this difference in cost is 
clearly of considerahle importance. 

lnitially a survey was made of the costs of more than 70 blocks of flats mori: than five 
storeys in height in different parts of the country. The priced bills of quantities which are 
prepared for tendering purposes in Great Britain were broken down to give the: costs iiot 
only of the building as a whole, but also the individual components, walls, floors. heating, 
lighting, ctc. These showed that there was a very wide range in the cost of items performing 
similar functions. By the study of the price variations of the individual componi:nts it was 
possible to suggest targets for each which coiild be achieved without the need of new methods 
or iiew designs, so that prices could be reduced on  average by around 20 per cenit. 

Conipleinentary to this work data have been collected during construction on 20 blocks 
of flats of different structural designs. Observation on the expenditure on  labour. material 
and plant for each operation was made over a period of several months in each case. The 
amount of data obtained is necessarily extensive but its aiialysis should provide a sound 
basis for suggesting ways in which t l ~ e  present high costs of multi-storey Hats can be further 
reduced. At the same time it provides useful examples of how cornparatively trivial design 
details can interfere with the smooth flow of site production and so increase costs. 



The costs of tlie flats themselves are, of Course, only a part of the costs of new housing 
developments. There are, in addition, the costs of roads, services, public buildings and all 
the necessary anlenities of a housing area. Many cities in Great Britain are faced witli 
serious redevelopment problems in their central areas and with the consequent difficulties 
of "overspill" of surplus population to iiew housing estates on the periphery of tlie town or  
in iiew towns. The choice between alternative solutions involves many factors which cannot 
be expressed in terms of money, but the provision of a clear Statement of the various 
economic factors can be of considerable assistance to the planners who face these difficult 
decisions. The Building Research Station has therefore collected froni many sources 
infornlation on tlie costs of the whole complex of urban facilities and has been able to give 
an indication of the relative importance of the many economic factors which need to be 
taken into account. 

N E W  M E T H 0 I ) S  O F  < ' O N S T R U C T I O N  

The traditional inethods of building have been to bring the raw materials onto the site 
and there fasliion tlie different parts and put them into position. Although over the years 
there has been a definite trend to bring to tlie site more and more of the units in a finished 
state, even today housebuilding is, on the whole, in Britain, the assembly on site of a large 
number of small coinponents. It would appear to be common sense to endeavour to remove 
a large proportion of the site work to t!ie more congenial environment of the factory, and 
aftcr both world wars there was. in Great Britain. considerable developnient of new niethods 
of construction, some of which incorporated a high degree of factory fabrication. As 
circun~stances have become niore normal, however. the new methods have been unable to 
compete with the traditional and thus only a sniall number of the new designs have survived. 

There is a dearth of reliable data on the relative economics of factory and site production, 
and to f i l l  tliis gap in our knowledge and to obtain a better understanding of tlie direction 
in which factory-made components must dcvelop if tliey are to be more widely employed, a 
large production experiment was carried out. This involved the design by the Building 
Researcli Station of four Iiouse types of the sanle plan but incorporating a wide range of 
factory-made components ranging from those which are now nornially used in traditional 
building, such as door frames. windows, etc., up to highly prefabricated systenis. 

In all, more than 400 houses were built in collaboration with five local authorities in 
different parts of the country. Detailed observation was made over the whole period of 
construction by observers stationed on each site for the duration of each of the contracts. 

There is a consistent Pattern in the results. In general, the savings in site labour resulting 
from the use of factory-made coinponents are generally insuficient to offset their higher 
niaterial costs coinpared with tliose of the traditional items which they replace. 

This is particularly so where the introduction of factory-made coinponeiits leaves 
discontinuous items of traditional work which require a disproportionate amount of labour 
to execute on  the site. Successful developmeiit in the future must be based on. the complete 
substitution of the traditional by the factory-made component and, in its use, to simplify 
or  eliminate ratlier than complicate building operations. 

This conception of simplification of thc building operation has stimulated iiiterest in the 
type of large-panel construction wliich lias been used recently in both France and Sweden 
and whicli is now being used oii an. increasing scale in Czechoslovakia and the Soviet Union. 
The work involves a dual approach; on the one hand, there is the study of the tcchnical 
problems of producing these large units and of providing joints which are structurally 
adequate and weatherproof under the conditions prevailing in Britain; on the other hand, 
there is the economic assessnient of the possibilities of this radical dcparture from building 
methods which involves studying the factory processes involved in the manufacture of the 
panels, their transport and site erection. 





to get importaiit results f r o n ~  the application of this inodel under certain simplifying 
assumptions. Indeed, such work as has alrcady becn carried out suggests that the conception 
of balanced gangs which has bcen inherent hithcrto in the cnlpirical approach to program- 
ming inay lead to far from optirnum solutions on small sitcs. 

Bceause of the dilficultics of the rnatheniatics of loop queues, it seems likely tliat thc 
technique of simulatioii may be useful in studying programrning. A inodel of the systcn-i is 
made eitlier on paper or physically into wliich a series of typical values of the input variables 
are inserted and the effect on the systcin as a whole is observed. This teclinique has a very 
wide application in inany fields of science and, indeed, has bcen clainied to be the central 
tecliniquc of operational rescarch. By this method it is possible to study such problems as 
the effect ofvariability in work cycles on the tiiiie taken to coinplete the work and to devclop 
appropriate riiles for the time interval wliich might bc left betwecn the completion of one 
operation and the start of aiiotlier, to niiniinize interference between gangs. This work is 
still in its early stages, but the nietliod which is being developed using Hollerith cards to 
rcpresent the "modcl" secrns promising. 

Th.e purpose of operational research and, iiidecd. of any applied research is not the 
provision of a research report but the stinlulation of change in the industry. I t  is generally 
recognised that the pcriod between obtaiiiing the knowledge of an  innovalion by a research 
organisation or one of the more progressive firnis in the industry and its adoption in general, 
is long. There are rnany reasons which contribute to this and a start is now being niade to 
gain a better understanding of some of theni. As a preliniinary to tliis, a survey is being 
made of the ways in which information reaches the contracting side of the industry. A pilot 
sample survey has been carried out of about 30 firins and inforination has been obtained on 
the technical information which is received at different levels in the firm through articles in 
teclinical journals, broadcasts. exhibitions, lectures, etc. This type of inrormation is clearly 
of importaiice iiot only from thc point of view or the  general study of the introduction of new 
niethods but also froin that of the iininediate airn of presenting the results of rescarch so 
that they reach those able to apply it in a rcadily acceptable form. 

C O N C L U S I O N  

In this brief review it has only been possible to indicate broadly the linesalongwhich rcsearch 
into building operations has developcd in Britain diiring the last decade. The lield is wide, 
both from the point of view of subject matter and techniques of study, but it is clear from the 
experience gained so far tliat operational studies caii yield information of immediate practical 
valuc to all branches of the industry and tliey have now establislied a definite and continuing 
position within the general field of building researcli. 
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B U I L D I N G ,  A P L A Y  O F  M A N Y  D E C I S I O N S  

Building is a play of many acts in which decisions are to be taken repeatedly to  determine 
to a greater or lesser extent the usefulness of the future building in question. If auflicieiit 
capital is available, it boils dowii to taking tlie decisions in such a way that the all-in costs 
OS the building in operation will be kept down to a niinimum. These costs are adversely 
affected botli by too high and by too low an iiivestrnent. 

Although any individual building will be affected by good and bad decisions taken in the 
phases of devclopment planning and physical planning for the town or region in question, 
tlie preseiit paper will deal orily with the problcins associated with the planninp and con- 
struction of the individual building. Here we can distinguish among four phases: 

( I )  The phase of initial decisions ori the question of whether or not the building will be 
constructed, o n  its location, capacity, etc. (basic decisions). 

(2) The planningphase, in whicli, in the light of theprirnary decisions,adctailed programrne 
of requirements is di-awn iip which the building should ineet in order to perform its 
functions to an optimum degree (functional decisions). 

(3) The design phase, in which the decisions niade by the designer are laid down in draw- 
ings and specilications to suit the programme of requirements (design decisions). 

(4) The construction phase, in which tlie building is constructed according to the design 
rind specifications (productioii decisions). 

As more and more decisions are taken, freedom is restricted so that, on the oiie hand, the 
extent of possiblc errors decreases (most errors have been made already or good decisions 
have been taken) and, on the other hand, the possibilities of favourably affecting the final 
result are reduced. 

The running of a hotel whose number of beds is twice as high as the optimum number 
cannot be materially affected by nieans of appropriate detailed architectural design. 
A contractor works, in one sense. on a loxt cause, howevcr cfficient his organization on the 
building site may be, if serious errors have been made in selecting tlie location. Fig. 1 gives 
an estiinate of percentages of errors that might be inade within each of the four groups of 
deciaioiis. 

In the group of basic decisions, the decisiori not to build at all leads to a n  investnient Zero, 
whereas, for instance, the selectioii of the wrong capacity may easily result in twice thc 
optimun-i investment (20Ooz;,). 

In the group of functional decisions the percentage ranges approximately between 50 aiid 
150, subject to  the programme quality. 

In designing. a variatioii between 75 and 125 per Cent. may be assumed, depending o n  the 
design quality. wliilst in tlie production group this figure ranges between 90 and 1 I0 (the 
optimum investmeiit being set at 100'>„ for cach group). When the decision to undertake 
the construction has been niade, a superimposition of errors inay result in a n  investment 
3 to 4 times as high as. or only half, the optimum amount. 





followed the British exainple only since 1952. and in recent years West European. industry 
has also begun to usc operational research, althougli ori a lirnited scalc. 

Operatiorial research, thcrefore, is a comparatively new line and no agreemerit has yet 
been achieved on a waterproof definition. The definitioii suggested by A. W. Ross might be 
given as a typical example: "Operations research is tlie scientific study of the probleins of  
an organization to provide by an objective and preferably cl~iaiititative analysis, clear-cut 
reconiniendations as to policy". 

lnstead of making an attenipt at giving an exact definition we prefer to sunnmarize a 
number of characteristic features of operational research: 

(a) On the nature of the problem: as a rule it has to  deal with fairly complcx ,Systems in 
which human beiiigs, materials and equipmeiit are involved; the performance of i:he system 
deperids on a large number of factors, which often counteract eacli other; the pattern of 
performance cannot be iinmediately viewed. 

(b) 011 the research nietliod: after the esser-itial variables have been selected, tlic nccessary 
observations must be iiiade; i n  the subscquent quarititative analysis, probability theory often 
piays an important part. 

(C) I t  is the object of O.R. to attain with the available means maximum efliciericy by 
inaking optimum usage of these nieans. The mariager should decide what is to be ~inderstood 
by "eficiency" in a particular Situation. 

When tlie investigatiori is coinpleted, the O.R. worker sliould provide sufficient quantita- 
tive insiglit into thc performance pattern of the system to enable the manager to  take a 
decision. 

In view of the nature of tlic work, the tcrni "decisionics" has becorne popular, because it 
conceriis a scientific metliod of providing data for decision rnaking. Since these data cost 
tiine and money this method can be employed orily where important problerns arecoacerned, 
which is often tlie case with buildiiig coristruction. 

We shall now give some exaniples to illustrate how decisionics nlay be applied in building 
constructioii. 

S O M E  A P P L I C A T I O N S  O F  D E C I S I O N I C S  I N  B U I L D I N G  

C O N S T R U C T I O N  

T H E  C A P A C I T Y  0 1 :  A  M O R T U A R Y  

In a hospital the number of patients that die per day is not constant but is governed by 
statistical laws. By inaking the number of cooling cclls greater than would on the average be 
required, tlie risk of an incidental shortage can be reduced to an acceptablt: miniinum. 
For calculating the number of cooling cells required, the following data were collected: 

avcrage rate of occupation, h (90 per cent.); 
mortality rate oi' the number of patierits rcceived s (3.5 per cent.); 
avcrage nursing time V (20.75 days). 

Since the riumber of deaths in the hospital in question did not show any seasonal pattern, 
it was assumed that this number is generally spread over the year in a statistical way (i.e. 
possible epidemics, catastrophes, etc., have not bccn taken into account). In all cases the 
corpses should be cooled for 48 hours. 

It proved that tlie number of deatlis pzr day varicd accordirig to Poisson's l a \ ~ ,  so that the 
chancc of .Y patients dyirig on a given day could be calculated froni the formula 

where the pai-anieter / I  represents the niiiiiher of deaths per day. 



where B = total number of beds. 
The results of this calculation are shown in Fig. 2, where the required number of cooling 

cells is plotted against the number of beds. The graph provided the management with the 
quantitative insight required to arrive at the proper dccision; intuitioii had to make out what 
chance of shortage could be tolerated. 

'i'his graph applies to hospitals with a mortality rate (s) of 3.5, an  average nursirig time ( V )  

of 20.75 days and a rate of occupation (h)  of 90 per cent. If wc want to iise the same graph 
for other situations, a reading should be taken at  a number of beds B', where 

S A V l N G  S P A C E  B Y  B E T T E R  A R R A N G E M E N T  
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A restaurant is to be planilcd in which 100 people can have dinner simultancously whcn 
all tables are engaged, no strangers having to be placed at  the Same table. When niaking 
studies in a similar restaurant, it was found that a distribution of the guests over parties of 
different numbers could be expected as shown on Fig. 3 In the light of this expected build-up 
of the public, the following two solutions were considcred: 

(a) Hall furnished with four-persoii tables (53 tables required); 
(b) Hall furnished with four- and two-person tables (42 two-person and I I four-person 

tables required). 
Furthermore, the following data were k n o ~ n :  a four-person table takcs a floor arca of 

4.50 square metres and costs, inclusive of chairs, Dfl. 100 t 4 X Dfl. 50 Dfl. 300; 
a two-person table takes 3.00 square inetrcs of floor area and costs Dtl. 80 1- 2 u  DH. 50 
= Dfl. 180. 

The yearly costs of the furnished liall are set a t  Dfl. 60 per square metre of floor area 

. r - -  
r- - - -J 'r> 

- r - - - - J  

plus 10 per cent. of the purchase price of the furniture 
Calculation gives : 

Costs o/ spare per anrriiiii ut F~~rriitirre roos per urruirrrr (11 10:{ 
Utili~utiorr ofspace Dfl. 6Olsq.rn. cieprc< iulioil 

/ in  DJI) f irr Dg.) 
- 

(a) 53 ~ 4 . 5 0  m' - 238.5 mz 14,310 1590 
(b) 42 x 3.00 m' 1 10,530 1086 

11 x4.50 m3 = 175 5 rn2 
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Fig. 2. Required number of mortuary cooling n - 
cells for various numbers of hospital beds.--- 
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shortnge occurring on the average once a year, 
shortage occurring on the average oilce Fig. 3. Distribution of g~iests over parties o l  

in ten years. various nui~ibers in a restaurant. 



Hencc, for a combinütion of I I four-person tables aiid 42 tuo-person tables the total 
cost per annurn will be about Dfl. 4300 lower tlian in the case of four-person tables only 
(which is frequently put into practice). This means a saving oT 30 pei ccnt. o n  tllcsc yearly 
recurring costs by saving rnore that 25 per ceiit. on space aiid more tlian 30 per ccnt. o n  
furniture. 

T H E  R I G I I T  C O M B I U A T I O N  T U R N S  T 0  A D V A N T A G E  

Soineone wants to build a hotel consisting of' a bedroom section with 100 beds and a 
restaurant section which will be run separately. 

A n~arket  analysis sliows the expected average deinand for siiigle and double rooms during 
the different months of the year. Tlie results of tliis analysis are plotted on Fig. 4. 

double rooms 

Yk slngle rooms 

-- 
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Fig. 4. Expected deinand for single and double Fig. 5. Clioice of the inost protit;iblc combina- 
rooins in a hotel duriiig one ycar. tion of single and double rcioni.; i i i  a hotel. 

From a calculation of building costs for the bedroom section it follows that these will 
aniount to Dfl. 15,000 for a single room and Dfl. 20,000 for a double room, equipinent 
and furniture included. 

To  cover the sole investment costs, the returns sliould aniouiit to 12 per cent. of the capital 
invested. The market analysis also showed that a n  average rate of occupation. of'70 per cent. 
may be expected. 

Next an estiinate of the runni:ig costs per room was drawn up, which showed that from 
the lodgiiig prices to be chargcd, the following aniounts would be left to  cover the investinent 
costs: 

Dfl. 8 per singlc room occupied, 
DR. 12 per double room occupied. 
Dfl. 7 per double room if used by oiie persoii only (who i i i  this case would pay for a 

single room). 
l'he problem is how to select a combination of single and double rooms (totalling 100 beds) 
for which the proiit will be maximum. 

The calculation of the various combiiiations considcrcd feasible are shovvn in Fis. 5. 
From the calculation it is found that there are three combinations, i.e. 50 double roonis 

and no siiigle rooms. 45 double rooms and 10 single rooms, or 40 double rooms and 20 
single rooms, wliich yield approximately the Same nett reiurn per annum, viz .  Dfl. 39,000, 
DR. 40,500 and Dfl. 39.000, respectively. 

However. no account has been takeii so far of a possible "discomfort" for a Person being 
lodged alone in a double room. In view of tliis! the solution of 50 double roorns is definitely 



to be abandoiied in favour of 45 double rooms and I0 single rooms, because the former not 
only yields Dfl. 1500 less aniiually but also in\~olves 2700 additional "discomfort cases" 
yearly. 

nurnber of "discornfort cases " 
elirninoted per annurn -- 

Fig. 6. Amounts of nioney to be spent on reducing the number of "discomfort cases" in a hotül. i.e. cascs 
of oiie person being lodged in a do~ib le  room. Combinations of double to  single rooms arc:  (a) 45 to 10. 

(b) 40 to  20, (C) 35 to 30, and (d) 30 to  40. 

In Fig. 6 the arnount of nioiley is plotted wliich has to be sacrificed yearly to eliininate 
partially or  coinpletely all discoinfort pcr aniiuin. Tlie delinite choicc between solutions 
a, b, C or d inust be made on the basis of intuition, in which aii appreciation of the iridividual 
client plays an important part. If. for instaiice, solution C (35 double rooms and 30 single 
rooms) were chosen, this would rnean that the mallager in the end is nilling to sacrifice 
approx. Dfl. 7500 per annuni in order to  eliminate approx. 3750 discornfort c a m ,  or  

7500 
= Dfl. 2 for eacli discoriifort case. 

3750 

C O L L E C T I V L  M E A S U U E S  A U E  N O T  A L W A Y S  E C O N O M I C A 1 , L Y  J U S T l F l E D  

In many countries it is either prohibited by law to use unlined steel structures i n  multi- 
storcy constructioii or their use is limited by certain regulations. Actually, in the opinion 
of experts, such structures are mucli sooner destroyed by fire than when they are covered 
with concrete. 

It is not certain, lhowever, whetlier such prohibitive measures are econoinically justilied, 
provided that a change in the relevant rcgulations would not entail greater risks to human 
life in case of fire. 

The following inethod müy bc used to calculate wliether it is economically ~ustitied to 
line a given steel structure in order to reduce fire liazard: 

p probability per year of the occurreiice of a fire with the bearing walls reaching tlie 
critical temperature, 

B = construction cost of the building without lining, 
I - value of inventory, 
R = costs incurrrd by loss on operations when the building is cntircly destroyed, 
d B  increase in building costs due to lining, 
a -- proportion of total value ( B  + I - R 4 dB) lost in case of fire in a building with 

liiied steel structure, 
a - I ,  for a building with unlined steel structure (total loss when bearing walls reach 

critical teriiperature). 
For both cases the expected yearly damage as a result of fire can be calculated, viz. 



EI - p(B { I + R)  for unlined structures 
E? - p u ( B  + I I R t dB) for lined structures 

Hence the increase in risk of darnage by fire is 

When d E  is capitalized to A at the nioriient of construction, d B  - A represents the saving 
that rnay be effected by omitting the lining. 

The relatively high costs of the covering ought to induce authorities to investigate 
whether it is econoniically justified to irnpose a collective obligation to  apply a liiiing to  
stccl structures in general or  only to certain types of building in particular. 

By rneans of some examples the nieaning of "decisionics" in building Iias been illustrated. 
A number of othcr problems are now enumerated that can be dealt witli in an  exact way 
and where decisions are involved that warrant a scientific way of dealing with tlhem. 

The level of the quality of housing in relation to tlie production capacity in a given country 
and in a given period. 

Problems of capacity of stores (problerns of optimal stock). Clioice of location of industrial 
buildings and problems of centralization and decentralization. 

Distribution of capacity over the different departments of a general hospital (nursing 
units). 

Centralization and decentralization of kitchens in a hotel of a given capacity. 
Multi-storey and/or low construction of an office building with a view to  internal transport 

(problerns of waiting times). 
The choice of a number of units in relation to the degree of occupation. 

D E S I G N  DEC'ISIONS 

Safety factors of construction. 
Single or double glazing with a view to ecoriomy of heating and reduction of noise. 
Degree of standardization in the case of series construction: consideration elf the func- 

tional requirements of the width of a dwelling in relation to the costs of land and of con- 
struction. 

P K O U U C ' T I O N  D k C I S I O N S  

Choice of the degree of mechanization of the execution of a large cona(ruction job 
(cranes, etc.). 

Location of the stock of building materials o n  the site. 
Determination of the speed of execution with a view to  the loss of interesl during the 

execution. 
Optiinal stocks on the site in relation to the speed of construction and tlie loss of intereit. 

Althougli tlic conditions for exact study (time, data and expert knowleclge) are not 
always cornpletely fulfilled so as to allow for a concrete solution of the problem, such a 
further study always gives the advantage of a better insigl-il into the mutual interdependence 
of various influences and the factors that rnutually counteract one aiiother. In this way the 
decisions to be takcn will increasingly be based on facts and the dangerous baqii; of opinions, 
mostly influenced too heavily by recent events and relatively small personal cxperience, is 
niinimized. 




