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"Deutsche G esellschaftfiirErd- und Grundbau e.V."

isteine 1950 gegriindete Ingenieurvereinigung, deren Zweck

der Austausch von Inform ationen zu geotechnischen Fragen

und die Forderung der Arbeitan einschlagigen Problem lo-

sungen ist. Sie versteht sich als M ittlerin zwischen For-

schung und Praxis, indem sie einerseits die wissenschaft-

lichen Arbeitsergebnisse fiirdie Baupraxis in einer anwen-

derfreundlichen Form aufbereitetund andererseits die Er-
fahrungen und Innovationen der Baupraxis zur wissenschaft-

lichen Vertiefung und System atisierung an geeignete For-

schungseinrichtungen verm ittelt.

Die

Die G esellschaft istdurch die Person ihres Vorsitzenden

m it dem Deutschen Norm enausschuB verbunden. Er leitetals

Vorsitzender des Fachbereichs V "Baugrund" die Arbeitder

m it geotechnischen Norm en befaBten Arbeitsausschiisse, wo-

bei ihm seit 1984 ein LenkungsausschuB behilflich ist.

Da die G esellschaftdie deutschen Interessen

nationalen Vereinigungen "International Society of Soil

M echanics and Foundation Engineering", "International Society
of Rock M echanics" und'"InternationalAssociation of Enginee

ring Geology" vertrittsowie die Belange des deutschen Grund-

baus in der Europaischen Gem einschaft und in der ISO, obliegt

ihrdie Aufgabe, an alien fiirden deutschen Tiefbau relevan-

ten auBerdeutschen technischen Regelungen in Form von Norm en,
Codes, Standards, Em pfehlungen usw. aktiv teilzunehm en.

Da solche Arbeiten nur aus eigenen M itteln finanziertwerden

konnen, war es auBerordentlich fordernd, daB die Gesellschaft

seit 1979 vom InstitutfiirBautechnik durch Forschungsauf-

trage in diesen Verpflichtungen unterstiitztwurde. So wurden
19 79/80 erstm als M ittelfiirdie Erarbeitung eines "Vergleichs
nationaler Richtlinien fiirdie Berechnung von Fundam enten"

durch K.M alcharek und U.Sm oltczyk (veroffentlichtals M ittei-

lung Nr.16 des Baugrundinstituts Stuttgart) zur Verfiigung
gestellt.

in den inter-
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Der nachstehende AbschluBberichtbezieht sich auf die 1980

anschlieBende Forderung, wobei insbesondere die M itwirkung

der DGEG beider Erarbeitung des Eurocodes 7 "G riindungen"

unterstutztwurde.

Der Berichtgliedertsich daher in einen Teil 1, der die Akti-

vitaten der G esellschaftbeider Erstellung internationaler

geotechnischer Regelwerke darlegt; einen Teil 2, der die

spezielle Arbeitam EC 7 betrifft, land einen kur.zen SchluB-

teil3, der die bisherigen Erfahrungen im Hinblick auf die

weitere Arbeitwertet.

mTEIL 1

M itw irkung der DGEG an Regelw erken auberhalb der Norm en
Die Deutsche G esellschaftfur Erd- und Grundbau ist,wie Bild

1 ausweist, in ein weitverzweigtes Raster von Institutionen

internationaleingebunden. Dem entsprechend hat sich die M it

wirkung an ubernationalen geotechnischen Norm en und Em pfeh-

lungen auf verschiedenen Ebenen entwickelt:

(a) durch M itarbeit in Technischen Kom itees der internatio-

nalen geotechnischen G esellschaften, wahrgenom m en von

M itgliedern der DGEG ohne unm ittelbare Kostenbelastung

fur die Gesellschaft, wenn auch m ittelbar durch den da-

m itverbundenen Verwaltungsaufwand; ,

(b) ubernahm e der Federfuhrung in folgenden Technischen Kom i

tees der Internationalen Gesellschaft fur Grundbau und

Bodenm echanik (im folgenden ISSM FE abgekiirzt):

- Field and Laboratory Testing of Soils (Obm ann: Sm oltczyk

Tatigkeit 1985 abgeschlossen);

- Inform ation Advisory Com m ittee (Obm ann: Nendza);

- Ground Freezing Com m ittee (Obm ann: Jessberger);

- European Technical Com m ittee on Piling (Obm ann:Franke).

(c) Beteiligung am ISO Technical Com m ittee 182 "G eotechnics",

(a) Dokum entationsdienst fur das gesam te geotechnische

Schrifttum .
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1.1 VEREINHEITLICHUNG DER SONDIERVERFAHREN

Bei der internationalen Tagung der ISSM FE 1957 in London

wurde auf hollandische Anregung hin ein europaischer Son-

denausschuB gegriindet, in den 1961 Herr Dr.-Ing.Zweck als

deutscher Vertreter berufen wurde; ihm wurde in der Folge

auch die Leitung der Untergruppe ubertragen, die die Ram m -

und Drucksondierungen behandeln sollte. Die am erikanische

Gruppe wollte sich dagegen m it dem Standard Penetration Test

befassen. Die europaische Gruppe konnte 1965 einen Entwurf

vorlegen, wahrend die am erikanische aus M angel an Einigung

ihre Arbeiteinstellte.

1974 kam es zu einem ersten europaischen Sym posium

holm (ESOPT 1), 1982 folgte ESOPT 2 in Am sterdam . W ahrend*

die Gruppe zunachst nur aus Vertretern der Schweiz, der Nie-

derlande, Schwedens und der Bundesrepublik Deutschland be-

stand, wurde sie beim ESOPT 1 urn M itglieder aus Bulgarian,

der UdSSR, G roBbritanniens und Belgiens erweitert. Dieses

Kom itee leitete Dr.Zweck bis 1976, dann B.Brom s (Schweaen) .

Die von diesem Kreis erarbeitete Em pfehlung um faBte die

Ram m sonde, die Drucksonde, den Standard Penetration Test

und die schwedische Gewichtssonde. Sie wurde 1977 in Tokio

vorgelegt und genehm igt. Entgegen deutschen W unschen wurde

eine schwere Ram m sonde m it 63,5 kg G ewicht em pfohlen, urn

dasselbe Fallgewicht wie beim SPT zu haben. G liicklicher-

weise konnte in einem Nachtrag 1981 noch die leichte 10 kg

Sonde aufgenom m en werden.

Die urspriinglich nur europaische Em pfehlung istinzwischen

(San Francisco 1985) auch als internationalverbindliche Re

gelakzeptiertworden; das dam it befaBte Kom itee (deutscher

Vertreter: Dr.-Ing.M elzer, Frankfurt) istein Technisches

Kom itee der ISSM FE. Zum Berichtszeitpunkt liegen folgende

Em pfehlungen anwendungsreif vor:

- (Recom m ended) Reference Test Procedure for the Cone Pene

tration Test CPT;

- InternationalReference Test Procedure on the W eight

Sounding Test (W ST);

in Stock-
*»-

I®

InternationalReference Test Procedure on the Standard

Penetration Test (SPT);
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- InternationalReference Test Procedure on the Dynam ic

Probing Test (DP).

Insbesondere der erst- und der letztgenannte Sondentyp sind

fur die deutsche Norm ung von Bedeutung; die betreffenden in-

ternationalen Referenztexte werden zur Zeitvon dem m itder

DIN 4094 befaBten NABau-ArbeitsausschuB (= Arbeitskreis 3

der DGEG) in die deutschen Norm en eingearbeitet. Eine deut

sche Ubersetzung erubrigt sich deswegen zur Zeit.

Die ISSM FE-Gruppe betrachtet ihre Arbeitals vorerstbeendet.

Die 4 Dokum ente werden vom Schwedischen G eotechnischen Insti-

tutzu einem G esam tbericht zusam m engefaBt und bis August

1986 an alle M itgliedsstaaten der ISSM FE zur Kenntnis- und

Stellungnahm e verschickt. Danach kann 1987 dariiber form ell

und abschliefiend BeschluB gefaBt werden. Erst danach ist

eine Abgabe des Dokum ents an z.B. die ISO form al zulassig.

1.2 VEREINHEITLICHUNG DER BAUGRUND-UNTERSUCHUNGSVERFAHREN

Zu der besonders dringend zu vereinheitlichenden Them atik

der Baugrunduntersuchungen wurde 1978 ein ISSM FE-Kom itee

gegriindet, in dem Herr Prof.Som m er, Kassel, deutscher Ver-

treter ist. Es begann seine Arbeitm it der Sam m lung von

Angaben uber die in den verschiedenen Landern viblichen Er-

kundungsverfahren. Auf Grund des so gewonnenen M aterials

wurde 1983 ein Handbuch der Baugrunderkundung vorgelegt,

das vor allem dem jenig.en niitzt, der sich uber die Praktiken

eines Auslandes inform ieren m ochte, wenn ihm anlaBlich ei-

nes Auslands-Bauvorhabens ein Baugrundgutachten eines'ort-

lichen Baugrundinstituts vorgelegtwird. Von einer Harm oni-

sierung der Untersuchungsverfahren kann jedoch vorerstkei-

ne Rede sein; sie kann wohl auch weniger von dieser Gruppe

als von denjenigen geleistetwerden, die sich m itden ein-

zelnen Versuchen in Feld und Labor m it dem Zieleiner inter-

nationalen Abstim m ung befassen.

1.3 VERFAHREN DER PROBEN-GEW INNUNG

Zu den Verfahren der Proben-Gewinnung besteht unter japani-

scher Leitung seit 1978 ein ISSM FE-Kom itee, in dem die deut

schen Belange von Herrn Prof.Kany, Nurnberg, wahrgenom m en

werden.
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In der ersten Bearbeitungsrunde bis 1981 wurde das "Interna

tionalM anual for Sam pling of SoftCohesive Soils" als Ent-

wurf (s.a. NABau V 11,Nr.2-80) zusam m engestellt. Es dokum en-

tiertdie Vielzahlder regional angewendeten Verfahren, sie-

he dazu auch die im Auftrag des Instituts fiirBautechnik

1981 von R.Herrm ann gefertigte Querschnittsstudie (FA IV/1-5-

265/80).

1981 erfolgte eine organisatorische Um ordnung beider ISSM FE,

wonach es fortan zwei Technische Kom itees gab: "Sam pling and

Testing of Residual Soils" und "Undisturbed Sam pling and La

boratory Testing of SoftRocks and Indurated Soils". Die er-

ste Gruppe unter dem Vorsitz von Dr.Brand (Singapur) begann

ihre Arbeitm it einer M aterialsam m lung und veroffentlichte

1984: "Sam pling and Testing of Residual Soils: A Review of

InternationalPractice".

Auch die zweite Gruppe unter australischer Federfiihrung ist

noch ganz in den Anfangen und bem uht sich insbesondere um

die gebotene Abstim m ung m itder Felsm echanik.

Fur die deutschen Norm -Interessen ergeben sich beidiesen

beiden Gruppen in naher Zukunft wohl noch keine Ansatze.

1.4 GEOM ECHANISCHE SOFTW ARE

Das Kom itee wurde 1973 in M oskau gegrundet und stehtunter

kanadischer Leitung. Deutscher Vertreter istHerr Dr.Sem prich,

M annheim . Die Hauptaufgabe des Kom itees istdie Entwicklung

eines Program m -Dokum entationsdienstes auf der Basis der Geo

technicalAbstracts. Die Bilder 2 und 3 zeigen die inzwi

schen akzeptierten Dokum entationsform en an einem BeispielVy£.

Auch die Internationale Gesellschaft furFelsm echanik hat

ein dieses Them a bearbeitendes Kom itee, das inzwischen be-

reits einen Grundstock an Software erfaBthat und im Nach-

weisdienst anbietet.

Eine direkte Bedeutung fur die internationale Norm ung haben

diese Arbeiten noch nicht; m an wird aber auf sie Bezug zu

nehm en haben, wenn das Them a der EDV-gestiitzten Standsicher-

heitsnachweise zur Harm onisierung anstehen wird. Es wird

sich dann die Frage stellen, ob nur solche Verfahren als

anerkannte Verfahren der Geotechnik zu gelten haben, die in

dieser W eise internationalarchiviertsind.
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Tsar of firstinstallation: 1979

Year of installation of the version currently offered:
1980

Availaola from (m ax. 16G characters):

The m ethod of calculation is based upon the Finite Elem ent M ethod.
The program im plem ents elem ent types of an isoparam etric three
dim ensional elem ent uith 8-21 nodal points, as uell as bar, spring
and joint elem ents.
behaviour is assum ed for the ground.
versalisotropy is described by the constants of-elasticity E*, E2>
v , v£, G -̂ The transition from elastic to viscoplastic displace- -
m ents is described by the M ohr-Coulom b
tropic strength as uellas for planes of reduced strength of any
given spatialorientation (e.g. discontinuities and schistosities in
rock m asses). The sim ulation of the different construction stages
and the associated states of stress and displacem ent can be determ ined
very econom ically by m eans of an iterative m ethod.
displacem ents can be plotted perspectively uith the aid of a plotter
program . * -

A linearly elastic viscoplastic stress-strain
In the elastic range a trans-

n

ZZ U

J
i

program , cavern, slope, foundation, stability, Finite Elem ent M ethod

Internationalvorgeschlagene Kurzform der Program m -
beschreibung fur geotechnische Software



8

corresponding groups of.the
International Geotechnical
Classification System s

T code of the editor:
j GA: G eotechnical Abstract;

of an abstract

i
i

r—No.

!--- *©

c i1 -Hnam e of the program ;
short designation; ,
year of firstinstalls- _ _
tion; year of installs- ’J"'

Il»H
!

_I----
jj.

2tion of the version
currently offered
(italicsj____________

r-i

KD

%

if

prog_r_am _i_a_ng_u_ag_e_
type of_Pf r_am _

criptors ;
îirstone: program )

'T
/

--------12,8 cm ----------

80 - 85 characters1 *i

Bild 3 Form at der Nachweiskarte fur die Inform ation nach Bild 2

1.5 VEREINHEITLICHUNG DER BEGRIFFE

Eine der wesentlichen Voraussetzungen fur die Harm onisierung

technischer Regeln isteine internationalvereinbarte und ein-

deutige Zuordnung von Bezeichnungen und Bedeutungsgehalten in

verschiedenen Sprachen, wobei heute die englische Sprache in

der Geotechnik als Referenzsprache benutztwird.

Zu diesem Theraa haben alle internationalen geotechnischen Ge-

sellschaften Studiengruppen, die ISSM FE bereits seitiiber 30

Jahren. Aus AnlaB der internationalen Konferenzen wird jeweils

ein Glossar veroffentlicht, das die inzwischen eingebiirgerten

Fachausdriicke und Sym bole zu den bereits friiher vereinbarten

erganzt und dann verbindlich istfur alle wissenschaftlichen

Publikationen auf geotechnischem G ebiet.

Die Felsm echanik wird in den Kom itees der ISSM FE und der IAEG

m itvertreten.

Die Verbindung zur Norm ung isteinm al dadurch gegeben, daB in

der DIN 1080 grundsatzlich von den internationalfestgelegten

Sym bolen und Bezeichnungen ausgegangen wird; zum anderen durch

den Um stand, daB die ISO ein Kom itee zur Klassifizierung von

Boden und Fels und zur Auflistung der Sym bole unter schwedi-
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scher Federfiihrung eingerichtethat.

1.6 FELD- UND LABORVERSUCHE

Die internationaleinheitliche Festlegung von Anforderungen

an boden- und felsm echanische Untersuchungsverfahren istin

der Geotechnik noch m ehr als in anderen Sparten des Bauinge-

nieurwesens eine Voraussetzung fur jede andere Harm onisie-

rungsbem iihung.

Die Internationale Gesellschaft fiirFelsm echanik beriefbe-

reits 1967 eine Kom inission zur Vereinheitlichung felsm echa-

nischer Untersuchungsm ethoden, die seitdem folgende Em pfeh-

lungen veroffentlichte:

-"Suggested m ethods for determ ining shear strength"(1974);

-"Suggested m ethods for rock bolttesting"(1974);

-"Suggested m ethods for the quantitative description of

discontinuities in rock m asses"(1977);

-"Suggested m ethods for determ ining hardness and abrasiveness

of rocks"(1977);

-"Suggested m ethods for petrographic description of rocks"(1977);

-"Suggested m ethods for determ ining the strength of rock m ate

rials in triaxialcom pression"(1977);

-"Suggested m ethods form onitoring rock m ovem ents with bore

hole extensom eters"(1977);

-"Suggested m ethods for.determ ining uni-axialcom pressive strength

and deform ability of rock m aterials" (1978);

-"Suggested m ethods for determ ining water content, porosity,

density, absorption and related properties and swelling and

slake-durability index properties" (1978);

-"Suggested m ethods forpressure m onitoring using hydraulic

cells"(1979).

Diese Em pfehlungen haben allerdings in der Regel eher einen

qualitativ beschreibenden als quantitativ festlegenden Charak-

ter. Eine Standardisierung der Versuche istdam it noch nicht

geleistet.

Die ISSM FE isthier erstrelativ spat aktiv geworden, nach-

dem m an im westlichen Ausland und in den Entwicklungslandern

jahrzehntelang vorwiegend nach den ASTM Standards verfuhr, wo

eigene nationale Regeln nichtvorhanden waren.
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Erst in den Jahren 1979 bis 1985 wurde ein unter deutscher

Leitung stehendes Technisches Kom itee hierfiir berufen, das

aus 24 M itgliedern bestand (Leitung: Sm oltczyk) und sich dem -

gem aB nur wenige M ale treffen konnte, im iibrigen aber versuch-

te, auf dem Korrespondenzweg weiterzukcm m en. Inzwischen hat

m an die Konsequenz gezogen und die Aktivitaten auf diesem Ge-

bietregionalisiert. So gibtes seit 1985 ein europaisches

Kom itee fiirbodenm echanische Versuche (speziell: Triaxialver-

such), in dem die DGEG m itarbeitet, das aber unter niederlan-

discher Federfiihrung steht.

Die bisher publizierten Entwiirfe stellen Zwischenstadien dar:

- "Suggested Procedure on the Com pression and Swelling Test"

(Verfasser: Frydm an, Haifa, und Calabresi,Rom . Veroffent-

lichtals M itteilung des Techneion Haifa 1984);

-"Suggested Procedure on the TriaxialShear Test" (Verfasser:

Berre,0slo. Veroffentlichtals M itteilung des Norwegischen

Geotechnischen Instituts 1985).

- "Recom m ended Procedure on the AxialPile Loading Test"

(Veroffentlichtdurch den Obm ann Sm oltczyk 1985 im ASTM Jour

nalJuni 1985) .

Auch das gegenwartig stark diskutierte Verfahren der dynam ischen

Pfahlprobebelastung wurde in eine "Suggested M ethod" gefafit,

konnte aber nichtbis zur Veroffentlichungsreife gebrachtwer-

den.

Bei der Durchfiihrung dieses recht aufwendigen Verfahrens wurde

ein im Rahm en dieses Forschungsvorhabens beschaftigter engli-

scher Diplom ingenieur zu Hilfe genom m en.

Die o.g. dreiArbeitsdokum ente bilden die Grundlage fur die

Uberarbeitung der entsprechenden deutschen Norm en in den Ar-

beitskreisen fiirVersuche und Versuchsgerate (v.Soos) und fiir

Bauart und Tragfahigkeit der Pfahle (Franke); sie erganzen

auBerdem die im Teil2 geschilderten Bem iihungen urn eine euro-

paische Norm an der Stelle, wo dort die Versuche angesprochen

werden.
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TEIL 2

Bericht uber Ausarbeitung code" FOR
EUROCODE 7

2.1 KONSTITUIERUNG UND ZUSAM M ENSETZUNG DER ARBEITSGRUPPE

Die Kom m ission der Europaischen Gem einschaften (KEG) beab-

sichtigt, europaische Regelwerke - die EDROCODES

Entwurf, die Bem essung und die Ausfuhrung von Gebauden una

Ingenieurbauwerken aufzulegen. M itHilfe dieser Regelwerke

einheitliche Regeln bereitgestelltwerden als Al

ternative zu den geltenden, differierenden Regeln in den

verschiedenen M itgliedstaaten. Ferner soilgleichzeitig m it

der Aufstellung der EUROCODES eine freiwillige Harm onisie-

rung der nationalen Norm ung angestrebtwerden.

fur den

sollen

Das Program m der Kom m ission zur Vereinheitlichung von Be-

stim m ungen, Gesetzen und Verwaltungsvorschriften der M it

gliedstaaten auf den G ebieten der Sicherheit, der Gebrauchs-

fahigkeitund der Dauerhaftigkeitder verschiedenen Bauarten

und Baustoffe siehtanfanglich acht EUROCODES vor? davon be-

trifftder EUROCODE Nr. 7 die Griindungen sowie Erd- und

Stiitzbauwerke. Es istvorgesehen, als Grundlage beider Ab-

fassung der EUROCODES sog. "m odel codes", d.h. bestehende

Richtlinien ubernationaler Grem ien,zu verwenden. Solchebe-

stehen z.B. auf dem G ebiet des Stahl- und Stahlbetonbaues

("Recom m endations for steelstructures" des EKS, "Com m on Uni

fied Rules" des CEB/FIP), nicht jedoch auf dem G ebiet des

G rundbaues.

Deshalb nahm die beider Kom m ission der EG zustandige Stelle,

die Generaldirektion fur den Binnenm arkt und gewerbliche

W irtschaft, Verbindung zum dam aligen G eneralsekretar der

Internationalen Gesellschaft fur Bodenm echanik und G rund-

bau (ISSM FE), dem inzwischen verstorbenen Prof. Nash, auf.
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Die ISSM FE erklarte sich bereit, die Aufstellung eines

"m odel code" fur die von der KEG angestrebte Grundbau-

norm EC 7 zu iibernehm en. Die ISSM FE konnte Herrn Prof.

Krebs Ovesen aus Danem ark fur die Leitung dieser Arbei-

ten gewinnen und einen ArbeitsausschuB aus Vertretern

der bisher neun nationalen Gesellschaften der EG-Lander

bilden.

Ursprtinglich war vorgesehen, diesem Kom itee den Status

eines technischen Kom itees der ISSM FE zu geben. Einige

nationale Gesellschaften der ISSM FE m eldeten jedoch an-,,

gesichts des Um standes, daB es sich nichtum ein wirklich

internationales, sondern nur auf einen europaischen Teil-

handelt/Bedenken an. Daher

wurde vereinbart, die Arbeitsgruppe als gem einsam es Ad-

hoc-Kom itee der M itgliedsgesellschaften der ISSM FE in deni

neun EG-Landern anzusehen. Die EG-Kom m ission erklarte sich

m it dieser Organisationsform einverstanaen.

bereich beschranktes Grem ium

Der Arbeitsgruppe gehort also je ein M itglied aus einem

jeden EG-Land m itAusnahm e Luxem burgs an. Das franzosische

und das griechische M itglied werden aus haushaltstechnischen

Grunden beiden Arbeitssitzungen haufig durch standige Ver-

treterersetzt, die inoffiziellals Vollm itglieder betrach-

tetwerden. Die DGEG wurde beiden ersten beiden Sitzungen

von Prof. Sm oltczyk vertreten. Auf der Sitzung des NABau-

Arbeitsausschusses V4 "Baugrund-Berechungsverfahren" am

24.9.1981 in Sindelfingen hat Prof. Sm oltczyk angeregt,

einen deutschen SpiegelausschuB fur die Arbeitdes Ad-hoc-

Ausschusses zu bilden, wozu vor allem der ArbeitsausschuB

V4 als in der Sache Hauptbeteiligter in Frage kom m e. Der

ArbeitsausschuB hat dann wiederum sein M itglied, Dr. Sad-

gorski, Landesam t furW asserwirtschaft in M iinchen, um uber-

nahm e der deutschen Vertretung im Ad-hoc-Kom itee gebeten.
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Die DGEG beauftragte ferner zur Unterstiitzung von Dr. Sad-

gorski ihren befristeteingestellten englischen M itarbei-

ter Dipl.-Ing. Thorp m itder geschaftsm aBigen Betreuung des

englischen Schriftverkehrs. Die Tatigkeitvon Herrn Thorp

endete am 30.6.1984.

Die Arbeitsgruppe besteht aus folgenden weiteren M itglie-

dern:

- Belgien: Prof. E. Lousberg, Universite Catholique de

Louvain; z. Zt. President der Belgischen Geo-

technischen G esellschaft;

- Danem ark: Prof.N.Krebs Ovesen, Ingenieurakadem ie in Lyngby;

z. Zt. Vizeprasident der ISSM FE fiirEuropa;

- Frankreich: Prof.F.Baguelin, LCPC in Nantes, und S.Am ar,

LCPC Paris;

- Griechenland: Prof.A. Anagnostopoulos, TU Athen, und Dr.D.

Coum oulos, Beratender Ingenieur in Athen;

- GroBbritannien: Dr.B.Sim pson, Fa.Ove Arup & Partners in

London;

- Irland: Dr.T.Orr, Trinity College in Dublin;

- Italien: Prof.R.Japelli, friiherUniversita diPalerm o, jetzt

IIUniversita diRom a;

Herr Heijnen hat dankenswerterweise das Sekretariat der Ar

beitsgruppe ubernom m en und wird dabei von Herrn H.Nelissen

unterstiitzt.
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2.2. SITZUNGEN DER ARBEITSGRUPPE

Die konstituierende Sitzung der EC 7-Arbeitsgruppe fand

am 2./3.04.81 in Brusselunter dem Vorsitz von Prof.

Krebs Ovesen statt. Zeitweilig anwesend waren die Herren

Dr. Gray und Dr. Ehrentreich von der o.g. Generaldirek-

tion der KEG. Als weitere Arbeitssitzungen folgten:

Nr. Ort Datum

2 Stockholm 15.+17.06.81

15./16.10.81

14./15.01.82

01./02.04.82

10./11.06.82

30.09./01.10.82

14./15.01.83

27.05.83

29./30.09.83

19./21.01.84

17./19.05.84

13./14.09.84

17-/18.01.35

22./23.05.85

16./17.09.85

3 Paris

4 London

5 M unchen
SB:

6 Athen

7 Kopenhagen

Dublin8

Helsinki9

1 0 Rom

Delft

Louvain-la-Neuve/Belg.

Athen

Paris

London

11

1 2

1 3

14

15

16 M unchen

Die O rganisation der Sitzungen iibernahm en die M itglieder

der Arbeitsgruppe aus dem jeweiligen Gastgeberland.

Bei den ordentlichen Sitzungen war die Gruppe fast stets

vollzahlig, wobei die M itglieder aus Frankreich und G rie-

chenland jeweils alternativ an den Sitzungen teilnahm en.

Haufig stoBen 1 bis m ax. 3 Kollegen aus dem Land, in dem

die jeweilige Sitzung stattfindet, zur Beratung einzelner

Abschnitte hinzu.

Die Sitzungs-Niederschriften werden von Herrn Heijnen un

ter M itwirkung von Herrn Nelissen gefertigtund den M it-

gliedern zugesandt.
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Zur laufenden Inform ation werden sie von Herrn Sadgorski

m it den m eisten Unterlagen an die Herren Dr. Hanisch,

Institutfur Bautechnik, Prof. Sm oltczyk und Prof. Horn

als Obm ann des Spiegelausschusses weitergeleitet. Aus-

arbeitung und Versand der offiziellen Niederschriften neh-

m en jedoch m eist m ehrere W ochen Zeit in Anspruch. Um aber

die Erfiillung der Aufgaben, die die deutsche Vertretung

ubernom m en oder zugewiesen bekom m en hat, nichtunnotig zu

verzogern und zur schnelleren Inform ation wurden von Herrn

Thorp und spater von Dr. Sadgorskinur wenige Tage nach

jeder Sitzung gesonderte Sitzungsnotizen (rough personal

notes) aufgestelltund nach dem vereinbarten Verteilerver-

sandt.

Fur 1986 sind folgende dreiweitere Sitzungen vorgesehen:

23./25.1.85

12./13.6.85

Sept. 1985

17. Rom

Kopenhagen

(O rt noch nicht
bestim m t)

18.

19.

Angesichts der bevorstehenden Aufnahm e ihrer Lander in die

EG lud der Obm ann Vertreter der Spanischen und der Portu-

giesischen Gesellschaftals Gaste zu diesen Sitzungen ein.

2.3 GEGENW ARTIGE SITUATION IN DEN EINZELNEN EG-LANDERN

Die Arbeitsgruppe nahm ihre Arbeitm it einer Bestandsaufnah-

m e der Nationalen Richtlinien auf dem G ebiet der Geotechnik

in den einzelnen Landern auf. Hierzu fertigte jedes M it-

glied der Gruppe eine Ubersicht des Norm ungsstandes in sei-

nem Land im Friihjahr 1981. Spatere Anderungen dieses Stan-

des wurden den M itgliedern der Gruppe m itgeteiltund neu-

erschienene Richtlinien wurden ihnen m eistens iiberreicht.

Nachfolgend einige Ergebnisse der Bestandsaufnahm e:
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2.3.1 Belgien

Zur Zeitexistieren in Belgien noch keine Norm en O der ande-

re Richtlinien auf dem G ebiet der Geotechnik.

Fur Labor- und Feldversuche werden die DIN- Oder ASTM -

Norm en O der aber Festlegungen des "Rijksinstituutvoor

Grondm echanica" verwendet.

1977 wurde eine Kom m ission fur Pfahlgrundungen unter

dem Vorsitz von Prof, de Beer m it folgenden 5 Unteraus-

schiissen gebildet:

Baugrunduntersuchung (Vorsitz Prof, de Beer, 12 M it-

glieder)

Eigenschaften des Pfahlm aterials

System atik der in Belgien verwendeten Pfahltypen

- Beschreibung, Bauausfiihrung, Baukontrolle.

Bestim m ung der Tragfahigkeit und der Setzungen von

Pfahlgrundungen

Bauiiberwachung und Probebelastungen (Vorsitz Prof.

Lousberg, 15 M itgl.)

1 .

2.

3.

4.

5.

Die von den Gruppen 1 und 5 ausgearbeiteten Em pfehlun-

gen wurden im Heft 3/1984 der "Annales des Travaux Pub-

liques de Belgique"'veroffentlicht (insges. 33 S., zwei-

sprachig) und zur Diskussion gestellt. Die Em pfehlungen

der anderen 3 G ruppen sollen in nachster Zukunft ebenfalls

veroffentlichtwerden.

2.3.2 Danem ark

Eine danische Grundbaunorm (Dansk Ingeni0rforenings Norm

for Fundering,DS 415) existiertseitEnde der 50-er Janre;

sie war von Prof. Brinch Hansen m aBgeblich gepragt. 1977

erschien eine zweite und 1984 eine dritte Ausgabe, die auch

in englischer Sprache vorliegen. Die Norm besteht aus Text

und G uide,die sukzessiv aufeinander folgen. Die rechtkom -

pakte, ubersichtliche und knapp gehaltene Norm schreibt

fur Standsicherheitsnachweise die M ethode der Partialsicher-

heiten vor; es werden jedoch keinerleiDetails fur Boden-

untersuchungen, Standsicherheitsnachweise o.a. gegeben.
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M it ihrerklaren Konzeption und iibersichtlichen Syste-

m atik dientdie DS 415 weitgehend als Vorbild beider

Ausarbeitung von EC 7.

2.3.3 Frankreich

Die in Frankreich existierenden Regelwerke konnen fol-

genden 4 G ruppen zugeordnet werden:

a) "Docum ents Techniques Unifies" (DTU)

b) "Cahiers des Prescriptions Com m unes" (CPC) der

StraBenbauverwaltung

c) Em pfehlungen und Erlauterungen

d) Andere Regelwerke

Die DTU's werden von paritatisch besetzten Ausschiissen un-

ter der technischen Betreuung des "Centre Scientifique et

Technique du Batim ent" verfaBt. Sie konnen aus: "Cahiers

des charges" m it grundsatzlichen technischen Bedingungen,

"Regies des calcul" und "Cahiers de clauses specielles"

m itVertragsbedingungen bestehen.

Die DTU's sind fur offentliche Bauvorhaben verbindlich;

beiprivaten Bauvorhaben konnen sie als Vertragsbestand-

teilvereinbartwerden.

Zur Zeit liegen auf dem G ebiet der Geotechnik zwei gultige

DTU's vor:

DTU Nr. 13.1 fur Flachgriindungen

DTU Nr. 13.2 fur Tiefgrundungen (2. Ausgabe 1978)

Diese sind von relativ niedrigem Ausfiihrlichkeitsgrad und

enthalten keine Bem essungsregeln (bis auf Festlegungen zu

den zul. Spannungen im Pfahlm aterial). Fiir Baugrundunter-

suchungen istdas DTU 11.1 m aBgeblich, das sich in Uber-

arbeitung befindet. Die im Zuge der Uberarbeitung erstell-

ten Beitrage wurden 1983 in einem durchaus konsistenten

W erk m itca. 150 S. unter der Bezeichnung "Etude geotech

nique etreconnaissance des sols" - Project de DTU heraus-

gegeben.



18

Anders als die vorerwahnten DTU's sind in diesem W erk

verbindlicher Text und Erlauterungen konsequent ge-

trennt.

Execution desZu den CPC gehort das "Fascicule 68

travaux de fondation d'ouvrages" , in Kraft seit 1967

(2. Ausgabe 1982), das fur staatliche Bauvorhaben ver-

bindlich ist.Dortwerden vorwiegend Vertragsbedingungen

behandelt. Rein fachtechnische Fragen der Bem essung von

G riindungen sind im "Fascicule Special 79-12" zusam m enge-

faBt.

Das Laboratoire Centraldes Ponts etChaussees (LCPC) und

das Centre d'Etudes Techniques des Routes etAlloroutes

(SETRA) geben geraeinsam eine Reihe von ausfiihrlichen Em p-

fehlungen (Docum ents LCPC - SETRA) heraus, auf die in

Streitfallen durchaus Bezug genom m en wird. Hierzu gehoren:

FOND 72 fiirBodenerkundung sowie beziiglich Bem essung von

Flach- und Tiefgriindungen; M UR (1973) fiir Stiitzbauwerke;

"Les Pieux Fores (1978)”fiirdie Ausfiihrung von Bohrpfah-

len; "Les ouvrages en terre arm ee"(1979) u.a.

Fiir seinen eigenen Bedarf hat das LCPC verschiedene Richt-

linien fiirVersuchsdurchfiihrungen und Berechnungsverfahren

die auch von anderen Behorden verwendet werden, ohne daB

sie allgem einverbindlichen Charakter hatten. Hierzu gehoren

die Richtlinien fiirVorspannanker (1979) und fiirdie Be

m essung von Pfahlen fiirHorizontallasten.

Alles in allem istfestzustellen, daB in Frankreich zur

Zeitkein einheitliches und iiberschaubares System von Nor-

m en und anderen verbindlichen Richtlinien besteht.

2.3.4 Griechenland

Das M inisterium fiiroffentliche Arbeiten hat 1966 eine

Richtlinie fiirBaugrunduntersuchungen fiir offentliche Bau

vorhaben herausgegeben, die sich in ihrem Versuchsteilan

ASTM anlehnt.
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Fur Flach- und Tiefgriindungen liegen Em pfehlungen des

gleichen M inisterium s vom Jahr 1958 vor, die sich an die

DIN 1054 anlehnen und auch M indestanforderungen fur die

Baugrunduntersuchungen enthalten. Die Anwendung der beiden

W erke beiprivaten Bauvorhaben istublich, jedoch nicht

obligatorisch. W eitere DIN wie z.B. die DIN 4017, 4019

und 4125 werden auf optioneller Basis inoffiziellver-

wendet.

Das genannte M inisterium strebtdie baldige Ausarbeitung

und Einfiihrung eines neuen Codes fur das G ebiet der Geo-

technik an.

2.3.5 GroGbritannien

Die British Standards Institution gibt sowohl Codes of

Practice (CP) als auch British Standards (BS) heraus. Laut

Praam bel istin den CP's in der Form von Em pfehlungen der

Stand der Technik ("Good practice") niedergeschrieben. Die

wichtigsten CP's auf dem G ebiet der Geotechnik sind

CP 2004 - Foundation, letzte Ausgabe 1972

CP 2003 - Earthworks, letzte Ausgabe 1981

- Earth Retaining Structures, letzte Ausgabe 1982

Der CP 2001 - Site Investigation - befindet sich in tiber-

arbeitung. Fur Stahlbeton existieren zwei Codes - CP 110

(auf der Grundlage derGrenzzustande

und CP 114 (m it zul. Spannungen) . Im CP 2004 wird furGriin-

dungen die Bem essung nach zul. Spannungen em pfohlen.

Die dreigenannten Codes m it einem Gesam tum fang von fast

500 S. decken ziem lich das ganze G ebiet derGeotechnik ab,ohne

die Sonderproblem e. Sie sind als Entscheidungshilfen fur

kom petente qualifizierte Ingenieure beim Entwurf und Bau

entsprechender Grundbauwerke gedacht und sind in Inhalt

und Form m ehr deskriptiv als im perativ gehalten.

CP 2

m itPartialsicherneiten)>
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Form eln werden im CP 2 praktisch nicht, in CP 2003 und

2004 nur in begrenztem Um fang angegeben. Zahlenwerte

kom m en m eistens als Richtwerte und nichtals verbind-

liche Foraerungen vor; die W ahl des Sicherheitsbeiwertes

bleibtpraktisch dem Bearbeiter iiberlassen. Die Codes

enthalten jedoch um fangreiche konstruktive Vorschlage

und Details.

Obwohl die britischen Codes of Practice einen ahnlichen

Status besitzen wie die DIN, spielen sie durch ihre all-

gem ein gehaltenen Aussagen und Forderungen doch nicht

die gleiche regulative und vereinheitlichende Rolle.

Fur Labor- und Feldversuche liegteine grofie Anzahl von

British Standards vor.

2.3.6 Irland

Auf dem G ebeit der Geotechnik sind keine Regelwerke vor-

handen. Die neuen "DraftBuilding Regulations" des De

partm ent of the Environm ent fordern fur Griindungen die

Befolgung der britischen Codes of Practice.

2.3.1 Italien

In Italien besteht kein einheitliches Norm ungssystem . Die

G rundregein fur Baugrunduntersuchung, Entwurf, Bem essung

und Bauausfiihrung von Grundbauwerken sind*) im M inisterial-

erlaB (Decreto M inisteriale) LL.PP.DM , 1981 des M inisterium s

fur Offentliche Arbeiten festgelegt.

DECRETO M INISTERIALE 21 gennaio 1981
Norm e tecriiche riguardanti le indagini
sui terrenie sulle rocce, la stabllita
dei pendiinaturalie delle scarpate, i
criteri generali e le prescrizioni per

l'esecuzione e illa progettazione,
collaudo delle opere di sostegno delle
terre e delle opere di fondazione.
Gazzetta Ufficiale R.I.,
7/2/1981.

S.O. n° 37,
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Dieser ErlaB istin der "Gazzetta Ufficiale" der Italie-

nischen Republik veroffentlicht; er besitztgesetzliche

Kraftund giltsowohl fur offentliche als auch furpri

vate Bauvorhaben. Der G eltungsbereich der Norm erstreckt

sich fastauf das gesam te G ebiet der Geotechnik (s. auch

Tab. 2.1) ohne Stauanlagen, fur die es eine gesonderte

Norm gibt. Die genannte Grundnorm strebtkeine weitge-

hende Vereinheitlichung von Baugrunduntersuchung und Be-

rechnungsverfahren an. Sie gibtvielm ehr nur die Grund-

satze wieder und belaBt dem Ingenieur ziem lich vielSpiel-

raum . Es werden zwar M indestwerte fur die Sicherheitsfak-

toren gefordert, die sich von den W erten der DIN 1054 kaum

unterscheiden; da jedoch die Berechnungsverfahren und die

Festlegung von Bodenkennwerten kaum behandelt werden, ist

die Norm LL.PP.DM 1981 doch recht groBziigig und unverbind-

lich. Das gleiche M inisterium gibtauch m inisterielle Rund-

schreiben (LL.PP.CM ) heraus, die keinen gesetzlichen Cha-

rakter haben, jedoch als Em pfehlungen landesweitbefolgt

werden.

Das "Consiglio Nazionale diRicerche" (CNR) hat zahlreiche

Norm en furbodenm echanische Versuche herausgegeben. Die

Italienische Geotechnische G esellschaft (Associazione

Italiana di Geotechnica - AGI) hat Em pfehlungen iiber Bo-

denbezeichnungen, Baugrunduntersuchungen (1977), Pfahlgriin-

dungen und Anker (Entwiirfe 1981) herausgegeben.

Einige Regionen Italiens sind ebenfalls befugt - aufgrund

besonderer natiirlicher Gegebenheiten - eigene, zusatzliche

Richtlinien auf geotechnischem Gebiet zu erlassen.

Tab.2.1 gibteine grobe Ubersicht des geotechnischen Regel-

werkes in Italien.



Learned SocietiesGovernment Bodies

Tab. 2.1:Das italienische geotechnische Regelverk - ubersicht

2.3.8 Niederlande

Norm ungsinstitutIn den Niederlanden istdas Niederlandische

zustandig. Bisher sind noch keine nennenswerten Norm en.fur

das G ebiet der Geotechnik erschienen; eine Norm fur Druck-

sondierungen - NEN 3680 wird jedoch dem nachst veroffent-

licht, eine Pfahlrichtlinie istin Bearbeitung.

Vorgesehen istauch eine grundlegende Norm fur Grundungen,

Erd- und Stiitzbauwerke, als Teileines um fassenden Norm en-

werkes fur das gesam te Bauwesen.

*)
auch fur das geotechnische Regelwerk
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2.3.9 Bundlesrepublik Deutschland

Auf die Norm ungs- und Richtlinienverhaltnisse in der

BRD wird hier nicht eingegangen.

2.3.10 Zusam m enfassung

Die Bestandsaufnahm e der Regelwerke und des Richtlinien-

wesens der einzelnen EG-Lander hat eine auBerordentliche

Vielfaltsowohlhinsichtlich des Urafanges, Inhalts und

Ausfuhrlichkeitsgrades als auch hinsichtlich des Gewich-

tes und der praktischen Bedeutung der Regelwerke gezeigt.

Dies istum so verwunderlicher, als die Grenzen der EG-

Lander untereinander fur die wissenschaftlichen Erkennt-

nisse und Kontakte gar nichtexistieren und auch furdie

Bauindustrie recht durchlassig geworden sind. Auch sind

m ehrere Kollegen M itglieder von nationalen Norm ungs- und

Em pfehlungsausschiissen in jeweils anderen Landern.

Da die unterschiedlichen Verhaltnisse in ihren Landern

die Einstellung einigerM itglieder der Arbeitsgruppe zu

verschiedenen Problem en beim EUROCODE 7

lich und wohl zwangslaufig beeinflussen, war es erfor-

derlich, diesem Phanom en nachzugehen. Es zeigte sich bald,

daB hinsichtlich der technischen Kom petenzen und der Ge-

nehm igungsverfahren, also auf dem G ebiet des Baurechtes,

ebenso groBe Unterschiede bestehen, die wiederum das

Richtlinienwesen kausalbeeinflussen. Um einen vorlaufigen

Uberblick uberdie rechtliche Situation in'

dern zu erhalten, wurde unter den M itgliedern der Arbeits-

Gruppe eine Um frage per Fragebogen durchgefiihrt, deren Er-

gebnisse in Anlage 1 zusam m engestellt sind.

offensicht-

den einzelnen Lan-
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2.4 GLIEDERUNG UND AUFBAU VON EC 7

EC 7 gliedert sich in 10 Abschnitte, die in einen all-

gem einen (Abschnitte 1 bis 5 und 10) und einen speziel-

len (Abschnitte 6 bis 9) Teileingruppiertwerden kon-
nen. Tabelle 2.2 gibteine Ubersicht der Titel̂in

lischer und deutscher Sprache),der zustandigen Bear-

beiter sowie des Bearbeitungsstandes der einzelnen Ab

schnitte .

eng-

Ursprunglich sollten im Abschnitt 5 die geom etrischen

Param eter behandeltwerden. Spater hat die Arbeitsgrup-

pe jedoch beschlossen, diesem wohl rechtbegrenzten

Problem kreis keinen gesonderten Abschnitt zu widm en.

Dafiir wurde als Abschnitt 5 in knapper Form die Behand-

lung von Erdbauten und Bodenverbesserungen im Nontext

des EC 7 aufgenom m en.

-SSr

EC 7 setzt sich zusam m en aus dem eigentlichen Code und

aus Beilagen (annexes),(s. Tab. 2.3). Der Code wiederum

besteht aus verbindlichem Text, Erlauterungen (guide)

und Abbildungen bzw. Tafeln.

Im verbindlichen Text wird festgelegt, welche Anforde-

rungen erfulltbzw. Nachweise erbrachtwerden m iissen.

Der Guide enthaltHinweise aufVerfahren, Vorgehenswei-

sen u.a. zur Erfiillung der Forderungen und Fiihrung der

Nachweise, die allgem ein anerkannt sind und em pfohlen:,>

werden, sowie weitere klarende Erlauterungen (Beispiel-® 5-

G rundbruchform el). Allgem ein anerkannte, klarende Dar-

stellungen, Kurventafeln und Tabellen werden in begrenz-

tem Um fang im Code im Rahm en der Erlauterungen (Guides)
aufgenom m en.



Letzter Entwurf
TitelNr. Bearbeiter

Nr. von

General Principles1. Grundsatze K. Ovesen F 4.84

2. Verification of Safety

and Serviceability

Nachweise der Standsicherheit

u. Gebrauchsfahigkeit
K. Ovesen F 4.84

3.85Einwirkungen3. Actions Amar/Baguelin
Simpson

4

Geotechn. Eingangsdaten
Baugrunderkundung

4. Geotechnical Data
4.1 Geotechnical
Investigations

4.2 Field
Investigations

4.3 Laboratory Tests

4.4 Evaluation of
geotechnical Data

K. Ovesen F 5.83

3.85~FFeldversuche Lousberg

8.84~F,6Anagn./Coum.

Simpson
Laborversuche
Auswertung von geotechnischen
Parametern

Baugrundgutachten

3.852

12.83Anagn./Coum.4.5 Geotechnical
Reporting
Earthworks Ground

Improvement 7.851Orr/SimpsonErdbau-u. Bodenverbesserung5.

Nachweise fur:Verification Proce-
dures for:
Spread Foundations
Piles
Retaining Structures
Slopes

6.84F, 10Orr
Heijnen
Sadg.
Sadg.

Flachengriindungen
Pfahlgrundungen
Stutzbauwerke
Boschungen

6'.
9.8547.
7.848.

\~F.3 12.849.

9.856JapelliBauuberwachungConstruction Control10.

Tab, 2.2: EUROCODE 7 - Gliederung und zum 1,11,1985
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W eitere Schilderungen von oder Hinweise auf rechnerische

bzw. experim entelle Verfahren, Zahlen- und Kurventafeln,

die aufgrund ihres geringeren Bekanntheitsgrades oder

begrenzter, bodenspezifischer G iiltigkeitnur in einigen

Landern (oder Regionen) der EC gebrauchlich oder aner-

kannt sind, konnen in begrenztem Um fang in den annexes

beigeftigtwerden.(Beispiel: Pressiom eter-Verfahren zur

Bestim m ung der G rundbruchlast).

0

verbindlich: welche Nachweise zu erbringen
Oder Regeln einzuhatten sindtext

code
Erlaut erungen: wie z.B. Nachweise
erbracht werden konnen;
Hinweise auf internat. Richtlinien

guide

EC 7
figures
& tables

a(lg anerkannt

Hinweise u Verfahren von not. Bedeutung
Hinweise auf nat. Normen, Bucher usw.annexes

Tab. 2.3: Schem atische G liederung von EC 7
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•GEGENW ARTIGER BEARBEITUNGSSTAND UND W EITERE BEHANDLUNG2.5

Die ersten Abschnittsentwiirfe des EC 7 trugen naturge-

m aB den Stem pel der Norm ungsgepflogenheiten und der

Praxis im Lande des jeweiligen Bearbeiters (s. Tabel-

Im Zuge der weiteren Bearbeitung wurde bis

zur 16. Sitzung in M iinchen eine weitgehende Harm oni-

sierung sowohl in den Aussagen als auch hinsicht-

lich des Ausfiihrlichkeitsgrades erreicht. Dabei m uBte

aber in Kauf genom m en werden, daB die Ausfuhrungen,

vor allem der Spezialabschnitte 6. bis 9., zu wenig

konkretwurden und in der Praxis in vielen Fallen

kaum direktund ohne weitere Festlegungen anwendbar

sein diirften.

le 2.2).

Tab. 2.2 gibtauch den Bearbeitungsstand der einzelnen

Abschnitte zura 1.11.1985. Daraus istzu ersehen, daB

die m eisten Abschnitte, zum indest was ihre Aussagen an-

betrifft,einen Reifezustand erreichthaben, der zu-

nachst keine weitere Diskussion innerhalb der Arbeits-

gruppe erfordert,(Zeichen "F" in Tab. 2.2). Lediglich

an den Abschnitten 3, 7 und vor allem 5 sind noch wei

tere Inhaltskorrekturen notwendig.

Um im Friihjahr 1986 entsprechend den W iinschen der EGK

einen 1 .> G esam tentwurf fur EC 7 verabschieden zu konnen,

hat sich der Obm ann entschlossen, einen britischen In-

genieur, Herrn H. Roscoe von Fa. Ove Arup & Partners,

m itder sprachlichen und form alen

inhaltlich fertigen Abschnitte zu beauftragen. Obwohl

verschiedene Bedenken ge-

Uberarbeitung der

gegen dieses Vorgehen

auBert wurden, gab die Arbeitsgruppe wahrend der 16.

VorschlageSitzung ihre Zustim m ung dazu. Herrn Roscoe

unterliegen der Beurteilung und evtl. Annahm e durch den

*)
so. z.B. waren die ersten Fassungen der Abschn. 8 und

9 sowie der Unterabschnitt 6.6, bearbeitetvon Dr. Sad-

gorskîstark an die DIN 4019, 4084 und 4085 angelehnt.
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zustandigen Bearbeiter bzw. durch die ganze Arbeits-

gruppe.

H. Roscoe nahm seine Arbeit im Oktober/Novem ber 1985 m it

den Uberarbeitungsvorschlagen zu den Abschnitten 8 und 9

auf. Bis Ende 1985 sollen die m eisten weiteren Abschnit-

te folgen, so daB zur 17. Sitzung der Arbeitsgruppe am

23./25.1.86 in Rom ein kom pletter Entwurf in Reinschrift

vorliegen kann. Nach der Diskussion dieses Entwurfes in

Rom sollen vereinbarte Anderungen so rasch eingebracht

werden, daB ein aktualisierterEntwurf zum 1.3.86 den

(zu diesem Zeitpunkt schon 11) nationalen Gesellschaften

der EG-Lander zugesandt werden kann. Dabei werden die,Ge

sellschaften um erste, vorlaufige und noch inoffizielle

Stellungnahm en bis 1.6.86 gebeten, in denen vorwiegend

auf grundsatzliche Aspekte eingegangen werden soil.

*

Diese Stellungnahm en sollen wahrend der 18. Sitzung der

Arbeitsgruppe am 12./13.6.86 in Kopenhagen diskutiert

werden, wobei zu entscheiden sein wird, wie weit sie be-

riicksichtigtwerden. Daraufhin werden die einzelnen Ab-

schnitte erneut von den zustandigen Bearbeitern revidiert

und der in einem Schreibautom aten in Kopenhagen gespeicher

te Text des Entwurfes des EC 7 wird erneutaktualisiert.

Diese Fassung wird dann als ersteroffiziellerEntwurfAn-

fang August 1986 der EGK vorgelegt.
ate

Dieses ziem lich gedrungene Arbeitsprogram m fiirdas Jahr

1986 ergibt sich aus dem W unsch der EGK, den offiziellen

Entwurf fur den EUROCODE 7 m oglichstbald zu erhalten, um

ihn einer Behandlung zu unterziehen, wie dies bereits m it

EC 1, EC 2, EC 3 und EC 8, Teil 1 geschehen istbzw. ge-

genwartig geschieht.

•fr \
der Entwurf wird nach seinem Erscheinen diesem Ab-

schluBbericht als Anlage 2 beigefiigt.
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2.6 BESONDERHEITEN IM INHALT DES EC 7

Der Entwurf des EC 7 unterscheidet sich inhaltlich vom

traditionellen Norm enwerk der deutschsprachigen Lander

in folgenden wichtigen Punkten:

1. Klare Form ulierung von Grenzzustanden

2. Ableitung von Bem essungswerten der Basisvariablen

nach der M ethode der Teilsicherheitsbeiwerte. Zu den

Basisvariablen zahlen:

a) Einwirkungen, die entweder Nutzlasten Oder aufge-

zwungene Verschiebungen sein konnen,

b) Eigenschaften des Bodens und anderer Baustoffe,

c) geom etrische Param eter/

d) Randbedingungen, z.B. Verform ungsbedingungen.

3. Einfuhrung der "Geotechnischen Kategorien".

Die Form ulierungen der Grenzzustande der Tragfahigkeit

und der G ebrauchsfahigkeit in EC 7 entsprechen allgem ein

den G rundsatzen der GruSiBau (1981), Abschn. 5.1 und 5.2

sowie des EC 1. Eine Besonderheit von EC 7 istjedoch

die Unterteilung des G renzzustandes der Tragfahigkeitin

zwei Typen und zwar:

Typ 1A - bei dem ein Bruchm echanism us im Baugrund entsteht,

und

Typ 1B - beidem ein Bruchm echanism us im Bauwerk entsteht

auf Grund von Bewegungen (ohne Bruchm echanism us)

im Baugrund.

In den Spezialabschnitten 6. bis 9. sind die M echanism en

herausgestellt, die beim jeweiligen Grundbauwerk zu einem

der Grenzzustande fuhren konnen.



30

Die Grundgleichungen der geotechnischen Bem essung in EC 7

und die Ableitung der Bem essungswerte aus charakteristi-

schen W erten m itHilfe von Teilsicherheitsbeiwerten ent-

sprechen ebenfalls den G rundsatzen des EC 1 und der Gru-

SiBau (1981). Zahlenwerte fur die Teilsicherheitsbeiwer-

te, die das Sicherheitsniveau festlegen wiirden, werden

in EC 7 nichtangegeben. Ihre Festlegung bleibtden ein-

zelnen Landern vorbehalten; die fur jedes EG-Land giiltigen

W erte werden in "nationalen Anhangen" zu EC 7 aufgefiihrt.

Um bestim m te M indestanforderungen fur den Um fang und die

Q ualitatgeotechnischer Untersuchungen, Berechnungen und

Bauausfiihrungsuberwachungen aufstellen zu konnen, istes

sehr zweckm aBig, zunachst Schwierigkeitsgrad und Kom plexi-

tatjedes geotechnischen Problem s klar herauszustellen.

Zweck werden in EC 7 entsprechend der da-

nischen Praxis drei"geotechnische Kategorien" festgelegt.

Zu diesem

Die folgenden Faktoren sind zu beriicksichtigen, wenn fur

eine bestim m te Situation die entsprechende geotechnische

Kategorie festgesetztwird:

a) Artund GroBe des Bauwerkes und seiner Teile

b) besondere Verhaltnisse auf der Baustelle und ihrer Um -

gebung (benachbarte Bauwerke, Verkehr, offentliche Ein-

richtungen usw.)

c) Baugrundverhaltnisse

d) G rundwasserverhaltnisse

e) regionale Erdbebentatigkeit

f) EinfluB der Um gebung (Hydrologie, Oberflachenwasser,

Senkungen usw.).
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Der Grundgedanke der geotechnischen Kategorien istan

sich nichtneu. Auch bisher war es ublich, den Um fang und

die Q ualitatder Baugrunduntersuchungen, der rechnerischen

Analysen und der Bauuberwachung dem Schwierigkeitsgrad des

Problem s anzupassen. Dies geschah jedoch m eistens intui-

oder nach der Erfahrung und der M einung des Bearbei-tiv

ters im Rahm en der ortlichen Gepflogenheiten, ohne eine

zwingende O bjektivierung der m aBgebenden Aspekte. Die Ein-

fiihrung der geotechnischen Kategorien zwingt zu einer Quan -̂

tifizierung der Situation unter Berucksichtigung allerRand-

bedingungen und schafftdam it eine solide Grundlage fur die

richtige Festlegung der M aBnahm en fur Untersuchungen und

Baubegleitung. Dabei istfreilich nichtan ein starres Sche

m a gedacht; vielm ehr sind die geotechnischen Kategorien als

Koordinatenm arkierungen im Koordinatensystem U = f (S) zu

verstehen (m itU = Untersuchungsum fang und S = Schwierig

keitsgrad). Interpolationen in diesem Koordinatensystem

werden sich haufig als angebracht oder notwendig erweisen.
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2.7 VERGLEICH M IT DEUTSCHEN REGELW ERKEN

Schon beieiner ersten, fliichtigen Gegeniiberstellung der

in der Bundesrepublik auf dem G ebiet der Geotechnik gel-

tenden Norm en, Em pfehlungen und weiteren Regelwerke stellt

m an erhebliche Unterschiede sowohl in der Ausdehnung des

G eltungsbereiches als auch im Grad der Ausfiihrlichkeit

und der Verbindlichkeitfest. Um den Vergleich von EC 7

m it den deutschen Regelwerken zu erleichtern, wird vorge-

schlagen, den Begriff "Norm ungsstufe" einzufiihren und da-

m itauch die dreiNorm ungsstufen:

1. Rahm ennorm

2. Anforderungsnorm

3. Durchfiihrungsnorm .

.

In Tabelle 2.4 sind Vorschlage fur die Definitionen dieser

Norm ungsstufen gem acht. Dortwird auch eine Zuordnung des

deutschen geotechnischen Norm enwerkes sowie einiger aner-

kannter Em pfehlungen in ein iibersichtliches Schem a vorge-

nom m en,welches so gutwie alle gangigen Problem e der Geo

technik abdeckt. In der letzten Spalte der Tabelle 2.4

sind die entsprechenden Abschnitte des EC 7 aufgefiihrt.

Es istevident, daB das historisch, im Laufe von.fastvier

Jahrzehnten entstandene DIN-Norm enwerk

schlagigen Gebiet vor allem beiden Anforderungsnorm en

kein system atisches Bild prasentiert. Zudem istdie Gren-

ze zwischen Anforderungs- und Durchfiihrungsnorm en haufig

unscharf. Dies kann in der Praxis zur irrigen Vorstellung

fiihren, daB die existierenden Durchfiihrungsnorm en (Stufe 3)

alle Aspekte ansprechen oder gar griindlich behandeln, die

fur das entsprechende Grundbauwerk (Punkte E bis F der

Spalte 3) relevant sind und dabeim itunter fehlende An-

forderungsnorm en ersetzen.

, auf dem ein-
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Noch unsicherer istdie Situation beiden Bauverfahren

(Punkte G und H der Spalte 3) und der Baukontrolle

(Punkt I ), fur die eher unzureichende Oder gar keine

verbindlichen norm ativen Festlegungen vorliegen.

Dem gegenuber deckt EC 7 system atisch wohl den ganzen

Bereich der gangigen geotechnischen Problem atik auf der

Ebene der Anforderungsnorm en ab und liefertdam it ein

iiberzeugendes und m ethodisch einwandfreies Konzept. Die

Ebene der Durchfuhrungsnorm en wird dagegen vom EC 7 in

seinem gegenwartigen Entwurfsstadium entweder nur sehr

fluchtig Oder gar nichtverfolgt. Vorschlage des Berich-

ters, wenigstens vollig unstrittige Verfahren in die Er-

lauterungen (guide) aufzunehm en, fanden nichtdie Zustim -

m ung der Arbeitsgruppe. Der haufigste Einwand war, daB

EC 7 kein Lehrbuch seiund der Ingenieur, der einen Nach-

weis zu erbringen hat, wissen m iisse, wie dies zu geschehen

hat. In dieser Einstellung spiegeln sich freilich die Ge-

pflogenheiten im Norraungswesen und hinsichtlich der techni-

schen Kom petenzen der m eisten EG-Lander wieder.



Norm ungs-
STUFE (DE-
TAILLIE-
RUNGSGRAD

INHALT

v /eix .

GRUNDLAGEN M IT ALLGEM EINEN, JEDOCH
SEHR verbindlichen Festlegungen fur

die gesam te Geo technik

3Z CH

cc

g) Erdbau
h) Bodenverbesserung
1) Baukontrolle und

RUNGEN AN BAUGRUNDERKUNDUNG, STAND-

SICHERHEITS- UND G EBRAUCHSFAHIG-
KEITSNACHW EISE, SOW IE BAUAUSFOH-
RUNG FOR DIE VERSCHIEDENEN 6RUND-
BAUW ERKSARTEN

cc

ZD
CC

CC

SEHR DETAILLIERTE FESTLEGUNGEN A)
1

FO R EINZELNE VERSUCHSARTEN UND

RECHNERISCHE NACHW EISEZD
CC

:z d

CC
ZD DC

VN = Versuchsnorm en
Tab. 2.4 : Vergleichende Darstellung von Regelwerken
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KOORDINIERUNGSBEM UHUNGEN IN DER BUNDESREPUBLIK

DEUTSCHLAND UND DIE ERW EITERTE EC 7-SITZUNG IN

HELSINKI

2.8

In der Bundesrepublik Deutschland sind viele Ausschiisse

m it einer sehr groBen Anzahl von M itgliedern auf dem Ge-

bietder Geotechnik tatig. Zwar bestand urspriinglich

Einigkeitdariiber, daB der AusschuB Baugrund/Berechnungs-

verfahren als SpiegelausschuB zu EC 7 beider Ausarbei-

tung von Textvorschlagen und beider Beurteilung der von

anderen M itgliedern der Arbeitsgruppe ausgearbeiteten

Entwiirfe m itwirkt. Zur zweckm aBigen Behandlung einzelner

Abschnitte war es jedoch angebracht und sogar erforder-

lich, auch die dafiir zustandigen weiteren DIN-Ausschiisse

und Arbeitskreise der DGEG m iteinzubeziehen. Dies waren

zunachst der AusschuB fur DIN 4020 und der AusschuB fur

Pfahle; ferner die Ausschiisse Ufereinfassungen und Bau-

gruben. Seitens der Obm anner und M itglieder der genannten

Ausschiisse kam en m ehrere weitere wertvolle Hinweise und

Hilfeleistungen.

Zur beschleunigten und wirksam eren Abwicklung der Koordi-

nierung von EC 7 wurde im Herbst 1983 innerhalb des Aus-

schusses Baugrund/Berechnungsverfahren ein UnterausschuB

gebildet. Ihm gehoren die Herren Dr. Sadgorski (Obm ann),

Dr. Dem harter, Prof. Franke, Dr. J. Hanisch, Dr. H. Schulz

und Dr. K. W eiB an. Dieser UnterausschuB kam am 4.4.1984,

vor einer Sitzung des Gesam tausschusses, in Liibeck zusam -

m en. Die weitere Koordinierung geschah auf schriftlichem

W ege.

Die Fachoffentlichkeit in der Bundesrepublik Deutschland

wurde durch m ehrere Aufsatze im Organ der DGEG G EOTECHNIK

iiber die Bearbeitung des EC 7 und iiber seine Besonderhei-

ten inform iert (SM OLTCZYK 1979 und 1980, SADGORSKI 1983

und 1984) .
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Im Rahm en der 8. Europ. Konferenz furBodenm echanik und

G rundbau in Helsinkiwar fur den Nachm ittag des 25.5.1983

eine Sitzung der Arbeitsgruppe des EC 7 m iteiner groBe-

ren Anzahl (ca. 25) weiterer Fachleute aus den EG-Landern

vorgesehen.

Zur Vorbereitung dieser Sitzung fand am 27. April 1983 in

M unchen eine Besprechung m itTeilnahm e der Herren Prof.

Sm oltczyk, Prof. Horn, Prof. Gudehus, Prof. Kany, Dr. Ha-

nisch, Dr. W eiB, von Soos und Dr. Sadgorski statt. Dabei

wurden die dam als giiltigen Entwiirfe der Abschnitte 1,2,4

und 6 kom m entiert und die Haltung der deutschen Vertreter

beider erweiterten Sitzung in Helsinkivorbesprochen.

Die letztgenannte Sitzung wurde unterVorsitz von Herrn

Prof. Sm oltczyk abgehalten. Nach Einfiihrungen von ihm und

dem Obm ann der EC 7-Arbeitsgruppe Prof. N. Krebs Ovesen
*)

haben Sprecher aus den EG-Landern 'Stellung zu den vorge-

legten vierAbschnitten genom m en. Dabei und beider an-

schlieBenden allgem einen Diskussion wurde die durchaus po

sitive Bewertung des eingeschlagenen W eges und der von der

Arbeitsgruppe geleisteten Arbeit seitens der m eisten na-

tionalen Gesellschaften offenkundig. Allgem ein war allerdings

der W unsch, den Um fang des W erkes durch Beschrankung auf

das W esentliche nichtausufern zu lassen und sowohl auf tri-

viale Hinweise als auch weitgehend auf Einzelheiten iiber Be-

rechnungsverfahren zu verzichten.

Am 17.9.84 fand, unm ittelbar vor der Baugrundtagung in

Diisseldorf? eine Sondersitzung der DGEG iiber EC 7 statt. Auf

dieser Sitzung wurden Stellungnahm en der Obm anner der je-

weils zustandigen Ausschiisse (bzw. ihrerVertreter) zu den

dam als vorliegenden Fassungen der einzelnen Abschnitte vor-

getragen. Diese Stellungnahm en waren,soweitm oglich,in den

Ausschiissen bereits diskutiertworden.

*) Die DGEG war durch die Herren Prof. Franke,Prof. Gudehus,

Prof. Kany, Dr. Hanisch, von Soos und Dr. W eiB vertreten.
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Zur Vorbereitung der Sondersitzung hatte die DGEG die

deutsche Ubersetzung der Abschnitte 1 und 2 wie auch

vorlaufige Kurzfassungen der Vortragsm anuskripte in

Form einer Broschiire als "M aterialien .

alien Teilnehm ern iibersandt bzw. iiberreicht.

" (DGEG 1984)
O ©

An der Sondersitzung beteiligten sich 106 Teilnehm er;

iiber den Ablauf und iiber die vorgetragenen Einwande und

Em pfehlungen haben HANISCH/SADGORSKI (1984) ausfiihrlich

berichtet. Dieser Aufsatz wurde von der Britischen Geo-

technischen G esellschaft in die englische Sprache uber-

setztund denjenigen von ihren M itgliedern, die dafiir In-

teresse bekundet hatten, zugestellt. Auch alle M itglieder

der Arbeitsgruppe fur EC 7 erhielten entweder den O rigi-

nalaufsatz Oder seine englische ubersetzung.
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KOORDINIERUNGSBEM UHUNGEN IN DEN ANDEREN EG-LANDERN2.9

In den weiteren acht EG-Landern vollziehen sich die Schrit-

te zur Inform ation der Fachoffentlichkeitbzw. zur Koordi-

nierung zwischen der nationalen Norm ung und EC 7 auf sehr

unterschiedliche W eise.

In Belgien, G riechenland und den Niederlanden sind Aus-

schiisse zur Begleitung der Tatigkeitfur EC 7 gegrundet

worden, die m itunterschiedlicher Intensitatdie vorlie-

genden Entwiirfe durchsehen und kom m entieren. Besonders

aktiv war bisher der belgische AusschuB m it 8 M itglieaern

und Prof, de Beer als Obm ann. Dieser AusschuB hatte am

17.5.1984 in Louvain-la-Neuve eine gem einsam e Sitzung m it

der Arbeitsgruppe fur EC 7. Dem Berichter istnichtgenau

bekannt, welche Breitenwirkung die Tatigkeitder Begleit-

ausschiisse in diesen dreiLandern erreichthat und in wel-

cher Form eine Obernahm e von EC 7 dortbeabsichtigtist.

In Italien hat Prof. Japellibeiverschiedenen Tagungen

fiber die Entwicklung des EC 7 berichtet (z.B. JAPELLI 1983

und JAPELLI/VALORE 1983). Nach den Vortragen haben stets

Diskussionen stattgefunden. W ahrend der Inhaltvon EC 7 in

diesem Lande im groBen und ganzen positiv aufgenom m en wird,

scheint es noch unklar zu sein, auf welche W eise der Code

in das italienische Richtlinienwesen im plem entiertwerden

kann.

Die British Geotechnical Society (BGS) beiruihte sich sehr

intensiv um die friihzeitige Unterrichtung ihrerM itglie-

der iiber die Arbeiten fiirEC 7 und organisierte bereits am

12.5.83 in London eine Sitzung tiber die Abschnitte 1, 2,

M ehr als 100 M itgliedernahm en daran teil

und eine Sitzungsnotiz wurde den M itgliedern der Arbeits

gruppe fiirEC 7 iiberreicht.

4 und 6.
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Ferner wurde in m ehreren Aufsatzen in der Zeitschrift

"Ground Engineering " uber EC 7 berichtetund zu ver-

schiedenen Punkten Stellung genom m en (BOLTON 1983, SIM P

SON 1983). ,

Eine weitere Sitzung der BGS fand am 22.5.85, unm ittel-

bar vor der EC 7-Sitzung in London statt. Dazu hatte nan

vielen M itgliedern aufAnforderung den derzeitigen Ent-

wurf von EC 7 zur Verfugung gestelltund insgesam t 7 Kol-

legen aufgefordert, nach Studium entsprechender Abschnit-

te beider Sitzung Stellung zu nehm en. Die M itglieder der

Arbeitsgruppe fiirEC 7 waren zu dieser Sitzung eingeladen

und aufgefordert, sich zu der Kritik aus den Reihen der

BGS zu auBern.

An der Sitzung, die in der Institution ofCivilEngineers

stattfand, haben etwa 50 britische Kollegen teilgenom m en.

Herr Driscollvom Building Research Establishm entberichtet

uber Ablauf und Ergebnisse dieser Sitzung (DRISCOLL 1985).

Obwohl die britischen Kollegen generelljeder Norm ung recht

reserviertgegenuberstehen, scheint EC 7 in seiner jetzigen

Form allm ahlich akzeptiert zu werden. Lediglich der W ider-

stand gegen festgelegte Sicherheitsbeiwerte istnoch ziem -

lich ungebrochen.

Da beider Bearbeitung von EC 7 die danische Grundbaunorm

Pate stand, isteine besondere Koordinierung in Danem ark

nichterforderlich. Nach AuSerungen danischer Kollegen ist

beabsichtigt, die danische Norm durch EC 7 nach seiner Ein-

fuhrung zu ersetzen.

Uber O ffentlichkeitsarbeitfiirEC 7 und Koordinierungsbe-

m iihungen in Frankreich und Irland istdem Berichter nichts

bekannt.

*)AuBerhalb des offiziellen Berichtes ein Zitataus
FAREBROTHER (1983), der angeblich die Stim m ung unter
den Kollegen vom Stahlbetonfach wiedergibt:

,f
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2.10 AUSBLICK UND ANREGUNGEN FUR DIE DEUTSCHE NORM UNG

M it der Verabschiedung eines kom pletten Entwurfes,

die furdie 18. Sitzung der Arbeitsgruppe am 12./13.6.86

in Kopenhagen vorgesehen ist,wird die erste Bearbei-

tungsphase des EUROCODE 7 abgeschlossen sein,(s. Ab-

schnitt 2.5). Darauf wird eine Periode des Kennenler-

nens dieses Codes und der Auseinandersetzung m it seinem

Inhalt in den einzelnen Landern der EG folgen. Nach den

bisherigen Reaktionen in der Kollegenschaft istwohlm it

einer grundsatzlichen Zustim m ung zum G eiste und zu den

Einzelheiten des EC 7 in den m eisten Landern zu rechnen,

wobeiallerdings nach den Beobachtungen des Berichters

die M ethode der Teilsicherheitsbeiwerte am ehesten auf

W iderstand stoSen wiirde.

Es istzunachst sehr schwer vorauszusagen, welcher

Stellenwertdem EC 7 als Gesam twerk in den einzelnen

Landern zugewiesen wird. Dabeidiirften die jeweiligen

Norm ungsgepflogenheiten und die rechtlichen Verhaltnisse

eine nichtunerhebliche Rolle spielen. In Danem ark und

hochstwahrscheinlich auch in Griechenland sowie Irland

werden die nationalen Fassungen, d.h. die Ubersetzungen

des EC 7 in die Nationalsprachen, versehen m itnationa

len Anlagen (Annexes s. Tab. 2.3) zu alleinigen Grundbau-

norm en erhoben. AhnlichesVorgehen ware

gien und Holland denkbar, wobeihier sicher durch zusatz-

liche nationale Norm en Oder nationale Anlagen den geolo-

gischen Besonderheiten und der Tiefbautradition (Pfahl-

grundungen) Rechnung getragen wird. Unter Um standen wird

m an auch in Portugalahnlich vorgehen.

z.T. auch in Bel-

In der Bundesrepublik Deutschland, Frankreich, GroS-

britannien und Italien bestehen bereits feste aber (bedauer-

licherweise) sehr unterschiedliche Norm ungstraditionen

(s. Abschn. 2.3). Dabei scheintdas jetzige DIN-Norm enwerk

einer Einfuhrung des EC 7 noch am wenigsten entgegenzu-

kom m en (vgl. Abschn. 2.7).
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Die EG-Kom m ission strebtin einer ersten Harm onisie-

rungsphase eine "optionelle Harm onisierung" der Bau-

vorschriften an, d.h. die Anwendung der EUROCODES als

Alternativen zu den bestehenden nationalen Regelwer-

ken (s. z.B. STILLER/LITZNER 1984). Diese Losung ist

fur die Bundesrepublik Deutschland auf dem G ebiet der

Geotechnik nach M einung des Berichters kaum praktikabel.

W ohl aber bote sich die M oglichkeit, eine deutsche Fas-

sung des EC 7 in der BRD als eine ArtAnforderungsnorm

einzufiihren, eine gunstige Gelegenheit, aufeinander wohl-

abgestim m te, konsequente und ubersichtliche Kriterien fur

die Standsicherheitsbeurteilung allerArten von Grundbau-

werken zu etablieren. Vorhandene oder in Bearbeitung be-

findliche DIN m itAnforderungscharakter (z.B. DIN 4014,

4026 und 4028 fiirPfahle und anderes) konnten nach der

allenfalls erforderlichen inhaltlichen Anpassung als

verbindliche Supplem enta (Annexes) diesem "DIN-EC 7"

beigefiigtwerden. Es ware zu uberlegen, ob m an nicht

auch die DIN 1054 dadurch ersetzen konnte, die im Zuge

der Einfuhrung von Teilsicherheitsbeiwerten ohnehin

griindlich zu uberarbeiten ware.

Ob dann die bestehenden Durchfuhrungsnorm en furBerech-

nungen (Tab. 2.4, Buchst. C.) bis F)) eine Statusande-

rung erfahren und evtl. in 3 Oder 4 Norm en zusam m enge-

faBtwerden sollen, wird noch zu uberlegen sein.

Als eine weitere M oglichkeitbietetsich die schrittweise

Harm onisierung zwischen EC 7 und einigen DIN, die sich in

Neu- Oder tiberarbeitung befinden, an. Als ein gutes Bei-

spielseidie gute ubereinstim m ung zwischen der DIN 4020

(Entwurf 1985) und dem Abschnitt 4. des EC 7 erwahnt.
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Teil3

FINANZIERUNG UND ABW ICKLUNG DES FORSCHUNGSAUFTRAGS

Die Durchfiihrung des Forschungsvorhabens "Internationale Ver-

einheitlichung-technischer Baubestim m ungen - Grundbau" wurde

vom InstitutfurBautechnik auf Grund des Vertrages vom 14.5.1980

Az.: IV/1-5-236/80 der Deutschen G esellschaft fur Erd- und

Grundbau (DGEG) iibertragen. Das InstitutfiirBautechnik iiber-

nahm die Finanzierung, die zunachst auf 1 Jahr begrenzt war,

jedoch aufAntrag der DGEG m ehrm als erweitertwurde (Erweite-
rungsbewilligungenj

Im Rahm en des Forschungsvorhabens beschaftigte die DGEG etwa

vierJahre lang den britischen Ingenieur Herrn T.N. Thorp, der

m itder Vorbereitung und Abwicklung der Leistungen gem aB der

Leistungsbeschreibung zum o.g. Vertrag betrautwar.

vom 26.3.81, 30.11.81 und 17.5.83).

Die direkte Vertretung und M itarbeitin der Arbeitsgruppe fiir

EC 7 iibernahm Dr. W . Sadgorski vom Bayer. Landesam t fiirW asser-

wirtschaft, M iinchen (s.a. Abschnitt2.1). Diese Tatigkeitvon

Dr. Sadgorskiwurde von der vorgesetzten Behorde unter der Be-

dingung genehm igt, daB dem Landesam t keine Kosten fiirDienst-

reisen u.a. entstehen. Daher wurden alle Reisekosten fiir seine

Teilnahm e an den Sitzungen der Arbeitsgruppe fiirEC 7 von der

DGEG im Rahm en der Abwicklung des Forschungsauftrages bestrit-

ten.
Q

An dieser Stelle wird dem InstitutfiirBautechnik fiirdie Uber-

nahm e der Finanzierung, die eine iiberdurchschnittlich aktive Be-

teiligung der DGEG an den internationalen Harm onisierungsbem ii-

hungen auf dem G ebiet der Geotechnik erm oglichte, verbindlich

gedankt.
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SUM M ARY

The "Deutsche G esellschaft fur Erd- und Grundbau e.V." (=Ger-

m an Society for SoilM echanics and Foundation Engineering,

abbrev. DGEG) is the professionalorganisation of the engi

neers in the FederalRepublic of Germ any, working in the

field of geotechnical engineering.Itbelongs to the activities of

to participate in the elaboration ofm ulti

nationaland internationalregulations in this field.

this society

The firstpartof the reportdeals with the DGEG's collabora-

of the ISSM FE, such as for

Penetration Testing, SubsoilExploration, Sam pling, Geom echa

nicalSoftware and Term inology, further of the m any com m ittees

of the ISRM . '

tion in the work of the com m ittees

The objectof the second partof the reportis the work on a

"m odel code" for EUROCODE 7 for foundations, retaining struc

tures and earthworks by an ad-rhoc com m ittee of the nine m em ber

societies of the ISSM FE for the EC-countries. Professor N.Krebs

Ovesen of Denm ark is chairm an of this com m ittee, which was estab

lished in 1981 and consists of other 8 officialrepresentatives,
to Ŝid of 1985

2 deputy (alternative) m em bers and a secretary. Up

16 m eetings of the com m ittee took place and 3 furtherm eetings are

to be held in 1986. A survey of the nationalregulations of the 9

m em ber countries was done which showed, that the situation d ffers

significantly from one country to the others, the m ain points of

the survey's results are given.

review is m ade over the headlinesand the pre-In the reporta

sent stage of elaboration of EC 7. Then the m ain specialities of

the code's content-lim itstates, partialsafety factors and geo

technicalcategories-are discussed and a com parison between EC 7

and the presentGerm an geotechnicalregulations is done. Finally,

the propagation of the contents and the ideas of EC 7 in the

countries of the com m unity and the discussion of itare reported

and som e recom m endations for its im plem entation in the Federal Re

public of Germ any are m ade.
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RESUM EE

La "Deutsche G esellschaft fur Erd- und Grundbau e.V." (= Societe

Allem ande de M ĉ̂ ,anigue des Sols etdes Travaux de Fondation,

abbr̂ v. DGEG) est la societe professionelle des ingenieurs alle-

m ands travaillante dans la dom aine de la geotechnique. Une des

activitees les plus im portantes de cette societe est la parti

cipation et elaboration des regies etdocum ents techniques in-

ternationaux dans cette dom aine.

La prem iere partie de ce rapport traite le travailde la DGEG

dans lescom itees de la ISSM FE, ce sont les com ities pour: les

essais penetrom etriques, la reconnaissance des sols, le pre-
levem ent des echantillons, la software dans la geom ecanique

et la term inologie, aussique dans tous les com ites de la ISRM .

L'objetde la seconde partie du rapport est 1'elaboration du

EUROCODE 7 pour des fondations, des ouvrages de soutenem ent et

des travaux de terrassem ent par un com itee "ad-hoc" des 9 so-

cietes m em bres de la ISSM FE des pays des Com m unaut̂s Europeennes.

Le president du com itee, etablien 1981, est le professeur N.

Krebs Ovesen de Danem ark, le com ite se com pose d'autres 8 m em bres

officiaux, de 2 m em bres alternatifs et d'un secretaire. Jusqu'a

la fin de 1985 le com ite a eu 16 reunions; autres 3 reunions

seront realisees en 1986. .

Une recherche des reglem ents norm atifs officiaux des 9 pays

etaitprocur̂ e, que dem ontre des differences significantes. Les

resultats les plus im portants de cette recherche sont rapportes.

Le rapport traite les elem ents les plus im portants et la situation

presente d'elaboration du EC 7. IIy suive 1'explication des

particularites du contenu du code - etats lim ites, coefficients

de securite partiels etcategories geotechniques - etun parallele

entre EC 7 et les norm es geotechniques allem ands. En fin, la

publication du contenue de EC 7 et la coordination avec des

com ites de norm alisation dans les pays des CE sont rapportes et

quelques idees pour sa future im plem entation dans la RF d'Alle-

sont proposees.m agne
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ZU SAM M ENFAS SUNG

Die Deutsche G esellschaft fur Erd- und Grundbau e.V. (DGEG)

istder Berufsverband der auf dem G ebiet der Geotechnik ta-

tigen Ingenieure in der Bundesrepublik Deutschland. Zu den

Aufgaben der DGEG gehort auch die M itwirkung beider Ausar-

beitung internationaler Richtlinien auf dem einschlagigen

Fachgebiet.

Der erste Teildes Berichtes behandelt die M itwirkung der DGEG

in den Ausschiissen der Internationalen GesellschaftfurBoden-

m echanik und Grundbau (ISSM FE) fur Sondierungen, Baugrunder-

kundung, Probenentnahm e , Software in der Geotechnik und Ter-

m inologie, ebenso wie die M itwirkung in einer groBen Anzahl

von Arbeitsgruppen der Internationalen GesellschaftfurFels-

m echanik.

Der Gegenstand des zweiten Teiles des Berichtes istdie Aus-

arbeitung eines "m odel code" fur den EUROCODE 7 furGriindun-

gen, Stiitzbauwerke und Erdarbeiten durch eine gem einsam e Ar-

beitsgruppe der 9 nationalen Gesellschaften fiirBodenm echanik

und Grundbau der M itgliedslander der Europaischen Gem einschaft.

Obm ann dieser Arbeitsgruppe istProf. N. Krebs Ovesen aus Dane-

m ark; der Gruppe gehoren weitere 8 offizielle Vertreter, 2 stell-

vertretende M itglieder und ein Sekretar an. Bis Ende 1985 hat

die Arbeitsgruppe 16 Sitzungen abgehalten; 3 weitere Sitzungen

sind fur das Jahr 1986 vorgesehen.

Zunachst fiihrte die Arbeitsgruppe eine Bestandsaufnahm e der na

tionalen Richtlinien der 9 M itgliedslander durch, welche ergab,

daB die Verhaltnisse auBerordentlich vielfaltig sind. Die wich-

tigsten Ergebnisse der Bestandsaufnahm e sind im Bericht zusam -

m engefaBt. Ferner wird ein Uberblick der Struktur, der Unter-
, und,

teilungldes gegenwartigen Bearbeitungsstandes von EC 7 angege-

ben.



48

Danach werden die wichtigsten Besonderheiten des Inhalts von

EC 7 behandelt und m itden Bestim m ungen der deutschen Regel-

werke verglichen. Es handelt sich um die Grenzzustande, die

M ethode der Teilsicherheitsbeiwerte und die Geotechnischen

Kategorien. Zum SchluB wird liber die Bem iihungen um Bekannt-

gabe der Grundziige von EC 7 und um die Koordinierungsbem iihun-

gen in den einzelnen Landeirn der Europaischen Gem einschaft

berichtetund es werden einige Em pfehlungen in Verbinaung m it

einer kiinftigen Einfiihrung von EC 7 in der Bundesrepublik

Deutschland gem acht.

•



Qc/<r&ss7sz>//ee >Anlage 1 zuin ForschungsberichtvoiDezem ber 1985

SOM E Q UESTIONS ON THE LEGAL SITUATION RELATED TO VERIFICATION OF

SAFETY OF G EOTECHNICAL STRUCTURES

in

Is a verificationVof..the safetŷ bf

structures(GS) necessary (required) beforebegin of
construction works ?

a) for every GS

b) only in following cases:

Answers
1 . geotechnical

2. W hat is the m ain criterion for the reliability of
a verification?

a) the qualification and”credibility" of its autor,
b) the following(observing^of the provisions of

codes, requirem ents etc. or , fconM.cAect)
c) the positive resultofan exam ination!iy a spec-Zal

licenced controlengineer
(ccrfcv/cff/brts).,

outverifications ;Persons, abled to carry

%Sg£k
b)̂ graduates by technicalschools or uni

versities

3.

Ifthe verification is carried out by an em ployee

of accom pany, who is responsible: the com pany as

a "juridicalperson” or the engineer personally?

4 .

JcAech'n&L
Is an exam inationfof the5. e verification by an

autorized person or institution legally (or

by a code) prescribed?

W ho has the finalresponsibility:the personpr

/thatcarried out the verificationTpche

exam ination engineer or both?

6.

7 • W hat is the legalrelevanceof the codes,

dealing with the safety verification of GS1s?

8. Does the strictobserving of the code m ake

the autor of a safety verification free of

responsibility in the case of dam age or in

cident?

9. W hich are the criteria for a licencing

a) ofcivilengineers generally and

b) of geotechnicalengineers?

Further rem arkst10.

16.09.1985M unich,
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{Zots/j/zy
Qi/&sf/o/?

de jure* noif 1a> yes gen.: yes les priv,-yesYes no yes.. yes yes

publ.-GC2+31b) Ispecially GC2+3 buildings and
ret.str.in~"t̂whg

com bination def.: no m aybe2a) de jure; yes yes com bin for GC3no//
a|_+_b)_+c_)_

"aT+bT+cT

2b) for GC 1+2 m aybeno gen.: yes yes a+b+c_Yes_ gen._yes

2c) de jure; yes forGC3no yes

3a) de jure?_yes de jure; yes de-jureyyes d*^*-•_R.P_de..jure?..yes nono gen.: yes?no.//_
i

def.s 3b def. only 3b3b) yes Yes

tbontrol: yes3c) yes yes for dam syes

civil:civil: bivil: com p.4) com p,com p.

penal: eng.

com p com p com p com p//
penal: eng.? ?eng eng i

yes by local
autority"(basic
[control)-----------

by local priv.: d.j. no
...‘ auton d.f. yes....“....

gen.s*/

it

exam s after
graduation '

gen. no lie no liepractice &
exam s after’
graduation
suppl. exam s

no lie graduationno lie9a)//

i
upp?.qualif.9b) s
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Key to p. 2

- m ostly m eans: "does not apply"
For private buildings the insurance com pany m ostly

requires a verification

Not required for m edium and sm all size shallow foun-

datioixs<2)
In GB alldesigns m ust be subm itted to the local (or

county) autority and willbe checked against very

basic criteria by non-speciallistengineers.

In Italy public and publically financed works m ust be

checked by the involved autority.

Designs m ade by wellknown institutes are generally

accepted in NL.

In NL designs are checked against the regulations of

localautorities.

Answers not com pletely clear.

For private owned earth structures no checking. For

concrete and steel structures "collaudo" (controlen

gineer) m ust be involved.

de j. = d.j. = de jure = legally

de f. = d.f. = de facto
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Sum m ary

1a 8 x yes; lim itations in DK, F, Gr

2 x no; with lim itation (B, Irl.)

2a 2 x yes (B, G r); 2 x com b, a+b+c (DK,I); m eanly (NL); yes forGC3 (P)

3 x yes (G B,Irl,P); 2 x com b, b+c (F,D)

exists only in D (im portantI), F (forinsurance), DK+GB+NL (by loc.aut.)

2b

2c

3a 5x yes de j. (B,DK,D,Irl.,P), but in B,Irl. de f. 3b

3b 3x yes(F?, GB, NL),

3c 2x yes(Gr, I); P forcontrol;(P.)for dam s

4)

5) generally yes: 2 x by specialists (D,I); 2 x loc. aut. (GB,P); 2 x by

insurance forprivates (B, P); 2 x only forbuildings (Irl.,NL); DK?

6) 4 x autor (B, DK, NL, P); 3 x both (F, G r, Irl.)

2 x civil-autor, penal-both (D, I)

7)
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2. Version of a m odel for?

EUR0C00E No. 7 - Foundations

prepared by an ad-hoc com m ittee established in 1981 by the following

Representatives ofnine European nationalGeotechnical Societies?

Prof. E. Lousberg

Prof. N. Krebs Ovesen (chairm an)

M r. F. Baquelin assisted by M r. S. Am ar

O r. W . Sadqorski

Dr. A. G. Anaqnostopoulos assisted by O r. D.

Coum oulos

Dr. Trevor Orr

Prof. R. Japelli
M r. W . Heijnen (secretary) assisted by M r.

H. Nelissen

Dr. B. Sim pson

Belgium ;

Denm ark;

Frances

Germ any;

G reece;

Ireland;

Italy;

The Netherlands;

United Kingdom ;

In 1985 the ad-hoc com m ittee was joined by;

Portugal; M r. E. M aranha das Neves

and in 1986 by;

Spain; N.N

2. version

M arch 1986
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PREFACE

The present docum ent is the second draft of a code to be presented by

eleven European National geotechnicalSocieties to the Com m ission of

the European Com m unities (CEC) to be used as a m odel for Eurocode

No. 7 - Foundations (EC 7).

During 1984 draft versions of four Eurocodes (EC 1, 2, 3 and 4)

were published for discussion; the following is a quotation from the

preface of these draft versions:

"1.1 The objectives ofthe Eurocodes

The Com m ission of the European Com m unities (CEC) intends to issue

European Codes - the Eurocodes - for the design and execution of

buildings and civilengineering structures. These codes are

intended to establish a set ofcom m on rules as an alternative to

the differing rules in force in the various M em ber States.

The Com m ission's program m e for aligning the regulations, laws

and adm inistrative provisions ofthe M em ber States concerning

the safety, serviceability and durability ofthe different types

ofconstruction and m aterials provides initially for the fol

lowing eight Eurocodes:

- Eurocode No. 1 - com m on unified rules for different types of

construction and m aterial

- Eurocode No.2 - forconcrete structures

- Eurocode No.3 - forsteelstructures

- Eurocode No.4 - forcom posite steel and concrete structures

- Eurocode No.5 - fortim ber structures

- Eurocode No.6 - farm asonry structures

- Eurocode No.7 - forfoundations

- Eurocode No.8 - forstructures in seism ic zones.

The objectives of the Eurocodes are to:

- prom ote functioning of the Com m on M arket by rem oving obstacles

arising from differing rules
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- provide com m on technical rules for an efficientapplication

of the CouncilDirective 71/305 on the coordination ofpro

cedures for the award ofpublic contracts, which can be applied

as an alternative to the nationalrules

- reinforce the com petitive position ofthe European Construc

tion Industry and allied professions in countries outside the

Com m unity

- establish a harm onized basis for the intended com m on rules for

. building products.

1.2 The application of the Eurocodes

The Eurocodes willprovide an optional set ofdesign rules which

can be applied within the Com m unity as an alternative to the

corresponding national rules covering the sam e technical

m atters. EC 1 is not intended as an operational docum ent. It

provides the general philosophy and fundam ental considerations

from which unique solutions have been developed for practicaluse

in EC 2, 3, 4, and 8 and willbe used as a base docum ent by those

preparing future draft Eurocodes.

Adaptation ofthe com m on rules to the respective national safety

level, by specification of appropriate values for safety

coefficients, willbe subject to nationalresponsibility. The

application ofthe Eurocodes and the continuation ofthe harm o

nization effortwillperm it the provision of the gradual esta

blishm ent ofcom m on values.

The controlofdesign and execution and any approval procedure

ofstructues willrem ain subject to national regulations. The

sam e applies to technicalsupplem ents with regard to aspects

which are not yet com prehensively covered by the Eurocodes or

which cannot be covered in term s ofgenerally applicable rules”.

In 1980 an agreem ent was reached between the CEC and the International

Society for SoilM echanics and Foundation Engineering (ISSM FE) accor

ding to which the Society should undertake to survey existing codes of

practice for foundations within the M em bers States and to draft a m odel

code which m ay be adopted as EUROCODE No. 7 for Foundations.
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In 1981 the ISSM FE established an ad-hoc Com m ittee for this task; the

com m ittee consisted of one m em ber from each of the then nine m em ber

countries of the EEC: Belgium (prof. E. Lousberq), Denm ark (Prof.

N. Krebs Ovesen, Chairm an), Franee (Hr. F. Baquelin assisted by M r.

S. Am ar), FRG (Dr. W . Sadgorski), Greece (Dr. A. G. Anaqnostopoulos

assisted by Dr. D. Coum oulos), Ireland (Dr. T. O rr), Italy (Prof. R.

Japelli), the Netherlands (M r. W . Heijnen, Secretary assisted by M r.

H. Nelissen) and United Kingdom (Dr. B. Sim pson); Luxem burg has had no

m em ber. The ad-hoc com m ittee was extended to include Portugal (M r.

E. M aranha das Neves) in 1985 and Spain (N.N.) in 1986.

The Com m ittee has m et a totalof17 tim es in sessions lasting norm ally

two fullworking days: Brussels (April1981), Stockholm (June 1981),

Paris (October 1981), London (January 1982), M unich (April1982),

Athens (June 1982), Copenhagen (Septem ber-October 1982), Dublin

(January 1983), Helsinki (M ay 1983), Rom e (Septem ber 1983), Delft

(January 1984), Louvain la Neuve (M ay 1984), Athens (Septem ber 1984),

Paris (January 1985), London (M ay 1985) M unich (Septem ber 1985)

and Rom e (January 1986).

On the occasion ofthe Eight European Conference on SoilM echanics and

Foundation Engineering in Helsinki in m ay 1983 the Com m ittee m et with

about 50 representatives from the nine National geotechnical Societies

to discuss prelim inary versions ofchapters 1, 2, 4, and 6 of the

m odel code.

At the end of 1985 a contract was given to the Com m ittee by the

Steering Com m ittee for the Eurocode System . According to the contract

the Com m ittee is obliged to deliver a prelim inary draft of a M odel

Code for EUROCODE 7 Foundations in July 1986.

Itis a clear understanding between the Steering Com m ittee and the

Eurocode 7 Com m ittee that the contract m ay be extended over a period

of one m ore year.
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At the com m ittee's m eeting in Rom e in January 1986 itwas decided

to ask allm em ber societies within the European Com m unity to discuss,

com m ent and m ake recom m endations concerning the draftM odel Code

before itis delivered to the Steering Com m ittee in July 1986. The

Com m ittee decided to set up the following schem e for consulations

with the nationalgeotechnical societies:

1. In M arch 1986 a copy ofthe present draftM odel Code for Eurocode

7 Foundations is m ailed to the eleven nationalgeotechnical

societies within the European Com m unity.

2. In the period M arch to M ay 1986 the nationalsocieties are

invited to com m ent and m ake recom m endations on basis ofthe draft

M odel Code. Itis leftto the nationalsocieties to decide in

which way they willpersue discussions am ong m em bers to collect .

such com m ents and recom m endations. However, itis recom m ended

that the nationalsocieties divide their com m ents and recom m enda

tions into a rather short docum ent (2 to m ax. 5 pages) containing

general com m ents and recom m endations and another docum ent containing

detailed com m ents and recom m endations in relation to specific

paragraphs etc.

3. The next m eeting of the Com m ittee willtake place in Copen

hagen on June 12-13, 1986. The Com m itte willnot be able at

this m eeting - due to the lack of tim e - to take into account

allthe com m ents and recom m endations received from the national

societies before the draftM odel Code is delivered to the Steerinq

Com m ittee in June 1986. However, the com m ents and recom m endations

willform the basis of the work that is foreseen under next year's

contract. Allgeneral com m ents and recom m endations received from

national geotechnical societies willbe forwarded to the Steerinq

Com m ittee together with the M odel Code and a covering letter out

lining the proposal of the Com m ittee.

Copenhagen M arch 1986

Niels Krebs Qvesen

Chairm an, ISSM FE reqional technical com m ittee on EUROCODE 7 -

F oundations
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General Principles 1.1
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1
1 G ENERAL PRINCIPLES

1.1 Purpose and Scope

This code ofpractice com prises a set ofprinciples and procedures

intended to ensure an adequate technicalquality for foundations,

retaining structures and earthworks.

The code is applicable to geotechnical engineering which is

defined as that branch ofcivilengineering which deals with the

design and construction ofstructures and parts ofstructures whose

perform ance or influence on their surroundings are substantially

dependent on the properties ofthe qround. Throughout the code, the

term 'structures' is taken to include earth structures and the term

'ground' is taken to include both soiland rock.

5

10

IS
Exam ples include the following: Shallow and deep foundations

for buildings, bridges and other structures, excavations, retaining

walls, em bankm ents, cofferdam s, dykes and sm all dam s.

The use of the code affects, but is not lim ited to the following:

guide:

:

:

20 :

» site evalutation

- field and laboratory investigations

- design of foundations, retaining structures and earth works

- observations and evaluations during and after construction

- evaluation ofm aterial sources for earth structures.

:

:

:

:

25 :

1 .2 Use ofthe Code in Engineering W orks

1.2.1 ®.a®A£ G ê t̂̂ echnicalJZ ônsidera îons

In applyinq the provisions of this code, the special characteristics

of geotechnical design m ust be considered. These are: �30

- soils and rocks display a far greater range ofm aterialproper

ties and ofheterogeneity than do m anufactured m aterials such

as steel and concrete. The properties needed for design are

therefore difficultto assess and the relationship between

m easured param eters and field behaviour requires carefulconsi

deration for individual situations,

35
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1
- consideration ofqeoloqical and other backqround inform ation is

an essentialpart ofgeotechnical design, toqether with a study

of the observed behaviour ofsim ilar structures in sim ilar qround

conditions,

- because soils and rocks display a large range ofm aterialbehaviour,

m any different test techniques are appropriate in order to m easure

or infer the required m aterialparam eters,

- geom etrical param eters, especially the interfaces between strata,

water levels, and ground levels m ay be m ajor uncertainties in the

design,

- water pressures in the qround are ofm ajor im portance and are

often significant uncertainties,

- geotechnical design is frequently concerned with the foundations

ofstructures. In m any cases, the structure could be seriously

dam aged by deform ations which are too sm all to constitute a sig

nificantdisturbance or failure ofthe ground itself,

-itis necessary to consider allthe qround which affects the

structure under consideration, and not just the ground in contact

with itor im m ediately adjoining it,

- conventionalpractice includes the testing offullscale elem ents

such as piles or anchors,

- itis som etim es appropriate to use the observational m ethod of

design.

5

10

IS

20

guide: The item s listed above distinguish qeotechnical design from conven-

: tionalstructuraldesign. Their significance is developed further

: in appropriate sections of the code.

25

1.2.2 Personnel.

Itis a requirem ent of the code that the project m ust be supervised

at allstages by personel with geotechnicalknowledge appropriate

to the project in hand and that adequate supervision, skilland

experience willbe avilable during allsite works.

SO

35
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1
1.3 Perform ance Criteria and Lim it States

1.3.1 _Pe_rforaance Criteria .

Each structure or part ofa structure is required to fulfillcertain

fundam ental requirem ents ofstability, rigidity, etc. during con

struction and throughout their designlife. The fundam ental require

m ents are expressed in specific term s as perform ance criteria. .

5

In chapters 6 to 9 ofthe code, the perform ance criteria which m ust

be considered in geotechnical design are indicated for each type of

structure. In sections m arked "quide", calculation m odels and/or

prescripitive m easures which m ay norm ally be used to ensure that the

perform ance criteria willbe satisfied are indicated, but alternative

approaches are perm itted ifthey can be justified. Such alternatives

willusually necessitate additionalgeotechnical analyses and cal

culations or additionalsupervision and m onitoring ofsite works. The

design results should always be checked against localexperience with

the sam e type of structure in the sam e ground under sim ilar geological

conditions.

10

IS

20

1.3.3 L_im it_ States M ethod

W henever a structure or part of a structure fails to satisfy one

ofits perform ance criteria itis said to have reached a ''lim it

state". This Code is based on the "lim it state m ethod" in which

each possible lim itstate is considered separately in the design and

its occurrence is either elim inated or shown to be sufficiently im 

probable.

25

*

30 guide: In structuralengineering desiqn itis general practice to di- �

: stinguish between "ultim ate" and "serviceability" lim it states.

: Ultim ate lim itstates involve loss ofstatic equilibrium or rupture

: of a criticalsection of the structure. Serviceability lim it states

: involve failure to satisfy the required standards ofutility,

: appearance, com fort, etc. Often, the m ain perform ance criteria

: can be statisfied by dem onstrating that the structures willat all

: tim es have the necessary m arqins of safety aqainst reachinq ultim ate

: lim itstates and are also unlikely to reach their serviceability lim it

: states.

3S
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In geotechnical design itis norm al practice'to consider the

: possible form ation of a m echanism in the ground. However itis also

: necessary to consider the possibility that serious dam age could occur

: in the structure due to deform ation in the ground without the m obili-

: zation of a m echanism in the ground. .

guide:

5

Two m ain classes oflim itstates are considered in this code:

- Type 1: an ultim ate lim itstate at which either

- (A) a m echanism is form ed in the ground, or

- (B) a m echanism is form ed in the structure or severe structural

dam age occurs due to m ovem ents in the ground.

10

- Type 2: a serviceability lim itstate at which deform ation in the

ground willcause loss ofserviceability in the structure.15

A detailed analysis ofthe problem s of interaction between structure

and ground is som etim e reguired in order to dem onstrate that the

structure and the ground willhave the necessary m argins ofsafety

against reaching ultim ate lim itstates and are also unlikely to reach

their serviceability lim itstates.

In practice experience willoften show which type oflim itstate

willgovern the design, and other analyses m ay be om itted com pletely

or be lim ited to rough controlchecks.

20

25

1.4 Durability

Durability ofthe structure during its entire, intended lifespan

m ust be considered when selecting the design param eters.

30 guide Durability should not be considered a serviceability lim itstate as �

such. Durability can also be secured by paying attention to the

detailed aspects ofdesign with provision for protection and m ain

tenance, etc.

35
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1.5 £e£t£chnic£l_C£t£g£riejS

1.5.1 Basic £ancept_s •

In order to establish m inim um requirem ents for the extent and quality

ofgeotechnical investigations, calculations and construction control

checks, the difficulty and com plexity ofeach geotechnical design

m ust be clearly identified. To facilitate this, three 'Geotechnical

Categories' are defined.

The following factors should be taken into consideration when

determ ining which G eotechnical Category is appropriate to each

particular design situation;

5

10

- nature and size of the structure and its elem ents, including any

special fundam ental requirem ents,

- specialconditions with regard to its surroundings (neighbouring

structures, traffic, utilies, hazardous chem icals, etc.),

- ground conditions,

- groundwater situation,

- regionalseism icity,

- influence ofthe environm ent (hydrology, surface water, subsidence,

etc.).

IS

20

Classification of a structure according to geotechnical category

m ust be perform ed prior to the geotechnical investigations. The ca

tegory m ay later be changed; itis im portant, however, that itrem ains

welldefined throughout the design and construction controlprocess.

Classification according to the structure and its neighbouring

structures (a, b, e and fabove) can often be perform ed prior to

the geotechnical analyses. However, the finalgeotechnicalcategory

determ ined by the ground conditions (c and d above) willgenerally be

established later in the design process. Itwillsom etim es be as •

late as the construction controlcheck before itis found necessary

to classify a design in a higher category than hitherto envisaged.

Checks of the design or construction in accordance with the

specifications given for a geotechnicalcategory higher than that

required for the structure by the code m ay, ifdesired, be applied

to any structure.

The procedures ofhigher categories m ay som etim es be used to

justify m ore econom ic desiqns, or where a suitably qualified and

experienced engineer considers them to be appropriate.

25

30
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1

This only includes sm all and relatively sim ple structures for which

itis possible to ensure that the fundam ental requirem ents willbe

satisfied on the basis ofexperience and qualitative qeotechnical

investiqations.5

ĵature_and_Si;ze £f_tJie_C£n£t£U£tj£n. Geotechnical Cateqory 1

procedures willnorm ally not be sufficient in the case of foundations

subjected to an inclined loading except in the case of foundations

for sm all retaininq walls listed below.

The following are exam ples ofGeotechnical Category 1 structures:

1.5.2.1

10

1. Light buildings with a m axim um design colum n load of250 kN and

100 kN/m for walls, with no special requirem ents as regards

and using conventional types ofsettlem ent conditions, etc

foundations.

2. Retaining walls and excavation supports where the difference in

ground levels does not exceed 2 m , and the ground is not subject

IS * ?

to significant surcharges.'

3. Earthworks involving not m ore than 3 m offillbelow trafficked

areas, etc., or not m ore than 1 m ofcom pacted fillbelow ground

bearing floor slabs.

4. Ground bearing slabs which can be designed using em piricalprin

ciples without detailed analyses.

5. 1 and 2 storey houses and agriculturalbuildings on conventional

piled foundations.

6. Sm all excavations for drainage works, pipe-laying, etc.

20

25

Additionalexam ples are given in the national appendices.
30

1.5.2.2 ĵ£roundings. G eotechnical Category 1 procedures willonly be

sufficient when there is no risk of dam aqe to neighbouring buildings,

utilies, public areas etc.

35
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1
G r£und_C£nditi£ns. Geotechnical Category 1 procedures will

only be sufficient where the ground is not sloping significantly and

in ground conditions which are known from extensive localexperience

to be sufficiently straightforward that routine m ethods m ay be used

for foundation design and construction. Geotechnical Category 1

procedures willnot norm ally be adequate for foundations bearing on

slopes, refuse, uncom pacted fill,fissured, swelling clay, or soft,

loose or highly com pressible soils.

1.5.2.3

5

1.5.2.4 Grm jndwate_r_ S_x̂ uat_iQn_. G eotechnical Cateqory 1 procedures willbe

sufficient only ifthere is no excavation below the water table or if

extensive localexperience indicates that a proposed excavation below

the water table willbe straightforward.

10

1.5.2.5 Re£ional__S£i£m ici_t_̂ . In seism ically active areas, Geotechnical

Category 1 procedures willbe sufficient only for insensitive

structures.

IS

1.5.2.6 Jjifluer̂ ce j3f„the__Env̂ r£nm 6nt. G eotechnical Category 1 procedures

willnot be sufficientifproblem s involving hydrology, vegetation,

surface water, subsidence or other environm ental factors could

reasonably be suspected.

20

1.5.3 Geoitechnica1_Cat_ego2
This category includes structures for which quantitative geotechnical

data are necessary to ensure that the functionalrequirem ents willbe

satisfied, but for which conventional procedures ofdesign and con

struction m ay be used. These necessitate the involvem ent ofqualified

engineers with relevant experience.

25

30
1.5.3.1 N â.ture_and__S_iz_e jof_the_C£n£tru£t̂on. Geotechnical Cateqory 2

procedures are sufficient only for conventional types of structures

and foundations with no abnorm al loading and no abnorm al risks. The

following are exam ples of Geotechnical Cateqory 2 foundations and

structures:

Conventional types of
J5
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1. Spread footings

2. Raft foundations

3. Piled foundations

4. W alls and other structures retaining soilor water

5. Excavations

7. Em bankm ents and earthworks

8. Ground anchors and other tie-back system s.

S,

Surroundings. W here a project involves a risk ofdam age to neigh

bouring structures by excavation, pile driving or lowering of the

groundwater table, for exam ple, the geotechnical investigations and

calculations perform ed with regard to the conditions for these

neighbouring structures m ust correspond at least to Geotechnical

Category 2, and should be related to the nature, size and foundations

ofthe neighbouring structures. Geotechnical Category 2 procedures

willnot necessarily be sufficient in situations where either the risk

or the effects of dam age to surrounding structures or utilities would

be extrem ely severe.

IQ 1.5.3.2

IS

m
_Grou£d_C_ondit_ions. G eotechnical Category 2 procedures willbe

sufficient only for ground conditions for which the properties needed

for design can be obtained using routine procedures for field and

laboratory testing.

1.5.3.3

2S
Jir£Hn5 îaJLeIL G eotechnical Category 2 procedures willbe

sufficient only ifthe nature of the groundwater conditions is such

that lasting dam age cannot be caused to structures or load-bearing

strata without prior warning due to the absence or failure ofground

water lowering or drainage system s. For exam ple, G eotechnical Cate- �

gory 2 procedures m ay be insufficient for excavations considerably

below the groundwater table in strata whose perm eability increases

with depth.

1.5.3.4

30

35 1.5.3.5 ĵe3i£njal_GeotechnicalCategory 2 procedures, used in

conjunction with national seism ic codes, willnorm ally provide an

adequate basis for a seism ic design. This approach m ay not be adequate

in areas of exceptionally high seism ic activity or for very sensitive

structures.40



1
injL îie£LciL 5/„̂ d.e-_̂ Hvir£,n2,e *̂ G eotechnical Cateqory 2 procedures

willbe sufficient only when routine procedures exist to deal-with

environm ental problem s which could arise.

1.5.3.6

GeotechnicalCateqory 3

Structures which do not fallwithin the lim its ofGeotechnical Cate

gory 1 and 2 are included in Geotechnical Category 3. The involv-

m ent ofexperienced engineers with relevant geotechnical experience,

willbe necessary in these projects.

Geotechnical Category 3 includes very large or unusual structures,

structures involving abnorm al risks, or unusual or exceptionally

difficultground or loading conditions and structures in highly

seism ic areas. The code specifications for Geotechnical Category 2

form the lower lim its for the extent and quality ofthe necessary

investigations and calculations, but apart from this no detailed code

requirem ents have been form ulated for Geotechnical Cateqory 3. No

attem pt has been m ade to establish a fixed boundary between categories

2 and 3.

Exam ples ofstructures which require Geotechnical Category 3 pro

cedures includes

1.5.45

10

IS

20

Buildings with exceptional loads

M ulti-storey basem ents

Retaining dam s and other structures acted upon by great differen

tialwater pressures

Facilities for tem porary or perm anent lowering of the levelof

the groundwater table and which involve a risk ofserious earth

m ovem ent and/or structuraldam aqe

Earthworks and pavem ents below traffic system s acted upon by

abnorm ally heavy loads �

Large bridges and tunnels

M achine footings with heavy dynam ic loads

Power stations

Offshore structures

Chem ical plants treating hazardous chem icals.

11. Structures which are very sensitive to seism ic activity or struc

tures in areas of exceptionally high seicm ic activity.

1.

2.

3.

25

4.

5.
30

6.

7.

8.

9.
35 10

40



In GeotechnicalDesigns previous experience of the construction ’

and perform ance ofsim ilar structures in sim ilar conditions is

frequently quoted. In this code reference is m ade to "Local

experience".

The term "localexperience" refers to docum ented, or other clearly

established, inform ation related to the geologicalstrata being

considered in design, involving the sam e soiltypes and for which

sim ilar geotechnicalbehaviour are expected.

S

*•
10

IS

#•
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1

2 VERIFICATION OF SAFETY AND SERVICEABILITY

2.1 Lim it States
5

The approach which m ust be used to check the adequacy of designs is

described in this chapter. This consists ofcom piling a listof

required perform ance criteria and determ ining the lim itstates at

which these criteria would be infringed. Itm ust then be dem onstrated

that the lim itstates are unlikely to occur.

W hen com piling lim itstates for design of geotechnical structures,

itis necessary to consider various situations which willoccur during

their construction and use, and to derive appropriate design situations.

Chapters 6 to 9 specify for each type of geotechnical structure lim it

states which should be considered.

Itm ust be shown in the design that the occurrence oflim itstates

is sufficiently im probable provided that the construction and loading

are generally in accordance with the design. This m ay be achieved

either by the adoption ofprescriptive m easures, as described in 2.2,

by study ofcalculation or experim ental m odels incorporating

appropriate basic variables, as described in 2.3 and 2.4 respectively,

or by an observational m ethod, as described in 2.3.

10

IS

20

2.2 Prescriptive M easures

For certain lim itstates calculation m odels are either not available

or unnecessary. Instead, the lim itstate can be avoided by the adoption

ofconventional and generally conservative details in the design, and

by attention to specification and controlofm aterials, workm anship,

protection and m aintenance procedures. These willbe referred to as

"prescriptive m easures" and they are considered further in Chapters

6 to 9.

25

30

guide Prescriptive m easures are often used to ensure durability to frost

action and chem ical or biologicalattack. They m ay som etim es also be

used to avoid unnecessary calculation in very fam iliar design situa

tions. For exam ple, conservative presum ed bearing pressures m ight be

adopted for som e foundations without calculation.

35
:

t
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1 -2.3 Calculation M odels

2.3.1 Available P̂£roaches •

Design calculations should follow one of the three approaches described

below. Reference is m ade to the two m ain types oflim itstate defined

in section 1.3, and to chapters 6 to 9. Chapters 6 to 9 and the

national appendices indicate where each of the approaches described

here is applicable.

5

a) Each lim itstate m ay be studied directly by considering design

values ofparam eters and other conditions, for which the calcu

lations indicate that the lim itstate would be im m inent.
10

Lim it states involving the form ation of a collapse m echanism in the

ground (type 1 A) are readily checked using this approach. For lim it

states defined by displacem ent considerations (type 1 B or 2), the

displacem ents m ust be calculated or otherwise assessed ifthis approach

is used. In som e cases, especially those concerning ultim ate lim it

states in the structure (type 1 8), this willrequire calculations

using non-linear m odels of deform ation in the soil.

guide

IS

20
b) For lim itstates defined by displacem ent considerations calculation

m odels for the direct approach m ay not be readily available. In

these cases the lim itstate m ay som etim es be checked by lim iting

the proportion of the strength-ofthe soilwhich can be m obilised.

25
This approach m ay be used for either ultim ate (type 1 B) or service

ability (type 2) lim itstates. Itis im portant to identify for each

lim itstate whether the strength term s used in the calculations refer

to lim its ofultim ate strength or m obilised strength.

guide

30
c) In som e cases itcan be shown that one particular lim itstate

governs the design and is always m ore likely to occur than others

which m ight be considered. In these cases only the governing

lim itstate need by analysed and the others m ay be deem ed to be

satisfied.
35
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For cases belonging to geotechnical categories 1 and 2 the design

of the supported structure should norm ally result in a specification

giving

- the loads acting on the foundation in the various desing situations

- the allowable settlem ent of the foundation.

The design of the foundation for such cases m ay norm ally be done in

accordance with the principles and guidelines given in this code.

For m ore com plicated cases interaction m ay occur between the

supported structure and the soil; such cases belong to geotechnical

category 3.

1

5

10

n êsîn__ya_l_t£e^ £f_Variables

The following basic variables willbe involved in m ost calculation

m odels:

2.3.2

- actions, which m ay be either im posed loads or im posed displacem ents

-properties ofsoils and other m aterials

- geom etrical param eters

- constraints, which are design reguirem ents such as acceptable de

form ations

15

20

The values of the variables entered into calculations are called

'design values'; these are indicated by a subscript d. For structures

of a conventional type for which there is experience of successful

designs which are generally considered to be econom ic, the design values

should be chosen so as to lead to conventional designs.

In the analysis of any lim itstate, the set ofdesign values adopted

in the calculations should be such as to ensure that the occurrence of

a m ore adverse set of values is, in practice, sufficiently unlikely.

The values m ay also be chosen such that the design m ay be deem ed to

satisfy other selected lim itstates which should be identified expli-

Guidance on the selection of design values is given in this

code, but the designer m ust always check that, in his opinion, the

selected design values willachieve the aim s stated here.

Special attention m ust be paid to exceptional cases, particularly those

involving uncertainty in water levels, geology or stratification.

Further, the accuracy of the calculation m odel and the significance of

the levelofworkm anship and control should be considered.

25

30

citly.
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1
guide: In choosing design values, m ajor uncertainties willgenereally be

covered explicitly by adopting pessim istic values for the correpondinq

basic variables. Ifother, m ore m inor uncertainties are not considered

explicitly, they m ust be taken into account in the selection of the

design values of the basic variables. Uncertainty in the calculation

m ethod itselfm ay, depending on the circum stances, be regarded as

either a basic variable or a m ore m inor uncertainty.

5

The selection of design values for the basic variables m ust in

general take account of:
10

- consequences of the occurence of the lim itstate

- the possibility ofunfavourable variations of the param eters

- the independence or interdependence ofthe various param eters

involved in the calculation.15

The selection of design values for.actions (F )̂ m ust further take

account of:

20
- uncertainty in the loading m odel, ifthis is not accounted for

within the m odel itself

-tim e ofloading.

The selection of design values for s_°i.l_P£.0P.e£.ti.e£ (f<j) m ust take

account of:
25

- uncertainties in the relation between soilproperties in the geo

technical structure and those m easured by field or laboratory tests

- the influence ofworkm anship on artificially placed or im proved soils

- the brittleness or ductility of the soils involved

- tim e effects

- possible inaccurate assessm ent of the resistance of sections or

load-carrying capacity of the soilor the structure, unless this is

allowed for in the resistance m odel

- uncertainties in geom etrical param eters, unless they are accounted

for directly.

30

35
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1
The selection of design values for 2=eEm JL .̂EA£,aiparam eters (a )̂ should

take account of: '

- the specified tolerances on the geom etrical param eters.

5
The m ost im portant geom etricalparam eters in geotechnical design are

usually the leveland slope of the ground surface, the levels of the

water table and interfaces between strata, and the levels of exca

vations for basem ents, service trenches, etc.

In cases where variations of the geom etrical param eters are not

im portant, they m ay be allowed for in the selection ofdesign values

for m aterialproperties or actions. In other cases itis generally

advisable to allow for these uncertainties directly. For lim itstates

with servers consequences, design values for geom etric param eters

should represent the m ost adverse values which could occur in practice.

guide:

:

s

:

510
%

:

:

%

:15

The selection of the design values for £°£s£raints_ (C<j) m ust take

account of:

- the confidence with which the acceptable value of the constraint can

be specified

20

The design calculation m odel willgenerally consist of two elem ents:

2.3.3

25
- a m ethod of analysis, often based on a theoretical approach including

sim plifications

-ifneeded, a m odification to the results of the analysis to ensure

that the results of the design calculation m odel are generally

accurate or conservative.

«

30

guide W henever possible, the m ethod of analysis should be calibrated against

field observations ofprevious designs, m odel tests or m ore reliable

analyses.

35
The selection of the design calculation m odel should take account

of the following factors:

40
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I - the range ofuncertainty in the results of the-m erttio'd’- of” analysis on

which the design calculation m odel is based; .

- any system atic errors known to be associated with the m ethod of

analysis.

S
The design calculation m odel m ay be represented by a m athem atical

function 9d. The design requirem ent m ay then be stated in the form :

guide

9d d> d̂» ad> d̂) 2l^ 2.1

10
or % (Fd, fd, ad) <, Cd 2.2

An exam ple ofrequirem ents ofthis form are equations 6.1, in

connection with 6.2 and 6.3.

Itis som etim es possible to divide this calculation into two steps

in which the design resistance effect, Rd, and the design disturbance

effect, Sd, are calculated separately. In this case the design require

m ent m ay be stated in the form :

IS

d̂ (fd> ad) >. Sd (Fd, ad) 2.3
m

Exam ples of equations ofthis form are equations 6.2 and 6.9.

M ost of the m ethods of analysis described in chapters 6 to 9 willgive

conservative results in norm al situations. Unless otherwise stated,

they m ay be used without m odification as design calculation m odels.
25

Derivation_o_f Oesic[n_Value£ by_tbe_M ethod_ of_Paptial_Coef_ficients
Design values m ay be derived using the m ethod ofpartialcoefficients.

In this approach, representative or specified actions (i.e. loads and

im posed displacem ents) and characteristic m aterialparam eters are

firstselected. Design values are derived from these by applying the

partialcoefficients. Each coefficient m ay be decom posed into several

different factors, which each take account of one or m ore uncertain

ties. Values are given for the partialcoefficients in the National

Appendices, and these have been selected so as to ensure that the

design values willcom ply with section 2.3.2.

Representative or specified actions, Fr, are m ultiplied by partial

coefficients, yf, 3nd load com bination factors, ij>, thus

2.3.4

30

35
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1
2.4F<j s yf <jfr

Representative and specified actions are defined in Chapter 3.

Characteristic values ofm aterialproperties, f̂, are divided by

partialcoefficients, ym , thus
5

2.5

Characteristic values of the soilparam eters should be based on

a careful assessm ent of the range of values which m ight be encountered

in the field. This assessm ent should take account ofgeological and

other background inform ation, and the results oflaboratory and field

m easurem ents. For param eters for which the relevant values in the

field are wellestablished with little uncertainty, the characteristic

value m ay be taken as the best estim ate of the value in the field.

W here there is greater uncertainty, the characteristic value is som ewhat

m ore conservative, and constitutes a "conservative best estim ate".

10

IS

Characteristic values should be selected such that, in the opinion of

the designer, the probability of a m ore adverse value occurring in

the field is not greater than about 5%.
The choice ofcharacteristic values is not dependent on the

serverity of the lim itstate under consideration. However, the choice

is often-dependent on the m echanism or m ode of deform ation being

considered. For exam ple, ifthe avoidance of a lim itstate is dependent

on the behaviour of a sm all zone ofsoil (as in an end-bearing pile) a

m ore pessim istic assessm ent of strength is required than for a lim it

state related to the average strength of a larger am ount ofsoil (as

in a long friction pile). Sim ilarly, different characteristic strengths

would be required for a shear failure in a fissured m aterial, depending

on whether the shear surface is free to follow the fissures or con

strained to intersect intactm aterial.

Itm ight som etim es be helpfulto carry out a statisticalanalysis

of m easured data. However, itis em phasised that this willrarely lead

directly to characteristic values since these depend on the designer's

assessm ent of the field situation.

guide;
20

;

;

;

:

;
25

30

35
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1

Characteristic geom etrical param eters a^ are m odified by additive

coefficients Aa, thus

2.6ad = ak ± Aa
5

To allow for uncertainty in the m ethod ofanalysis, the design

calculation m odel m ay incorporate a further coefficient -yj-j. Unless

otherwise stated, this factor m ay norm ally be taken as unity for the

m ethods of analysis presented ichapters 6 to 9.
10

Ifthe m ethod ofpartialfactors is used, inequalities (2.1) to (2.3)

can be expressed as follows:

guide:

:
-

0 (̂ k, If, 7m , ak» Aa, Cd, 7d) 025 guide 2.7

°r 0 (̂ k, If, fk> 7m , ak» Aa, 7d) S. d̂ 2.8

R (Pkr 7f, ak, Aa, 7dR)Is (fk, 7m , ak, Aa> 7dS) 2.9
20

in which 0, R and S are functions which give conservative results

when used with the partialcoefficients -ŷ , 7dR anc* 7dS-

Deriva t̂î ô^ Desi_2P__Values_ by_Other__M ethods

O esign values m ay be derived by m ethods other than the use ofpartial

coefficients provided that they com ply with Section 2.3.2.

The sets ofpartialcoefficients specified in the national appen

dices indicate the levels of safety required for the various lim it

states in conventionalsituations. Sim ilar levels of safety are

required when design values are selected by other m eans.

2.3.5
25

30

Ifdesign values are selected directly, itis recom m ended that they

are based on assessm ents of the m ost adverse value of each param eter

which could occur in practice. Alternative m ethods of deriving design

values are discussed extensively in current literature.

guide

35
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1
2.4 Experim ental M odels and Load Tests

In som e cases itis possible to dem onstrate that lim itstates willbe

avoided by carrying out tests, either on fullscale or sm aller scale

m odels, or on a sam ple of the finalconstruction.

W hen test results are used to justify a design, the following

features m ust be considered and allowed for

- variations in the soilconditions between the test(s) and the working

constructions)

tim e effects, especially ifthe duration of the test is m uch less

than the duration of loading of the working constructions)

-scale effects, especially ifsm all m odels are used. The effect of

stress levels on soilbehaviour m ust be considered, together with

the effects of soilparticle size.

10

IS
Because prediction ofgeotechnicalbehaviour is often very difficult,

itis som etim es appropriate to adopt the approach known as "the

observationalm ethod". W hen this approach is used, the following

requirem ents m ust allbe m et before construction is started.

20
- The lim its ofbehaviour which are acceptable m ust be established.

- The range ofpossible behaviour m ust be assessed and itm ust be

shown that there is an acceptable probability that the actualbe

haviour willbe within the acceptable lim its.

- A plan ofm onitoring m ust be devised which willrevealwhether

the actual behaviour lies within the acceptable lim its. The

m onitoring m ust m ake this clear at a sufficiently early stage to

allow contingency actions to be undertaken successfully.

- A plan ofcontingency actions m ust be devised which m ay be adopted

ifthe m onitoring reveals behaviour outside acceptable lim its.

25

30

During construction, the m onitoring m ust be carried out as planned,

and additionalor replacem ent m onitoring m ust be undertaken ifthis

becom es necessary. The results of the m onitoring m ust be assessed at

appropriate stages and the planned contingency actions m ust be put

into operation ifthis becom es necessary.
35
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1

The observational m ethod is often used in the design ofgeotechnical

construction such as deep excavations and em bankm ents, including dam s.

The param eters which are m ost frequently observed are ground m ovem ents

and water pressures. Contingency actions m ay include regarding the

surface of the natural ground or fill,installation ofstructural

support or installation ofdrainage. In som e cases the action necessary

m ay sim ply be a m odification of the tim e scale for continued con

struction.

guide

5

10
Design Report2.6

The assum ptions, data, calculations and results of the verification

of safety and serviceability m ust be recorded in a Design Report.

Item s which require checking during construction or which require

m aintenance after construction m ust be clearly identified in this

report. W hen the required checks have been carrried out during

construction, they m ust be recorded in an addendum to the report.

15

The com plexity ofDesign Reports willvary greatly, depending on the

type ofdesign. For sim ple designs, a single handwritten sheet m ay

be sufficient.

The reportwillnorm ally include the following item s, with cross

references to other docum ents which contain m ore detail:

guide

20

- a description of the site and surroundings,

- a description ofthe ground conditions,

- a description of the proposed construction, including loads,

- assum ed values ofsoiland rock param eters, including justification,

as appropriate,

- a statem ent of the design, including calculations and other justi

fication as appropriate,

- a note ofitem s to be checked during construction or requiring

m aintenance.

25

30

35
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I 3 DESIGN SITUATIONS AND ACTIONS

3.1 Definitions

D esi£n__S_ituations

Design situations are those sets ofphysicalconditions for which it

m ust be dem onstrated that lim itstates willnot occur. The selected

design situations m ust be sufficiently severe and varied as to

encom pass allreasonable conditions which can be foreseen to occur

during the construction and use of the proposed structures.

The detailed specifications ofdesign situations m ust include,

as appropriate;

3.1.1
5

10

- the disposition and classification of the various zones ofsoil,

rock and elem ents ofconstruction which are involved in the

calculation m odel,

- the actions, as defined in 3.1.2,

- the nature of the environm ent within which the design is set,

including the following;

IS

20
- effects of scour, erosion and excavation, leading to changes in

the geom etry of the ground surface;

- effects ofchem ical corrosion;

- effects ofweathering, including freezing;

- variations in groundwater levels, including the effects ofpossible

flooding, failure of drainage system s, etc.;

- other effects of tim e and environm ent on the strength and other

properties ofm aterials. ’

25

3.1.2 Actions

An action is a group;
30

- ofconcentrated or distributed forces, acting on the structure

(direct action)

or35
- of deform ations im posed on or contained in the structure (indirect

actions).

40
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I

Before any calculation is carried out, the designer m ust choose the.

forces and im posed displacem ents which willbe treated as actions

in that calculation.

^ guide In geotechnical analyses, any of the following m ay be treated as

actions:

-the weights of soil, rock and water,

- in situ stresses in the ground,

- free water pressures,

- ground water pressures,

- seepage forces,

- dead, im posed and environm ental loads from structures,

- surcharge,

- rem oval of load or excavation ofground,

- traffic loads,

- m ovem ents caused m y m ining,

- swelling and shrinking caused by vegetation or clim ate,

- m ovem ents due to degradation, decom position, self-com paction and

solution,

- m ovem ents and accelerations caused by earthquakes, explosions,

vibrations and dynam ic loads,

- tem perature effects, including frostheave,

- ice loading,

- im posed prestress in ground anchors or struts.

Iff

15

20

25

Actions are constants for the calculation m odel being considered.

They are not unkowns in the calculation m odel.

zo guide Som e forces and im posed displacem ents are treated as action i

certain calculations, and not in others. For exam ple, in the design

of sheet piled walls, the tie force is often treated in two different

ways:

25
- when calculating the sheet pile section which is required, the

tie force m ay be treated as a variable which depends on the stiff

ness of the sheet piles. Itis not an action,

40
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1
- when calculating the size of the tie rod, and the anchorage which

is required, the tie force m ay be treated as a constant force, and

is an action for those calculations.

guide:
i

i

:

Earth pressures are treated as actions in som e design situations,

but not in others. ^

In the analysis of sim ple earth retaining structures (walls), the

retained soilis often considered to be in an active state. The

pressure which itexerts on the structure is independent ofthe re

sponse of the system and is treated as an action.

In m ore com plex earth retaining structures, such as an anchored

cast in situ wall, the pressures exerted often depend upon the soil-

structure interactions and are unknowns in the calculations. The are

not actions.

Forces due to ties and ground anchors are considered as actions

ifthey are independent of the response of the system being analysed.

The com ponent of force caused by controlled prestressing operations

m ay always be regarded as an action.

Scour and erosion which cause a change in geom etry, for exam ple,

by rem oving m aterial at the toe ofslope, are not actions. Their

possible effects m ust be considered when selecting design situations

(see section 3.1.1).

;5

:

s
10

i

:

t

IS i

%

:

:

:

20 :

:

Actions which, when they are present, depend on one another and

attain upper values at the sam e tim e, m ust be considered as a single

action. Only those actions which have negligible dependence on one

another can be considered as independent.

25

3.2 Derivation ofDesign Values for Actions
30 3.2.1 -General, .

In deriving design values for actions for geotechnical calculations,

attention m ust be paid to the following points. '

a) For loads which act in com bination, itm ust be considered whether

allloads m ight attain their m ost adverse values coincidentally in

position and/or sim ultaneously in tim e. The sets of design values

adopted m ust be sufficiently adverse to conform to sections

2.3.2 and 2.3.3. For each design situation, itm ay be necessary to

check severaldifferent load cases and com binations of actions.

35
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* guide In Eurocode EC 2 and EC 3, load com bination factors, t|>,. are speci

fied for use in deriving sets of loads acting in com bination. This �

form at can be used to calculate loads derived from structures but is

not recom m ended for the geotechnical aspects ofthe design such as

earth and ground water pressures since the values of the factors

cannot be prescribed, and m ust be selected by the designer in rela

tion to each particular design situation.

5

b) The duration ofthe loads m ust be considered with reference to

tim e effects in the m aterialproperties of the soil, especially

the drainage properties of fine grained soils.
10

Depending of the type ofsoilbeing considered, itmay be helpful

to distinguish between:

guide

IS
-transient loads (for exam ple wind loads) which act for a very short

tim e during which the soilm ay display enhanced strength and stiff

ness;
- short term loads (for exam ple, construction loads) which act for

a period during which drainage of the soilwillbe negligible;

- long term loads.
20

c) Loads which are applied repeatedly m ust be identified for special

consideration with regard to continued m ovem ents, liquefaction of

soils, etc.25 ’’’

v
d) Loads which are applied cyclically with high frequency m ust be

identified for special consideration with regard to dynam ic

effects.

30
e) Extrem e loads which m ay be applied accidentally m ust be considered.

Itis norm ally appropriate to use these in com bination with m oderate

values ofother loads.

35
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1 3.2.2
!le£ ™̂ £̂aiis_P£e HP™
For soiland rock itis often unnecessary to allow for uncertainty

in density and its distribution. Uncertainty in geom etric param eters

m ust be considered, however, as discussed in 2.3.2.

For soilwhich is known to be of very variable density, or for pro

posed fills which have not been designed in detail, a range ofpossible

densities and distributions ofdensity m ust be considered in design.

W here earth pressures are treated as actions, they m ust be evaluated

according to the principles set out in Chapter 8.

5

103.2.3 Pressures._due £o£W ater

For lim itstates with servere consequences (generally ultim ate lim it

states), design values for water pressures m ust represent the m ost

adverse values which could occur in extrem e circum stances. For lim it

states with less severe consequences (generally serviceability lim it

states), design values m ust be the m ost adverse which could occur

in norm al circum stances.

The following features which m ay effect the water pressures m ust

be considered:

15

20
- the levelofthe free water surface or the groundwater table,

- the beneficialor adverse effects of drainage, both natural and

artificial,taking account ofits future m aintenance,

- the supply ofwater by rain, flood, hydrologicalconditions,

burst water m ains or other m eans,

- changes ofwater pressure due to the growth or rem oval of vege

tation.

25

The risk of adverse water levels due to change in the water catchm ent,

and reduced drainage possibilities (owing to blockage or freezing),

etc. m ust be considered.

Unless the adequacy of the drainage system can be dem onstrated

and its m aintenance ensured, itwilloften be necessary to assum e that

the groundwater table could rise to ground levelin extrem e circum 

stances. In som e cases this could be considered as an accidental

action.

guide:

50
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1 3.2.4 Dead__Loads_due_to.Supported.Structures .

In m any cases the design values for both serviceability and ultim ate

lim itstate calculations m ay be calculated from nom inal design dim en

sions and m ean unitweights.

The possible absence ofpart of the dead load, for exam ple during

construction, m ay som etim es be particularly adverse and m ust be con

sidered as a separate design situation.

5

W here itis significant, an allowance m ay be included for uncer

tainty in design dim ensions and unit weights. Consideration of the

ductile m ode of failure of foundations suggests thatifan indivi

dual foundation elem ent supporting a redundant structure were to

approach an ultim ate lim itstate, the load aplied to the elem ent

by the structure would usually be reduced. Itis therefore un

necessary in m ost cases to allow for adverse patterns of load

transfer within redundant structures.

guide

10

15

Jjngosed.and.Environm ental̂ .Loads, due. tp_Sup£orted__Structures.

For both the serviceability and ultim ate lim itstates, im posed and

environm ental loads on foundations m ust be calculated as for the

structures supported.

3.2.5

20

W ith regard to wind loads, see section 3.2.1(b) above.guide:

3.2.6 Other Acti£ns.

Itis usually appropriate to derive design values for other actions

either from national loading regulations or directly by consideration

of the likely values and possible extrem e values of the actions.

25

3.3 Deriviation ofDesign Values using the M ethod ofPartialCoefficients
30

3.3.1 General

For the derivation of design values of actions due to supported

structures the m ethod ofpartialcoefficients is appropriate in

som e cases. Use ofthis m ethod does not, however, relieve the de

signer of the responsibility to check that the design values adopted

are consistent with sections 3.1 and 3.2.
35
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CLASSIFICATION
TYPE OF ACTION "" .......... Clay sit© Sand site

P V A FX FR L S T L S T

W eight ofsoil ***

W eight ofstructures * **
*�

Im posed loads in
structure

*

Norm al m axim um
water pressures

* #>•
*�

Flood water pressures ? ? ? * �

Seism ic loads ? ? ? **

Trafic loads ??# � *

Construction loads ? ? ???
*»�

Collision loads *♦

Tem perature loads ? ?? ? ?#

P = perm anent
V s variable
A s accidental
FX s fixed
FR s free

Keys L ^ long term
S s short term
T s transient
# s likely -
? s possible

The actions are classified as defined in the following clauses.

guides Exam ples of the use of these classfications are given in Table 3.a.

3.3.2.1 fe£m an£nf,_Vjarfabd£ and fc£ife£t£lJ\ctions. This classification

results from variation of each action with the tim e durinq the de

sign situation under consideration.

f.e£,m a.n£ni.EclA£njL are those which vary only infrequently (but with

tim es of action which are probably long) or which vary in a neqliqible

way from their m ean value; or those which vary only in one direction

tending towards an adverse lim it.

!a£îbfe_actians are those which are not likely to act throughout

the duration of a design situation in a qiven project, or for which

the variations in m agnitude as a function of tim e are neither neg
ligible in com parison to the m ean value, nor m onotonic.
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1
Accid_ent_al_a£t_ions are those for which the occurrence in a qiven

structure and at a significant value is im probable. .

£A*e.̂. ĉtionŝ JLnli * This classification relates to

the variation in space of each action.

An action is term ed a fixed action ifits m agnitude and direction

at every point in the structure is determ ined by defining the action

at one point.

Actions are term ed free actions ifthey can have an arbitrary spatial

distribution over the structure, within certain lim its.

Actions which cannot be defined as belonging to either of these

groups can be considered as m ade up of a fixed part and a free part.

This m ay apply for snow or wind loads on roofs.

3.3.2.2

S'

10

IS guide: This classification is in principle independent oftheclassifica-

: tion given in 3.3.2.1;however,in practice, m ostofthe free actions

: are variable, and m anyvariable actions are free.

: W ater pressure and perm anent earth pressure m ay generally be

: considered as fixed.
20

_Staa.m i_c_A£t_ions. This classification arises from the

response ofthe structure or ground to the action.

Static-actions are those which do not give rise to significant

acceleration ofthe structure or of m em bers ofthe structure.

0ynam ii£ actions are those which can give rise to significant

acceleration of the structure.

3.3.2.3

25

In m ost cases the dynam ic actions can be treated as static actions,

taking into account the dynam ic effects by an appropriate increase

in the m agnitude of the static actions. W hen this is not the case, a •

specialtreatm ent of safety is necessary in order to take account of

the dynam ic response of the structure.

guide

30

3.3.2.4 Xr̂Ln .̂i®,nt_,_S]iort_Te_rm and. Lpng_Term Actions.. This classification

arises from the duration of each action and is dependent upon the

rate of response of the ground to the action.

Transient ĉ_tions are those which act for a very short tim e during

which the soilm ay display enhanced stiffness or strength.

35
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1
.§J"1£rJL i.e£nL,a£ î°Ils are those which act for a period during which

drainage ofthe soilwillbe negligible.

kQ£SLkerm actions,are those which act for a period during which

drainage ofthe soilwillbe significant.

5
3.3.2.5 Î̂ Îlt̂and R̂epeat̂e^ Actions. The classification arises from the

influence of repeated or cyclic loading on the ground or structure.

£G£sia£t_a£tions are those which do not fluctuate or vary cyclically

in a m anner which could have a cum ulative effect on the ground or

structure.

Jle£e£t£d_a£tions are those which fluctuate or vary cyclically in a

m anner which could have a cum ulative effect on the ground or structure.

10

3.3.3 De î̂n V̂jalues .and Representatîe V̂aljjes._of_Ac.tions

G eneral. Design values of actions? Fm ay be derived from represen

tative values? Fr, using the eguation

3.3.3.1IS

Fd = yFFr 3.1

The sam e action can have different representative values for dif

ferent design situations? according to the probability? freguency or

duration ofeach situation.

The representative values m ust be derived by one ofthe following

alternative approaches?

20

25

- they m ay be nom inal values fixed by codes, standards or conctracts,

- they m ay be characteristic values determ ined by judgm ent. In this

case an effortm ust be m ade to choose values such that the pro

bability ofbeing exceeded in an adverse sense is ofthe order of
5%, .

- for variable actions, other representative values m ay be derived

from the characteristic values as described in 3.3.3.2.

30

The m agnitude and direction of earth pressure depend on the m ate

rialproperties of the soil. In calculations ofearth pressure,

therefore, partialcoefficients are used for the m aterial properties

in contrast to other actions.

3S
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^ guide: The m agnitude of the earth pressure in the serviceability lim it

state and the ultim ate lim itstate is determ ined from two fundam en

tally differentcalculations. Consequently, when expressed as an

action, earth pressure cannot be characterized by a single charac

teristic value.
5

Representative_Values _of_Perm _anent_A£tj_ons. The sym bol G is used

to represent either the characteristic or a nom inal value of a per

m anent action, as defined in 3.3.3.1.

3.3.3.2

10
For perm anent actions, a unique representative value m ay norm ally

be used. This occurs ifthe effect on the design of likely variations

in the value is sm all, or ifthere is only one adverse characteristic

value to be considered.

guide

IS
_R >ejpnr_e_s_e_nt_at_±_v_e_V_a_2Aje3_ jof_Vari_a_ble Actions. The sym bol 0^ is used to

represent either the characteristic or a nom inal value of a variable

action, as defined in 3.3.3.1. The notation ^ Q[< is used to re

present other representative values of the sam e action. In som e cases

the sym bol tj; m ay represent m ultiplicative factores whose values are

specified in national appendices. In other cases this is not so, and

the com bined notation represents a characteristic or nom inal

value for a particular design situation.

The following representative values are defined for variable

actions.

acte_r_ist̂c_v_a1ues_, Q .̂ In som e cases these m ay be replaced by

nom inal values taken from codes, standards or contracts.

£°ilkijl£tion values, ’4>0 Q |<. In som e cases these m ay be replaced

by nom inal values taken from codes, standards or contracts.

3.3.3.3

20

25

30
guide These values are associated with the use of com binations of actions

(see 3.3.4). They perm it the assessm ent of the effects of actions

taking account of the fact that the sim ultaneous attainm ent of

their characteristic values by several actions is highly im probable.

35
Frequent values, ^, Q .̂ These are determ ined such that the

totaltim e during which they are exceeded is only a sm all part of

the reference period, or that the frequency of their exceedence is

lim ited.40
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These values are principally associated with serviceability lim it

states whose attainm ent is connected with repeated load applications.

guides

%

_Quasi-£errr!anerît values, Q .̂ These values are determ ined

such that the totalperiod during which they are exceeded is a large

part ofthe reference period.

5

guides A com m on exam ple is the proportion of totalim posed load taken

to be relevant to long-term settlem ent calculations.s10

3.3.3.4 ,̂e£r™ s£niaiA l̂e_yj.̂iie®.J2f_A£cid£nt_al Actions. Each accidental

action is generally represented by a single value F .̂

guides This value willcorrespond directly to the degree of safety required;

itrepresents the value of the action beyond which safety is not

assured. In som e cases, this value willbe a nom inal value fixed by

a code, standard or contract.

IS
:

:

;

J_o 5̂ _̂Cases__and___Cornbination® ofActions

Load cases are the arrangem ents of free actions which are introduced

in the calulations. They take account of the variation in location

ofthe free actions.

Com binations of actions are collections ofdesign values which are

introduced into the calculations when several actions are to be

considered sim ultaneously. They take account of the variation in

m agnitude of actions which m ay act sim ultaneously.

M ost of the perm anent and variable actions are included in m ost

com binations, the m ore unfavourable value being used for those with

upper and lower representative values. Only one accidental action m ay

occur in a com bination.

The following com binations are defined:

3.3.4
20

25

ZO

For ultim ate lim itstates:

ZS
- fundam ental com binations

- accidental com binations

40
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For serviceability lim itstates:

- rare com binations

- frequent com binations

- quasi-perm anent com binations.
5

10

Quasi-perm anent
value

Frequent
value

Characteristic Com bination
value

Com binations Perm anent
actions

Accidental

is
ultim ate

Âiqa^accidental

20

2S

These com binations are defined in 3.3.4.1 and 3.3.4.2 and represen

ted sym bolically in Table 3.b.

For som e design situations itwillbe necessary to define additio

nal com binations.30

Itwillusually be necessary to check the fundam ental com binations.

Judgm ent is required to decide which other com binations m ust be

checked.

35

7G g + TQ1 Q l« + yyQi ’40iQik 3.2
40

i>1



Design situations and actions 3,13

1986-03-011

where

G is the collection ofperm anent actions

are the partialload factors taken from the national

appendices

is the "basic" variable action, selected to give the m ost

criticalcom bination of loads; ifnecessary several

alternative actions m ust be tested to find the m ost

critical

are the other variable actions

is as defined in 3.3.3.3.

y's

5
Ql

Q i(i>0)10

'J'o

IS
l 3.3

i>1

guide; Itis usualy appropriate to consider only one accidental action in

; this form ula. In som e cases the accidentalsituation m ay not itself

; be an action, but itm ay represent conditions im m ediately after an

; accidentalevent such as an explosion.

20

In geotechnical design itis norm ally considered advisable to

chose the num m erical values of the partialcoefficients in such a

way that yg and yGA equal unity.

25

By chosinq yg = yg/\ = 1 the problem of identifying the

part of a soilm ass that acts as a stabilizing force and the part

that acts as a driving force is avoided. In this way form al con

flicts between geom etry (ground water table) and actions (water

pressures) are also avoided.

guide

30

3.3.4.2
35

40
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1
These com binations are concerned with the short term lim itstates,

concerned with one sim ple attainm ent of a certain value of the effect

being studied. Such a com bination m ight be used, for exam ple, to

study the effects on serviceability of flooding in servere storm

conditions.

guide

5

The frequent com binations m ay be represented by

3.5l

i>l
10

These com binations are to be considered for actions with m edium term

durations or which repeat at intervals.
)

15

3.6G + l Hi Qik
i>o

20
This com bination should be taken into account when considering long

term effects such as consolidation settlem ent.

guide:

:

In particular cases, partialcoefficients yp different from unity

m ay be required in the com binations of actions for serviceability lim it

states.
25

Derivation ofDesign Values when the M ethod ofPartialCoefficients3.4

is not Used

W hen the m ethod ofpartialcoefficients is not used, design values

m ust be consistent with the principles outlined in section 3.2.
30

guide: In cases where several independent actions each have a significant

itis often appropriate to carry out a: influence on the design

: param etric study. For this purpose, itis recom m ended that an

: approach using the concept of a "lead variable" should be considered.

: This requires that each action in turn is set to an extrem ely adverse

: value, whilst less severe values are adopted for other actions.

: The partialcoefficients set out in national appendices indicate

35

40
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1

the levelofsafety considered appropriate for conventional designs.

These m ay be used as guidance to the required levelofsafety when

the m ethod ofpartialcoefficients is not used.

guide;

5

10

IS

20

25

30

35

40
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5

4.3

10

4.4

IS

4.5

20

25

8 4.6

30

35
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1
4 GEOTECHNICAL DATA

4.1 General

Carefulcollection, recording and interpretation ofgeotechnical data

are an essentialpart ofgeotechnical desiqn. Itis necessary to

study the geology, m orphology, hydrology and history ofthe site

as well as to evaluate the param eters which are to be used in calcu

lations. Itis often necessary to involve geotechnical specialists

in this work.

5

10

4,2 Geotechnical Investigations

4.2.1

The aim of a G eotechnical investigation is to obtain adequate

and reliable data on the soiland ground water conditions in order to

verify that the perform ance criteria for the geotechnical structure

are satisfied.

The geotechnical category ofthe structure determ ines the character

and extent of the investigations. The ground conditions m ay deter

m ine the geotechnical category and are to be established as early

as possible in the investigation.

IS

20

Geotechnical investigations can be classified into three phases:guide:

:

- prelim inary investigations see Section 4.2.2,

- design investigations see Section 4.2.3,

- control investigations see Chapter 10.

:25
:

:

4.2.2

Prelim inary investigations are carried out:30

- to assess the general suitability of the site,

- to com pare alternative sites,

- to determ ine the chanqes which m ay be caused by the proposed

works.35

A prelim inary investigation m ust provide the advance inform ation

which is needed to plan any further investigation that is required.

Prelim inary investigations m ust include:
40
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- topoqraphy,

- hydroloqy,

- exam ination ofneighbourinq structures and excavations,

- qeoloqical records,

-previous site investigations in the vicinity,

- aerialphotographs,

-old m aps,

- any other relevant inform ation.

5

10

The site m ust be inspected at an early stage of the investigation.

Obvious topographic, historic or geological features m ust be recorded.

. 4.2.3 D_e_si_£n_I_nv_est_îat_i_ans

25 4.2.3.1 General. Design investigations are carried out:

- to provide the inform ation required for an adequate and econom ic

design of the perm anent and tem porary works,

-to provide the inform ation required to plan the m ethod of

construction,

- to identify any difficulties that m ay arise during construction.

20

A desiqn investiqtion m ust adequately identify the disposition and

properties ofallrelevant soilstrata. The param eters which affect

the capacity of the structure to satisfy its perform ance criteria

m ust be established before finaldesiqn com m ences.

Investigations techniques include:

25

- qeophysical surveys,

- boring with sam pling,

- trialpits with sam plinq,

-in-situ tests,

- determ ination ofqround water levels,

- pore pressure m easurem ents,

- pum ping tests,

- laboratory tests.

30

35

40
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1
A geological evaluation m ust be m ade in order to ensure that

the investigation covers allrelevant soil form ations. Investigation

m ust norm ally be carried out at least down to strata which the engineer

responsible for the investigation can classify geologically, and beyond

which the strata can have no substantial influence on the behaviour of

the structure. Particular attention m ust be paid to the follwoing:
5

- solution cavities,

- secondary consolidation,

- settlem ent due to degradation,

- soilcreep,

- hydrologicaleffects.

10

W here soundings are m ade itis often necessary to carry out borings

in order to identify the soilin which the soundings are m ade.

Ifthe geology of the site is well known, these m ay be om itted.

guide:

IS ~ :

:

The ground water pressures acting during the investigation m ust

be established. The extrem e levels of any free water which m ight

influence the ground water pressures m ust be established and the

free water levels during the investigation m ust be recorded. The

location and capacities of any dewatering or water abstraction

wells in the vicinity ofthe site m ust be established.

20

4.2.3.225 JL* for structures in Geotechnical Category 1

no distinction is m ade between prelim inary, design and control in

vestigations.

The site and the upper layers ofsoilm ust be inspected, by

m eans ofshallow test pits, hand operated penetrom eters or auger

borings. •

G round water conditions m ust be assessed from inspections of

the site m ade before and during construction. Ifan appreciable flow

ofwater, or incipient erosion, is discovered during an inspection,

then the structure m ust be treated in Geotechnical Category 2. Refe

rence m ust be m ade to local experience and general knowledge of the

ground conditions in the vicinity of the site.

30

35

40



GeotechnicalData 4.4

1986-03-01

1

For pile foundations the investigation should, as a m inim um , aim

at determ ining the depth of the bearing stratum . The investigation

m ust confirm that negative skin friction derived from strata above

the bearing stratum willnot be significant. Ifthis is not confirm ed,

the structure m ust be treated in Geotechnical Category 2.
5

êote_chni_cal_Cate_gor̂ _ 2_. For structures belonging to this category

the investigation m ust norm ally include in-situ tests, borings, and

laboratory tests.

No general m inim um requirem ents can be specified for this category.

The distance between the exploration points is dependent on the

geology ofthe area, ground conditions, and size ofsite. In uniform

soilconditions the borings or excavation pits m ay partially be

replaced by geotechnical or geophysical soundings.

4.2.3.3

10

15

guide: For footings the m inim um depth ofin-situ tests or borings below

: anticipated foundation levelis norm ally between 1 and 3 tim es the

: width of the foundation. Greater depths m ust usually be investigated

: in som e ofthe exploration points to ascertain settlem ent conditions

: and ground water problem s. The strength and deform ation param eters

: of the load-bearing soilstrata m ust be established either by direct

: m easurem ent or em pirically.

: For rafts, filled areas and em bankm ents the m inim um depth of in-situ

: tests or borings is norm ally egual to or less than the foundation

: width.

20

25

For piled foundations, borings, soundings, or in-situ tests m ust

norm ally be perform ed to explore the soilconditions to a depth at

least 10 tim es the width of the shaft of the pile below the anticipated

levelofthe pile point. .20

The investigation of ground water problem s m ust norm allly include:

- observations of the water levels in boring and standpipes and of

their fluctuations with tim e,

- an evaluation of the hydrology of the site.

25

40
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1

For excavations? the pore water pressures to a depth below the

excavation which equals the depth of the excavation below ground

water levelshould be established, in order to evaluate uplift.

guide?

5

i

s
4.2.3.4 5.e£t£,ciinical__C_at_eg£r̂ * The extent of the investigation should at

least be sufficientto m eet the requirem ents for Geotechnical Cate

gory 2. Additional investigations of a m ore specialized nature will

often be necessary.

10
These m ay include?guides

i

- special geological investigations,

- special geophysical investigations,

- speciallaboratory tests,

- special in-situ tests,

- load tests on piles,

- load tests on anchors,

-plate loading tests,

-trialem bankm ents with settlem ent observations,

- deform ation m easurem ents,

-- m easurem ents ofpore water pressure,

- special borings,

- pum ping tests,

- surveys ofseism ic conditions.

s
%

IS t

i

t

!

:

20 s

:

:

5

l

25 %

4.3 Field Investigations

Field investigations m ust be carried out and reported generally in

accordance with published internationalor national standards. Devia

tions from these standards and additionaltest requirem ents m ust be �

specified by engineers with experience in geotechnical testing who

willbe responsible for the interpretation of the results.

30

35

40
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In the following subparagraphs the m ain points ofthe m ost frequently

used investigations are given.

Field investigations m ay be grouped as follows:

guide

5
- testpits, deep shafts, borings, and sam plinq,

- in situ tests,

- geophysical tests.

The geotechnical engineer has a wide assortm ent of field tests at

his disposal.

Som e ofthese tests are aim ed at a direct in situ determ ination

ofbasic geotechnical param eters. This m ay for exam ple be the case

with pressurem eter tests, vane tests, pum ping and other in situ

perm eability tests, in situ density tests, and plate load tests.

M ore often com plex soilproperties are determ ined which are

indirectly related to the basic soilm echanical param eters. Such tests

are for exam ple Cone Penetrom eter tests, Standard Penetration Tests,

Dynam ic Probing, and plate and pile load tests. Som etim es the results

of these tests are used directly in calculations. Otherwise, the

results are either used in a purely em pirical way, or basic soil

param eters are derived from them by theoreticalm ethods.

Boring and sam plinq ofundisturbed soilcores require great care

and special attention.

In som e cases the field investigations are initiated by geo

physical tests.

10

IS

20

25
:

The following data m ust be recorded for every testpit, deep shaft, or

boring:30

- the type ofboring,

- the position of the borinq on the site

- the accurate groundlevel,

35
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- the type of sam plinq m ethod,

- a com plete and accurate loq of the boring including exact data

on the depth and lenqth ofthe sam ples,

- the levelofwater in the borehole and outside and its variations

with tim e,

- the data on the in situ tests m ade in the boring,

- alldetailed observations m ade durinq the execution of the borinq.

5

10
quide: Itm ay be necessary to apply m ethods deviating from internationalor

: national standards because of localexperience. The selection of

: the type ofborinq and sam pling, the num ber ofborinqs and quantity

: and the depth of the sam ples m ust take account of the geotechnical

: problem s under investigation.

Disturbed and undisturbed sam ples m ay be taken in a borinq or

: testpit for the determ ination ofthe soilcharacteristics and

: param eters described in the section 4.3.

Som e in situ tests require the execution of a boring for exam ple

: the pressurem eter test, the perm eability test, the Standard Pene-

: tration Test, etc....

In som e cases borinq is required only for the execution of

: in-situ tests, but som etim es itis also possible to take undi-

: sturbed cores.

IS
:

i

20

:

25
4.3.2 Ĵ n__S_itUii88kjl

Although other in situ tests exist, the code is restricted

to the following tests:

- static cone penetrom eter test,

- standard penetration test

- dynam ic probing,

- pressurem eter test,

- vane test,

- piezom eter test,

- perm eability test.

SO
f

35
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The followinq general inform ation m ust be included in the test

report:

- the position ofthe test on the site,

- the dates ofexecution,

- the groundlevel at the location of the test,

- the m aterial and procedures used during the test,

-allparticulars experienced during the perform ance of the test which

m ay be ofim portance for the geotechnical problem at hand,

- the data obtained by the test. '

5

10

£PJD!8_̂ n :̂£PJE,e .̂eL_̂ si.* The Cone Penetrom eter Test is norm ally

used for the following purposes:

4.3.2.1

IS

- to obtain a contiunous picture ofsoilstrength with depth,

- to com plete the overallpicture ofthe soilprofile at the building

site (in addition to geophysical investigation and borinqs),

- to get inform ation on the soiltype ofthe soillayers penetrated,

- to get qualitative data about the com pressibility and deform ation

param eters of the soil,

- to derive shear strength param eters ofthe various soillayers.

20

Furtherm ore, the results are applied directly for the prediction

of the ultim ate bearing capacity (see chapter 7) ofpiles.

The results m ust be presented in the form of a diaqram in

which the m easured soilresistance is plotted with depth. The type

ofcone m ust be clearly indicated in the diagram .

25

SO Standard scales m ust be respected for the presentation ofthe diagram s.

A Standard penetrom eter is recom m ended, but divergences from the

standard m ay also be used.

guide

35
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The results ofthe m easurem ents with the various cones m ay exhibit

: differences which are attributed to the shape ofthe cone. Itis

: therefore very im portant to record the type ofcone used on the sam e

; sheet as the test results.

The cone penetrom eter test is stopped when the cone resistance

: is too high (rock, gravel, very dense sand,) or when the side friction

s resistance becom es to high with depth. Procedures or equipm ent are

s avilable to perform the test at greater depth in som e particular soil

; conditions.

Soiltype can be deduced from the diagram by experience. There are

: also graphs which m ay be used to derivethe soiltype from the ratio

: between the localside friction and the cone resistance.

Itis unreliable to derive the angle ofinternalfriction for

: sand or sandy layers from the cone resistance.

Ifa relation between cone penetrom eter results and com pressibility

: or deform ation exists, such a relation is unreliable. Very qlobal

: em pirical relations are som etim es used for a firstapproxim ation of

: the settlem ent and deform ation behaviour of foundations, dikes and

; em bankm ents. Itis necessary to calibrate the results against com pu

tations with com pression or deform ation m oduli obtained from labo-

; ratory tests on undisturbed sam ples or with settlem ent data of

; existing structures in the neighbourhood.

guide;

5
t

10

x

.

IS

:

20

4.3.2.2 Standard Penetration Test. The Standard Penetration Test is used in

cohesionless soils for the following purposes;

25

- the estim ation ofsoilm echanics characteristics such as relative

density, strength and deform ability for cohesionless soils

- the direct calculation ofbearing capacity for shallow or

deep foundations.

30

35
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1
For cohesive soils and soft rock the test m ay be used to obtain

som e inform ation about the m echanical characteristics ofthe soil.

The Standard Penetration Test can be perform ed in allkinds of

soiland weak rock but the sam pler is equipped with a solid drivinq

shoe in gravelly soil.

During the perform ance ofStandard Penetration Test itis im portant

to m aintain a constant water level in the borehole. This water level

should be recorded.

To avoid hydraulic disturbance when boring in sand, the water

pressure m ust correspond to am bient water level: special attention

m ust be paid when boring in artesian conditions.

5

10

The results are presented in a table giving the penetration resistance

(num ber ofblows required for a penetration from 0.15 to 0.45 m from

the bottom of the borehole) in function ofdepth.

guide:

:

IS

4.3.2.3

- the controlof the hom ogeneity of a building site,

- the determ ination of the thickness ofground layers and m ore es

pecially with the presence of dense layers which cannot be pene

trated in any other way,.

- to locate holes or other discontinuities,

- to locate bed-rock.

20

25

Itgives also useful inform ation for the prediction ofthe

drivinq conditions ofpiles or sheet piles.

Em pirical rules have also been put foreward for the use ofDynam ic

Penetration results for the calculation of foundations, but they .

m ust be used with great care.

20

The results ofdynam ic probinq test m ay be presented in the form of

a diagram qivinq the num er ofblows for a given penetration and the

resistance values deduced from an energy form ule plotted with depth.

The m ethod (type A - elim ination of friction alonq the rods or

type B - presence of friction alonq the rods) m ust be clearly indicated

on this diagram .

guide

25
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1
Som etim es light dynam ic probing is used for the sam e purpose as

heavy dynam ic probing m ethods A and 8, but in less dense soil, to a

shallower depth, and when the site is less accessible to heavy

apparatus.

guide

5
The pressurem eter test is norm ally used to

determ ine the soils param eters, pressurem eter m odulus and lim it

pressure which are subsequently used for the following purposes?

4.3.2.4

- to obtain a overallpicture of the soilprofile at the building

site (com pleted by the data com ing from the borings)

- to calculate the ultim ate bearing capacity and to estim ate the

settlem ent ofshallow foundation (see chapter 6)

- to calculate the ultim ate bearing capacity (base resistance and

side friction resistance) ofpiles (see chapter 7)

- to estim ate the ultim ate bearing capacity ofsoilanchors

- to estim ate the horizontalm odulus of subgrade reaction and the

ultim ate reaction pressure used in design calculations for piles

subject to lateralloads,

- to estim ate the horizontalm odulus ofsubgrade reaction used in

deform ation analyses ofretaining structures such as cast in-situ

diaphragm walls or anchored bulkheads.

10

IS

20

The pressurem eter test is perform ed in a boring by m eans of a

cylindricalrubber bladder - the m easuring cell- which is radially

inflated into the ground at a given depth. A diagram giving the volum e

changes versus the pressure in the cellis obtained. From this curve,

itis possible to obtain a strain-stress relation for the soilin

plane strain conditions from which the pressurem eter m odulus E^ and

the lim itpressure p-] m ay be deduced. •

There are different types ofpressurem eter. The choice of equipm ent

depends on the nature and the soilconditions (soft, dense,..).

Special equipm ent is available to protect the bladder or to m aintain

the borehole open when necessary.

25

30

35

âHe_JiLsJL* The vane test is norm ally used to assess the undrained

shear strength ofsaturated clay and silt. The ratio between the

peak and the residual values of the shear strength gives an esti-

40
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m ate ofthe sensitivity of the clay. Ifused in fissured clay or

clay with a relatively high organic content, the results of vane

tests m ust only be used after evaluation on the basis ofextensive

localexperience.
5

The vane test is perform ed by m easuring the torgue to be applied

at a given rate oftim e to m ove a vane in the ground. A verticallog

can be obtained by repeating the test at several depths.

This test is not standardized at internationallevelbut the

following recom m endations are to be m ade:

guide

10

- the height-diam eter ratio ofthe vane is 2

- the m axim um torgue is to be reached after around 2 m inutes

- care should be taken to elim inate the friction between the vane

rod and the surrounding soil.IS

P_iez_om e_t̂r_T_est_. Piezom eter tests are norm ally used to asses

- the water pressure at a given point,

- the presence ofdifferent layers and especially ofartesian

conditions

- the variation ofthe water pressure with tim e due to seasonal or

tidalconditions or following works executed in the neighbour

hood (pum ping, recharging, injections, loading or unloading ofthe

ground, etc

The following piezom eters are norm ally used

- open standpipe piezom eters

- closed standpipe piezom eters

- constant volum e piezom eters.

Special care m ust be taken in installing a piezom eter to obtain

a perfect seal between layers subjected to differentwater pressures.

4.3.2.6

20

).

25

30

W hen the perm eability is high (sand, gravel) an open piezom eter m ay

be used; for less perm eable soils (clay, silt) piezom eters with

constant volum e are to be used.

In interpretation of the results ofpiezom eter tests account

should be taken of the fact that the response tim e of a piezom eter

is a function of the perm eability of the layer considered.

guide

35
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4.3.2.7 £erm £abiHĵ_Tes_t. Perm eability tests are norm ally used to assess

the value of the coefficientofperm eability and its variation in the

ground.

The followinq perm eability tests are norm ally used

- constant head type (Lefranc test or perm eam eter test)

- variable head type.

5

The Lefranc test is perform ed by m easuring the rate ofdischarge

at the bottom of a borehole subm itted to a hydraulic head by

pum ping. The coefficient ofperm eability of the surrounding ground

and its variation with depth m ay be deduced from the test

results.

The perm eam eter test is perform ed in a borehole by m eans of

equipm ent which injects water under a given pressure in a section of

the borehole. The perm eability m ay be deduced by m easuring the rate

ofdischarge.

In interpreting the results of these tests consideration m ust

be given to the followinq:

guide:

:10
i

i

i

:

sIS
%

:

:

:

:20
- the tests concerns only a sm all volum e of the ground and do not

give the overallperm eability of a site; nevertheless, by perfor

m ing a num ber of tests on a site, itis possible to obtain valuable

inform ation about the structure and the hydraulic heterogeneity

ofthe ground

- the execution of the tests m ust be controlled carefully. W hen

water is injected the drain m ay cloq, and when a borehole is

pum ped fines m ay collect in the borehole,

- the calculation ofperm eability depends on hypotheses about the

soilprofile (heterogeneity, anisotropy, confined or unconfined

) which are difficultto assess.

:

:
t

:

:25
:

:

:

:

:30
water table: 1

The best way to determ ine the overallperm eability of a site is

norm ally to perform a pum ping test in which water is pum ped from a

borehole at constant rate, and several piezom eters are installed

at increasing distance of the borehole.

35
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From observations of the rate ofdischarge and the water pressure in

the piezom eters, the overallcoefficient ofperm eability and the

transm .itivity of the tested layer m ay be deduced.

The test m ay be perform ed in perm anent or in transient conditions.5

4.3.3 h_ysicaI _Tests

The aim ofgeophysical tests is to give a quantitative account of

the properties ofthe ground.

The interpretation ofthe results ofgeophysical tests should be

done by an expert in geophysical tests havinq geotechnical know

ledge. The results ofsuch tests should be checked against existing

geotechnical knowledge and experience.

Geophysical tests are classified as

- seism ic and/or sonic tests

- geo-electrical tests.

10

IS

In som e cases, qeophysical tests preceed the borings and in-situ

tests and provide useful inform ation for the program m e and the

planning ofthe borings and ofthe other field tests.

Geophysical tests are often used when a soft layer is resting

on a m ore dense layer (for exam ple a dense sand layer, a rock layer)

in order to estim ate the thickness and the extent ofthe soft

guide;

20

layer.

To investigate the presence of a less dense zone or a hole (for

exam ple in karstic zones), the use of gravim etric tests is re

com m ended .

25

In seism ic and sonic tests, the velocity of shear and com pression

waves in the qround is m easured in such a way that data concerning

thickness, slope and quality ofthe saillayers m ay be derived from •

the results.

In geo-electricaltests, the electricalresistance ofthe soil

is m easured in order to establish the thickness and extent of

soillayers in the qround.

30

35
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4.4 Laboratory Investigations

Laboratory tests m ust be carried out and reported generally in accor

dance with published internationalor national standards. Deviations

from these standards and additional test requirem ents m ust be specified

by engineers with experience in geotechnical testinq who willbe re

sponsible for the interpretation ofthe test results. The procedures

used for sam pling, transportation and storage m ust be reported and

considered in interpretating oftest results.

5

10 In the following subparaqraphs the m ain points ofthe m ost frequently

used tests are given. For the purpose ofestablishing a unified pre

sentation and perform ance oftests, the requirem ents about reporting

of test results are outlined with particular em phasis on the conso

lidation and triaxialtest.

guider

:

;

:

%
15

:

:

:

- identification,

- com pressibility and strength,

- com paction,

- chem ical tests on soils and ground water,

- other tests.

:

:
20

:

:

4.4.1

This group includes, but is not lim ited to, the following determ ina

tions: m oisture content, particle size distribution, Atterberq lim its,

dry unit weight, specific gravity of solid particles, and relative

density.

Classification ofsoils is based on their particle size distribu

tion and plasticity characteristics. '

On the basis of the results from the above tests itis possible to

obtain, with the aid ofem pirical correlations, indications about

strength, com pressibility, swelling potential, collapsing properties,

dispersivity, etc.. Such correlations should he used with precaution.

In the following, the m ain points of the m ost im portant tests are

25

30

35

given.
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M oisture content of a soil is determ ined as a percentage of its dry

m ass.

P.3£ticĴ e__S_iz_e £is_t_ri_bu_tio_n

G radation is determ ined by sieving and sedim entation.

5

If ). kknAJi3
Atterberg lim its of a soilsam ple should be accom panied by natural

water content determ inations and particle size distribution curves.

Atterberg lim its m ay be determ ined also on sam ples of soilat their

natural state.

10

Density determ inations can be m ade by the water displacem ent m ethod,

or on the basis ofgeom etrical characteristics of the sam ples.

15

(el ^pepiflc_Jlvavity^al .Solid.ĵartjjzles
The specific gravity ofsolid particles of a soilsam ple can be de

term ined on oven dried sam ples with the aid ofcalibrated pycnom eters.20

if).
Relative density expresses the degree ofcom pactness of a cohesionless

soilwith the respect to the loosest and the densest conditions that

can be attained by specific laboratory procedures, for which a

com plete description m ust be given.

25

4.4.2 £om pr_ess_ib_ili_tv _and S_t£enqth_Tests__ori.Soils

These tests are perform ed on undisturbed sam ples or on laboratory pre

pared specim ens for the purpose ofdeterm ining the com pressibility •

and strength characteristics ofsoil.

SO

ss
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This group includes, but is not lim ited to, the following tests: one

dim ensional consolidation, unconfined com pression and alltypes of

triaxialand direct shear tests, plus the California Bearing Ratio �

test. '

In the following the basic requirem ents ofeach type oftest are5
given.

0=0 One £onsolidation

The one dim ensional consolidation test is used to determ ine the com 

pressibility and rate ofconsolidation ofsoils when they are restrained

laterally, subjected to verticalaxialpressure, and allowed to drain

freely from the top and bottom . Secondary consolidation effects and

history of the sam ple can also be studied.

10

Loading of the specim en can be achieved either by weights through

a lever arm system or hydraulically. Each load willbe m aintained on

the specim en untilthe slope of the characteristic linear secondary

portion ofthe thickness vs. log of tim e plot is apparent. Special

loading and unloading schedules m ay be specified to suit the require

m ents of a particular project.

guide:IS

:

:

:

:

20 :

Reporting ofresults of one dim ensional consolidation tests m ust

include the following:

2S - sam ple size

- plotofvoids ratio (or strain) vs. loq of applied pressure

- tim e curves

- plot ofcoefficient ofconsolidation vs. loq of verticalstress

- plot ofcoefficient of volum e com pressibility (or constrained

m odulus) vs. consolidation pressure

- tabulation ofallrelevant data

- com plete identification of the sam ple and its physicalproperties

- equipm ent and test procedures used.

*

30

35
_(b_).Xn£°iîins.cU'£.m£f£s® .̂ n_̂ ŝX
The prim ary purpose of the unconfined com pression test is to obtain

quickly approxim ate quantitative values of the undrained com pressive
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strength ofsoilpossessing sufficient coherence to perm it testing in

the unconfined condition. The test is restricted predom inantly to

nonfissured soils.

(pi Xria2î—
The triaxialtest is used to determ ine shear strength param eters of

cylindricalsoilspecim ens in the triaxialapparatus on the basis of

the stress-strain behaviour of the soilunder controlled drainage

conditions. Pore pressure param eters as well as deform ability charac

teristics, can also be assessed.

The m ain types of triaxialtests are the following:

5;

ia

~ Unconsolidated Undrained (UU) tests. These are usually carried out

without pore pressure m easurem ents. Ifpore pressure m easurem ents

are reguired, the tests are designated as UUPP.15

-Consolidated Undrained tests with Pore Pressure m easurem ents (CUPP).

A suitable back pressure is applied prior or after the consolida

tion stage, to saturate the specim ens and m aintained through the

duration of the test. Specim ens are consolidated either isotropically

or anisotTopically and then sheared. The rate ofstrain during

shearing is determ ined on the basis of the consolidation of the

specim ens.

za

25

- Consolidated Drained (CD) tests. Specim ens are consolidated either

isotropically or anisotropically and then sheared by load increm ents

sufficiently sm all and applied at sufficient tim e intervals that

no significant pore pressures develop. Rate ofstrain during

shearing is determ ined on the basis of the consolidation of the •

specim ens.

ZO

55

40



1
Reporting of results oftriaxialtests m ust include the followings

- plots ofdeviator stress vs. strain curves,

- plots ofpore pressure vs. strain (for UUPP and CUPP tests),

- plots ofprinciple stress ratio vs. strain,

- plots of volum e change vs. strain,

- M ohr circles,

- stress path diagram s,

- tabulation of allrelevant data,

- com plete identification ofthe sam ple and its physicalproperties,

- eguipm ent and test procedures used.

5

10

Other types oftriaxialtests, e.g. controlled stress path tests,

extension tests, cyclic loading tests, constant volum e tests, m ay be

specified to suit the particular requirem ents of a project.IS

iPl, 2.̂£e£ _̂_2j2ear_J_estB

The purpose of the direct shear test is to determ ine the shearing

resistance along a predeterm ined plane within a circular or square

soilspecim en in the shear box.

The direct shear test is suited to a consolidated drained test. Rate

of strain during shearinq is determ ined on the basis ofthe consoli

dation ofthe specim ens. "Quick" consolidated or unconsolidated un

drained direct shear tests should be avoided.

20

25

Direct shear tests of the consolidated drained type with m ultiple

reversals of the shear stress are suitable for residual strength de

term inations particularly when m ade along weak planes within the soil

m aterial.

The test is not suited to the developm ent of exact stress-strain .

relationships within the test specim en because of the non-uniform

distribution of shearinq stresses and displacem ents.

SO

(el £.ai,iX0£,nia_-®®.ailiil9__̂ t_io__(_CB_R)_T_es_t

The C8R test is designed to give an evaluation of the bearing capacity

ofsoil for flexible pavem ent desiqn. The results of tests on natural

or recom pacted soils, in soaked or unsoaked conditions can be com pared

with standard test results curves.

35
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4.4.3 £om pact_ion__Test_s__on_ SolIs

Com paction tests are perform ed in order to study the m oisture-density

relation of a soilfor specific com paction procedures.

guide: M olds for com paction tests can vary depending on the gradation ofthe

: m aterials, provided com pactive effortrem ains unchanged.
5

4.4.4 £h£m ical_T_es_ts_oriĵojĵajndĵound W ater

The purpose ofthese tests is to assess the possibility ofdeteriora

tion ofburied steel and concrete foundation structures, and to in

vestigate hazards arising from toxic waste.

Organic content determ inations, together with the results ofother

classification tests can be used to assess the degree ofofcom pac

tion that can be achieved with organic soils, and the long-term be

haviour ofsuch soils under structuralloads.

Standard m ethods should be used, as far as possible, for chem ical

determ inations on soils, agueous soilextracts and groundwater.

This group includes, but is not lim ited to, the following chem ical

determ inations: pH values, sulphate, carbonate and organic content.

. Determ inations of pH can be m ade either with the aid ofelectrically

operated pH m eters or with the colorim etric m ethod using a suitable

chem ical indicator.

Organic content determ inations should be confirm ed by m ore than

one standard m ethod and ifnecessary on the basis ofAtterberg lim its

determ inations on air-dried and oven-dried sam ples.

10

IS

20

25

4.4.5 Other T_ests

O ther com m on laboratory tests on soils are the shrinkage lim it and

perm eability tests. In addition to these, special tests are perfor

m ed in order to study other properties such as swelling potential, •

dispersibility etc.

In the following supparagraphs the m ain points of the firsttwo

tests are outlined.

30

35 (a)_ Shrinkage Lim it_

The object of this test is to determ ine the water content level at

which any further reduction in the water content willnot cause a

corresponding decrease in the volum e of the soilm ass.
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Volum e m easurem ents can be m ade on the basis ofgeom etrical charac

teristics, or with the aid of the m ercury displacem ent m ethod.

guides
%

Constant head or falling head perm eability tests can be carried out

in perm eam eter cylinders, sam pling tubes, or in the triaxialappara

tus and in specially m odified oedom eters.

The preferred m ethod is using the triaxialcom pression cham ber,

because this m inim izes leakages along the boundaries of the specim en.

5

10

4.5 Evaluation ofGeotechnical Param eters

4.5.1 Genejra_l

In order to carry out designs itis often necessary to express the

characteristics ofsoils and rocks in a quantitative m anner using geo

technicalparam eters. Design values ofgeotechnical param eters are

often derived from laboratory or field tests for use in analytical

calculations.

Param eters derived from field tests, such as Standard penetration

test, cone penetrom eter and pressurem eter tests, m ay also be used

directly in design calculations based on em piricalrelationships.

These are som etim es found to be m ore reliable than analyticalcal

culations, especially in fam iliar ground conditions for which the

em pirical relationships are well established.

Design values ofgeotechnicalparam eters m ust be based on a care

fulassessm ent of the range of values which m ight be encountered in

the field. This assessm ent m ust take account of allavailable infor

m ation, including geological and other background inform ation, and

the results of laboratory and field tests. W here inform ation is found

to be in conflict, an explanation of the discrepancy m ust be souqht.

The values which are selected for the param eters m ust be appropriate

to the particular lim it m ode (or m ethod ofcalculation) under conside

ration.

IS

20

25

20

guide: M any m aterial param eters are not true constants and itwillsom etim es

: be necessary to adopt different values for one param eter for different

: lim it states in the sam e ground.

25
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Itwillbe rarely possible to establish design values ofqeotechnical

param eters with sufficient confidence solely on the basis of a sinqle

type oftest.

For the value of each param eter relevant published data m ust be

considered, together with local and qeneral experience. Published

correlations between param eters m ust also be considered when relevant.

In interpreting test results, published inform ation relevant to

the use of each type oftest in the appropriate ground conditions

m ust be considered.

Testing schedules m ust include sufficient tests to provide results

representative ofthe variation ofm aterialproperties relevant to

the design..

W henever possible, the results oflarge scale field trials and

m easurem ents from fullscale constructions should be analysed in

order to check values of param eters.

5

10

15

4.5.2 Iden_tifi£a_tion_of Soil_Iy£e

The character and basic constituents ofthe soilor rock m ust be

identified before the results ofother tests can be interpreted.

The m aterial m ust be inspected visually and described in accordance

with a recognised nom enclature.

20

The m ain tests used for identification purposes are grading analyses

to determ ine the particle size distribution, Natural m oisture con

tent and Atterberg tests to determ ine plasticity characteristics.

guide

25

4.5.3 Unit W eight__an_d In__Situ Dens_itv_

The unit weight of the soilm ust be m easured with sufficient accuracy

to determ ine design values of the actions which derive from it.Design

values are to be derived as given in Section 3.2. �30

For saturated cohesive soils the saturated density or unit weight

m ay be m easured in the laboratory using undisturbed sam ples. For

other soils, the bulk density m ay be m easured in situ, usually by

rem oving a m easured weight of soil from the ground and filling the

void which is leftby a m easured volum e of another m aterial.

guide

35
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In-situ densities m ay often be estim ated with sufficient accuracy

on the basis of the soiltype, grading and tests or observations

which indicate the strength of the soilsuch as penetration tests.

guide;

;

:

5

Naturalor m an-m ade variations or layering m ust be considered in the

use oftests to m easure in-situ density.

4.5.4

In order to obtain a direct m easure of the state of com paction or

relative density of a soil, an accurate m easurem ent ofits in situ

density is required. This is com pared with laboratory values ofits

density after standard am ounts ofcom paction.

The in-situ density m ay often be assessed for a particular

soiltype and grading on the basis oftests or observations which

indicate the strength of the soil, such as penetration tests.

guide;
10

;

;

;

;

;
IS

;

4.5.5 S[t£en_gth__

U n̂draijne^ Shear St£eriqth_qf Sails. Itis conventional to express

the strength ofsoilin term s oftotalstresses by the undrained shear

strength cu.

In assessing the undrained shear strength param eter, the following

features m ust be considered:

4.5.5.1

20

- differences between the stress situations in situ and in a test,

- sam ple disturbance, especially for laboratory tests on sam ples

obtained from boreholes,

- anisotropy ofstrength, especially in clays of low plasticity,

- fissures, especially in stiffclays. Test results m ay represent

the strength either of the fissures or of the intact clay

either of these m ay govern field behaviour. Sam ple size m ay be

im portant,

- rate effects. Tests carried out quickly tend to yield higher

strengths,

25

and1
SO

35
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- large strain effects. M ost clays exhibit a loss of strenqth at .

very large strain and on preform ed slip surfaces,

- tim e effects. The period for which a soilwillbe effectively

undrained depends on its perm eability, the availability of free

water and the geom etry ofthe situation. Som e soils exhibit enhanced

strength for loadinq ofvery short duration,

- inhom ogeneity ofsam ples, such, as inclusions ofgravelor sand within

a sam ple ofclay,

- degree ofsaturation, especially in undrained tests,

- the levelofconfidence in the theory used to derive undrained shear

strength from the test results, especially for in situ tests.

5

10

M ethods which m ay be used to assess undrained shear strength are listed

in table 4.5 a. The m ethods are not listed in order ofpreference.
guide:

IS t

20

25

30

25
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1

s
Penetration and m oulding tests
carried out in the hand
Unconfined com pression tests

1* Only suitable for very
approxim ate assessm ent of
strength

:
2«l5

5 3o Tri.axial tests on "undisturbed5®
specim ens
Plane strain tests in suitable
laboratory apparatus

The features listed in
Section 4.5«5*1 m ust be
considered when assessing
the test results

s 4„

:

%
5* Hand held penetrom eter

(Laboratory or in situ)
6* Hand held shear vane (Laboratory

sam ples or in situ)
7. Correlation with m oisture content

or liquidity index
8c Correlation with C8R

Suitable for an approxim ate
assessm ent of strength* and to
establish reliable design
values ifa correlation with
other m easurem ents has been
established for the soilin
question

10

%

«
t

IS
field shear vane of diam eter not
less than .•* •«*„• m m

10c Fressurem eter test
11. Plate bearing test

9c The features listed in
Section 4*5*5*1 m ust be
considered when assessing
the test results

t

:
12* Cone penetrom eter
13c Standard penetration test

Suitable for an approxim ate
assessm ent of strength* and to
establish reliable design
values ifa correlation with
other m easurem ents has been
established for the soilin
question

20

%
%
t

14c Correlation with overburden
pressure* established in
laboratory tests

Hay be used to establish a lower
bound in norm ally consolidated
clays

%
25 :

:)

SO îlea,s_̂ a,ra.m ®^:a,ra,* is conventional to represent the-

strength of soilin term s ofeffective stresses by the effective

cohesion (o') and the angle of shearing resistance ( V). In assessing

the drained shear strength param eters, the fallowing features m ust

be considered:
35

- the values of c I
and <j>' m ust only be assum ed constant within the

range of stresses for which they have been evaluated; at low

stresses o’ m ay tend to zero and at high stresses <+>’ m ay have a

reduced value,

f
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- the value of consists of two com ponents, one depending on the

intrinsic frictionalproperties of the soil(the criticalstate

angle of friction) and an additionalcom ponent depending m ainly

on density and stress level. The form er com ponent m ay be considered

constant whilst the latterwillchange ifthe soildilates or

com pacts. The value ofc1 also depends on density and stress

level,

- the value of depends on the density and the packing of the

soilparticles. These are readily altered by disturbance during

sam pling, and this m ust be considered in analysing test results

- in plane strain, soils generally exhibit a slightly higher value

of than in triaxialtests.

5

10

Som e of the com m on field and laboratory tests which m ay be used

to assess effective stress param eters are listed in table 4.5 b.

The m ethods are not listed in order ofpreference.

guide
IS

Only suitable for very
approxim ate assessm ent of $

Penetration ofin situ m aterial
with hand tools

1.

For V only. Suitable for
an approxim ate assessm ent of
<j»', and to establish re
liable design values if
correlation with other
m easurem ents has been
established for the soilin
question

2. Correlation with results of
com paction tests, relative
density, grading and angularity

20

25 3. Triaxialtest
Plane strain tests in suitable
laboratory apparatus
Shear box test

For V and cf
The features listed in
Section 4.3,3.2 m ust be
considered when assessing
the test results. The
criticalstate angle
ofshearing resistance
m ay be m easured by reconsti
tuting the m aterial in a
loose state

4.

5.

20

Correlations based on results of
in situ penetration tests
including cone penetrom eters,
Standard Penetration Test and
others.
Pressurem eter tests

For V only. Suitable for
an approxim ate assessm ent of

, and to establish
reliable design values if
correlation with other
m easurem ents has been
established for the soilin
question__________________

25
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of Rocks. Ifitis necessary to determ ine the strength

ofundisturbed rock in order to design a structure* then the structure

m ust be clarified as G eotechnical Category 3.

4.5.5.3

5
guide: The strength of an undisturbed rock m ass often depends on the nature

: of the jointing. Consideration should be given to the following

: characteristics ofthe joints:

: - spacing

: - inclination

: - continuity

: - tightness

: - roughness, including the effects ofprevious m ovem ents on the

: joints

: - infillm aterial

: - water pressures

: - pronounced variations in properties between different layers.

to

IS

Intact sections of som e rocks, particularly porous carbonate

deposits, m ay be very sensitive to disturbance and willrapidly

degrade to a soilof low strength ifoverstressed.

20

Stiffness

Evaluation of the stiffness ofsoildeposits m ust take account of

the following factors:

4.5.6
25

- observations of settlem ents and other ground m ovem ents for sim ilar

situations in the sam e stratrum ,

- the effect of stress level and water content, particularly in

relation to preconsolidation pressures,

- the effect of rate of strain with tim e, particularly in relation

to drainage of the soil,

- the significance of the shear stresses in the soilas a proportion

of the- shear strength,

- the effect of the order ofm agnitude of strain involved in the

deform ations.

30

35
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Reliable m easurem ents ofthe stiffness of the qround are often very

difficultto obtain from field or laboratory tests. In particular,

owing to sam ple disturbance and other effects, m easurem ents obtained

from laboratory specim ens often underestim ate the stiffness of the

soilin situ. Analysis ofobservations of the behaviour ofprevious

constructions is therefore very valuable.

Itis som etim es convenient to assum e a linear or log-linear

relationship between stress and strain for a lim ited range ofthe

soil's behaviour. However, this m ust always be adopted with caution

since the actualbehaviour of soilis generally significantly non

linear.

Som e ofthe com m on field and laboratory tests which m ay be used

to assess stiffness ofsoilare listed in table 4.5 c. The m ethods

are not listed in order ofpreference.

guide

5

10

IS

1• Correlation with results of
com paction tests and relative
density or water content

2. Correlation with laboratory
m easurem ents ofshear strength

Suitable for an approxim ate
assessm ent ofstiffness, and
to establish reliable design
values ifcorrelation with
other m easurem ents has been
established for the soilin
question20

3« O edom eter tests
4. Triaxialtests
5, Plane strain tests in suitable

laboratory

Guidance given in Section 4*5.6
m ust be considered when assessing
the test results* For stiffclays
and cohesionless soils problem s
ofsam ple disturbance m ust be
considered very carefully

25
6* Correlations with penetration

tests
Suitable for an approxim ate
assessm ent of stiffness, and
to establish reliable design
values ifcorrelation with
other m easurem ents has been
established for the soilin
question

30
7. Pressurem eter tests

Plate bearing tests
Guidance given in Section 4.5.6
m ust be considered when assessing
the test results

8.

9. Seism ic tests These give a m easure for
stiffness at very sm all strain
from which stiffness at larger
strains can be assessed
approxim ately on the basis of
estabished correlations

35
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The assessm ent ofperm eability and consolidation param eters m ust

take into account the nature and disposition ofstrata within and

beyond the project site, including grading, inhom ogeneity and

layering.

Ifitis necessary to m easure perm eability in order to design a

structure, then the structure m ust be classified as G eotechnical

Category 3.

4.5.7

5

Perm eability m ay be m easured in situ using pum ping tests or by

testing laboratory specim ens. M ost soildeposits are not uniform

in perm eability and large variations can be expected; perm eability

is often also strongly anisotropic. In situ tests which m easure the

average properties of a large volum e ofsoilare therefore to be

preferred whenever possible. In assessing perm eability param eters,

the fact that in situ tests often indicate the horizontal perm ea

bility of the ground, whilst laboratory tests usually m easure the

verticalperm eability (unless special procedures are adopted) should

be taken into account.

The bulk perm eability of rock deposits is often governed by

jointing and can only be m easured by larqe scale field tests.

Coefficients ofconsolidation m ay be calculated from stiffness

and perm eability values or m ay be derived directly from oedom eter

tests.

guide:10

%

:

s
IS :

;

20

:

:

25 Tests which m ay be used to assess perm eability are listed in table

4.5 d. The m ethods are not listed in order ofpreference.

:

30
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guide These m ay take m any form s?
generally involving pum ping
at a m easured rate at one or
m ore locations and observing
water levels in the surrounding
ground* Careful attention m ust
be paid to the design and
construction of filters in
boreholes* In m any situations
pum ping trials are the m ost
reliable m eans of assessing
the bulk perm eability ofthe
ground, yelding an average
value for a large volum e of
ground* Careful analysis is
required, often including
consideration of several
different distributions of
perm eability

1* Field pum ping trials

5

10

2* Borehole perm eability tests These involve pum ping into or
out.of a single borehole*
Pum ping-out tests generally
provide reliable results unless
the borehole collapses during
the test*
Pum ping-in tests often lead to an
underestim ate ofperm eability be
cause the sides ofthe borehole
becom e clogged with fine particles

IS

3. Laboratory perm eam eter tests Norm ally perform ed on cohesion
less soils* Guidance given in
Section 4.5.7 m ust be considered
when assessing the test results

20

Norm ally perform ed on soils of
low perm eability* Guidance given
in Section 4*3*7 m ust be considered
when assessing the test results

4* Laboratory oedom eter tests

25
5* Norm ally perform ed on soils of

interm ediate perm eability, where
seepage along the boundaries of
the specim en could invalidate
perm eability tests* Guidance given
in Section 4*5.7 m ust be considered
when assessing the test results

Flow tests in the triaxial
apparatus

30

_̂qn ê__Rjes_îsjt_ajnce_. In assessinq desiqn values of the cone resistance

qc, the following item s m ust be considered:

4.5.8.135

1) the detailed desiqn of the cone and friction sleeve m ay affect

the results significantly. Allowance m ust therefore be m ade for

the type ofcone in use40 *



Geotechnical Data 4.31

1986-03-01
1

2) the results can only be interpreted with confidence when the

soilsuccession is established. In m any situations borings will

therefore be needed in conjunction with the penetration tests,
3) in inhom ogeneous soils for which widely fluctuating results are

recorded, the penetration values which represent the part ofthe

soilm atrix relevant to the design in hand m ust be considered.

Design values of cone resistance m ust be derived as given in

Chapter 2,
4) established correlations with other test results, such as

density m easurem ents and other form s ofpenetration testing,

should be considered when available.

5

10

guide? The penetration resistance m ay be used directly in the design of

: piles and other elem ents as described in chapter 7 and elsewhere.

: Alternatively the resistance to penetration m easured in a static

: cone penetration test m ay be used to assess the strength and
s stiffness param eters of the ground as discussed in Sections 4.5.5.1,

s 4.5.5.2 and 4.5.6

: For soils in which reliable, conservative correlations are

: available, values ofqc m ay be assessed from the results ofother

: form s ofpenetrations tests.

IS

20

£̂w„p£u£t__(N,)_>fr°SI Ĵ.ll̂,aJLcU :,£n£t£at>i£n_T_est>. In assessing

blowcounts (N) the following points m ust be considered:

4.5.8.2

2S

- detailed description of the perform ance of the test (lifting

m ethod, etc),

- ground water conditions,

- the influence ofthe overburden,

- the stress history of the site,

- the nature of the qround particularly when cobbles or coarse

gravel are encountered.

30

Cohensionless soils: W ith the aid of the Standard Penetration Test

a m easure of the relative density is obtained. Indirectly, bearinq

capacity and settlem ents of shallow and deep foundations can be

assessed.

guide
35
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The accuracy of <j> values based on Standard Penetration Tests

is affected by several factors such the qradation of the m aterial

and the grain shape.

Cohesive soils: Estim ation of the undrained shear strength is

strongly affected by the plasticity of the soil. Itm ay only be

used when previous experience exists from com parisons with labora

tory tests.

Stiffness m ay be estim ated from Standard Penetration tests with

caution, as itis strongly affected by localconditions.

guide

5

10
4.5.8.3 P_ressurenie_tejr Lim it..Pressure. In assessing the design values of

the Lim it Pressure (?l) the following item s m ust be considered:

- the type ofequipm ent and, m ost im portantly, the procedure

used to installthe pressurem eter in the ground m ay have a

significanteffect on the pressurem eter curve. Curves which

exhibit m ore than a m oderate degree ofdisturbance m ay not be

used,

- where the Lim it Pressure is not reached during the test a m ode

rate and conservative extrapolation of the curve m ay be used

to estim ate it,

- for tests in which only the initialpart ofthe pressurem eter

curve is determ ined general correlations or, preferably, local

correlations from the sam e site, m ay be used conservatively

to estim ate the Lim it Pressure (Pi) from the pressurem eter

m odulus (Eĵ),

- in interpreting the test the civilconditions determ ined from

geologicalconditions, the rest of the site investigation and

the results ofthe boring in which the test is perform ed.

15

20

25

ZO
The Lim it Pressure m ay be used directly in the design of spread

foundations, piles and other elem ents, as described in Chapters 6

and 7 and elsewhere. Alternatively, the Lim it Pressure m ay be used

to assess the strength param eters ofthe ground as discussed in

Sections 4.5.5.1 and 4.5.5.2.

guide

35

40



GeotechnicalData 4.33

1986-03-01

2
4.6 Reporting GeotechnicalData

The results of a geotechnical investigation should be com piled in a

G eotechnical Report which is com plem entary to? or part of, the Design

Report described in Section 2.6. The G eotechnical Report should

norm ally consist ofthe following three parts;5

- presentation of available geotechnical inform ation and relevant

data,

- geotechnical evaluation of inform ation,

- conclusions and recom m endations.10

These parts m ay be com bined into one report or divided between

several reports. They are discussed in Sections 4.6.1 to 4.6.3.

The G eotechnical Report m ust state the assum ed geotechnical

conditions and param eters. For structures com plying with Geotechnical

Category 1 this statem ent m ay be very brief. For structures belonging

to categories 2 or 3 a m ore com prehensive statem ent willbe necessary.

IS

The presentation ofgeotechnical inform ation willinclude a factual

account of field and laboratory work and detailed description of

m ethods used to carry out the field investigations and the laboratory

testing.

4.6.1
20

25 In addition to the above, the factual report m ay include the fol

lowing inform ation;

guide;

;

;

- purpose and scope ofthe geotechnical investigation,

- authorization to carry out the geotechnical investigation,

- briefdescription of the project for which the geotechnical

report is being com piled giving inform ation about the

location of the project, its size and geom etry, anticipated

loads, structuralelem ents, m aterials ofconstruction, etc,

- a statem ent of the anticipated geotechnical category of the

structure,

- dates between which field and laboratory work were perform ed

- types of field equipm ent used,

;

30
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- nam es ofspecialized field personnel responsible for the

continuous follow-up ofthe field work, the visualdescription

of the sam ples and their handling for storage and transportation

to the testing laboratory

- field reconnaissance ofthe general area ofthe project noting

particularly:

guide

5

(i)

(iv) exposures in quarries and borrow areas,

ar.eas of instability,

(vi) difficulties during excavation.

10

(v)

- history ofthe site,

- geology of the site,

- inform ation from aerialphotographs,

- localexperience in the area,

- inform ation about he seism icity of the area.

IS

20

- tabulation ofquantities of executed field and laboratory work

Presentation of field observations which were m ade by the super

vising field personnel during the execution ofthe subsurface

explorations,

- data on fluctuations ofground water table with tim e in the

boreholes during the perform ance of the field work and in piezo

m eters after the com pletion ofthe field work,

- com pilation ofboring logs with descriptions ofsubsurface for

m ations based on field descriptions and on the results of the

laboratory tests,

- grouping and presentation of field and laboratory test results

in appendices.

25

30
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The evaluation of the geotechnical inform ation willinclude:

- review of the field and laboratory work by the GeotechnicalEngi

neer. In cases where there are lim ited or partialdata, the '

G eotechnical Engineer should state it.If, in the Geotechnical

Engineer.'s opinion, the data are defective, irrelevant, insuf

ficient, or inaccurate, he can and should point this out and

qualify his com m ents accordingly. Any particularly adverse test

results should be considered carefully in order to determ ine

whether they are m isleading or represent a real phenom enon that

m ust be accounted for in the design, .
- subm ission ofproposal(s) for further field and laboratory work,

ifdeem ed necessary, with com m ents justifying the need of this

extra work, This proposal should be accom panied by a detailed

program m e for the types of the extra investigations to be carried

out with specific reference to the points which have to be an

swered.

5

10

IS

In addition to the above, the evaluation of the geotechnical data

m ay include the following:

20 guide

- tabulation and graphical presentation of the results of the

field and laboratory work in relation to the requirem ents of

the project and, ifdeem ed necessary, histogram s illustrating

the range of variation of the m ost relevant data and their

distribution,

- determ ination ofthe depth of the ground water table and its

seasonal fluctuations,

- subsurface profile(s) showing the differentiation of the various �

strata. Detailed description of allstrata including their physical

properties and their com pressibility and strength characteristics.
Com m ents on irregularities such as packets and cavities,

- grouping and presentation of the range of variation of the geotech
nicaldata for each stratum . This presentation m ust be in a

com prehensible form which enables the m ost appropriate soil

param eters to be selected for the design.

25

SO
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The conclusions and recom m endations of a geotechnical report will

include the following:

- review ofthe Geotechnical Category ofthe structure,

- differentiation between strata and selection ofsuitable design

param eters for the calculations reguired for the design,

- recom m endations for the easiest and cheapest foundation solutions

based on experience or on sim plified com putations,

- recom m ended solutions for any problem s which are anticipated

during construction, including:

5

10

(i) excavations,

(id) pum ping operations,

(iii)retaining structures,

(iv) ground anchors,

placem ent offill.

IS

(v)

20

25

20

25
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Chapter 5 ARTIFICIALLY PLACED SO IL AND IM PROVED GROUND
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5 ARTIFICIALLY PLACED SO IL AND IM PROVED GROUND

5
5.1 Scope

The provisions in this chapter apply in situations where?

- soilis placed for engineering construction,,

- existing ground is treated to im prove its engineering properties.10

Existing ground which is treated to im prove its properties m ay

be either naturalground or artificially placed fill.

Exam ples of situations where soilis placed for engineering con

struction include?

guideIS

? - em bankm ents for roads, dykes and sm all dam s,

? - fills beneath foundations and ground slabs,

: - backfillto excavations and retaining structures,

? - general landfillincluding hydraulic fill,landscape m ounds and

? spoilheeps.

20

Exam ples of situations where existing ground m ay need to be

im proved include?25

- foundation or em bankm ents on soft naturalground or loose fill

- excavations below the groundwater table.

30 5.2 Perform ance Criteria

The perform ance criteria to be satisfied in the case ofboth

artificially placed soiland im proved ground are that the ground

m ust:

35 - be capable of carrying the design loads without failure or

excessive deform ations, .

- rem ain stable under rain, frost, seeping water, vibrations, etc.

40
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5.3 Artificially Placed Soil

S_e_l.e£t_iojn

The source m aterial for use as a fillm ust be identified to ensure

that itis suitable for its intended purpose. The effect oftrans

portation and placing m ust also be considered.

Identification m ust include a determ ination ofthe particle

size distribution, naturalwater content, Atterberg Lim its and

specific gravity. The num ber and frequency ofidentification tests

m ust be selected according to the heterogeneity ofthe m aterial and

the nature of the project.

M aterials selected for use as fillm ust not be:

5.3.1

5

10

- organic,

- susceptible to frost,

- chem ically agressive,

- soluble, or

- collapssible.

•C

IS

Ifsuitable naturalm aterialis not available locally itmay be

necessary to m ixe the selected m aterialwith cem ent, lim e,

etc. in order to satisfy the perform ance criteria.

guide:20

:

:

5.3.2 £om p£ction

W hen soilis placed for engineering construction itm ust be com pacted

so that its properties after com paction satisfy the perform ance

criteria.

25

Various m ethods m ay be used to com pact the ground and these include:guide
SO

- ram m ing and rolling which is suitable for shallow com paction,

- dropping heavy weights,

- using a vibrator.

SS
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Supervision of the com paction procedure for fills willdepend on

the purpose ofthe filland willinclude, as appropriate, cheeking

the following:

- the placem ent m ethod,

- the characteristics of the com paction equipm ent and its velocity,

- the num ber ofpanes,

- the initialand finalthicknesses of the lift,

- possible variations in the water content of the m aterial,

- sluicing,
- the air tem perature and hum idity,

- the features ofthe ground surface after com paction.

5

10

This kind ofexternalchecking is usually purposive. In the case

of large fills involving larqe volum es ofsoilstatisticalprocedures

m ay be adopted.
For large fills in Geotechnical Category 1 checks should be

carried out at least once during each working day. For larqe fills

in Geotechnical Category 2 the thickness ofthe lift,the count of

the roller coverages, and the features ofthe ground surface after

com paction should be checked for every three lifts.

guide:
IS :

:

:

:

20 :

:

Design docum ents m ust include instructions on how to check the

com paction. These instructions m ust specify:
25

- the sam pling procedure,

- the sam pling frequency,

- the geotechnical properties to be checked,

- the range of acceptable results and rejection criteria.

a

30

Checking the geotechnical properties of the com pacted fillm ust

aim at identifying possible zones where the design specifications

are not m et. W hen the characteristics of the com pacted filldo not

fallwithin the acceptability range assum ed in the desiqn calcu

lation, the layers concerned m ust be replaced or recom pacted.
35
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For large fills checks m ust be perform ed:

- at least daily,

- when changes in the source m aterialis suspected,

- when appreciable changes in the weather condition occur.5

For each ofthe above circum stances at least 3 tests m ust be

carried out.

Checking of com paction norm ally includes direct m easurem ents of

the in situ density by the sand replacem ent m ethod or by com parable

reliable m ethods. Direct density m easurem ents m ay be replaced by

direct m easurem ents ofrelated m aterialcharacteristics such as

penetration resistance, shear strength or deform ation param eters,

provided that calibration of the latter is reliably perform ed.

Indirect m ethods ofchecking com paction which m ay perm it an '

alm ost continuous controlofdensity during the com paction process

m ay prove to be advantageous but m ust be calibrated against direct

tests.

guide10

15

For G eotechnical Cateqory 1 fills a visual assessm ent ofthe

suitability ofthe com paction is often sufficient.

For Geotechnical Category 2 fills purposive or random sam pling

procedures m ay be selected.

20

5.4 Im proved Ground25

Before any ground im provem ent process is chosen or used, a careful

design investigation, as described in Section 4.2.3 m ust be carried

out to obtain an adequate knowledge of the initialground condi

tions.30

Depending on the particular situation a design investigation would

norm ally include an investigation of the following:

guide

- the ground profile,

- the groundwater conditions,

- the soilparticle size distribution,

- the soilshear strength properties,

- the soilcom pressibility.

35
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The m ost suitable ground im provem ents process for a particular

situation m ust be chosen taking into account the following factors

where appropriate;
5

- the thickness and properties ofthe in situ soilstrata,

- the thickness and properties of the fillm aterial,

- the m agnitude ofthe water pressure in the various strata,

- the nature, size and position ofthe structure to be supported

by the ground,
- the prevention of dam age to adjacent structures or services,

- whether the proposed ground im provem ent is tem porary or perm anent,

- the relationship between the ground im provem ent process and the

construction sequence*

10

IS

guide: The processes for im proving the ground include:
:

- dewatering,

- surcharging,

- geotechnical processes.

:

:

20 :

After im plem entation of a ground im provem ent process, a control

investigation m ust be carried out to check the effectiveness of

the im provem ent process by determ ining the changes in the appropriate

ground properties or condition resulting from the im provem ent process.25

5.4.2 £enat_srin3
W hen construction is to take place on poor ground where the ground

water level is high, the firstconsideration for im proving the

strength of the ground m ust be to lower the groundwater by draining

the ground.

W hen lowerinq the groundwater levelto im prove the properties of

the ground, the following conditions where applicable should be

fulfilled:

SO

35

- the dewatering system should be so designed, arranged and

installed as to m aintain the water levels and pore pressures

anticipated in design without significant fluctuations,

40
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- the system adopted should not lead to excessive settlem ents

or dam age to nearby structures,

- in the case ofexcavations, the effectofgroundwater lowering

should be that the sides ofthe excavation rem ain stable at all

tim es and that excessive heaving ofthe base does not occur,

- the system adopted should avoid excessive loss of ground by

seepage from the side or base of the excavation,

- except in the case offairly uniform ly graded m aterialwhich can

establish itselfas a filterm aterial, adequate filters should be

provided around the sum ps or wells to ensure that there is no sig

nificant transportation ofsoilwith the pum ped water,

- there should be an adequate m argin ofpum ping capacity and stand

by plant should be available in the case ofbreakdown to facilitate

m aintenance,

- water rem oved from an excavation should be discharged wellclear

of the excavated area,

- when allowing the groundwater to return to its original level,

care should be taken to do itslowly enough to prevent problem s

such as the collapse of soils having a sensitive structure, e.g.

loose sand.

5

10

IS

20

The effectiveness of a dewatering schem e m ust be checked by

m onitoring the groundwater level, the pore pressures and the ground,

m ovem ents. Collected data m ust be reviewed and interpreted frequently

to determ ine the effects ofdewatering on the ground conditions and

on the behaviour ofpartially com pleted and nearby structures.

Ifa pum ping operation is to extend over a long period oftim e,

the groundwater m ust be checked for the presence of dissolved salts

and gasses which could either result in corrosion of the well

screen or cause plugging of the screens by the precipitation •

of salts.

25

30

5.4.3 S_u_rch_argin£

W hen using surcharge to im prove the properties of in situ ground or

fillby increasing the density, the follwoinq factors m ust be

taken into account:

35

- the nature and variability of the ground,

- the position of the groundwater level.40
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W hen using surcharging on saturated soft soils adequate drainage

m ust be provided to perm it the rem oval of excess water and allow

consolidation.
$

5.4.4 £eot_ec_hnical_P_rqces8£S

A num ber ofgeotechnical processes are available for im proving the

properties ofthe ground and these includes

- ground injection,

- stone colum ns,

- dynam ic com paction,

- soilreinforcem ent.

m

W hen geotextiles are used to reinforce artificially placed soil

the geotextiles m ust not be exposed to:

IS

- the air any longer than is necessary for the placing operation,

- agressive soils.
20

Geotextiles used to reinforce artificially placed soilm ust be

correctly orientated.

Steelor geotextile m em bers used to reinforce soilm ust be suffi

ciently durable so that they retain their strength for the desiqn life

of the structure.25

30
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Chapter 6 VERIFICATION PROCEDURES FOR SPREAD FOUNDATIONS
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6.1 Scope

The provisions in this chapter apply to spread foundations for

buildings and retaining walls. Spread foundations include pads,

strips and rafts for which the strength ofthe soilabove foundation

leveldoes not contribute significantly to the bearing capacity.

The provisions in this chapter do not apply to foundations consisting

ofm ulti-storey basem ents founded on rafts or pads or to piled

foundations.

5

10

6.2 Lim it States

In order to satisfy the perform ance criteria related to stability,

lim ited deform ations, durability and lim itation ofdam age to nearby

structures or services the following lim itstates m ust be prevented:

IS

XyR®JA
- the form ation of a m echanism in the ground m ass containing the

foundation corresponding to a loss ofoverallstability

- the form ation of a m echanism in the ground corresponding to a

bearing capacity failure

- the form ation of a m echanism in the interface between the foundation
and the ground corresponding to a failure by sliding

- overturning of a foundation

- the form ation of a m echanism in the structuralm aterials ofthe

foundation itself

20

25

T/geJB JJltiij2,aA,e_J-imi*'wAaAsa.
- the form ation of an ultim ate lim itstate involving loss ofstatic

equilibrium or rupture of a criticalsection of the supported struc

ture due to m ovem ent ofthe foundation.

30
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- the occurrence ofsettlem ents or other m ovem ents ofthe foundation

which affect the appearance or efficient use ofthe structure or

cause dam age to finishes or non-structuralelem ents

- the occurrence ofexcessive vibrations in the structure due,

for exam ple, to resonance in the soil/structure system .

- the seepage ofwater through a raft foundation. -

5

For m any lightly loaded structures, the criticallim itstate governing

the design of the foundations m ay result from , frost, vegetation or

soilwetting or drying.

The design ofbuilding foundations is often governed by a service

ability lim itstate involving foundation m ovem ents. Itm ay be necessary

to lim it foundation settlem ents in order to prevent unacceptable dam age

such as cracking ofplaster or jam m ing ofdoors. To achieve risk, the

bearing pressure m ay be reduced below the value giving an adequate

m argin ofsafety against a bearing capacity failure.

guide
10

IS

6.3 Actions and Design Situations
20

6.3.1 Actions

In selecting the actions for any calculation, the forces and dis

placem ents listed in Section 3.1.2 m ust be considered.

Design values for the actions m ust be derived in accordance

with the principles stated in Section 3.2.
25

6.3.2 D êsîn Ŝjiiuations,_Load Ca_ses _and jjqad_inq C.oribinat-ions

W hen designing a spread foundation itis norm ally necessary to check

that no lim itstates willoccur for a num ber ofdifferent design

situations. Design situations m ust be chosen in accordance with

the principles given in Section 3.1.1. Exam ples ofdesign situations

which have com m only caused failures include:

30

- a prolonged drought,

- the growth of a tree,

- a burst water m ain.
35

Load cases and com binations m ust be chosen in accordance with

Section 3.3.4.

40
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For fine grained soils the rate at which actions are applied m ust

be considered. Actions applied faster than the soil's capacity to

drain willcause pore water pressures to develop. The design m ust

take account ofthese. Conditions following a fast transfer of
load (for exam ple, at the end ofconstruction) are term ed un

drained, and m ust be considered separately from long term , or

drained, conditions. Separate soilparam eters are norm ally used

for drained and undrained conditions.

guides
i

%

:5
%
5

%

:

10

W hen designing a foundation resting on or close to rock, design

situations involving factors such as:

- dipping bedding planes

- interbedded hard and soft strata

- faults, .joints, and fissures

- weathering

- solution cavities such as swallow holes or fissures filled with

soft m aterial

- m ine workings, caves or other underground cavities

15

20

m ust be considered and the influence ofthese factors on the

stability and perform ance ofthe structure m ust be taken into

account.

The design groundwater table m ust norm ally be assum ed to be at

the ground surface unless a system ofdrains is installed around the

foundation to ensure a lower groundwater level.

25

6.4 Design and Construction Considerations
30 6.4.1 ,£hcdce__of S êadĴ undjatiojn

The following m ust be considered when choosing the type of spread

foundation:

35
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- the m agnitude and disposition of the loads,

- the tolerance of the structure to settlem ents,

- nearby excavations,

- erosion or scour,

- earthquakes,

- m ining subsidence,

- the effect of the new structure on existning structures or services.

S

Excavations for a new foundation adjacent to an existing foundation

can reduce its stability even when the depth of excavation is less

than the.depth of the existing foundation.

The increase in load due to a new structure m ay cause adjacent

structures or services to settle.

10 guide:

:

:

:

:

IS

6.4.2

W hen choosing the depth of a spread foundation the following m ust

be considered:

20 - reaching an adequate bearinq stratum ,

- for clay soils, the depth above which shrinkage and swellinq due

to seasonal weather changes, or to trees and shrubs, m ay cause

appreciable m ovem ents,

- the depth above which frost dam age m ay occur,

- for inclined loads, the possibility of failure by sliding,

- the levelof the water table in the ground and the problem which

m ay occur ifexcavation for the foundation is required below this leve

- possible ground m ovem ents

- high or low tem peratures transm itted from the building.

25

SO

On sloping sites strip foundations m ust norm ally be on a horizontal

bearinq surface, stepped where necessary to m aintain adequate depth.

The foundation depth required to safeguard aqainst m ovem ents due

to ground freezing depends on the susceptibility of the soilto frost

heaving. This depth can be reduced by heating, insulation or drainage.

guide

35
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The foundation width m ust be designed taking account of the following

factors:
5

1) the bearing pressure m ust be low enough to prevent the occurrence

of a lim itstate,

2) practicalconsiderations related to econom ic excavation, setting

out tolerances, working space requirem ents and the dim ensions of

the wallor colum n supported by the foundation.10

6.4.4

The design m ethod adopted m ust ensure that both ultim ate and

serviceability lim itstates are sufficiently im probable.
IS

The following m ethods m ay be used:guide:

s
- a direct m ethod, in which separate analyses are carried out for

each lim itstate using calculation m odels and appropriate values

for the actions and the soilparam eters,

- an indirect m ethod, in which a single ultim ate lim itstate analysis

is carried out using factors to ensure that other lim itstates are

sufficiently im probable,

- em pirically obtained presum ed bearing pressures.

:

:
20

:

:

:

:

:
25

6.4.4.1 Dire£t__M £thod. In this m ethod each lim itstate is considered

explicitly, following approach 'a' ofSection 2.3.1. W hen checking

against a type 1A ultim ate lim itstate the calculation m ust

m odel the failure m echanism which is envisaged as closely as

possible. W hen checking against a type 1B ultim ate lim itstate

or a serviceability lim itstate, a deform ation analysis m ust

be used.

A thorough investigation of a type 1B ultim ate lim itstate

requires a com plex non-linear analysis involving soil-structure

interaction, and is rarely undertaken.

30

35
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Experience ofsim ilar structures and soilconditions will

often indicate that settlem ent willbe acceptable and that settle

m ent calculations are not necessary. In other cases settlem ents m ay

be estim ated from a deform ation analysis or by correlation with

relevant previous experience.5

JLn£iijLe£t_m£thods. Although in m any cases the serviceability

lim itstate governs the design, the foundation ofstructures are

often designed using only a type 1A ultim ate lim itstate analysis.

This is because settlem ent calculations are relatively com plex,

cum bersom e and often unreliable. In this m ethod the foundations

are designed against a type 1B ultim ate lim itstate or a service

ability,lim itstate on the basis oflocalexperience, following

approach 'b' given in Section 2.3.1. In the calculation m odels

used to check the type 1A ultim ate lim itstates, design values

of the soilproperties are selected, which provide a suitable

m argin ofsafety and which prevent unacceptable ground m ovem ents.

This m ethod does not take into account:

6.4.4.2

10

IS

~ the deform ation in behaviour ofthe soil,

- the influence ofthe size of the building,

- the type ofbuilding.

20

Also, no estim ate of the settlem ent is obtained. 8ecause of

these chawbacks, there are situations for which the m ethod is

unsuitable and others, such as the design ofvery wide spread

foundations, for which itm ay be very conservative.

25

_P_r̂ sijm e_d_bear̂ in_g_Pile.§.3iir£s* Tbe presum ed bearing pressure

is a conservative value for the bearing capacity of a soil

stratum estim ated em pirically using localexperience and the

results of field or laboratory m easurem ents or observations and

chosen so that the perform ance criteria are fulfilled for service

ability lim itstate loads.

6.4.4.3

30

35
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W hen using this m ethod the alternative lim itstates need not be

considered explicitly.

Factors affecting the presum ed bearing pressure include:

guide:

:

:

:
5

- the soiltype,

- the width ofthe foundation,

- the serviceability ofthe structure to settlem ent,

- localexperience.

:

i

:

:

:10
Foundation on cohesionless soils m ay be designed using a

presum ed bearing pressure estim ated from the results ofin-situ

tests, such as the standard penetration tests, cone penetrom eter

or pressurem eter, and em pirical relationships based on local

experience.

Presented presum ed bearing pressures m ay only be used to design

foundations not exceeding 2 m in width for structures belonging to

Geotechnical Category 1.

Presum ed bearing pressures which are adopted to design foundations

without unnecessary calculations are prescriptive m easures, as

described in Section 2.2.

:

:

s
:

:IS
s

s
:

s
:20
:

6.5 Ultim ate Lim it State Design

6.5.1 Loss_pf O verallStability

The procedures given in chapter 9 m ust be used to dem onstrate that

a slope stability failure ofthe soilm ass containing the foundation

is sufficiently im probable.

Failure due to loss ofoverallstability m ust be checked in par

ticular for foundations in the following situations:

25

30
- on an inclined site or close to a natural slope

- close to an em bankm ent or a cutting

- close to a river or a canal

- close to a lake, a reservoir or the sea shore

- close to m ine workings

- close to a retaining wall.

35
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Failure.£o£dition. To dem onstrate that a foundation willsupport

the desiqn load with adequate safety against bearing capacity failure

the following inequality m ust be satisfied:

6.5.2.1

5
6.1vd < Qd

where

Vj is the ultim ate lim itstate design verticalload on the foundation

including the weight ofthe foundation and of any backfill

m aterial

Qd is the ultim ate lim itstate design verticalbearing resistance of

the foundation, taking into account the effect ofany horizontal

or eccentric load.

10

S

IS
Qd m ust be calculated from ultim ate lim itstate design values ofthe

relevant param eters chosen in accordance with Section 2.3.2.

In calculating Vd and Qd the effectofthe groundwater table m ust be

considered.

20
The design bearing resistance of a spread foundation m ust prefer

ably be estim ated using an analyticalapproach based on soilshear

strength param eters and a bearing capacity equation. W hen reliable

soilshear param eters are not available the design bearinq resistance

m ay be estim ated using an em pirical approach based on the results of

in-situ tests. Itis often valuable to use both approaches and to

com pare the results.

guide

25

6.5.2.2 £valjjat_icin_8s[se d̂_oj2 S ĉd Ŝjiea Ŝ r̂e n̂ t̂ji Param eters. The ultim ate

lim itstate design verticalbearing resistance ofa spread foundation,

Qd m ay be evaluated analytically. The strength of the soildepends

30

on:

- the desiqn situation,

- in situ stresses,

- soildensity,

- soildeform ation,

- m ode of failure.

35
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The governing ultim ate lim itstate design situation for m ost founda

tions on saturated, norm ally or lightly overconsolidated fine-grained

soils is the undrained condition. The design bearing resistance is

then calculated using a totalstress analysis. The appropriate soil

shear strength param eter is the undrained shear strength, cu.

For foundations on heavily overconsolidated clays both the initial

and the long-term design situations m ay need to be checked. The

initialundrained bearing resistance m ay be determ ined as described.

The long-term drained bearing resistance m ay be calculated using an

effective stress analysis. The appropriate soilshear strength

and the effective angle

guides

;

i

:

5 :

;

!'

t

%

10 ;
Iparam eters are the effective cohesion, c

ofshearing resistance, 0. Itis difficultto m easure 'c reliably

:

:

and the values obtained from tests should be used with caution.

A conservative estim ate ofthe bearing resistance m ay be calculated

assum ing o' is equal to zero and adopting the criticalstate value of

at constant volum e obtained from laboratory tests.

In the case ofsilty soils a decrease in water content during

construction leading to an increase in shear strength m ay often

be taken account when selecting the appropriate shear strength para

m eters for design.

For foundations on highly perm eable non-cohesive soils the criti

caldesign situation is usually the drained condition. The bearing

resistance is calculated using an effective stress analysis

and the appropriate shear strength param eter is 0’, with c' =0.

W hen itis not possible to obtain undisturbed sam ples of sands or

gravels, the criticalstate value for 0

from laboratory tests m ay be used.

The design bearing resistance of a spread foundation m ay be calcu

lated using the following approxim ate equations based on plasticity

theory which take into account the shape and depth of the foundation•

and the inclination ofthe loading. For undrained conditions the

design bearing resistance is:

:

?

IS i

% 0

:

20 s

:

:

25
I obtained at constant volum e

SO

Qd = AcuNcscic + Aq 6.2
35

and for drained conditions

Qd = Ac'Ncscic + Aq'NqSqiq + 1/2Ay'BN^ Syi-y 6.3
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t-0

m

5

mmm

10

15

is the design effective foundation area, defined as the area of

the foundation base or, in the case of an eccentric load, the

reduced area ofthe foundation whose centroid is the point

through which the verticalcom ponent of the load acts as

illustrated in Figur 6.5 a

is the design undrained shear strength and drained cohesion of

the soil

is the design m inim um totaland effective verticalstresses

at the foundation leveldue either to the em bedm ent depth

or a surcharge (q' = q - u)

is the design effective unit weight ofthe soilbelow the foun

dation level, reduced in the case of an upward hydraulic

gradient, ito y’ - y - yw (1 + i)

is the foundation width

is the design values of the dim ensionless factors for the

bearing capacity, the shape ofthe foundation and the incli

nation of the load, respectively. The subscripts c, q and y

indicate the influences due to cohesion, the surcharge and

the weight of the soil. These coefficients are only valid

when the shear param eters are independent ofdirection.

Note that the part ofEquation 6.3 concerned with the soil

weiqht includes a factor of 1/2 and this should be taken

into account when choosing values for N .̂

is the pore water pressure at the foundation level

20

cu,c

q?q

25

y

830
N,s,i

35
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1
Additional factors which allow for em bedm ent depth, inclination of

: the base ofthe foundation and the qround surface m ay also be in

: eluded, but are not considered here.

Because the bearing capacity factors Nc, Nq and Ny increase very

: rapidly as the angle offriction increases carefulconsideration m ust

; be given to the value adopted for 0'.

W hen the soilunitweight and shear strength param eters vary only

: slightly with depth below the foundation, the design values used to .

; calculate the design bearing resistance m ay be assigned values corres-

: ponding to a depth below the foundation levelequal to halfthe

: effective foundation width.

W hen- the soilor rock m ass beneath a foundation presents a definite

; structuralpattern oflayering or discontinuities in general, the

t assum ed rupture m echanism and the selected shear stength and deform ation

i param eters m ust take into account the structuralcharacteristics of

: the qround.

W hen calculating the design bearing resistance of a foundation on

% highly layered deposits, the characteristic values ofthe soilpa

: ram eters for each layer m ust be determ ined. Use ofthe bearing capacity

s equation and average soilparam eter values is only perm issible ifthe

: characteristic angle offriction ofthe individualstrata does not

: vary by m ore than 3° from the m ean characteristic value. Ifthe

% characteristic value of0' varies by m ore than 3° from the m ean value

: then an alternative m ethod such as a slip circle analysis m ay be

: required. W here a weak stratum underlies stronger strata the foun-

: dation load m ay be assum ed to spread with depth ata rate of 1 in 2

: with the verticaland the design bearing resistance calculations m ay

: be carried out usinq the shear strength param eters for the weaker

; stratum .

guides

;

5

:

10

:

15

i

20

25

30
6.5.2.3 v̂̂ lu_at±_on_B ŝjed___on S êm i-tm jpîricaJL M ethods. The design bearing

resistance ofa spread foundation m ay be estim ated sem i-em pirically

from the results ofin-situ tests or by observing foundations on

sim ilar soils. The use of a particular in-situ test and the inter

pretation ofthe results m ust take account oflocalexperience.35

40



I
To estim ate the design bearing resistance of a foundation sem i-em -

pirically, the following types ofin-situ test m ay be used: .

guide

- plate loading test,

- pressurem eter test.5

Further details about these tests are given in Section 4.2.

: _i)_Plate_l£ajiing_T_est_

: Plate loading tests are particularly useful in the case ofweak

: jointed rocks or soils containing large gravel or boulders in which

: in-situ penetration tests cannot be carried out. Ifthe plate size

: is roughly sim ilar to the width ofthe proposed foundation the m easured

: bearing pressure m ay be used directly in the design ofthe foundation.

: However, the m easured ultim ate pressure is not the design pressure.

: Instead a m uch m ore conservative assessm ent m ust be m ade. W hen extra

: polating the results ofsm allplate loading tests to design wide

: foundations, consideration m ust be given to the influence of foun-

: dation width and possible variations in thesoilstrength with depth

: on the bearing capacity ofthe proposed foundation.

10

IS

20

ĵrjsssurem e_t Teŝ j.VerticalCent£aJL Lood

The design bearing resistance of a foundation subjected to a vertical

central load is related to the lim itpressure ofthe soildeterm ined

from a pressurem eter test by the linear function:25

Qd = Aq + Akple 6.4

where:
30 A is the design effective foundation area, taking into account .

eccentricity ofthe load as in Section 6.5.2.2

is the totaldesign verticalstress at the foundation levelafter

construction due either to the em bedm ent or a surcharge

is the design bearing factor varying from 0.8 to 3.5 according to

the em bedm ent, the shape of the foundation and the soilcategory

is the design net equivalent lim itpressure

q

k
35

*
ple
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W hen the loading is inclined to the vertical, foundations should be

designed against failure by sliding. Sliding failure occurs when

the horizontalcom ponent of the loading exceeds the horizontal

resisting force. For safety against failure by sliding the following

inequalities m ust be satisfied?
5

Hgd + p̂rd 2l d̂

Hrd 2, Hd

6.5

6.6

10
where

is the horizontalcom ponent ofthe design load

is the design shear resistance between the foundation and the

ground

E prcj is part ofthe design passive resistance ofthe ground in

contact with the verticalface of the foundation

is the design horizontal shear resistance ofthe ground.

Hd

ŝd

IS

r̂d

The value ofEprcj, depends on?guides

20 %

- whether the foundation is cast against undisturbed soilor not,

- the density ofthe backfill, ifany, between the foundation and

the edge ofthe excavation,

- whether the foundation can, without danger, m ove sufficiently

to m obilize the required passive resistance.

%
t

:

;

28 %

%

For foundations on clay soils bearing within the zone ofseasonal

m ovem ents, shrinkage m ay cause a gap between the soiland the foun

dation, and this m ust be considered. Itis also im portant to ensure

that the soilin front ofthe foundation willnot be rem oved by •

: erosion or hum an activity.

A value of50% ofthe m axim um passive resistance is acceptable in

m ost cases.

%

%

%
ZO %

:

:

:

35

In the case of inclined loads a shear key m ay be designed to prevent

failure of the foundation by sliding.

:

;

:
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£alcjjl_ation_ M odels

For drained conditions the design horizontalshear resistance m ay

be calculated using the following equation:

guide

6.6Hg ~ tan 5g5

where:

is the design verticaleffective load and

is the design friction angle on the foundation base.ŝ

10
The friction angle, <$s, m ay be assum ed equal to 0' for cast-

in-situ concrete foundations and equal to 2/3 0' for sm ooth precast

foundations. Any effective cohesion, c',is generally neglected.

For undrained conditions the design horizontalshearing resistance

willbe lim ited by:IS

6.7Hs = Acu

6.8and Hs - 0,4V^

20

where A is the base area through which acts, reduced ifnecessary

to an effective area in the case of an eccentric load as described in

Section 6.5.2.2. In som e cases the area A used in Equation 6.7 m ay

be the sm allest contact area required to carry the design vertical

load, V .̂ This m ay be significantly less than the totalarea ofthe

footing.

2S :

:

6.5.4 foundations _wi_th_Hjlgh1^ EccentTic Loads

Foundations with highly eccentric loads, such as the foundations for

retaining structures covered in Chapter 8, m ust be designed against'

the following situations:

SO

- very high edge stresses causing a bearing capacity failure

- overturning.

35
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To design against the above conditions the eccentricity ofthe line

action ofthe load on the foundation m ust be restricted. Provided

the m axim um design bearing pressure at the edge ofthe foundation

does not exceed the design bearing resistance the situations listed

above are unlikely to occur. However, the foundation m ust be checked

against bearing capacity failure due to the verticalcom ponent ofthe

load acting on the reduced effective foundation area.

1

5

The bearing capacity m ay be checked using Equation 6.2 or 6.3, de

pending on the design situation.

guides

s
10

W hen designing foundations subjected to eccentric loads the possi

bility and consequences ofwater entering beneath the foundation due

to the opening of a gap m ust be considered.

The passive resistance ofthe soilin contact with the sides of

the foundation block m ust be considered as outlined in Section 6.5.3.IS

6.5.5 t̂ruct̂ral̂Fail̂ure d̂jje t̂e flojjn â î£n__M £vem en_t

Differentialsettlem ents and horizontaldisplacem ents ofthe foun

dations for a structure under the ultim ate lim itstate design loads

and soildeform ation param eters m ust be estim ated to ensure that

these do not lead to a Type IB ultim ate lim itstate occurring in the

structure. The differentialsettlem ents for foundations which will

cause structuralfailure depend on the type and the m aterialof the

superstructure and m ust take account oflocalexperience.

20

25

guide; As a guide, structuraldam age ofgeneral buildings is to be feared if

the angular distortion exceeds about 1/150. W hen a Type IB failure

occurs the system willgenerally be beyond the linear range and

therefore the m ethods given in Section 6.6.3 etc. for calculating

settlem ents m ay not be used.

To design against a Type IB ultim ate lim itstate the m ethod out

lined in Section 6.2.2 m ay be adopted. In this case desiqn is based

on localexperience and the use of a Type 1A lim itstate calculation

with appropriate partialcoefficients chosen to lim itthe soilstresses

to perm issible values for which displacem ents willnot be excessive.

%

:

t

30 s

s
l

%

%
35 i
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Foundation displacem ents can occur either as a totaldisplacem ent of

the entire foundation or as differentialdisplacem ents ofdifferent

parts ofthe foundation.
Three m ain types of foundation displacem ent should be considered:

6.6.1

5

- settlem ent

-horizontaldisplacem ent

- tilting

10
These usually take place sim ultaneously.

One ofthe m ethods described in Section 6.4.4 m ust be adopted to

design for displacem ents. Allthe design situations which will

arise during the construction and life ofthe structure m ust be

considered.
Ifthe m agnitude ofthe settlem ent is calculated, both total

and differentialsettlem ents m ust be quantified and taken into

account.
The settlem ent behaviour ofneighbouring structures which have

sim ilar conditions to the proposed structure m ust be studied where-

ever possible.

IS

20

In certain situations m inim um loading conditions m ay be significant.

For exam ple the unloading ofone-foundation m ay cause differential

heave with respect to its neighbours.

guide:
:

:
25

The serviceability lim itstate design loads m ust be used when

calculating foundation displacem ents.

Suitable serviceability lim itstate soildeform ation param eters for

use in soildeform ation m odels to calculate foundation settlem ents m ay

be assessed by evaluating the behaviour ofneighbouring sim ilar struc

tures or on the basis oflaboratory or field tests. W henever possible

itis preferable to use the firstofthese m ethods. For this reason

itis very im portant to m easure the deform ations of structures and to

evaluate them .

guide30

35
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1

Foundation displacem ents m ay be calculated using the linear m ethods

given in Section 6.6.3 only ifthe m obilized strength is low enough.

6.6.2 Settlem ent

6.6.2.1
5

™ eJle£,ai,IL°Q sidjerjations. W hen designing a foundation the settlem ents

due to volum etric and shear deform ations ofthe soilshould be consi

dered. To m ake reliable estim ates ofsettlem ent, the values ofthe

stiffness param eters to be used in the calculation m odels m ust be

chosen carefully, as described in Section 4.5.6.

For saturated soils three com ponents of settlem ent m ust be

considered?

10

- undrained settlem ent due to shear deform ations ofthe soil

at constant volum e, s0,

- consolidation settlem ent, si, �

- secondary (creep) settlem ent, S2*

IS

For unsaturated soils, additionalcom ponents m ay be significant.
20

For differentsoiltypes these three com ponents m ay occur in

: very differentproportions. '

In som e soils additionalsettlem ent m ay occur ifthe groundwater

? levelvaries or ifthe foundation or the soilis subject to vibra-

? tions. This Sections does not deal with these types ofsettlem ent.

: Particular care is needed in situations where settlem et m ay occur due

? to selfcom paction, for exam ple on fill.

In som e soils, such as organic soils or very sensitive clays, sett

? lem ent m ay be prolonged alm ost indefinitely due to secondary consoli-

? dation or creep and willneed special consideration. �

The settlem ents of foundations on m ulti-layered soilis the sum of

? the verticalcom pression ofeach layer.

Ifthe soilconditions are very com plicated, they m ay be sim plified

? by considering a few idealized soillayers with interm ediate param eters

guide?

;

2S

%

SO

%

?

ss
The stress changes in the ground causing settlem ent are to be cal

culated from the totalload on the footing due to the perm anent loads,

allowing for excavation ofthe foundation and deducting for any

40



2
buoyancy. Live loads are to be considered where significant com 

pared with the dead loads. .

The totalthickness, H, ofthe com pressible soillayers to be

taken into consideration depends on the size and shape ofthe foun

dation and on the variation in soilstiffness with depth.

Norm ally H should equal the depth at which the verticalstress

due to the foundation load am ounts to 20% of the overburden stress.

©

>5

For m any cases the depth H m ay be roughly estim ated as 1 to 2

tim es the foundation width, but m ay be reduced for lightly loaded

wide foundation rafts. This approach is not valid for very soft

clays.

guide:

10

valjjati£n_a_f Tot.al Settlem ent. The totalsettlem ent of a foundation

willinclude the three com ponents listed in Section 6.6.3.1.

6.6.2.2*

IS

The following m ethods m ay be used to evaluate totalsettlem ent:guide:>*

:

i) stress-strain m ethod,

ii) adjusted elasticity m ethod,

iii)sem i-em piricalm ethods.

:

20 :

:

:

Experience ofthe chosen m ethod applied to other foundations or

the soils in the construction area is useful.

:

:

25 :

The totalsettlem ent of a foundation on cohesive or non-cohesive soils

m ay be evaluated using the stress-strain m ethod as follows:

:

:

:

-«
20 - com puting the stress distribution in the ground due to the loading �

from the foundation. This m ay be derived on the basis ofelasticity

theory, generally assum ing hom ogeneous isotropic soil,

:

:

:

:

- com puting the strain in the ground from the stresses using stiffm ess

m oduli values or other stress-strain relationships determ ined from

laboratory tests (preferably calibrated against field tests) or

field tests,

:
25

:

:

:
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- Integrating the verticalstrains to find the settlem ents. To use the

stress-strain m ethod a num ber ofpoints within the ground beneath the

foundation m ay be selected and the stress and strains com puted at

these points.

Alternatively finite elem ent or sim ilar analyses m ay be used.

guide;

;

;

;
5

;

:

The stress-strain m ethod m ay be used provided the soil's stiffness

param eters are determ ined with confidence either from laboratory

tests on good quality sam ples or from in-situ tests. This m ethod is

particularly useful in the case of layered soildeposits where the

soilstiffness varies significantly with depth.

i

s

s10
:

;

;

The totalsettlem ent of a foundation on cohesive or non-cohesive soil

m ay be evaluated using elasticity theory and an equation ofthe form :

;

s15
:

qBf
s = —

;
6.9:

E-m
;

where;20

is the average serviceability lim itstate bearing pressure on the

base ofthe foundation, which for norm ally consolidated cohesive

soils should be reduced by the weight ofthe excavated soil

above the base. Buoyancy effects should also be taken into

account

is a general stiffness param eter for the deform able soilstratum

having units ofstress

is a coefficient whose value depends on the shape and dim ensions

ofthe foundation area, the thickness ofthe com pressible

stratum and on Poisson's ratio, v. M ost published values of'

fonly apply in the case ofhom ogeneous instropic soilwhen

Em is constant with depth

is the width ofthe foundation.

i q

s
;

;

25 i

Em
:

f:

%
30 i

:

t

B%

%
35
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The general stiffness param eter, Em , preferably should be obtained
by evaluating (back analysing) the m easured settlem ents ofneighbouring

sim ilar structures using the inverse ofEquation 6.9. Then the settle

m ent values calculated using Equation 6.9 and the globalEm value

obtained by back analysis willtake account oflocalvariations in

the soilconditions and the possible increase in soilstiffness with

depth which occurs in m any soils.

Ifno usefulsettlem ent results are available to evaluate Em , it

m ay be obtained from the results oftriaxialcom pression or other

suitable tests carried out in the laboratory.
The adjusted elasticity m ethod m ay only be used ifthe stresses

in the soilare such that no significantyielding occurs and ifthe

stress-strain behaviour ofthe soilm ay be considered to be linear.

Great caution is required when using the adjusted elasticity m ethod

in the case ofnon-hom ogeneous ground.

guide

5

10

IS

The totalsettlem ent of a foundation m ay be estim ated from the results

ofa field test such as Cone Penetrom eter Tests, Standard Penetration

Tests or pressurem eter test using a sem i-em pirical relationship

between the test results and the settlem ent.

W hen using a field testto calculate the totalsettlem ent itis

im portant to take account ofexperience in the use ofthis test

in the localsoilor in sim ilar types ofsoil.

For granular soil, settlem ent m ay be estim ated using a 3em i-em pirical

m ethod and interpolating from the results ofin-situ tests.
This is because:

20

25

- sam pling is difficult,

- the stiffness m odulus varies significantly with stress level.

30

6.6.2.3 E.valjjat.i£n_o^ Settlem ent_C£m £onents.. To evaluate the settlem ent

com ponents, separate calculations are required for the undrained

settlem ents and the consolidation settlem ents.35
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Undr.SAIL®! lam ents

The undrained settlem ents of a foundation m ay be evaluated using the

m ethods described in Section 6.6.3.2.

guide:

:

Ĵ̂ Sjtr̂ ŝ -̂ t̂ a n̂Ĵ ethod

For layered soil, the undrained settlem ent m ay be estim ated by sum m ing

the settlem ents for each layer calculated using the verticaland hori

zontalstress distribution in the soiland the appropriate tangents

to the undrained stress-strain curve for each layer.

s
5 t

t

;

:

:
10

JLiJ,Adjusted Elasticity M ethod

For m aterials which are approxim ately hom ogeneous in stiffness the

soilm ay be assum ed to behave as an ideal hom ogeneous isotropic elastic

m aterial. In this case the undrained settlem ent m ay be found from :

:

:

%
i

s
qB:IS

s fo fu 6.10:
£u:

where:

the average bearing pressure on the base ofthe foundation as

in Equation 6.9

the width ofthe foundation

the m ean value ofYoung's m odulus for the deform ing stratum

for undrained conditions

the foundation depth factor

a settlem ent factor whose value depends on the shape and dim en

sions ofthe foundation area, the thickness ofthe deform ing

stratum and on Poisson's ratio for undrained conditions, vu.

is: q
:

20 B is:

Eu is:

l

fo is

fu is:

25 :

:

:

Eu is assessed on the basis ofeither field tests (e.q. pressurem eter

test) or laboratory tests (undrained or consolidated undrained tri-

axialcom pression tests). The selection of the Eu value is critical.

A secant m odulus at the approxim ate stress levelshould be used.

:

:

30 t

i

35
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guide: £oris£lidation_ Settlem ents

: To calculate the consolidation settlem ent a confined 1-dim ensional

: deform ation ofthe soilm ay be assum ed and the com pression test curve

: is then used. Disturbance ofthe specim en should be taken into account

: when considering the consolidation curve. The stress distribution in

: the soildue to the foundation loads m ust be estim ated.

: Any difference between the consolidation behaviour ofthe soil

: specim en in the test apparatus and the naturalsoilin-situ m ust

: also be taken into account. '

: The one-dim ensional calculation m ethods given above tend to

: over-estim ate the consolidation settlem ent and are not considered

: reliable for overconsolidated clays.

: An alternative approach is to assum e that the calculated one

: dim ensional settlem ent gives a good estim ate ofthe totalsett

: lem ent. Then, ifthe consolidation settlem ent, sj, is required sep

: arately, the undrained settlem ent, s0, m ust be subtracted from the

: totalsettlem ent.

5

10

IS

W ith cohesive soils the rate ofconsolidation settlem ent before

the end ofprim ary consolidation depends on the soiltype and on the

in-situ drainage conditions. This can be estim ated approxim ately using

the tim e-settlem ent curve obtained from a com pression test. However,

allowance should also be m ade for the influence ofsoilfabric,

fissuring etc. These features often lead to m ore rapid consolidation.

W hen estim ating the rate of settlem ent for each layer, the tim e-

settlem ent curve chosen is that obtained from the com pression test

for the load increm ent closest to the actual increase in stress at

the centre of the layer due to the foundation load. •

20

25

J

SO

6.6.3 Jilting

Foundations subjected to an eccentric or an inclined central load

for uniform soilconditions or foundations subjected to a vertical

central load for non-uniform soilconditions should be designed

against tilting.For foundations subjected to loads with large

eccentricities the design m ust show that rounding of the soilsurface

beneath the foundation does not occur.

35
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Several m ethods m ay be used to estim ate the tilting ofan eccentrically

loaded foundation. For exam ple the tilting m ay be estim ated by assum ing

a linear hearing pressure distribution and then calculating the settle

m ent at the corner points ofthe foundation using the verticalstress

distribution in the soilbeneath each corner point and the settlem ent

calculation m ethods described in Section 6.6.3.

The settlem ents of a structure due to shear stresses between the

foundation base and the soil, caused m ainly by horizontal loading, are

norm ally insignificant and m ay usually be disregarded.

guide;
;

;

;S

;

;

;

;

i10

6.6.4 W f̂̂ r̂ n î̂l__5jettlem ent

The differentialsettlem ents for foundation beam s and rafts should be

estim ated to ensure that these do not lead to the occurrence of a ser

viceability lim itstate, such as unacceptable cracking or the jam m ing
ofdoors, in the supported structure.

f

IS

The allowable differentialsettlem ents for foundation beam s and rafts

depend on the type and the m aterial ofthe supported structure.

guide;
;

20

6.6.5 _Vibration Analyses
Foundations for structures subjected to vibrations or with vibrating

loads should be designed to ensure that resonance willnot occur be

tween the frequency ofthe pulsating load and a criticalfrequency in

the foundation soilsystem and that the vibrations willnot cause

excessive settlem ents.
Even when resonance is avoided itis stillnecessary to lim itthe

am plitudes ofvibration ofthe system to levels which can be tolerated

by the structure, its occupants, any m achinery and the foundation.
Ifvibration is likely to be significant or cause problem s then •

G eotechnical Category 3 procedures willbe required.

25

SO

Settlem ents due to vibrations willbe m ost m arked in the case ofvery

loose sandy soils and fillm aterialbecause ofcom paction.

The preferred m ethod of analysis of foundation block response to

dynam ic loads is based upon the theory ofthe elastic halfspace and

requires the dynam ic elastic m oduli of the ground to be either m easured

or estim ated.

guide;
;

3S t

i

%

;

40



Spread Foundations 6.24

1986-03-011
6.7 StructuralDesign Considerations

Except for m inor structures, such as two storey dwellinq houses and

lightly fram ed structures, reinforced concrete pad or strip founda

tions should be used.

The thickness ofconcrete foundations should not be less than

150 m m and, following the requirem ents ofChapter 10, care should

be taken with excavation levels to ensure that this m inim um thickness

is m aintained.

To reduce the risk of tension developing on the underside ofthe

base ofunreinforced concrete strip foundations for m inor structures,

an adequate thickness ofconcrete m ust be used and the projecting

portion should not be greater than the foundation thickness so that

the angle ofspread from the pier or base plate to the outer edge of

the ground bearing does not exceed 1 verticalin 1 horizontal. At all

changes in levelunreinforced foundations should be lapped at the

steps for a distance at least equal to the thickness ofthe foundations

or twice the height ofthe step, whichever is greater. The steps

should not be ofgreater heiqht than the thickness ofthe foundation

unless special precautions are taken.

5

10

IS

20

6.7.2 U1tim ateM Lim it__St_ate_D es1qn

W hen designing the concrete in a shallow foundation for an ulti

m ate lim itstate failure of the foundation, the contact pressure

should be in equilibrium with the ultim ate lim itstate loads.25

guide: To design the lonqitudinalreinforcem ent in a strip foundation

: supporting colum ns itis conservative to design the footing against

: the fallowing two pressure distributions:
30

- 1) where the parts of the strip beneath the colum ns act as pad

foundations m obilizing the fullbearing resistance ofthe

soil, and the interm ediate sections transfer no load to the

soil,

-2) where a wider spread of load is assum ed.35
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6.7.3 ê v̂îce â îHiyJLinut̂St̂ateJDe ŝjjgji

£)_Desicin A9§AJQ,sA 2,t£uct£r_al_L£ad ŝ__ar)d__G£ound^ Reactions

Strip and raft foundations which support colum ns should be exam ined

for the distribution of subgrade reactions corresponding to the defor

m ations of the foundation and the soilin the serviceability lim itstate
§

Itis often difficultto determ ine the actualdistribution ofsubgrade

reactions even reasonably accurately. This m ay depend on the variation

ofloads on neighbouring areas, and changes m ay occur with tim e as

the soilstrata becom e com pressed.

For strip footings itis generally on the safe side to design the

footing against the following two pressure distributions:

guide:

s

10 %

:

s

:

- 1) uniform pressure (P) which excludes buoyancy and the weight of

the excavated earth,

-2)with a pressure of 1.5 x P on the outer guarters ofthe strip

and a pressure of0.5 x P on the inner quarters ofthe strip.

:
IB

i

%

:

:

A sim ilar procedure m ay be used for raft foundations but this

approach is very conservative for large flexible rafts.

:
20

i

Raft foundations for structures should be protected against the pene

tration ofgroundwater or the transm ission ofvapour to the inner

surface ofthe building by the use of a continous im pervious m em brane.

Construction joints should be kept to a m inim um so as avoid m ove

m ents which could dam age the im pervious m em brane.

25

An im pervious m em brane m ay be provided by using m astic asphalt or

som e form ofim pervious sheeting such as bitum en sheeting. For struc

tures where protection against visible penetration ofwater only is

required and transm ission in the form ofvapour is acceptable, high

quality concrete alone m ay be used. '

guide:
SO

t

:

t

35
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6.1 A Durability

Corrosion ofthe concrete in a foundation should be considered in rela

tion to the qround conditions. Foundation concrete should be protec

ted from attack by sulphate salts in the qround, acidic groundwater

or other aggressive agents.

.>«

-«
4®

5

Chem ical attack does not take place ifthere is no groundwater and

for the disintegration to continue there m ust be replenishm ent of

the corrosive chem icals. Soilperm eability therefore is an im portant

factor in corrosive attack on foundation concrete. Other factors in

creasing the severity ofattack are the porosity of the concrete

and the presence ofcracks.

guide

m

10

Prescripti.v eaaures_

Norm ally foundations are in a protected environm ent and no special

precautions are required aqainst corrosion. However to resist cor

rosion attack, the concrete should be dense and im perm eable and of

a high qrade. In addition a waterproof m em brane, such as polythene

sheet, m ay be provided around the foundation.

IS
�**

m

20

6.8 Supervision ofConstruction

Supervision m ust be carried out during the construction ofshallow

foundations to check:

25 - that the actual ground conditions, including the groundwater

conditions, and any other environm ental features encountered

during construction are not m ore adverse than those assum ed for

the design,

- that the foundation level is suitable geotechnically,

- that the position, depth and size of the foundation com ply with �

the desiqn specifications,

- that the quality of the construction com ponents and m aterials

is satisfactory and that the foundation pads, beam s and slabs

are not defective.

«

20

«

25

40



Spread Foundations 6.27

1986-03-01

1

guide; The supervision to check the actual ground conditions willnorm ally

; be based on visual inspection supplem ented, as required, by specified

; tests to m easure the strength, density, etc.

The suitability of a foundation m ay be checked by m easuring the

s settlem ents and evaluating the distortion of the foundation during

; and after construction.

5 %
o

«
9

10

*

a>

«

e

IS
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«

«
20

©

©

©

©

2S

e

©

30

35

«

40



1

7.1 Scope

7© 2 Lim it States

Design M ethods

7©4 Actions

7.4.1 Negative Skin Friction

7.4.2 Heave

7©4.3 HorizontalM ovem ents

Design Situations, Loads Cases and Loading Com binations

7.6 Design Considerations Related to Pile Installation

StructuralDesign ofthe Pile Foundation

7©8 Lim it State Design ofPiles in Com pression

7.8.1 OverallStability

7.8.2 Bearing Capacity Failure

7.8.3 End Bearing Resistance from Pile-Driving Form ulae

7.8.4 Design Ultim ate Lim it State Bearing Capacity ofPile

Groups

7.8.5 Settlem ent ofPile Foundation

7.8.6 M axim um Value ofthe Negative Skin Friction

Lim it State Design of Tension Piles

7.9.1 OverallStability

7.9.2 Uplift

7.9.3 Shear Failure in Tension

7.9.4 VerticalDisplacem ent (Lifting) ofPile Foundations under

Tension

7.10 Ultim ate Lim it Design ofLaterally Loaded Piles

7.10.1 O verallStability .

7.10.2 Ultim ate LateralLoad Capacity

7.10.3 HorizontalDisplacem ent

7.11 Pile Installation

7.11.1 Pile Installation Procedures

7.11.2 Inspection ofConstruction

7.11.3 Q uality Control

7.11.4 Static Load Tests

7.3

5

7.5
10

7.7

IS

20 7.9

25

30

35

40



Pile Foundations 7.1

1986-03-01

1
7 PILE FOUNDATIONS

7,1 Scope

The provisions ofthis Chapter apply to end-bearing piles, friction

piles, tension piles and horizontally loaded piles for buildings,

structures and earth-retaining walls.

Piles m ay be verticalor inclined and m ay have enlarged bases.

The pile m aterial m ay be either concrete, wood or steel.
The piles m ay be installed by driving (with various types of

ham m ers or vibrating techniques), by boring, by jacking or by

screwing. �

5

10

guides Piles can be classified in three m ain categories, which depend on

.* their effect ofthe soilduring installation. The categories are

: shown in figure 7.1 a.
IS

7.2 Lim it States

In order to satisfy the perform ance criteria related to?

20
- stability,
- lim ited deform ations,

- durability,

- lim itation of dam age to nearby structures or services,

25

These occur when a collapse m echanism form s in the ground due to:

30
- slope stability failure,

- uplift,

- shear failure ofthe soilbeneath and around a single pile or

pile group.

35
Structural failure ofthe pile willalso cause a type 1 A Ulti

m ate Lim it State.
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For pile foundations in tension (for exam ple beneath a dock or

sluice), upliftofthe structure and of the block ofsoilcon

taining the piles m ay occur, as illustrated in Figure 7.2 b.

Shear failure ofthe soilm ay occur:

* guide

:
5 t

- under com pression loading (bearing capacity failure),

- under tension loading,

- under transverse loading.

:

:

:
10

Under com pression loading the soilsurrounding the toe of a

single pile or pile group yeilds due to shearing and com pression.

This is accom panied for a single pile by shear failure between the

pile shaft and the soil.
(

x

15

Tmm—

20

25
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J

For a single pile under tension loading shear failure m ay occur

between pile shaft and soil. For a pile group under tension shear

failure m ay occur at the perim eter ofthe group.

A pile or group ofpiles m ay also failin tension by pulling out

a cone ofsoiloriginating from the toe of the pile as shown in

Figure 7.2 b. This willoccur ifthe com bined resistance ofthe

weight ofthe cone and the strength ofthe soilalong its surface are

exceeded.
The failure ofpiles under transverse loading is com plicated. For

short stiffpiles failure ofthe soilm ay be represented near the

surface by a 3-dim ensionalpassive wedge, and at depth by a general
shear failure (ofthe Prandtltype) in the horizontalplane. Far long

slender piles, ultim ate failure due to transverse loads is norm ally

accom panied by structuralfailure of the pile.

Structuralfailure ofpiles is a particular concern for long slender

piles under tensile or transverse loads.

• guide

5

� «

10

«

15

_Ty£e_1Q ^
These occur when m ovem ents ofthe foundation load to servere struc

turaldam age in other parts of the structure. In structures with piled

foundations they norm ally occur as a result ofdifferentialm ovem ents

between piles, or between piles and other elem ents of a foundation.

'* «
20

The design ofpiles in com pression is often governed by a type

18 Ultim ate Lim it State (or by serviceability considerations), and

itis necessary to determ ine the load-deform ation behaviour of the

pile. This is often established from the ultim ate bearing capacity
ofthe pile by relating settlem ent (norm alised as a fraction of the

ultim ate bearing capactiy).

Ifthis approach is not followed, and a direct estim ate of settle

m ent is m ade, then an independent check against a Type 1A Lim it

State due to shear failure of the soilis required.

* guide
25

30
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- when m ovem ents ofthe piled foundation effect the appearance or

efficient use ofthe structure or cause dam age to finishes or

non-structuralelem ents,
- when the structure suffers excessive vibration, caused, for exam ple,
by resonnance in the soil/structure system .

5

‘ guide; The serviceability lim itstate for buildings and structures is often

connected with allowable distortion or relative rotations. Generally,

deform ations and differences between the m ovem ents of various parts

ofthe foundations are to be investigated and the approach described

for Ultim ate Lim it State 18 is often applicable.

10

t

s

IS
7.3 Design M ethods

The design m ust show that both ultim ate and serviceability lim it

states are sufficiently im probable. Appropriate design values of

loads, soilparam eters and ofm easurem ents m ade in pile tests m ust

be used in analyses.

The m ethod ofdesign, m ust describe the behaviour ofthe

foundation at the lim itstate being considered. The m ethod m ay be

based on the results of load tests, em piricalm ethods or on calcu

lations and itis often helpfulto use two or allofthese

approaches and to com pare the results.

20

25

To investigate Ultim ate Lim it States itis generally necessary to

assess the design values ofthe ultim ate bearing capacity and the

m ovem ent ofthe foundation elem ents. The ultim ate bearing capacity

is generally estim ated from the results ofload tests on single

piles, or from em piricalm ethods based on results ofin situ soil
tests (for exam ple, Potalcone Penetrom eter, Standard Penetration

Test or Pressurem eter) for which localexperience is available.

Displacem ent predictions are usually based on the results ofload

tests or on localexperience with sim ilar piles.

guide;
;

;30
t

%

:
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Group effects can have a significant adverse influence upon dis

placem ent behaviour and m ust be considered.

Settlem ent calculations m ay only be used ifexperience has

shown that this approach is reliable.

Negative skin friction has a significant effect on the settle

m ent ofpiles under com pression and m ust be included in settlm ent

calculations.

Structures which require piled foundations to resist tension

m ust be classified in Geotechnical Category 3 ifa failure ofthe

piles willlead to severe dam age ofthe structure.

5

10

Pile foundations for structures classified in Category 1 m ay be

designed from localexperience provided that pile type and ground

conditions rem ain within the area ofexperience, and that the site

is controlled in accordance with the principles ofSection 7-8 and

ofChapter 10.

guide

IS

7.4 Actions

In selecting the actions for any calculation the designer m ust4

consider the forces and displacem ents listed in Section 3.1.2. The

possible effects ofnegative skin friction, heave, and ofhorizontal

m ovem ents ofthe ground, m ust also be considered.

Design values ofthe actions m ust be derived in accordance with

the principles ofSection 2.3.

20

25

In considering the effect of negative skin friction the settlem ent

of the ground rem ote from the piled foundation m ust generally be

treated as an action. In particular circum stances the force trans

m itted from the ground to the pile shaft m ust be treated as an

action.

30

Negative skin friction occurs when the soilm oves downward along

part of the pile shaft. Itis caused by the the com pression of layers

ofsoft soilabove the toe of the pile. Negative skin friction is

generally evalutated by considering the relative stiffness of the

piles and the soilin relation to the design values of the settlem ent

of the ground.

guide:

:
35
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^ guide: For piles founded in an unyeilding bearing stratum , for exam ple,

driven piles and bearing on rock, a sm all settlem ent of the ground

m ay generate a high negative skin friction force. For structures in

Geotechnical Categories 1 and 2 the effect of a sm all settlem ent of

the ground m ust be considered when checking against a structural

failure ofthe piles. W hen checking against other lim itstates, sm all

settlem ents ofthe ground m ay be ignored.

:

5
s
:

Farces caused by negative skin friction m ay always be treated

as actions, and m ust then be assigned the m axim um values attainable.

In m any cases this approach is unreasonably severe, but itm ust be

adopted ifthe settlem ent ofthe ground is m uch greater than the

allowable settlem ent of the structure. Interaction between piles and

soilhas little beneficialeffect in this case. G enerally, this

situation willarise when the expected com pression ofthe soilabove

the toe ofthe pile exceeds 0,1 m .

10

IS

' guide: Negative skin friction acts in com bination with other perm anent loads.

Live loads acting in com bination with negative skin friction need not

be fully taken into account.

:

:
20

’ 7.4.2 êave^

Unloading, excavation, or rem oval of vegetation such as trees, m ay

cause the soilsurrounding the piles to expand or heave. Upward

forces m ay be generated along the pile shaft. In considering this

effect the m ovem ent of the ground is generally treated as an action.
25

* guide: Heave m ay take place during construction, before the piles are loaded

by the structure, and m ay cause unacceptable upliftor structural

failure ofthe piles.

:

:30

* 7.4.3

Horizontal qround m ovem ents m ay exert pressures on piled foundations.

They m ay be caused by any of the following:

35
- different am ounts of surcharge on either side of the foundation,

- different levels ofexcavation on either side of the foundation,

- a foundation located at the edge of an em bankm ent,

- a foundation constructed on a creeping slope.40
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1
The pressure on the piled foundation m ust norm ally be evaluated

by treating the piles as bending elem ents in a deform ing soilm ass,

and is not then an action. This approach is usual for strong soils,

or for closely spaced piles.
In particular circum stances the pressure on the piled foundation

m ay be treated as an action.5

Ifthe soilnear ground surface is weak, and the piles are widely

spaced, interaction between the piles and the ground has little

effect on the pressure exerted on the piles.

In this situation the pressure is treated as an action and is

evaluated by regarding the foundation as a stiffelem ent within a

m ass offlowing soil. The pressure m ay be found approxim ately from

the expression

guide

10

IS
(7.1)PL = nL cud

where
PL is the pressure per unit area ofthe longitudinalcross

section of the pile
is an em pirical factor (between 8 and 9 for m ost soft soils)

cucj is the design undrained shear strength ofthe weak soil.

20

Loads on piles due to horizontalground m ovem ents m ay be

evaluated by considering the eguilibrium of a block ofsoilin

which slidning is resisted by the reaction ofthe foundation,

and is then an action.

25

7.5 Design Situations, Loads Cases and Loading Com binations
30

Design situations and related load cases and loading com bination

m ust be chosen in accordance with the principles ofSections 3.1.1

and 3.3.4

3S
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1
7.6 Design Considerations Related to Pile Installation

The design m ust ensure that the m ethod of installation is

appropriate for the ground conditions at the site and has no

adverse effect on:

5 - the integrity of the pile being installed,

-piles which are already installed,

- adjacent structures.

The following aspects m ust be considered:
10

- pile-m aterialquality,

- stresses in the pile during installation,

- sequence ofpile installation, especially for cast-in-place

piles,

- chem ical attack,

- effect on adjacent structures or services.

IS

Item s which requires attention include:guide:

:
20

- the dynam ic stresses in the pile during driving,

- the type of ham m er to be used,

- the spacing ofthe piles in pile groups,

- seeking in cast-in-place piles,

- the retarding influence ofchem icals in the soilon wet concrete

in cast-in-place piles which are not perm anently cased,

- localinstability of a pile bore during concreting which m ay

cause a soilinclusion within the shift.

:

:

:

:

:
2S

:
:

:

:

For driven piles, a dangerous situation occurs when the pile

enters a soft soillayer below a hard stratum . The com pression

stresswave is reflected at the pile base as a tension stresswave

of nearly the sam e m agnitude, and m ay fracture the pile. Defects

in cast-in situ driven piles can.be caused by driving successive

piles to close together.

:
30

i

i

:

:
35
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Neckinq m ay occur in a cast in situ pile at the boundary between

an uppec layer ofstony soiland a lower layer ofweak soil. The

pile bore in the weaker layer m ay expand after the concrete is

placed, allowing wet concrete to flow down the pile. Ifarching

develops in the concrete hiqher up the pile, a neck is form ed in

the pile.

1

5

7.7 StructuralDesign of the Pile Foundation

The structuraldesign of the piles m ust be in accordance with the

requirem ents given in Eurocodes 2, 3 and 5.
10

guide: Itm ay be necessary to add to EC 2, 3 and 5 ifpiles are not treated

: specially in these codes.

7.8 Lim it State Design ofPiles in Com pression

IS 7.8.1 .Overall.Stability

. The procedures given in Chapter 9 m ust be used to dem onstrate that

. a slope stability failure of the soilm ass containing the foundation

. willnot occur.

Axial and lateralloads acting on the piles m ust be included in

the stability calculations.20

A check of the overallstability is not generally necessary for norm al

bearing pile foundations.

Exceptions are:

guide

25

- pile supported earth-retaining structures,

- pile foundations of abutm ents, .

- pile foundations in sloping ground.

SO 7.8.2 3e_arinq.£ap_acity_Failure_

• Bearing capacity failure occurs when the piles are loaded to such

• an extent that rupture zones are form ed in the ground beneath the

* pile base and at the pile/soil interface. In this condition the

* displacem ent of the pile foundation increase without significant

increase in load.35

40
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1
To dem onstrate that the foundation willsupport the desiqn,

load with adequate safety against this type of failure, the following

inequality m ust be satisfied;

(7.2)Fd £ Qd
5

where

Fjj is the Ultim ate Lim it State axialdesign load

Q(j is the Ultim ate Lim it State design bearing capacity under

the type of loading considered.
10

The values ofF(j and Q<j m ust satisfy the requirem ents of

Chapters 2 and 3.

Q,j m ust be obtained either from pile-loading tests or from

calculations using soil-strenqth design values and/or pile

driving form ulae.

The possible effects ofpile installation and the type ofpile

(displacem ent or non-displacem ent) m ust be considered. Ifanaly

ticaland em pirical design calculations are to be used they m ust

be supported by evidence such as pile-loading tests carried out

in sim ilar conditions.

IS

20

Calculations in which design values of in situ test results are

used em pirically to represent the strength of the soilare generally

preferred in practice. M ethods based solely on bearing capacity

calculations using design shear-strength param eters ofthe soil,

are not reliable.

guide:

;

:
25

:

:

7.8.2.1 i£n_UItim at_e Lim it State Bearing__Csipjaci£rom _P_ile-L.oadincj

Tests* Pile loading tests m ust be carried out in the m anner spe

cified by the designer. The designer m ust check that the test

pile is installed in the sam e m anner as the piles which will

form the foundation.

In establishing the ultim ate bearing capacity from pile-loading

test results the following aspects m ust be considered:

30

35
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- ifneqative skin friction is to be considered as an action

(see Section 7.4.1), the ultim ate pile resistance determ ined

from the loadinq-test results m ust be corrected by subtracting

the positive skin friction of the com pressible stratum from

m easured ultim ate resistance.

1

:5

guide: Under pile-test loading conditions the testpile always m oves

downward with respect to the surrounding soiland the skin

friction forces on the pile act upward in alllayers. Because

of this itis unsafe to use the m easured ultim ate pile resistance

to obtain the design ultim ate lim itstate bearing capacity in

cases where negative skin friction is an action. The estim ated

value ofthe skin friction in the com pressible soillayers m ust

be subtracted from the m easured failure load to obtain the design

ultim ate lim itstate bearing capacity of the pile. In equation 7.2

the anticipated design value of the negative skin friction m ust be

added to the other actions.

10

«

IS

The approach m ust also be adopted for end bearing piles ifthere

is doubt that the contribution of shaft friction in the soilabove

the bearing stratum willcontinue to act throughout the life of the

building.

20

Ifthe soilabove the bearing stratum is soft, shaft friction in the

soft layers willdecrease with tim e, owing to com pression and creep.

In som e cases itm ay be unreasonably conservative to ignore the shaft

friction entirely, and the interaction between the pile and the

ground m ay be analysed.

.. guide

25

Itm ust norm ally be located where the m ost adverse ground con

ditions are believed to occur. Ifthis is not possible, an allowance

m ust be m ade when deriving the design ultim ate lim it state bearing

capacity.

Iftwo or m ore pile loading tests are carried out, the test

locations m ust represent the site of the piled foundations, and

one of them m ust be located where the m ost adverse ground condi

tions are believed to occur.

The num ber ofpile load tests carried out at the site and the

range of the results m ust be considered when deriving the design

ultim ate lim itstate bearing capacity.

30

35
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1

Table 7.8 a shows a m ethod of derivinq the design ultim ate Lim it

state bearing capacity from the results ofpile loading tests.

guide:

5

:

: ConditionsDesign value of
the ultim ate
pile-bearing
capacity
m̂ sx?d

Num ber of
pile
loading
Tests

10

%
1

IS
l 9

1

1̂m ax * Qlm ax *** * N̂m ax
Q avsm ax

N Tm

; s lowestm ax

°N, s highestm ax
:

20

:

:

25
y

Ifthe ultim ate pile resistance cannot be reached during the

loading test the ultim ate bearing capacity ofthe pile m ust be set

at the m axim um applied test load.

Pile-loading tests m ust be carried out in the following cases:
30

- when using a piling system which is outside localexperience and

which has not been tested under sim ilar soiland loading con

ditions,

- when using a pile system which is outside the experience of the

operatives carrying out the work.
35
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1
W hen the piles in the foundation willbe subject to abnorm al

tem porary loading conditions (e.g. heavy cyclic loading, including

alternative com pression and tension). The pile testing procedure

then m ust contain sim ilar loading cycles.

W hen the pile behaviour during installation is not as anti

cipated from the site investigation and previous experience.
5

De î̂gnJĴ tim ate^ L_ijnit_St_at_e_8ear_in_g_CaDacoit:y__frpm _ Soil

St£en>gth_P_aram e_teirŝ . The calculation m ust com prise the following

com ponents:

7.8.2.2

10

- the ultim ate end bearing resistance due to failure of the

ground in the vicinity ofthe pile base,

- the ultim ate shaft friction or adhesion forces.

25
The design ultim ate lim itstate bearinq capacity Quit.»d a

pile is the sum ofthe two com ponent:

(7.3)ûlt,d = % ,ult,d + "̂s,ult,d

20
where

Q b,ult,d i:he ultim ate end bearing resistance calculated from

design values of the soilstrength param eters

Fg ûit,d the ultim ate shaft friction calculated from design

values of the shearinq resistance between the soil

and the pile shaft.
25

In calculating the ultim ate shaft friction where layers of soft

soilare present above the stratum in which the pile is founded,

the contribution ofthe soilabove the bearing stratum m ust either

be neglected, or reduced to a value which is obtained by considering

the interaction of the pile and the soil.

For open-ended driven tube or box piles without special devices

inside the tube or the box to induce plugqing, the design ultim ate

end bearing resistence m ust be lim ited to the desiqn ultim ate

friction between the soilplug and the inside face of the tube or

box.

guide

30
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1
Equation 7.3 can be transform ed to;, guides

n
(7.4)ûlt,d = % ,ult,d + ^ ŝ,ult,d ŝ,i:

1;5
where:

Ab is the plan area of the base of the pile

is the surface of the pile shaft in soil

layer i

is the design value of the ultim ate resistance

per unit area ofthe base

fs,ult,d is the design value of the ultim ate skin friction

or adhesion per unit area ofthe pile shaft

in layer i

As,i;

: % ,ult,d10

5

;

IS
The values of qb,ult,d ar)b Fs,ult,d m ustbe derived from field tests

(Cone Penetrom eter test, Dynam ic probing, Standard Penetration

Tests, Vane tests, Pressurem eter tests) or from laboratory tests

on undisturbed sam ples (triaxialtests, direct shear).

In cohesionless soils itis not norm ally possible to take

undisturbed sam ples. In such cases the results of field tests

m ust be used for the estim ation of the values Q b,ult,d anc*

ŝ,ult,d*

:

:

:

;

;20
%

;

s

For piles which are com pletely em bedded in the ground, failure

by buckling is not likely to occur.

Slender piles passing through thick deposite of very weak soils

m ust be checked against buckling.

25

;

8̂.2.3 j3f„tJ2e__Desiqn l̂Jbiĵa ê_Ljjnit̂S t̂ate_Ejod__Bea_ring

Resistance__(% ,u11,d)* The design values of the strength param eters

of a zone ofsoilabove and below the pile toe m ust be taken into

account in calculating the ultim ate bearing capacity of the pile base.

For non displacem ent piles the possible effect of installation

on the strength of the surrounding soilm ust be considered.35
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Ifweak soilis present at a depth of less than 4 x the trase-

diam eter below the toe of the pile, the possibility of a punching

failure m ust be considered.

Variation ofsoilstrength in plan m ust be taken into account

in order to arrive at representative values of the soilstrength

param eters.

Ifdriven piles with oversized base plates are installed, the

possible adverse effect of the oversized plate on the end bearing

resistance of the pile m ust be taken into account.

1

5

The zone ofsoilwhich influences the end bearing resistance extends

for several diam eters above and below the pile toe. W eak soilin

this zone has a relatively large influence on end bearing resistance.

This m ust be taken into account when the design values of the soil

strength are assessed.

10 guide:

IS

Assessm ents of this type are strongly em pirical and itis necessary

to follow localexperience.

For non displacem ent piles such as bored piles the reliefofthe

stress in the soilcan be considerable, and the soilin the vicinity

of the pile toe m ay be badly disturbed. Em pirical correction factors

are used to allow for these effects.

In calculating ultim ate end bearing resistance from soilstrength

param eters, design values of the undrained shear strength, cU(j, or
f I

of the effective shear strength param eters, ĉ and are used,

depending on type analysis which is appropriate for the design

situation being considered.

Ifthe ultim ate end bearing resistance is obtained em pirically

from soilproperties m easured in in situ tests such as Dutch Cone

Penetrom eter, Standard Penetration Test or pressurem eter tests, the

principles ofChapter 4 are to be adhered to in establishing the

design values of soilproperties.

Piles with enlarged base plates norm ally develop lower end

bearing resistance than piles of uniform cross section and the

sam e base area. At the protruding edges ofthe base plate, failure

in the ground develops relatively easily. A reduction factor S,

which depends on the ratio between the area of the base plate and the

cross sectional area of the shaft, and on the length ofpile which is

enlarged, m ust be applied to allow for this.

20

25

30
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1

Design Ultim ate Shaft Friction (fc. ,,-h - To calculate the design

ultim ate shaft friction, design values of the relevant shear-strength

param eters m ust be used.

For non-displacem ent piles, the possible effect ofinstallation

on the stress state and strength ofthe surrounding soilm ust be con

sidered. Possible adverse effects ofdisturbance during installation

m ust also be analysed. For alltypes ofpiles, the sm oothness ofthe

pile shaft m ust be considered and related to the installation

procedure.

For piles with an oversized base plate, the possibility of a

reduction in the shaft friction m ust be investigated.

7.8.2.4

5

10

The design ultim ate skin friction in a soillayer m ay be calculated

by a sim ple analyticalapproach:

For drained conditions:

guide:

:
15

s
?t S

(7.5)fs,ult,d = ad + Ks °v tan 5d:

:

where::
20

is the design value ofthe effective adhesion between pile

shaft and soil

is the design value ofthe effective angle of friction

between pile shaft and soil

is the earth-pressure coefficient at the pile shaft

is the average effective verticalsoilstress in the

concerned soillayer

ad
:

%
s ’d

%

Kg5
25 i

% av:
%

:

Ks depends on the type ofpile* the m ethod of installation and

the length of the pile*

For short-term behaviour in cohesive soils:

i
30

:

:

(7.6)fs,ult,d = a cu,d:

:

where:
35

is the design value ofthe undrained shear strength of

the soil

is the adhesion factor

: cu,d
:

: a

40
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The adhesion factor a takes account of the disturbance of the

soilcaused by pile installation, and is evaluated from local

experience.

2 guide

The results ofin situ tests m ay be used directly to assess

the m axim um skin friction in a soillayer, provided that the cal

culation m ethod is based on locally established experience.

For cast in place concrete and bored piles the shaft roughness

depends on the m ethod ofconstruction the pile shaft. In general,

concrete piles cast in place without a casing have a very rough

surface. Piles bored under bentonite m ay have a betonite cake at the

pile soilinterface. This m ay affect the shaft friction which is

developed.

Prefabricated piles and piles with a steelshaft are com paratively

sm ooth.

The shaft friction developed by driven piles with oversized

base plates m ay be reduced by the effect ofthe plate. The effect

depends upon the way the pile is installed. Ifthe concrete shaft

is cast in the ground without a casing, the adverse effectofthe

protruding part ofthe base is negligible.

5

10

J

15

20

7.8.3 End Bearing.Resistance f̂rom .P_ile-Dxi.j/inq F̂orm ulae

Ifpile-driving form ulae are used for the assessm ent ofthe design

ultim ate end bearing resistance of individualcom pression piles

in a foundation, the validity ofthe form ulae m ust have been

dem onstrated by static load tests on the sam e type ofpiles in the

sam e ground conditions.

For structures in Geotechnical Categories 2 and 3, pile driving

form ulae m ay only be used in design ifan adequate site investigation

has been carried out.

The results of dynam ic loading tests carried out with specialised

loading and m easuring equipm ent m ay only be used in design ifan

adequate site investigation has been carried out.

25
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1 guides Pile-driving form ulae only give indicative values of the ultim ate

: bearing capacity of piles which term inate in a layer of granular soil.

: The application of m ethods based on the wave-equation theory is re-

% com m ended. These m ethods m ust be used with caution ifthe driving

: resistance decreases on redriving.

Dynam ic loading tests are usually used to exam ine piles after

t doubts have been raised during the exceution ofthe piling work.

: These tests are also useful for types ofpile (such as continuous

t flightauger piles) in which quality depends on installation procedures

t which are not easy to m onitor.

5 ;

10

Ifthe bearing stratum of a group ofpiles overlies a layer ofweak

soil, the effectof the weak layer on the bearing capacity ofthe

group m ust be considered.

, The design value ofthe ultim ate lim itstate bearing capacity

of the pile group m ay not exceed the sum of the design values ofthe

ultim ate lim itstate bearing capacities of the individualpiles of

the group. W hen deriving the design ultim ate lim itstate bearing

capacity of a pile group, structuralconnection between the piles

in the group m ust be considered.

7.8.4

IS

20

Ifa group ofpiles is founded near to the bottom of a stratum

which overlies soft soil, failure ofthe soft soilcan occur due

to a com bination ofpunching through the bearing layer and sgueezinq

of the softsoil.

Ifthe piles are founded within a thick layer, or ifthe ground

im proves with depth below toe level, a group ofdriven piles which

act together m ay benefit from com paction due to pile driving.

This effect m ay occasionally result in a block ofstiffersoil

containing the piles. The bearing capacity ofthe block m ay be

greater than the sum of the individualbearinq capacities. The

stiffening effect depends upon changes in the soilduring piling

which are not certain and which are difficultto control. The bearinq

capacity ofpile groups m ust not exceed the sum ofthe individual

capacities of the piles in the group. The individual capacities

m ay be determ ined by pile loading tests or in situ tests m ade in

guide
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:l
the im proved soilafter the pile group is installed. Borings m ust

not be m ade as they can disturb the soilbetween the piles con

siderably.

The ultim ate bearing capacity of a group ofpiles depends upon

the structuralconnection between them . G enerally, the piles will

have different individualcapacities. Ifthe piles support a

rigid structure the capacity ofthe group is egual to the sum of

the individualcapacities. This is term ed a parallelsystem . If

the piles support a flexible structure they are unable to act

together, and the failure ofone pile m ay lead progressively to

the failure of the whole foundation. This is term ed a series system .

In a series system the bearing capacity ofthe foundation is

determ ined by the bearing capacity of the weakest pile.

guide

5

10

is 7*3*5

- the settlem ent ofsingle piles,

- the additionalsettlem ent due to group action,

- com pression ofweak soillayers below the bearing stratum .
m

20

The settlm ent ofthe single piles m ust be estim ated on the basis

of:

- pile-load tests,

- em pirical load-settlem ent curves obtained for sim ilar soils and

piles,

- calculations on the basis ofsoil-stiffness param eters. These

m ethods m ust be calibrated against pile-load test results.

25

SO
The com pression of soillayers below the bearing stratum in

which the piles are founded m ust be analysed in accordance with

the principles given in Section 6.6.

The analysis m ust include an estim ate ofdifferentialsettlem ents

of the foundation. Ifground m ovem ents rem ote from the piles are

sm all, and the force on the piles due to negative skin friction is

not treated as an action, then the effect of the ground m ovem ents

on the settlem ent of the piles m ust be considered.

35
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* guides The settlem ent of a single pile is often based on em pirical load

* : settlem ent curves for particular soilconditions and types ofpile.

Generally these load-settlem ent curves are described by the non-

dim ensional ratios: . '
5

- load divided by the ultim ate bearing capacity (Q/Q

- settlem ent divided by pile-base diam eter.

)
m ax't

W hen checking against a type 18 Ultim ate Lim it State, the value

m ust equal the Ultim ate Lim it State desiqn bearing capacity

Qp. This m ethod is illustrated in Figure 7.8 a.

10
of Q m ax

fs.!B to0.5

Q/O*

It

20

25
The additionalsettlem ent caused by the interaction ofthe piles

in a group m ay be assessed either from a sim plified elastic cal

culation or from m ethods presented in Section 6.6.

The effectofnegative skin friction on the settlem ent of a piled

foundation m ay be assessed by considering the interaction process

between the soiland the pile. The additionalsettlem ent cannot

exceed the com pression ofthe soilabove pile toe level at a point

rem ote from the foundation.

Provided that ground m ovem ents are sm all, and that forces caused

by negative shin friction are not treated as actions, the additional

settlem ent caused by negative skin friction is approxim ately equal

to 0.5 x the settlem ent of the ground rem ote from the piles. Ifthe

settlem ent of the ground is only about 0.01 m , the effect of

negative skin friction on pile settlem ent m ay be ignored.

30
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1

. 7.8.6 M axim um Value ^̂ tjne N̂egative^ 5_kin__Fjri£tioj2

The m axim um value of the negative skin friction m ust be assessed

by considering that the piles are fixed and the soilm oves downwards.

Ifa bitum inous coating is applied to the pile shaft above the
bearing stratum , a residual shear force of 10 kN/m ^ m ust be assum ed to

calculate the m axim um value of negative skin friction.

5

The m axim um value of the negative skin friction is defined as the

sm aller of:

guide

10

- the total frictionalresistance ofthe pile shaft in the soil

layers above the stratum in which the piles are founded,

- the force Fn^ which is notionally required to prevent further

settlem ent of any fillwhich has been placed around the foundation,

calculated as shown on Figures 7.8 b and 7.8 c. Sqi is the expected

settlem ent of the ground level after installation ofthe piles.

Ifa is the percentage ofthe expected ground settlem ent, which has

already occured before the installation of the piles, then:

IS

\c - - -20

25
)

The factor a m ay be established in the field by pore-pressure

m easurem ents or settlem ent m easurem ents. For centre piles in a group

consisting of a large num ber ofpiles the m axim um negative skin

friction Frij[<jm ax willnot exceed the value given by the following

equation:30

35 W here A is defined in Figure 7.8 c.
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10

IS

20

25
ofal\ie_Qf_

Ifthe pile shaft is coated with bitum en to reduce neqative skin

friction, the coating m ust not extend into the bearing stratum ,

as this can reduce the load carrying capacity ofthe pile con

siderably.

30

7.9 Lim it State Design ofTension Piles

7.9.1 .Overall.Stability

The procedures given in Chapter 9 m ust be used to dem onstrate that

a slope stability failure of the soilm ass containing the foundation

willnot occur. The tensions acting on the foundations m ust be

included in the stability calculations.

35
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1

* 7.9.2 Upli_ft_

Groups ofpiles in tension m ay failby upliftof the block ofsoil

containing the piles as illustrated in Fiqure 7.9 a. To dem onstrate

thatuplift failure is sufficiently rem ote, the following inequality

m ust be satisfied?5

« (7.7)Z Td < wd l p̂dHr>

where?
10

is the design tension force acting on a pile

is the design effective weight of the soilblock and

piles

is the shear resistance at the boundary of the block of

soil*

Td

W A

F

IS

* guide? Upliftis generally the governing failure m echanism in closely

* ? spaced groups oftension piles in which the distance between

* ? the piles satisfies the condition?

20 D L
(7.8)— K. /— *

dd

1
4 * 4 *

.v.v.v.

W7&A WZ&A term mm pmi25

30

''W Jt
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7.9.3 Shear fjailure_ Jjt_Tensi£n_

To dem onstrate that shear failure of a pile foundation in tension is

sufficiently im probable, the following inequality m ust be satisfied:

(7.9)S Td 1 Qd.t

where:

is the design value ofthe tension load on the pile foundation

is the design value of the ultim ate tensile capacity of the pile

foundation10

The values of T<j and j- m ust be derived in accordance with the

principles ofChapters 2 and 3.

Q d,t m ust be obtained either from pile loading tests or from

calculations using design values of the shearinq resistance between

the pile and the soil.

The effect ofpile installation and the type ofpile m ust be

considered.

The design of tension piles m ust norm ally be based on the results

of load tests. The installation ofcertain types ofpile can have

a detrim entaleffect on the strength ofthe soilclose to the pile

shaft. Such effects are often erratic and m ay not be detected by a

pile loading test. Piling system s which give wide differences in

perform ance between a test pile and the piles used in the foundation

m ust not be used as tension piles.

IS

20

25

7.9.3.1 2,e£T£n_Ultim at£ Lim it_ State XeHsi.T£ £a£a£i_tX_froi!if.TXed-£a .̂Tjiq

Jests.. Pile-loading tests m ust be carried out in the m anner specified

in the design and itm ust be checked that the test pile is installed

in the sam e m anner as the piles which willform the foundation.

Ifone pile-loading test is carried out itm ust norm ally be

located where the m ost adverse ground conditions are likely to

occur. Ifthis is not possible, an allowance m ust be m ade when

deriving the design ultim ate lim it state tensile capacity.

30

35
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Iftwo or m ore pile loadinq tests are carried out

locations m ust represent the site of the piled foundations, and one

of them m ust be loacted where the m ost adverse ground conditions are

believed to occur. The num ber of pile load tests carried out at the

site and the range of the results m ust be considered when deriving

the design ultim ate lim itstate tensile capacity.

the test1

5

The design ultim ate lim itstate tensile capacity m ay be derived from

the results ofpile loading tests in accordance with the principles

given in table 7.8 a for piles in com pression. For pile groups,

the effect ofinteraction should be allowed for when deriving the

representative ultim ate tensile load from the load-test results, and

before applying the partialfactors guoted in the table.

guides

j

10 :

!

;

Ifthe ultim ate pile resistance in tension is not reached during

the loading test, the ultim ate tensile capacity m ust be set at the

m axim um applied test load.

Pile-loading tests m ust be carried out in the following cases?

IS

- when using a pile system which is outside localexperience and

which has not been tested under sim ilar soiland loading con

ditions,

- when using afpiling system is outside the experience ofthe

operatives carryinq out the work,

- when the piles in the foundation willbe subjected to abnorm al
tem porary loading conditions (e.q. heavy cyclic loading, alterna

tive tension and com pression), the pile-testing procedure m ust

then contain sim ilar loading cycles,

- when the pile behaviour during installation is not as anticipated

from the site investigation and previous experience.

20

25

30

. 7.9.3.2 _Oeŝ i£nJJl_tim at£ Lim it.State ,Tens_ile £a£acity_from Ŝoil̂St.reng_tlh

Param eters. The evalutation of the design ultim ate lim itstate

tensile capacity of isolated tension piles or of a group of tension

piles from soilstrength param eters m ust include the following:
35

- the tensile strength of the pile itself,

- the ultim ate shearing resistance between pile and soilin the

strata which contribute to the tensile resistance of the pile,
40
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I - the possibility of failure by pulling out a cone ofsoil

(especially for afpile with an oversized base or a rock socket).

The capacity of an isolated tension pile depends on the shearing

resistance which can be developed at the interface ofpile shaft

and soil, or along a cone-shaped surface in the soiloriginating

at the base ofthe pile. Progressive failure willinvariably lead

to a decrease of this resistance. Conservative values ofstrength

param eters m ust therefore be used in design calculations for tension

piles. The installation ofpiles in the ground reguires thorough

inspection.

The design ultim ate tensile capacity of a pile m ay be assessed

by sim ple calculations as follows:

5

10

(7.10)fs,ult,d = a * cudIS

or:

ŝ,ult,d = d̂

20
where

fs,ult,d is the design ultim ate lim itstate resistance per

unit area of the pile surface

is the design undrained shear strength of the soil

is the design undrained adhesion

is an adhesion factor, which is based on localexperience

and depends on the duration of loading

cu,d

au,d
25

a

For long-term loading, and for short term loading in granular

soils, the following relation m ay be applied:
30

(7.11)fs,ult,d = °n tan 5d + ad

which is often taken as:35

(7.12)fs,ult,d = Ks °v tan 5d + ad
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1
where

is the norm al stress on the pile shaft

is the design value of the angle of friction between

pile and soil

is the design value ofthe effective adhesion between

pile and soil

is a coefficient ofearth pressure at the pile shaft

is the verticaleffective stress in the soil.

an

?

ad
5

Ks
»a;

Em pirical m ethods based on local experience m ay also be applied.

Som e of these m ethods use experim entally obtained relationships

between shear resistance and results of field tests, like Dutch

Cone penetrom eter, Standard Penetration Test and Pressurem eter tests;

others use nom inal shear-resistance or adhesion values for various

kinds of soil.

In the assessm ent of the design ultim ate tensile capacity the

following factors m ust be considered;

10

IS

- the effect ofpile installation on soilproperties and stress

conditions. For non displacem ent piles, stress reliefand

possible disturbance m ust be considered,

- long term creep, which m ay reduce the horizontal in situ stress

near to the foundation, and hence the shear resistance between

the piles and the group, •

- group action, which m ay reduce the effective verticalstress,

and hence the ultim ate tensile capacity ofindividualpiles.

20

2S
j

* guide; For groups of tension piles, the tension forces applied to the piles

cause upward forces in the soilm ass between the piles. This decreases

the effective verticalsoilpressures, and m ay result in a substan

tialreduction of the ultim ate tensile capacity ofeach ofthe piles

in the qroup when com pared with a pile loaded in isolation. This

effect can be approxim ated by sim ple calculations.

;

;30
;

;

The severe adverse effect on the ultim ate tensile capacity in

case ofcyclic loading and reversals of load.
35
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^ guide Ifpiles are subjected to substantial reversals of load for exam ple

in foundations for high-tension pylons and drydocks, the residual

shear resistance between the piles and the ground m ay be consi

derably lower than the values occuring under quasi-static loadinq

conditions. Local experience based on pile-loading tests in needed

to appraise this effect.5

le£tj.cal_Dj,S£lacem ent (Lifting)_ojfPi1e_FoundatIons_under__Tensian

The assessm ent of the verticaldisplacem ent under tension m ust

include.

7.9.4

10

- the verticaldisplacem ent ofthe single piles of the foundation,

- the additional verticaldisplacem ent due to group action,

- the expansion ofunderlying soillayers due to a decrease ofthe

effective stresses in these layers.
15

The verticaldisplacem ent of single piles under tension m ust be

estim ated on the basis of:

- pile-load tests,

- em pirical load-deflection curves obtained for sim ilar piles and

soils,

- calculations using soil-stiffness, which m ust have been cali

brated against pile-loading test results. Calculations m ust

include the interaction between the pile and the surrounding soil.

20

25

The expansion of the soilstrata below the base ofthe piles m ust

be calculated using soil-stiffness'param eters.

The analysis m ust include an estim ation ofdifferentialdisplace

m ents in the foundation and an assessm ent of the deform ation im posed

on the structure.
30

guide: The verticaldisplacem ent or lifting of a group ofpiles under

: tension contains 4 m ain elem ents:

35
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1

- the elongation ofthe piles, which is to be calculated from

elastic theory,

- the m ovem ent of the pile with respect to the surrounding ground

which is to be analysed on the basis either of the results of

load tests or single piles, or ofem pirically obtained shear-

stress/displacem ent curves for various pile and soiltypes,

- the expansion of the ground between the piles of the group,

which is to be estim ated in a pile/soil-interaction analysis

in which soil-stiffness param eters established in expansion

tests, are applied,

- the expansion of the underlying soilstrata which is to be

analysed by elasticity theory. Soil-stiffness param eters are

usually obtained from m easurem ents during excavations.

The principles ofSection 6.6 m ay be used.

guides

:

:

5

:

t

:

:
10 i

:

:

;

:
IS t

For very large structures, like docks and sluices, the contribution

of the expansion ofthe underlying soilstrata to the upward

m ovem ent of the structure can be considerable but uniform .

i

:

20
U1tim ate Lim it Design ofLaterally Loaded Piles7.10

7.10.1 J3verall Stability

The procedures given in Chapter 9 m ust be used to dem onstrate that

a slope stability failure ofthe soilm ass containing the foundation

willnot occur.
25

A particular check on overallstability is to be m ade ifthe foun

dation: '

guide:

:

- is in a slope,

- supports an abutm ent,

- supports an earth-retaining structure.

:
30

i

s

7.10.2 Ca£a£ijby

To dem onstrate that the foundation willcarry the design lateral

load the following inequality m ust be satisfied:
35

d̂h .£ Qdh (7.13)
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1
where

d̂h is the design lateral load on the foundation

is the design value of the ultim ate lateral load capacityd̂h

The values ofFj-, and Qgj-, m ust be derived in accordance with

the principles ofChapters 2 and 3.

Qdh m ust be obtained either from pile-loading tests or be based

on soiland pile-strength design values. The effect ofpile instal

lation on the guality of the soilm ust be taken into consideration

when selecting soil-strength param eters.

Em pirical or analyticaldesign calculations m ust be supported

by pile-loading tests carried out in sim ilar soils.

S

IQ

"
For norm al buildings the horizontal loads caused only by wind are

ofm inor im portance and can easily be carried by the foundation.

Specialcalculations are not reguired.

guide

IS

£esînJJJL t̂̂m at̂ Late_raJL Load_C_ap_acit_£ Xro_m _Pi_le_-L_qad_in£ Tests.

Pile-loading tests m ust be carried out in the m anner specified

in the design.

Pile tests m ust norm ally be located where the m ost adverse

ground conditions are likely to occur. Ifthis is not possible,

an allowance m ust be m ade when deriving the design ultim ate

horizontal loading capacity.

The num ber of pile load tests carried out at the site and the

range of results m ust be considered when deriving the design

ultim ate horizontal loading capacity.

7.10.2.1

20

25

The design ultim ate horizontal loading capacity m ay be derived

from the results ofpile loading tests in accordance with the

principles given in table 7.8 a for piles in com pression. For pile

groups the effect of interaction should be allowed for when deriving

the representative ultim ate horizontal load from the load test

results, and before applying the partial factors guoted in the table.

guide

30

35
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Ifthe ultim ate resistance is not reached during the loading test,

the ultim ate horizontal loading capacity m ust be set at the m axim um

applied load.

Pile-loading tests m ust be carried out in the following cases:

5
- when the horizontal load on the pile considerably exceeds norm al

practice,

- when the pile foundation is subjected to reversals in the

direction of loading or to heavy cyclic loading.

V. 10.2.2
Pajram etejrs. Ifthe ultim ate horizontal load capacity of a pile or

a group ofpiles is to be evaluated on the basis ofsoil and pile-

strength param eters the piles m ust be treated either as short stiff

piles or as long slender piles.
IS

Short£tifffries

The pile is assum ed to be a rigid body rotating around a point or

translating untilfailure ofthe ground around the pile occurs.

20
The failure m echanism in the ground changes with depth. Above a

criticaldepth depending on the soilstrenqth and the width of the

pile, a wedge-shaped failure pattern m ay be assum ed. Three-dim en

sionalpassive earth-pressure calculations m ay be used to assess

the ultim ate soilresistance.

Below the criticaldepth the failure m echanism is confined to

a narrow area around the pile. The ultim ate soilresistance m ay

be calculated by adopting the m ethods ofSection 6.5.2.2, to the

situation of a verticalstrip m oving horizontally in the ground.

guide:

:

s
;

:
25<r'. %:

:

:

:

30
k0£9_̂ ie£,c!s,r_fii£.s__
This m ethod norm ally applies only to steelpiles. The pile is to

be treated as a flexible beam in an elastic halfspace. The

analysis m ust include the possibility of failure in the ground in

the zone below ground surface. The ultim ate horizontal loading

capacity is determ ined by the flexuralstrength ofthe pile it

self.

35
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^ guide The calculation m ay be carried out using the theory of a beam

loaded at the end and supported by an elastic m edium . The support

m ay be sim ulated by a system of sprinqs represented by m oduli of

subgrade reaction in the various soillayers.

The m oduli m ust be assessed on the basis of results ofem pirical

in situ tests.

The m axim um value of the horizontalsoilpressure in a restricted

zone below ground surface m ay be calculated from three-dim ensional

earth-pressure theory.

The degree of freedom of rotation of the piles at the connection

with the foundations m ust be taken into account.

5

10

7.10.3 H_o_riz_ont_al_Di_s£l_ace_!Tient

The calculation m ust take account of the following:

IS
- the stiffness of the soil,

- the bending stiffness of the pile itself,

- the degree of freedom of rotation of the pile at the connection

with the foundation,

- the effects of load reversal or ofcyclic loading.
20

For short piles the bending stiffness of the pile can be om itted from

the calculations.

guide:

7.11 Pile Installation
25

7.11.1 Pile-Installation Procedures

The piling contractor m ust provide a statem ent ofhis capabilities,

including his previous experience of form ing the type ofpile being

considered in ground conditions which are sim ilar to those at the

site.

J

SO
He m ust also provide a m ethod statem ent in which allessential

steps of the pile installation procedure are clearly described. The

m ethod statem ent m ust be approved by the desiqnec of the piled

foundation and m ust include the following:

35
- the type and power of the unit to be used to form the pile,

- details of the quidinq structure,

- fulldetails of the piling equipm ent.
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1
A plan giving the location of each pile m ust be available on

site. The plan m ust have been approved by the designer of the piled

foundation and m ust include the following inform ation:

- pile diam eter,

- pile length,

- required load carrying capacity,

- pile toe level (with respect to a fixed levelwithin or near

the building site),

- installation sequence,

- obstructions,

- any other constraints on piling activities.

5

10

For cast in place piles, the contractors experience ofthe piling

system to be used, in ground conditions sim ilar to those at the

site, is of utm ost im portance. For non displacem ent piles, special

attention m ust be paid to the installation procedure. System s used

for the rem oval of the soilcan lead to extensive disturbance of the

soilin the vicinity of the piles ifnot properly used. Continuous

FlightAuger piles are very sensitive in this respect. The torque and

the penetration m ust be com patible, in order to lim it the am ount of

soilrem oved as the auger is screwed into the ground. The scraping

factor, which is the reciprocalof the num ber of rotations needed to

obtain a penetration of 1 x the pitch of the auger, m ust not be too

high. The power of the drilling m otor is a decisive factor in this

respect.

The concrete or grout m ust be pum ped through the stem of the

auger and the rate of auger withdrawal m ust be so controlled that a

continuous m onolithic shaft of the fulldesigned cross-section is

form ed.

For alltypes ofbored piles the pressures of the fluid inside

the bore m ust be kept at or above the pore pressure in the surrounding

soilduring boring.

guide:

:
IS

%
i

t

t
20

25

:

30
i

s

35
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X 7.11.2 I_nsp£C_ti£n_o_f Construetion

The pile construction operations m ust be inspected at least daily.

For each pile a record m ust be kept. This record m ust be signed by

the inspector iffound to be correct.

The record for each pile m ust include the following, where

appropriate:5

- pile num ber,

- pile diam eter and length,

- rake,
- concrete m ix, volum e and m ethod ofplacing (for cast in place

piles), .

- specific weight ofbentonits slurry (where used),

- pum ping pressures of the grout or concrete (for continuous

flightauger piles or other injection) piles,

- values of driving resistance m easurem ents such as weight and drop

of ham m er, and num ber ofblows for the last 0.25 m penetration

(for driven piles),

- the power take-offof vibrators (where used),

- the torque applied to the drilling m otor (where used),

* obstructions encountered during piling,

- interruptions to the construction process.

10

15.

20

Records m ust be kept for at least a period of five years efter

com pletion of the works, as they are the only source of reliable

inform ation in case ofdifficulties.25

These requirem ents for construction,inspection apply for allthree

Geotechnical Categories.

- guide:

3.07.11.3 Q ua!it£ Contro_l

Ifthe inspection reveals uncertainties with respect to the quality

of one or m ore installed piles, additional investigations m ust be

carried out to establish the actual load-carrying capacity and

deform ation behaviour of these piles. These investigations m ust

include either redriving, or pile-integrity tests in com bination

with soilm echanics field tests adjoining the suspected piles, and

static pile loading tests.

35
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1 Ifthese investigations confirm the doubts, the safety of the

pile foundation m ust be re-assessed on the basis of the principles

of this code. W here these principles are not fulfilled, additional

piles m ust be installed so that allrequirem ents with respect to

boths ultim ate lim itstates and serviceability lim itstates are m et.

The im plication for the superstructure m ust also be analysed.
5

guides For cast in situ piles itis difficultto controlpile quality in

: an reliable way during construction. Pile integrity tests can be

? useful. For structures in Geotechnical Categories 2 and 3 static

: or dynam ic load tests on random ly selected piles are strongly re

: com m ended in addition to integrity tests.

10

7.11.4

The purpose oftesting piles is to determ ine the response of the

pile and of the surrounding soilto load. Itis necessary to

know the pile characteristics and the m echanical properties of

the soils and rocks in which the pile is installed.

The location ofpile to be tested m ust be selected as

described in Sections 7.8.2.1, 7.9.3.1, and 7.10.2.1.

Ground conditions ofthe test site m ust be investigated

thoroughly an in detail. The depths ofborings or soundings m ust

be sufficientto asertain the nature of the ground both around

and beneath the pile tip, including allstrata likely to contri

bute significantly to settlem ent. Investigations m ust reach depths

of at least 5 m beneath the pile tip,unless sound rock is found

at a lesser depth.

The num ber of testpiles m ust be selected in the design, taking

into account the following:

15

20

25

30
- the soilconditions and their variability across the site,

- the geotechnical category of the structure,

- the m ethods used in design,

- previous docum ented evidence ofthe perform ance of the sam e

type ofpile in sim ilar ground condition.
35
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The m inim um num ber of test piles m ust be given in the Design

Report. The engineer responsible for construction m ay decide

to increase the num ber of tests, for controlpurposes.

W here load tests are required, at least 2 load tests are norm ally

specified for each geotechnically, com parable situation. Should the

results of these tests lead to unclear or doubtful interpretations,

then further loadinq tests m ust be carried out.

For larger works, when relevant previous experience is lacking,

at least two load tests per 100 piles m ust be carried out up to

a load not less than 1.5 tim es the working load.

W hen cavities are present in the subsoil, at least one test for

each m ajor grouping ofpiles m ust be carried out, and allpiles

which willact as single supports to a structure m ust be

tested. This also applies to piles which, by failing would detri

m entally effect the safety of the structure or seriously affect

its serviceability.

Unless itis necessary to m odify a testpile in order to install

instrum ents, they m ust be of the sam e dim ension, m aterials and rein

forcem ent as the working piles, and m ust be installed by the sam e

m ethod.

Between the installation and the beginning of the test, adequate

tim e m ust be allowed to ensure that the required quality of the

pile m aterialis achieved and that a state ofequilibrium in the

surrounding soil (with reqard for instance to excess pore pressure)

is established.

The m ethod of installing of the test pile should be fully docu

m ented as described in Section 7.11.3

The designer m ust decide whether or not the test results m eet

the design requirem ents.

1

5

10

15

20

25
.

30guide: In som e instance itm ay be necessary to record excess pore

pressure builtup by pile driving and its subsequent dissipation

For axially loaded pile a load test willnorm ally establish

the settlem ent of the pile head as a function of applied load

and the ultim ate bearing capacity of the pile (when the test is

carried out to failure). The test, indirectly confirm s the integrity

and soundness of the pile.

35
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^ guide: Special tests on instrum ented piles are necessary in som e cases.

The data determ ined in a loading test relates to an individual

pile. The settlem ent and bearing capacity of a group ofsim ilar

piles in the sam e ground do not necessarily have a direct relation

to the settlem ent and bearing of an individualpile.

The test report for static loading test m ust include:
§

:

:

- a description ofthe site,

- the ground conditions,

- the pile type,

- a description of the loading and m easuring apparatus,

- calibration certificates or the jacks and qauges,

- the installation record ofthe test piles,

- photographic records of the pile and the testsits,

- test results in num erical form ,

- tim e settlem ent plots for each applied load when a step

loading procedure is used,

- the m easured load settlem ent function,

- a justification ofthe reasons for any departures from the

above recom m endations.

s

i
10

:

;

:

?

IS
:

5

i

s
t

20

2§
;

30
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Chapter 8 VERIFICATION PROCEDURES FOR RETAINING STRUCTURES

Scope

Lim it States

Actions and Design Situations

8 o 3.1 Actions

8.3.2 Design Situations

8.3.3 Anchor Forces

8.3.A Groundwater Pressures

8.3.5 Ice and W ave Forces

8.3.6 Traffic Loads

8.3.7 Tem perature Effects

Design and Construction Considerations

8.4.1 General Rem arks on Design Principles

8.4.2 Ground Anchors

8.4.3 Backfilland Drainage

Earth Pressure

8.5.1 General

8.5.2 W all Friction

8.5.3 Earth Pressure at Rest

8.5.4 Lim it Values ofEarth Pressure

8.5.5 M obilized Values ofEarth Pressure

8.5.6 Com paction Effects

8.5.7 Earthquake Effects on Earth Pressure

Ultim ate Lim it State Design

8.6.1 Lim it States

8.6.2 Overall stability

8.6.3 Foundation Failures

8.6.4 Subsurface Erosion

8.6.5 StructuralFailure

8.6.6 Failure due to Inadequate Passive Resistance

Serviceability Lim it State

8.7.1 Displacem ent Analyses

8.7.2 Vibration Analyses

Durability

8.8.1 Concrete Durability

8.8.2 Corrosion

8.1

8.25

8.3

10

8.4

25

8.5

20

25

8.6

30

8.7

35
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1
RETAINING STRUCTURES

8.1 Scope

The provisions of this chapter apply to structures which retain

soilor sim ilar m aterial. M aterial is retained ifitstands at

a slope steeper than the one itwould eventually adopt ifno

structure were present. Retaining structures include alltypes

ofwalls, and support system s in which structuralelem ents are

com bined with soil.

5

10

8.2 Lim it states

In order to satisfy the perform ance criteria for retaining structures

of stability, lim ited deform ation, durability and lim itation of

dam age to other structuralelem ents or to nearby structures or

services the following lim itstates m ust be prevented:
IS

Ty£eJLA l̂ijjj,ai,e_l̂im it̂ ŝ ta_tes_

These occur when a collapse m echanism form s in the ground due to:

20
1) slope stability failure,

2) bearing capacity failure,

3) base sliding,

4) structural failure,

5) subsurface erosion,

6) lack of passive resistance,

7) pullout failure of anchors,

8) com binations of these.

25

guide: Exam ples ofstructural failures include failure of an anchor in

tension, and crushing ofconcrete in bending.

For walls with inclined anchors, the effect of these on vertical

equilibrium m ust be considered.

For walls founded on rock or on soilofhigh strength, toppling

failure m ust be considered.

30

t

:

:
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These occur when m ovem ents of the retaininq structure lead to

severe structuraldam aae in other parts ofthe structure or in nearby

structures or services.5

1) when m ovem ents of the retaininq structure affect the appearance

or efficientuse of:

- the structure

- nearby structures which rely on it

- nearby services which rely on it,

2) in structures subject to an hydraulic qradient when unacceptable

leakage or unacceptable interruption of flow occurs,

3) when the retained structure suffers excessive vibrations,

caused, for exam ple, by resonance under dynam ic loading.

10

15

8.3 Actions and design situations20

8.3.1 Action^ '

In selecting the actions for any calculation, the designer m ust con

sider the forces and displacem ents listed in Section 3.1.2. The

principles and guidance contained in Sections 8.3.3 to 8.3.7 m ust

also be taken into account.

Design values for the actions m ust be derived in accordance with

the principles stated in Section 3.2.

25

quide: Earth pressures m ust be treated as actions in certain design

: situations, described in section 3.1.2. The way in which earth

: pressures are obtained is described in section 8.5, They m ay be due

30

to:

- selfweight of the ground,

- actions on the ground surface,

- com paction of the soil,

- seism ic activity.

35
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8.3.2 £esiqn__si_tu_at_i£ns_

Design situations m ust be chosen in accordance with the principles

ofChapter 2. For retaining structures, the following situa

tions are ofparticular im portance:
S

- excavation in front of the retaining structure,

- backfilling behind the retaining structure,

- variations in soilproperties in tim e or space,

- variations in pore water pressure,

- variations in loads and in the way they are com bined,

- variations in water levels,

- the effects of new structures and oftheir construction,

providing that the new structures are foreseen when the design

is m ade

- m ining subsidence.

10

IS

8.3.3 Ânchor Forces

For prestressed anchorages the anchor forces m ust be treated

as independent actions.

For unstressed anchorages (deadm en, anchor piles, etc.) the

anchor forces depend on the staticalbehaviour of the retaining

structure and are not independent actions.

20

Inclined anchors im pose additionalverticalloads upon the re

taining structure.

guide:
25

:
�

8.3.4 groundwater P r̂essureŝ '

In selecting design values for groundwater pressures, long term

observations of groundwater levels in the vicinity of the structure

m ust be considered, unless a reliable drainage system (Section

8.4.3) is installed.

W here the design assum es that drains are installed which

perm anently affect groundwater pressures, provision m ust be m ade for

their m aintenance and effective functioning throughout the life of

the structure.

50

55
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_lc£ apd. W ave Forces

For waterfront structures, ice forces and wave forces are alterna

tives.

I 8.3.5

Ice forces occur in spring when tem peratures increase, due to

expansion of an ice sheet as tem perature rises. The forces depend

guide

5

on:

- the initialtem perature before warm ing begins,

- the rate at which tem perature increases,

- the thickness of the ice.10

W hen an ice floe collides with a structure, the im pact load

depends on the thickness and velocity of the floe and on the com 

pressive strength of the ice. The strength of ice depends on its

salinity and hom ogenity.

Design values for wave forces depend on the clim atic and hydraulic

conditions at the site of the structure.

IS

8.3.6 Traffiĉ J-oadŝ

Design values for traffic loads m ust be selected as described in

chapter 3.

20

W hen designing a retaining structure itis norm ally sufficient to

represent dynam ic actions by static actions of equal m agnitude. W here

crane rails are supported on a retaining wall, however, itis necessary .

to increase the m agnitudes of the static actions.

Im pact loads are norm ally evaluated by considering the energy

absorbed by the structure. For lateralim pacts on retaining walls

itis necessary to consider the increased stiffness exhibited by

the retained soilwhen resisting an im pact on the face of the wall.

guide

25
.

30

8.3.7 lem p_erature .Effect_s

Tem perature differences m ust be considered for walls which rem ain

exposed to the atm osphere during their lifetim e.
35

40



Experience with lock walls indicates that the displacem ent of the walls

of U-shape retaininq structures depends on the seasonal average tem pe

rature rather than on extrem es. These average values m ust be taken

from observations m ade over a period of at least 10 years. Therm al

expansion or contraction m ay cause siqnificant chanqes in strut loads

in braced excavations.

Artificialclim ates (e.g. at boiler houses or cold stores) m ay af

fect the loads to be carried by the retaining wall.

guide;1

:

5
;

8.4 Design and Construction Considerations

8.4.1 Generad refnarj<£ £n_d£si£n £r£nci£les

Alternative types of retaining structure are illustrated in Figure

8.4A. In selecting a retaining structure the following points m ust

be considered;

10

IS

20

25

30
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1 - topography, (Existing slope, cutting or em bankm ent),

- groundwater conditions,

- existing drainage system s,
- shear strength ofthe soilon each side of the wall. (Does

strength vary with tim e, or with m ovem ents ofthe structure ?)

- live loads on the retained ground,

- availability ofbackfillm aterials,

- suitability ofthe existing ground for ground anchors.

5

8.4.2 £r£und__anchors

Ground anchors m ay be tem porary or perm anent elem ents of a retaining

structure. Anchor design m ust take into account allcircum stances

during the foreseeable design life of the anchor. The corrosion

and creep ofperm anent anchors m ust be given special consideration.

10

15
guide: Structures in which perm anent anchors are used are norm ally

: classified as G eotechnical Category 3.

: The load carrying capacity of a prestressed anchor is norm ally

: evaluated from prelim inary tests and from localexperience before

: construction begins. Load tests m ay be carried out in situ on pre-

: stressed anchors as follows:
20

- suitability tests, which indicate the results that should

be obtained from the working anchors. The anchors tested

in this way m ust be identicalto working anchors. The

num ber of tests m ust be stated in the design report,
25

- routine acceptance tests, which check that the anchors

behave at design load as the design report intended. Every

working anchor m ust be tested in this way. ..
30

The design ofwalls retaining soilof m edium or low perm eability

(i.e. silts and clays) m ust assum e that fullhydrostatic pressure

acts behind the wall unless a reliable drainage system is

installed.
35
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1 he drainage system m ust discharge either through weep holes

or through porous land drains and pipes. Piped drainaqe m ust be

located at the bottom of the wall and m ust outfallto sum ps or

sewers. M anholes m ust be provided from which the piped drainage

can be cleaned.5

The quality ofbackfillis an im portant factor for the behaviour of

retaining structures. Suitable procedures for com pacting the back

fillshould be prescribed in the design.

guides

:

:

10

8.5 Earth Pressure

8.5.1 General
C\ Earth pressures which are independent ofthe response of the

system adopted for the calculation m odel are actions. Earth

pressures which depend on that response are not actions (see

section 3.1.2).

The design value of an earth pressure at an ultim ate lim it

state is generally different from its value at a serviceability

lim it state. They are to be calculated from the desiqn values

ofsoilparam eters which are appropriate to the lim itstate

being considered.

Calculations of the m agnitudes and directions of earth pressures

m ust take account of?

IS

20

25 - density of the soil,

- shear strength of the soil,

- friction between wall and soil,

- slope of the ground surface on either side of the wall,

•* the relative m ovem ent ofwall and soilwhich m ay take place.
30

8.5.2 W all̂frictioin

The m obilized wall friction angle, (6), is the angle between the

resultant force on the wall and the norm al to the loaded wall.

35 guide; The angle ofwall friction, (<S), is assessed from the following;

40
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1

- roughness of the wall,
-inclination of the wall and of the ground surface behind the

wall,

-the type ofsoilretained,
- the density (or consistency) of the soilretained,

- the am ount and direction ofthe m ovem ent of the wallrelative

to the soil.

guide

5

£arth_ Pressur_a_at_ Rest

For a horizontal ground surface the earth pressure at rest is the

horizontalstress which exists in the ground before itis displaced

or disturbed. Its m agnitude depends on the effective angle ofinter

nal friction <£' and the stress history of the soil. The cohesion of

the soilm ust not be considered when calculating earth pressure at

rest.

8.5.3
10

IS

W here a rigid wallis prevented from m oving, the earth pressure on

itm ay be assum ed to equal earth pressure at rest.

guide:
:

20

Lim it (active or passive) values of earth pressure are produced when

the strength of the soilis fully m obilised. They are calculated by

considering the appropriate state ofplastic equilibrium of the soil.

The calculation m ust take account of the am ount and direction of the

m ovem ent ofthe wallrelative to the soil.

8.5.4

25

guide For a cantilever wallrotating at its base, Figure 8.5A illustrates

the effect ofwallm ovem ent on the state ofplastic equilibrium and

the direction ofm ovem ent of the wallrelative to the soil.

The m ovem ents m ost com m only required to m obilise active and

passive states of plastic equilibrium in m edium dense and dense

granular soils and in stiffcohesive soils (0,75 < Ic < 1,00) are

given in table 8.1.

30

35
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t

%10

l

%

%

tIS

M OVEM ENT TO M O BILISE

ACTIVE PRESSURE

M OVEM ENT TO M O BILISE

PASSIVE PRESSURE
20 %

displacem ent
:

0o001d2 Arctan 0*002
(at bottom

ofwall)

OeOSd'j Arctan 0*100

(at bottom

ofwall)

5

2

2

25 2 Arctan 0*020

(at top

ofwall)
I

%

t

2 Notess (1) Displacem ents are considered to take place without
rotation*

(2) d^ and d£ are shown on figure 8*5 A
(3) Rotation is considered to take place about a fixed

point at either the top or the bottom of the wall

SO

l
%

i

For very dense granular soils and for very stiffcohesive soils
: (Ic > 1,00) sm aller m ovem ents than those given in table 8.1 are

: required. For loose granular soils and for soft cohesive soils

: larger m ovem ents than those given in table 8.1 are required.

In every case the m ovem ents required to m obilise passive pressure

: are m uch larger than those required to m obilise active pressure.

;35

4

:
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1

8.5.5 M ob_ilize_d _V aduies_a_f Eaxth Pressure
W hen the wallm ovem ents required to m obilise the lim itvalues of

earth pressure willnot occur, or are prevented from occuring, then
interm ediate values m ust be used in design. Their m agnitude depends

upon the am ount ofwallm ovem ent and its direction relative to the

soil.

Ifthe wallis backfilled in layers and the fillis com pacted, an

additionalearth pressure is incurred and m ust be taken into

account.

8.5.6
10

M easurem ents indicate that the additionalearth pressure due to

com paction is reduced when the next layer is placed and com pacted.

W hen backfilling is com plete, the excess pressure acts only on
the upper part ofthe wall, as illustrated in figure 8.5 B.

IS

20

25

20

In seism ic areas the influence ofearthquakes on the behaviour of re

taining structures m ust be taken into account in two ways:
25

1) reduced shear resistance ofbackfilland subsoil,

2) additionalinertia forces that increase the earth pressure

on the retaining structure.

40
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1

The m agnitude ofthe shear resistance reduction m ay be estim ated by

laboratory tests or by use of available param eter studies.

The m agnitude ofthe supplem entary inertia forces m ay be assessed

by using pseudo static analysis.

guide:

:

:

5 :

The characteristic values ofthe horizontalearthquake acceleration

that m ust be considered are given in EC 8.

8.6

The ultim ate lim itstates given in section 8.2 m ust be considered

in the design ofretaining structures.

The type oflim itstate which governs the design depends upon:

10
8.6.1

IS
- type ofretaining structure,

- geom etry ofthe soiland the structure,

- strength ofthe soil,

- groundwater.
20

The lim itstates which m ost com m only govern differenttypes of

retaining structures are given in table 8.2.

guide:

?

:

:

2S %
i ALL RETAINING STRUCTURES G RAVITY RETAINING

STRUCTURES

CANTILEVER W ALLS

:

:
slope stability failure base sliding structural failure

:

30 ? subsurface erosion

by piping______

bearing capacity

failure

lack ofpassive

resistance:

:

35
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l
For gravity retaining structures, itis norm ally perm issible for a

gap to form beneath the foundation. The gap m ay extend from one edge

as far as the centroid of the foundation in plan. Ifno gap is per

m itted, the resultant force of the perm anent actions should pass

within the m iddle third of the foundation.

guide

5

«•
The design m ust take account of the possibility ofsubsurface

erosion by piping.

Piping is ofparticular im portance in the design ofwaterfront

retaining structures and excavations below groundwater level.

guide:10

:

m

For structures which retain cohesive soilor which are founded

on it,two analyses m ust be carried out:

® -

15

- a short term analysis for undrained conditions,

- a long term analysis for the finaldrainage conditions.
«-

8.6.2 Over[all ability

The procedures ofChapter 9 m ust be used to dem onstrate that a slope

stability failure of the soilm ass containing the retaining structure

is sufficiently im probable.

For anchored structures the overallstability of a soilm ass

containing both the wall and the anchor m ust be analysed. This

often has a lower factor ofsafety than other soilm asses.

20

25

Figur 8.6 A illustrates exam ples ofcalculation m odels for loss

ofoverallstability for retaining structures.

guide:

20

1A35

’
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1

The procedures ofChapter 6 m ust be used to dem onstrate that a

foundation failure is sufficiently im probable.

Section 6.5.2 gives procedures for bearing capacity failure.

Section 6.5.3 gives procedures for base sliding.
5

guide: Figur 8.6 B illustrate an exam ple of a calculation m odel for loss

*. ofbearing capacity of subsoil for a retaining structure.

10

IS

q

H20
Q

^̂ a Ĉ l̂̂ulationĴ odel̂for̂ ôss _ofJ3earing

Capacity for Retaining t̂njcture
25

8.6.4 Subsurfa£e_E£os_ion

The design m ust show that failure by subsurface erosion (piping)

willnot occur.

30 Piping m ay occur as shown in Figure 8.6 C. W ater flows through a

granular soil from one side of a retaining structure to the other.

Ifthe exit hydraulic gradient is too high, soilis eroded at the

downstream surface of the soil and a channel is form ed (piping).

The channel causes a local increase in hydraulic gradient and

m ore soilis rem oved. Eventually, a large volum e ofsoilis re

m oved, and foundation failure by subsurface erosion results.

Zones ofdisturbed or m ore perm eable soilnear the downstream

surface can result in localerosion, from which a piping failure

m ay develop.

guide:

:

35
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5
r-'.-K::

I

m6PA

10
of

Lh± 9p£PLaDFS.

To elim inate the possibility that piping willoccur that design

m ust show that the hydraulic gradient at exitwillnot exceed

generally accepted lim it values.

15

The m easures m ost com m only used to ensure that piping does notguide

occur are:
20

- seepage control,

- reduction ofhydraulic gradient,

- protective filters.

25 8.6.5 ctural_F_ai_lu_r8

The design m ust show that no section of the structure willfail.The

design ofstructuralelem ents m ust com ply with the provisions ofthe

appropriate Eurocodes.

SO 8.6.6 Failure due to_Inadequate Passive.Resistance__

The design m ust show that the resistance of the soil in front

of the wall is sufficient to prevent forward m ovem ents of the wall.

W here water flows beneath the wall, see figure 8.6 0, the

effects ofuplift and seepage forces on active passive earth

pressures m ust be considered.
35
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guide; Seepage effects m ay be considered by constructing a flow net, or

; in certain circum stances, by using accepted sim plified m ethods.

5
9

6

strut

10

«
e

9

// \l
/ T \/ i

!/« i
II

IS

#

8.7 Serviceability lim itstate20
8.7.1

The design ofthe retaining structure and support system m ust take

into account the ability of the structure itselfand ofthe nearby

structures to accom odate displacem ent.

9

«
9

25

Displacem ents m ay occur as;guide;«
t«

- settlem ent,

- horizontaldisplacem ent,

- tilting.

:9

:»
30 :

t9

These m ay take place sim ultaneously. The type and am ount of

displacem ent depends upon the foundations provided for the retaining

structure and on the ground conditions.

For cantilever walls and cofferdam s, displacem ents are predom i

nantly horizontal. They m ay be evaluated iteratively by considering

in turn the earth pressure, the displacem ent ofthe structure and

the behaviour of the anchorage.

;

:

:
35 t

9 %
9

s
* :
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2

8.7.2 _VibrAnaly_ses_

The provisions of section 6.6.6 also apply to retaining structures.

5 8.8 Durability

8.8.1 _Con_cr_et_e_p_ur_abi_li_t̂_

The provisions of section 6.7.4 also apply to concrete retaining

structures.

7# 8.8.2 Corrosion

The thickness of the m em bers of the retaining structure and the

quality of the m aterials used m ust be sufficient for the intended

life of the structure:

75 guide: Particular care is required to ensure that:

1) steelsheet piles are ofsufficient thickness and are m ade

of steelof adequate quality,

2) tension m em bers such as anchors have either an adequate

corrosion allowance or a protective coating. For perm anent

anchors, elaborate corrosion protection system s are often

required.

20

Corrosion protection is usually needed for reinforcing steel in

elem ents in bending, such as reinforced concrete sheet piles.25

30

35

40



CHAPTER 9 - EM BANKM ENT'S AND SLOPES1

9.1 Scope

9.2 Lim it States ,

9.3 Actions and Design Situations

9.3.1 Actions

9.3.2 Design Situations

9.3.3 Dead and Live Loads

9.3.4 Hydraulic Forces

9.3.5 Earthquake Effects

9.4 Design and Construction Considerations

9.5 Ultim ate Lim it State 1 A Design

9.5.1 Failure due to Loss ofStability

9.5.2 Failure due to Loss ofBearing Capacity

9.5.3 Failure due to internalErosion

9.5.4 Failure due to Toppling

9.6 Ultim ate Lim it State 1B and Serviceability Lim it State Design

9.7 M onitoring

9.7.1 Slopes

9.7.2 Em bankm ents

5

10

IS

20

25
:

30
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The provisions ofthis chapter principally apply to em bankm ents and

artificially slopes which are not reinforced or supported. They

m ay also apply to em bankm ents and slopes which are reinforced by

vegetation, or artificially by m eans of piles, dowels, soilstabili

sation, lim e colum ns and the like.

The provisions of this chapter m ay apply to unstable natural

slopes (landslides), ifthey are directly influenced, or could be

influenced, by hum an activity.

Slopes which are supported by retaining structures are dealt with

in chapter 8.

The behaviour of slopes and especially of slopes in naturalm ate

rials depends significantly on the geological, m orphological and

ground water conditions of the site.

5

10

IS

9.2 Lim it States

In order to fulfillthe fundam ental reguirem ents for em bankm ents and

slopes ofstability, lim ited deform ation, durability and lim itation

of dam age to nearby structures or services the following lim itstates

m ust be prevented?

20

- Slope stability failure

- Bearing capacity failure of an em bankm ent

- Seepage erosion or piping in a slope in soil

- Toppling failure in hard rocks.

2S

30

- Deform ations of the em bankm ent or slope which cause severe structural

dam age in structures, roads or services sited on or near the em bank

m ent or slope.

35

- Deform ations of the em bankm ent or slope which cause loss of service

ability ofstructures, roads or services sited on or near the

em bankm ent or slope.40



1
W here, for a slope, type 18 or type 2 lim itstates are possible,

prefailure deform ations of the slope m ust be considered. M easurem ents

of slope m ovem ent and their evaluation and interpretation are an

im portant part of this consideration.

5
9.3 Actions and Design Situations

9.3.1 Actions

In selecting the actions for any calculation, the forces and dis

placem ents listed in Section 3.1.2 m ust be considered.

Design values for the actions m ust be derived in accordance with

the principles stated in Section 3.2.
10

9.3.2 D_e£i_qn_Sjit_uat_i_onsi

Itis necessary to derive appropriate design situations which cover

the conditions which can be foreseen during the construction and the

intended life of an em bankm ent or slope, see Section 2.1.

design situation is norm ally considered separately.

The following factors are to be considered when derivinq desiqn

situations for slopes:

IS
Each

20
- construction processes, such as excavation in front ofthe

slope or the placing of an em bankm ent in layers,

- soiland rock properties and their variations in space or tim e,

- pore pressures and their variations,

- variations in loads and in the way they are com bined,

- water levels and their variations,

- water pressures, and changes in pressure caused by the failure

ofdrains, filters or seals, or by floodinq,

- the effect of new structures, which m ay be placed on or near the

em bankm ent or slope after its com pletion,

- the effect of the new slope on existing work,

- earthquakes,

- m eteorological factors such as rain or storm s.

25

30

jg 9.3.3 Dea_d__and_Li_ve. Loads.

In considering the stability of a body ofsoil, its dead weiqht is

to be determ ined from values ofunit weiqht which take into account

the position of the ground water level.

40
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1

Live loads on the ground surface should only be considered if

they act unfavourably on the stability of the em bankm ent or slope.

9.3.4 liyjdrauJLic ®.s

The design free water level in front of the slope and the design

groundwater level, or their com bination, should be chosen from the

available hydrological data to give the m ost adverse conditions

that could occur in the design situation being considered.

5

For water retaining em bankm ents such as dam s or dykes the m ost

adverse hydraulic conditions are norm ally:

- For downstream slopes, steady seepage for the highest

possible upstream water level

-For upstream slopes, rapid drawdown of the retained water

level.

For steady seepage, the phreatic surface in soiland in iso

tropic or lightly anisotropic rock m ay norm ally be represented by

a two dim ensional parabolic surface.

In layered soiland in highly anisotropic rock the phreatic sur

face is not parabolic; its shape depends on the ratio of the

horizontal and verticalperm eabilities.

W here seepage is not steady, for exam ple when rapid drawdown

occurs, the change in the phreatic surface is related approxim ately

to the ratio ofthe drawdown velocity to the coefficient of

perm eability.

10guide:

:

:

IS

:

:

20 :

;

:
25 %

The water pressures (u) should be treated as pressures acting on

the sliding surface.

30 guide: The pore water pressures are norm ally obtained from flow nets.

For gentle slopes itis perm issible, and conservative, to approxi

m ate the water pressure (u) on the slip surface as:

:

:

(9.1)u = hs yw,
35

where

hs is the verticaldistance between slip surface and phreatic surface

yw is the unit weight ofwater
40
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The design of slopes in seism ic areas m ust take account of the

following earthquake actions:

9.3.5

5 - in saturated soilthere m ay be an increase in pore pressure due

to cyclic shearing. This leads to a reduction ofshear resistance

and, in extrem e cases, to liquifaction,

- supplem entary inertia forces act on the sliding soilm ass.

10
The reduction in shear resistance for a given soilcan be estim ated

by m odel laboratory tests or from the relative density of the soil,

based on experience.

Approxim ate values of the supplem entary inertia forces caused by

horizontalaccelerations m ay be obtained by the "pseudostatic m ethod".

In this m ethod an additionalhorizontal force is considered to set

through the centre ofgravity of the soilm ass with a m agnitude of:

guide

15

ah
(9.2)-- W

'A
20

where

ah is horizontal acceleration

g is verticalacceleration due to gravity

W is weight of the sliding m ass.
25

9.4 Design and Construction Considerations

The design of slopes in soilor ruck m ust take account of:

- the geom orpholoqical and qeoloqical conditions of the site and

of the surrounding area including relevant local variations in

bedding, folding and jointing (stratigraphy and tectonics),

30
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- the hydrology of the area, ground water levels m easured over

long periods of tim e, changes in water level at the bottom of

a slope and changes in ground water level at the top af a slope,

- clim atic conditions such as rainfall, sunshine and tem perature.

5

Em bankm ents and slopes m ust be designed and constructed in

accordance with localexperience.

The behaviour ofem bankm ent slopes depends on the quality of fill,

for exam ple, the use of the m aterial and m ethods specified in the

design. Their construction should be carefully controlled in

accordance with the principles given in Chapter 5 and 10.

Slopes should be sealed or planted, or protected artificially,

in order to prevent surface erosion. For slopes with berm s, a drainage

system within the berm m ay be needed in order to prevent surface

erosion.

guides
10

:

:
15 i

%

9.5 Ultim ate Lim itState 1A Design

. 9.5.1

2$. 5.1.1
failure _due tq_Loss of_Stability

£rinci£les. In analysing the stability of a slope itis necessary

to consider allthe types of failure surface which could possible

develop.

Various types of failure surface are illustrated in figure 9.5 a.

The m ass of soilor rock bounded by the failure surface is norm ally

treated as a rigid body, or as several rigid bodies m oving

sim ultaneously. •

guide;
25 i

t

;
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1

5

10

IS F î̂ur_e_9J|5_a^ T.yjgejs j3f_FaiĴ u£e_Surfaces Related ĵo_Loss £f̂SĵabiJJity_

of_S_lop_e_s

8ecause soils deform , actual failure surfaces usually deviate from

the surfaces assum ed for analysis. For slopes in jointed rock the

m aterial above the failure surface is treated as a num ber ofrigid

bodies. The effectof the internalshear forces between these

This procedure is also followed for

slips in soilwhere a com bined slip surface has been located by

observation or m easurem ent.

guide
20

bodies should be considered.

25

In the analysis, the equilibrium ofthe body or bodies bounded by

the failure surface is to be considered. The actions and the shear

strength param eters of the soilare assigned with their design

values. The m ost adverse slip surface is to be found by trial.

For slopes in Geotechnical category 1 and for som e slopes in

Geotechnical category 2, a num erical analysis on overallstability

is not generally necessary. In these cases stability is ensured by

prescriptive m easures.

30
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1

9.5.1.2 ê.ie£t_io_n o.f_Sihe_ar_S_tr_enqth_ P_a_r_am e=te_£S. W hen selectinq the shear

strength param eters for calculating the stability of a slope _in_

£,0£Kithe influence ofpreconsolidation, weathering,

fissuring and sim ilar effects of geologicalhistory ofthe site, of

actual and future tim e effects (such as decrease ofcohesion and creep),

of strain or deform ation effects (such as reduction of angle ofinter

nal friction for large post-peak strains) for each ground layer and

of transient, repeated or vibratory loading should be taken into

account.

In jointed j23£d_r£ck the potential failure surface m ay consist

of a single plane or a com plex path, m ostly following discontinuities

(joints) in the rock m ass, as illustrated in figure 9.5 b. Therefore,

the shear resistance m ust be estim ated taking into account the

orientation, roughness and filling ofthe discontinuities (joints)

and not by using the shear strength ofthe intact rock m ass. Dilation

due to jointroughness and creep should also be taken into account.

5

10

IS

20

a

25

Hard Rock
30

9.5.1.3 jalculation M ethods _fojr S_l£pes_in jgil_ajnd_in Soft__R_ock.

guide: For slopes in seils and soft rocks, which do not exhibit m arked

: strength anisotropy, the sim plified m ethod of slices is recom m ended.

: The basic eguation of this m ethod is:35
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* guide (9.3)r i= r I'd i sin vj. + )_M

where

is the design dead load of a single slice including surcharge,

is the design m om ent about the centre ofrotation of any load

or force not included in (disturbing m om ents are positive),

is the design resisting shear force of a single slice, tangen
tialto the slip surface (including lateralpile resistance),

is the angle between the horizontal and the tangent of the slip

surface at the m iddle line of a slice,

is radius ofthe slip circle.

W i
5 M

Ti

vi
10

v

For slopes in pronouncedly layered soils with considerable variations

ofshear strength, the m ost unsafe potentialslip surface is norm ally

non-circular and passes through the layer with the sm allest shear

strength.

IS

9.5.1.4 Calculation M ethodŝ _fo_r S_lopes_in pointed H_ar_d_R_ock_. In jointed

hard rock, the shape of the slip surface depends on the discon

tinuities. Three types ofslip surfaces, illustrated in Figure

9.5 c, are:

20

- plane surface,

- wedge surface,

- polygonal or circular surface.
25

30

Jj£es_
35

Analyses are to be carried out for two or allof these, ifthe

inform ation obtained about the discontinuities is not sufficient
to indentify the m ost adverse.

40



. For em bankm ents constructed on soft soilthe design m ust ensure that

. the soft soilwillsupport the weight of the em bankm ent with adequate

. safety against bearing capacity failure.

5 guides The bearing capacity analysis m ay be perform ed by use of the

. : principles ofSection 6.5.2.

Ifsteady or tem porary seepage ofwater is possible through a slope

in erodable soil, the desiqn m ust show that the slope willnot fail
or be endangered by internalerosion (piping).

To elim inate the possibility ofpiping, the desiqn m ust show that

the hydraulic gradient at exitwillnot exceed lim it values which

by experience have been proven sufficiently safe,

10

IS

The m easures m ost com m only used to ensure that piping does notguide:

occur are::

:

» seepage control,

- reduction ofhydraulic gradient,

- protective filters.

s
20 %

%

In addition, observations ofthe phreatic surface and ofthe rate

ofseepage should be m ade to check that the slope is perform ing as

intended.25

:
9.5.4 Failure jdue _to__T£P£lirH •

In stiffjointed rock the design m ust show that slope failure by

toppling willnot occur.
30

The conditions for sim ple toppling or toppling com bined with sliding

for a single block not subjected to water pressue are shown on figure

9.5 d.

guide

No sim ple m ethod ofdesigning a m ultiple block system aqainst

topplinq exists. In such cases special consideration and collabo

ration of an experienced specialist in rock m echanics are required.

35
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IS L333Le~.

IPL 3.

9.6 Ultim ate Lim itState 1B and Serviceability Lim itStat

The design m ust show that the expected deform ation of the em bankm ent

or slope under the desiqn actions willnot cause severe structural

dam age (Type 1B Lim it State), or loss ofserviceability (Type 2 Lim it

State) in structures, roads or services sited on or near the

em bankm ent or slope.

20

25
guide: The settlem ent of an em bankm ent on a com pressible soillayer m ay

: t be calculated using the principles ofSection 6.6.3. Special consi-

: deration should be paid to the settlem ent-tim e relationship which

: includes both consolidation and secondary settlem ent. Attention

: should also be paid to the possibility of occurance ofdifferential

: settlem ents.

The analyticaland num erical m ethods available at present do not

: usually provide reliable predictions ofpre-failure deform ation of

: a slope. The use of the finite elem ent m ethod for this purpose is

: lim ited by the difficulty ofevaluating the param eters that govern

: the stress-strain behaviour of the m aterial from the results of

: field or laboratory tests. Therefore, the occurence ofultim ate lim it

: state 18 and serviceability lim itstate should be avoided either:

30
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- by lim iting the m obilized shear strength (flattening the slope)guide:

or:
:

5
- by observing the m ovem ents of the slope and taking action to

control them ifthis proves necessary.

t

For slopes in rock above roads, buildings, trafficed areas, etc

itm ust be ensured that rockfall (abrupt m ovem ents of loosened blocks)

willnot occur or willnot involve the risk of life or cause sub

stantialdam age).

10

9.7 M onitoring

9.7.1 Slopes
The behaviour of a slope m ust be m onitored using appropriate

equipm ent ifeither:

15

-itis not possible to prove by calculation or by prescriptive

m easures that allofthe lim itstates given in section 9.2

willnot occur or
20

- the assum ptions m ade in the calculations are not based on

adequate reliable data.

25
Slopes which require m onitoring willgenerally be classified as

G eotechnical Category 3. A specialist with appropriate knowledge

willnorm ally desiqri the m onitorinq system and willevaluate and

interpret the results obtained. The evaluation and interpretation of

the m easurem ent results is an integral and im portant part of the

supervision activity, described in Chapter 10.
30
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Iguide M onitoring m ay be required where:

- construction activity or precipitation m ay affect a natural slope

or cutting,

- ground water levels or pore pressures in an unstable slope are

m easured so that an effective stress analysis can be carried out,

or checked,

- lateraland verticalm ovem ents of a m oving or sliding soilm ass are

m easured in order to predict further m ovem ents,

- the depth and shape of the sliding surface in a developed slide are

m easured in order to derive the soilstrength param eters and to

design rem edial works, .

- rate of slidning are m easured in order to give warning of im pending

danger. In such cases a rem ote diqitalreadout for the instrum ents

or a rem ote alarm system m ay be appropriate.

5

10

IS

The construction of em bankm ents on very soft im perm eable soilm ust

be m onitored and controlled by m eans ofporepressure m easurem ents

in the softlayers and settlem ent m easurem ents ofthe fill.These

m easurem ents m ust be checked against the results ofthe stability

and settlem ent calculation m ade during the design for each phase

of the construction of the em bankm ent.

20

Em bankm ents on very soft soils are norm ally raised in layers. The

thickness ofthese layers and the speed ofconstruction should be

determ ined during design in order to prevent loss ofstability of

the slopes or bearing capacity of the subsoil during construction.

Calculations of the expected consolidation tim e are unreliable.

The rate ofconsolidation ofthe soft soillayers should therefore be

m easured during construction by m eans of porepressure m easuring

devices and settlem ent stations. As soon as the excess porepressure

have fallen below safe values, which are to be stated in the design

report, the next layer of fillmay be placed. The results of the

settlem ent m easurem ents are to be used as a check on this procedure.

Ifverticaldrains are installed to accelerate the consolidation,

and hence the construction, special care m ust be taken with respect

to the location of the porepressure m easuring devices. They should

be located in the centre of the grid of verticaldrains.

guide
25
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2

10 SUPERVISION O f CONSTRUCT ION

10.1 Purpose and Role of Supervision
5

The purpose of supervision is to guarantee the safety and the quality

ofconstruction.

Supervision m eans the quality control, inspection, m onitoring

and evaluation which are needed to ensure that each lim itstate

is sufficiently im probable.

Supervision includes, but is not lim ited to;
10

- checking the validity ofdesign assum ptions,

- identifying the differences between the actual ground conditions

and those assum ed in the design analyses,

- quality controland inspections to check that construction

is carried out as specified in the design,

- observations and m easurem ents for m onitoring the perform ance

of the structure and its surroundings, during and after con

struction,

- m onitoring the behaviour of the structure during construction,

so as to identify the need for rem edial m easures, alterations

to the construction sequence and the like,

-evaluation of the perform ance of the com pleted structure.

IS

20

25
Supervision should consider the structure and the surrounding

ground. Aspects which are em phasised in this chapter are;

- the characteristics and response of the ground,

- structures in contact with the ground,

- design situations which occur during construction.
30
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10.2 Principles ofSupervision

- Inspection, control, field and laboratory testing durinq

construction and perform ance m onitorinq are necessary parts

of the design and m ust not be separated from it.The designer

m ust be given the opportunity ofinspecting the works at

each stage ofconstruction.

5

- The reliability and levelof supervision during construction

are to be taken into account in the selection ofdesiqn

param eters and factors of safety. Design decisions which are

influenced by the reliability ofsupervision and m onitoring

are to be clearly identified.

10

10.2.1 Planning

A plan of supervision m ust be included in the design report, and

m ust state acceptable lim its for the results to be obtained by

m onitorinq.

The plan m ust specify the type, quality and frequency of super

vision, which m ust be com m ensurate with.

IS

20

- the degree ofuncertainty in the design assum ptions,

- the com plexity ofthe qround conditions,

- the geotechnical category of the structure,

- the feasibility ofm aking desiqn m odifications or of

im plem enting corrective m easures durinq construction.
25

j

10.2.2 _I_nsp£ct_i_on_a£d__C£nt_r_ol

Visual inspection is norm ally the m ost im portant elem ent of

supervision ofconstruction work. Instrum ents m ust be sim ple and

reliable; com plicated apparatus m ust only be used in special

cases.

30

Control tests m ust be carried out by experienced personnel. All

results m ust be evaluated qualitatively. Quantitative evaluations

m ust be m ade wherever possible. Results m ust be m ade available

to the designer before the decisions which are influenced by

them are taken.

35
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The installation and operation of instrum entation m ust be

inspected and supervised by engineers who are fam iliar with

the design requirem ents and with geotechnical problem s. Details

ofthe ground conditions m ust be detected carefully and recorded.

The suitability ofthe construction procedures and the sequence

ofoperations m ust be reviewed against the ground conditions

which are encountered.

Records m ust be m aintained of the following,

5

10
» significant ground features,

- precise sequence ofworks,

- quality ofm aterials,

- deviations from design,

- as-built drawings,

- results ofm easurem ents and oftheir interpretation,

- observations on the physical environm ental conditions etc.

Records oftem porary works m ust also be kept. Interruptions to the

works, and their conditions on recom m encem ent, m ust be recorded.

IS

20
10.2.3 Assessm ent ofResults

1) the design m ust be assessed on basis ofthe results, this

assessm ent m ust include com parison of the predicted behaviour

with the observed perform ance, ifnecessary the design m ust

be re-evaluated,

� 2) the qeotechnical category into which the structure has been

placed m ust be re-assessed during construction. The m ost

adverse conditions which occur during construction m ust be

identified with regard to:

25

30

1) ground conditions,

2) groundwater conditions,

3) actions on the structure,

4) environm ental im pacts and chanqes including landslides and

rockfalls.
35
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guide: 5.e£techni_ca_l_Cat£g£r̂ _ 1_

: The supervision program m e m ay be lim ited to visualinspection,

: rough quality controls and a qualitative assessm ent of the per

: form ance of the structure.

1

ĉjrnicalJ3a,tegory_ _2

Q uantitative controls are norm ally required. The controls should

be the responsibility ofexperienced professionalengineers control

m easurem ents include:

5

- soilproperties,

- pore water pressures,

- settlem ents,

- horizontalm ovem ents.

10

Sets ofm easurem ents are norm ally m ade during each significant

stage ofconstruction, and are com pared with the predicted behaviour

of the structure. The com parisons are norm ally quantitative and

m ade by specialists.

M ore detailed observations are often required, including:

IS

20

- details ofthe ground conditions,

- variations in pore pressures,

- displacem ents.
25

10.3 Ground Conditions

10.3.1

The descriptions and geotechnical properties ofthe soils and rocks

on which the structure is founded m ust be checked durinq con

struction. Deviations from the m aterials and properties assum ed

in the design m ust be reported to the engineer responsible for

the project.

Itis also necessary to check that the m ethods of analysis used

in design are appropriate for the geological structure of the ground,

and for any variations in ground conditions which are encountered.

Indirect evidence of the geotechnical properties of the soil

(for exam ple, pile driving records) m ust be recorded and used

to assist in interpreting the ground conditions.

SO
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1

£e£t£ch_n_i_c_a] C_at._egor_l_

To check the descriptions of the soils and rocks itis necessary to:

guide:

:

1) inspect the site,

2) determ ine the types of soil and rock within the zone of

influence of the structure,

3) record detailed descriptions of the soil and rock exposed

in excavations.

5

:

:

:

10

Itis necessary in addition to check the geotechnical properties

of the soilor rock on which the structure is founded. Additional

site investigation m ay be carried out. Representative sam ples m ay

be recovered and tested to determ ine the index properties, strength

and stiffness.

:

:

:

:
IS

5

ê£t£C_hruc_aI__C_at_eq_or_v 3,
Additional requirem ents m ay include any of the following:t

i

20
1) control surveys, of ground m ovem ents throughout the site and

in the surrounding areas,

2) detailed exam ination ofdetails of the ground conditions

which m ay have im portant consequences for the design,

3) determ ination of soilor rock properties to take account

ofdetails of the ground conditions and of the pattern of

discontinuities,
4) observations and further investigation work which determ ine

the values ofsoilproperties which were estim ated but not

m easured during the design,

5) careful records of unexpected soilconditions, should these

be encountered.

:

:

t
25

:

:

:

:

:
SO

:

:

10.3.2 Groundwater

Fhe groundwater levels, pore pressures and groundwater chem istry

encountered during construction m ust be checked and com pared

with those assum ed in the design. M ore thorough checks are needed

for sites on which significant variations of soiltype and perm ea

bility are known to exist.

35
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G eatechnical_C ate_g£r̂ _ J_

Controls are usually based on previous docum ented experience in

the area or on indirect evidence.

guide

5 Z,
Direct observations are norm ally m ade of the groundwater conditions

ifthese greatly affect either the m ethod of construction or the

perform ance of the structure.

Groundwater flow characteristics and pore pressure regim e are -

as a rule - ascertained by m eans ofpiezom eters. Piezom eters are

often installed before the startof construction operations. This

is necessary in order to establish steady state conditions against

which changes can be m onitored.

Ifpore pressures changes occur during construction which m ay

affect the perform ance of the structure, piezom eter readings will

norm ally continue untilconstruction is com plete, or untilthe pore

pressures dissipate to safe values.

For structures below groundwater levelwhich m ay float, pore

pressures are norm ally m onitored untilthe weight of the structure

is sufficient to rule out the possibility of floating.

The num ber, location and type ofpiezom eters, and the duration

of the m onitoring period are influenced by soilproperties, ground

characteristics and the relevance ofm easured data to the project.

Itis som etim es necessary to installpiezom eters at distances

of up to several hundred m etres from the site as part of the

m onitoring system . The need for this depends on the stratigraphy

and on the pattern of groundwater m ovem ents, and norm ally only

arises in builtup areas.

The effect ofconstruction (including processes such as de

watering, grouting and tunnelling) on the groundwater regim e m ust

be determ ined from piezom eter readings.

Chem ical analysis of circulating water m ust be perform ed when

any part of the perm anent or tem porary works m ay be subject to

chem ical attack or corrosion.

10

15
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25
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1
10.4 Construction Schedule

The m ethod ofconstruction assum ed in the design is stated in the

design report. Site operations m ust be checked for com pliance

with the m ethod assum ed.

Subsequent variations m ust be explicitly and rationally

considered and im plem ented.
5

.̂̂ Etjechnical̂C ât̂ego r̂̂

A form al construction schedule is not norm ally included in the

design docum ents. The selection of the sequence ofconstruction

operations is decided by the contractor.

guidei

10

i

£e°,t£Chnical_C_ateg_or̂ J2

The design docum ents m ay give the sequence of construction envisaged

by the designer. Alternatively the design docum ents m ay state the

sequence ofconstruction is to be decided by the contractor.

;

%

i

IS
i

:

2

For these structures, and in other situations in which the behaviour

ofthe works depends on the construction procedure, the desiqn report

includes the construction schedule envisaged by the designer.

During construction the schedule should be assessed frequently and

m odified ifnecessary to take account oft .

:

%
20

i

i

%

- the actualconditions encountered,

- the purpose and function ofthe structure,

- possible effects on nearby structures and services,

- possible disturbance of the ground or disruption ofgroundwater

flows.

:
25

%
i

:

:

SO
10.5 M onitoring

Construction m ust be supervised as specified in the desiqn. The

perform ance of the structure and of the surrounding ground m ust

be evaluation during and after construction as specified in the

design.
35
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quide: The objects ofm onitoring are:

- to check the validity ofpredictions of perform ance m ade

durinq the design,

- to ensure that the structure willcontinue to perform as

required after com pletion.

5

M onitoring m eans m easurinq the perform ance ofthe structure directly

or indirectly. M easurem ents m ay include the following:

10

- deform ations of the ground affected by the structure,

- values ofactions,

- values ofcontact pressure between soiland structure,

- pore water pressures and their variation with tim e,

- stresses and deform ations (verticalor horizontalm ovem ents or

rotations) in structuralm em bers.

IS

Results of m easurem ents m ay wellbe integrated with qualitative

observations including architectural appearance.

For structures which m ay have an adverse effect on qround

conditions or qroundwater conditions, the possiblity of leakaqe

or of alterations to the pattern of qroundwater flow of fine

grained soils, m ust be taken into account.

20

25 quide: Exam ples of this type of structure are:

-water retaining structures,

- structures intended to controlseepage,

- tunnels,

- large underground structures,

- deep basem ents.

30

Itis always necessary to evaluate and interpret the results which

are obtained. This willnorm ally be done in a quantitative m anner.

The collection of records does not in itselfprovide a sufficient

indication of the safety of the structure.

35
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The m onitoring program m e m ust be carried out in accordance with

the design report. The design report m ust state:

1

1) the object of each set of observations or m easurem ents,

2) the parts of the structure which are to be m onitored and the

stations at which observations are to be m ade,

3) the frequency with which readings are to be taken,

4) the way in which the results are to be used,

5) the range of values within which the results willbe acceptable

6) the period of tim e for which m onitoring is to continue after

construction is com plete,

7) the parties responsible for m aking m easurem ents and observa

tions, for interpreting the results obtained and for m onitoring

the instrum ents.

5

10

15 guide: The length of the post-construction m onitoring period m ay be

altered as a result ofobservations obtained during construction.

The contract for the works should identify the organisation

responsible for each of the elem ents of the m onitoring program m e

given in the design docum ents.

Records of the actual perform ance ofstructures are im portant

to the developm ent of the Geotechnical Engineering. Records of the

perform ance ofstructures in Geotechnical Categories 2 and 3 should

be collected and stored on a nationalbasis. Fulldescriptions of the

ground conditions and of the relevant geotechnical properties of the

soilor rock influenced by the structure should accom pany each record.

For structures in Geotechnical Category 1, evaluation ofperfor

m ance m ay be sim ply qualitative and based on visualinspection.

For structures in Geotechnical Category 2 itis advisable to

undertake, at least, m easurem ents of m ovem ents of selected points

of the structure.

For GC 3 structures, assessm ent ofbehaviour should be based on

m easurem ents ofdisplacem ents, actions, deform ation pattern and on

their extrapolation, when feasible, to the service life of the

structure. Perform ance control m easurem ents should be m ade at inter

vals during construction. The behaviour of the com pleted structure

should be assessed taking in due account the construction sequence

and the associated stress and strain paths of significant soil

elem ents.

:

%

:

:

20 %

:

:

:
25
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i The instrum entation of structures in Geotechnical Categories 2

and 3 should be supervised by experienced geotechnical engineers.

Far structures that m ay adversely im pact on appreciable parts

of the surrounding physical environm ent, and when failure of the

structure m ay endanger hum an lives, m onitoring willnorm ally

continue for m ore than ten years after construction is com plete,

or throughout the life ofthe structure.

guide

5

Check List for Construction Supervision10.6

This chapter sets out the factors which influence the scope of

construction supervision. Their relative im portance willvary

from project to project.

The check which follows contains the m ost im portant construction

controls. Itis not exhaustive. Item s which refer to specific

aspects ofgeotechnical engineering have been reported in previous

chapters of this code.

10

15

General Controls

1. Verification ofground conditions, and of the location and

arrangem ent of the structure.

guide
20

2. Groundwater flow and pore pressure regim e; effects ofdewatering

operations on groundwater table; effectiveness ofm easures taken

to control seepage inflow; internalerosion processes and piping;

chem ical com position ofgroundwater; corrosion potential.
25

3. M ovem ents, yielding, stability ofexcavation walls and base;

tem porary support system s; effects on nearby buildings and

utilities; m easurem ent ofsoilpressures on retaining structures;

m easurem ent ofpore pressure variation conseguent to excavation.
30

4. Safety ofworkm en with the due consideration of geotechnical lim it

states.
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1 W ater Flow and Pore Pressures

5. Adequacy of system to ensure? controlofpore-water pressures m

allaquifers where excess pressures could affect stability of

slopes or base of excavation, including atesian pressure in an

aquifer beneath the excavation; disposal ofwater from dewatering

system s; depression ofgroundwater table throughout entire

excavation to prevent boiling or quick conditions, piping and

disturbance of form ation by construction equipm ent; diversion and

rem oval ofrainfallor other surface waters.

• guide:

5

i

t

1C i

:

Efficient and effective operation ofdewatering system throughout

the entire construction period considering; encrusting ofwell

screens, silting ofwells or sum ps; wear in pum ps; clogging of

pum ps.

6.s
:

IS t

7. Control ofdewatering to avoid disturbance of adjoining structures

or areas; observations ofpiezom etric levels; effectiveness,

operation and m aintenance of recharge system s ifrequired.

s
;

:
20 %

8. Settlem ent of adjoining structures or areass
:

9. Geom etry and effectiveness of subhorizontal borehole drains.:

25 fLelS2FB.a£!PS.

10. Settlem ent at established tim e intervals ofbuildings and other

structures including those due to; effects ofvibrations,

m etastable soils.

Settlem ent observations m ust be referred to a stable benchm ark.

guide:

;

:
30

5

:

11. Lateraldisplacem ent, distorsions expecially those related to:

fills and stockpiles; soilsupported structures, such as buildings

or large tanks; deep excavation channels.

;
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* guide: 12.Piezom etric levels under buildings or in adjoining areas,

* : especially ifdeep drainage or perm anent dewatering system s are

* : installed or ifdeep basem ents are constructed.

13. Deflection or displacem ent of retaining structures considering:

norm al backfill loadings; effects ofstockpiles, fills or other

surface loadings; water pressures.

5

14. Flow m easurem ent from drains

10
15. Special problem s. High tem perature structures such as boilers,

hot ducts, etc.: dessication ofclay or siltsoils; m onitoring of

tem peratures; m ovem ents.

Low tem perature structures, such as cryogenic installations or

refrigerated areas: tem perature m onitoring; freezing ofsoil; frost

heave, displacem ent; effects ofsubsequent thawing.
15

16. W atertightness
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