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ABSTRACT

In Portugal there is, traditionally, a greater canmcwith the design and construction development
phases than with the operating and maintenanceeph@he lack of preventive and planned activities
throughout the years and the systematic postportemetme execution of works due to financial
constraints has led to a profound and widespregrhdation of Lisbon elementary public schools.

A research study is being carried out aiming at deénition and implementation of sustainable
maintenance practices by the Lisbon Municipal CpufBased on a comprehensive survey of
published literature and reports on internatio@alecstudies, a performance maintenance management
model was developed on the basis of this studychviilows for an evaluation and a sustainable
intervention in the Lisbon elementary public scisdaliilt park.

The planned preventive maintenance activities &edstatutory planned preventive activities in five
school facilities were established through inteoratl references and consultation of national
regulations and the opinion of Portuguese constmigroduct manufacturers.

This paper presents a critical analysis of fourdgoce documents, intended to provide facility
managers with planned preventive activities ancteel costs. The analysis revealed that these
documents do not equally address all the constmualements, systems and equipments and outer
spaces. The discrepancies between documents atessiksl, and also the need to modify and adapt
these guidance documents to better address theewmgunts of Portuguese facility managers.
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1 INTRODUCTION

Today the management of public built assets gasigraficant importance owing to their size, social
relevance and the corresponding working, operaltiand maintenance costs. Since it is economically
relevant to the total cost of a building, the atfiwf maintenance management cannot be done in an
improvised and casual way. Currently, initiativesdertaken in this field aim at a sustainable
development, or seek to rationalize and optimizeatailable resources through the implementation
of integrated and cost-effective solutions, allogvam acceptable performance of buildings along its
life cycle as well as its services [OGC 2003, Coi08].

Based on a comprehensive survey of published fiteraand international case studies reports, an
objective and flexible methodology for measuringl avaluating the performance of the building

stock a Maintenance Management Systems (MMS) weslaged and tested in a sample of five

primary schools in Lisbon. The study presents aalyais tool that integrates key performance

indicators on technical, economic and organizatiaspects (Figure 1).
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Figure 1. Methodology for measuring and evaluating the pentorce of the building stock
Maintenance Management Systems. [Raposo 2010]

The planned preventive maintenance activities &edstatutory planned preventive activities were
established through international references antioma regulations consultation and national
manufacturers’ opinion. Four databases, contaimwfigrmation about maintenance activities were
consulted: a French sourcked' maintenance des batiments en 250 fiches prafigaéano 2005], a
Spanish sourceFitxes rehabilitacio of ITeC[ITeC 1991], an English sourceHbusing component
life manual [HAPM 2003] and a North American sourc&le Whitestone facility maintenance and
repair cost reference 2009-201A\bate et al. 2009].

2 GUIDANCE DOCUMENTS INFORMATION

The French bookl‘a maintenance des batiments en 250 fiches prafigéébano 2005] presents
maintenance activities for 9 major groups of butdelements: structure, exterior envelope, roofing
and waterproofing, interior construction, plumbiktiyAC, electrical equipments components, other
electrical installations, basements and other sesvand external works and landscaping. Each sheet
presents the maintenance activities, frequencidsnaintenance ratios, broken down in five levels:
inspection, cleaning and preventive maintenancght liintervention, heavy intervention and
replacement. Lastly, the maintenance activitieseoed by specific legislation, such as fire protacti

or electrical installations are presented, allowmgcomparison of the French and Portuguese
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legislation in these areas. This source was chasen basis for the study, as it presents recent
information (i.e. published in 2005) from a countvith a significant number of similarities in terms
of building construction techniques.

The documentFitxes rehabilitacio of IteCis made available online by the Institut de Tdog@ de

la Construcci6 de Catalunya website [ITeC 1991] @andlivided into three volumes: building
maintenance, services maintenance and urban spedetenance. Even though it is an old document,
its geographical proximity to Portugal and the ov$esimilar building technologies led to the data
available being also analysed.

The building is divided into exterior elements, froovering elements and exterior finishes, windows
and doors, and interior elements, covering thefiies, the interior doors and the sanitary and éitch
equipments. The volume related to facilities inelsidsmoke evacuation installations, ventilation and
waste disposal facilities, HVAC, kitchen facilitiewater supply and sewer facilities, valves, pumps
and pressure groups, electric and lighting systéraasportation facilities, fire protection fadiis

and installations of audio and video. The volumeudfan areas includes: fences and gates, paving
elements, equipments, services and landscaping.

For each element, the sheets contain a list ofrthi&t common anomalies, the maintenance activities
and frequencies and their service life (except dervices installations). The Spanish document
presents three maintenance levels, high (A), med{dMh and low (B), according to specific
environmental exposure or use factors.

In the "Housing component life manual[HAPM 2003], the information is structured intbe seven
following groups of components: floor componentajlvand cladding components, roof components,
doors, windows and ironmongery, mechanical equipmeomponents, electrical equipment
components and external works. In general, eacbpgi® divided into types and sub-types that are
assigned a score corresponding to one of the follpwlasses: A = 35+ years, B = 35 years, C = 30
years, D = 25 years, E = 20 years, F = 15 years,1G years, and H up to 5 years.

The “Whitestone Facility Maintenance and Repair CoseRefce 2009-201Geference [Abatet al.
2009] provides maintenance and repair costs framows sources of information and various types of
North American establishments. This reference wapres the result of 14 years of continual work
from the Whitestone Research Company with seveagblvernment agencies and consulting firms
that work in this area. This collaboration yielddée information needed to calculate the cost of
maintaining a building over its service life, thm@unt and type of resources associated with this
maintenance and the lifespan of the various camstis of the building.

The document uses the North American classificatimtem UNIFORMAT Il (classification of asset
elements), published b&STM - American Society of Testing and Mater[dISTM E1557 2009],
which includes the following items: substructureufidation and basement construction), shell (super
structure, exterior envelope and roofing), integi@interior construction, stairs and interior fimes),
services (lift, plumbing, HVAC, fire protection amdkectrical) and equipment and furnishings.

The data presented refer to maintenance and rapi@iities (M&R) and are divided into: preventive
maintenance (PM), unscheduled maintenance (UM) r@pthcement (R). PM and minor repair
consists on scheduled tasks that sustain a compeierel of service during a prescribed servita li
The UM consists of service calls, emergency respoasd other tasks that cannot be individually
anticipated and replacement consists of componerhaul or major replacement tasks. These tasks
extend a component’s service life, and reset thedde of PM and minor repair tasks. Activities
related to facilities operation, such as landseapimtenance, are not included in this book.
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The book features 72 maintenance profiles for veritypes of facilities and equipment, for a study
period of 50 years, with the costs of maintenancé eepair, per mof building area and as a
percentage of replacement value. An example of iaterance profile of a North American primary
school is given in Figure 2; the school, of 3.7 eight, has a gross internal floor area of 4360 m
built of reinforced concrete, screed, carpet amyMloor tiles and ceilings with plaster finishh&
building has a replacement cost of 7251764 € [Abatd 2009].

Distribution of M& R costs 50-year M & R cost summary
Exterior envelope Annual cost per  Annual cost
Roofing [ Task type SO0year  gross internal as % of
| total cost floor area replacement
Interior construction :l -
Interior finishes ] | lr:el\r/)la%r miner 4044770 € 0.44 € 0.29%
Plumbing ] Unscheduled gos0gs € 0.35€ g
HVAC maintenance 0.22%
Fire protection | Renewal &
Electrical [T replacement 4114134€  175€ 1.13%
Equipment || Total 5963990 € 253€ 1.63%

0% 5% 10% 15% 20% 25% 30% 35%

Figure 2. Maintenance and replacement cost profile for amefgary school. [Abatet al. 2009]

In the current study, information on preventive mb@nance activities was collected, including roaitin
inspections (I), maintenance and cleaning routMg Gnd component replacement (S). In Table 1 a
summary of the collected data and the main appdicdtelds of the model to measure and evaluate
the performance of the building stock Maintenan@lfjement Systems (MMS) are presented.

Table 1.Type of data available in the references listedamlication fields in the research study.
Whitestone Albano HAPM ITeC

Type of information available 2009 2005 2003 1999 Scope

Service life Yes Yes Yes Yes 7l
Factors influencing the service life No No Yes YesSensitivity analysis
Des_crl_pt_lon of maintenance activities and their Yes Yes Yes  Yes o
periodicity
Factors that influence the maintenance activity Yes Yes No No Sensitivity analysis
Human resources _and labour hours per Yes No No No 5
maintenance activity
Data to calculate the maintenance activity cost Yes No No No E
Most frequent anomalies in components and Failure mode&MEA

o No No No Yes
building system (I7)

3 RESULTS AND DISCUSSION

In the five schools studied the exterior envelapenade of double walls with hollow ceramic brick
masonry and thermal insulation and exterior openinigh anodized aluminium frame and colourless
single-pane glass (colourless double-paned glasstanda Faia school) (Figure 3). The walls should
be subject to regular inspections every three yaadsthe windows and doors every six months. The
condition state of the finishing of the frame, aqgi@n and state-setting mechanisms for openings and
fittings, condition of gaskets and mastics andfieaiion of clearance at outlets for water flow shb

be followed [Albano 2005].
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Figure 3.View of school Sdo Bartolomeu (left); Posteriorwief Alto da Faia school (centre); South
view of Alto da Faia (right).

Preventive maintenance of the exterior walls cassistheir cleaning and eventual closing of cracks
and joints, whenever the conservation status ofvilés requires or once every 10 years [Alsttal.
2009]. The exterior walls service life exceeds Barg of the research study, and according to Abate
et al. [2009] it exceeds 75 years, whereas Albano [2@s not mention any period. The outer
openings require a yearly maintenance of hardwapi&acement, lubrication of door locks and joint
replacement. The replacement of windows and daoisdicated every 25 years in Albano [2005],
with replacement of mastics to occur between 10l&ndnd the fittings around 15 years. The HAPM
reference [2003] and Abatet al. [2009] differ in terms of the service life of wiod elements,
offering 35 and 75 years respectively, and the isenlife of exterior doors, 30 and 50 years
respectively.

Roofs are predominantly of sheet steel and revefls¢doof types. The former must be annually
inspected, performing at the same time preventi@mt@nance activities, such as cleaning the surface
and checking the tightness of fasteners; unclogdhey rainwater plumbing and checking the
proximity of tree branches. For the latter, insfmett should be carried out every six months with
maintenance activities to be held annually. Theaietof's service life is 25 years [Albano 2005],
whereas ITeC [1991] makes a distinction betweemdbé&metal covering’s service life (30 years) and
the support structure repair (50 years). The senlile of flat roofs depends primarily on the
conservation status of the layers of support, thérmsulation and waterproofing; Albano [2005]
suggests every 20 years.

Skylights should be inspected annually by verifythg conservation status of the window frames,
glass, gaskets condition and mechanisms for opeaimd) closing the windows. Maintenance
activities, to be held twice a year, consist ofwdiag, lubrication and adjustment of all movingtpar
The rain water drainage system should be inspeatedcleaned every six months, checking the
condition of connections and pipes and all systarfopmance, namely the water flow. Albano
[2005] refers the entire system replacement afieyelars, whereas Abag al. [2009] mentions the
need to replace up to 20% of pipe after 30 yeadgatal replacement after 40 years.

The interior walls are in general made of singlegoperforated ceramic brick masonry (in thicknesses
ranging 0.20 m to 0.35 m) and should be subjedeedular inspections every three years verifying
the opening of cracks, deformations or moisturinstpresence. The replacement of these elements
occurs every 30 years [Albano, 2005]. Ceilingsypsum board are an uncommon solution in school
buildings, appearing occasionally in recent schawolsirculation areas or in the lobbies of entrance
to the classrooms. Annually one should proceed tasaal inspection/maintenance, to check the
aspect and its attachment to the support strucReplacement occurs after 20 years, during which
one should be aware of its possible deformatiorther existence of water originating from the
underlying services.

The interior openings are mostly in wood finishitwsliding doors in the separation between the
classrooms and areas of artistic expression. Clomspections should be performed annually, in
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general verifying all moving elements. Maintenast®uld be held biannually with the lubrication
and adjustment of the moving parts and hardware. sEnvice life of the doors was considered to be
in general 20 years and that of sliding doors & ge

The exterior cladding of the facades’ schools igdpminantly painted plaster. The control
inspections should take place every three yearsckihg the general appearance of walls, in
particular the aspect of painting and the existemfceracks and spots [Albano 2005]. The current
maintenance activities include cleaning stains dirtl in localized areas. ITeC [1991] refers a
periodicity of 15 years for repainting walls andliogs and at 40 years a more in depth intervention
on the plaster must be performed before repainting.

In external walls, ceramic tiles, varnished corerahd wood panels are used less frequently. In
ceramic tiles the superficial appearance of wadisits and the flatness of the surfaces should be
checked. The main maintenance activity consisteleaning surface dirt and efflorescence stains.
The replacement of this type of coating is usualbt considered. Walls in exposed varnished
concrete require regular monitoring at 10 yearsrirals, to determine the need for surface treatment
with waterproofing products, and cleaning maintemaavery 20 years. Normally their replacement is
not considered [ITeC 1999]. Wood panelling demaamalsannual monitoring inspection to check the
surface of condition the panels, the performanciefsupport elements and the integrity of joitits.
should be cleaned periodically [ITeC 1999]. Repfaeet of the support elements occurs around 40
years.

The flooring currently adopted for the classrooméirioleum (in the older schools ceramic or wood
can be found). The inspection of the linoleum fiogris to be done annually (every three years
according to ITeC) focusing on the verificationtbé pavement condition in current areas (flatness)
and localized areas (fixation and mechanical peréorce). Flooring requires periodic cleaning and its
service life varies from 10 [Albano 2005], 18 [200Sitestone] to 20 years [ITeC 1999].

Wood flooring is a solution currently adopted faingnistrative areas and the monitoring inspection
should be held annually, noting the state of caraem of surfaces and signs of moisture. The
application of suitable surface products such asishes or wax is part of cleaning and routine
maintenance. The referred service life of this paaet is 40 years [Albano 2005, Abateal. 2009].
The floor finishing used in wet areas is ceraniigstihat have a service life of 50 years [ITeC 1999
Whitestone 2009]. It is a type of floor finishingat does not require great frequency of inspediign
must be subjected to a weekly cleaning with praglsaited to its surface.

The most common coating for walls and ceilings ainfed plaster. There should be an inspection
every year to verify the existence of cracks oreotdamage and the adherence condition to the
support. For paint coating, the surface appearamgst be verified and as well, the presence of
moisture, dirt stains or detachment of materialifisgt. Washing the surfaces is the appropriate
maintenance procedure to be carried out once 8/ggars. Repainting should occur every 15 years,
including the repair of the support. In wet areas & circulation areas, ceramic wall coating isdis
requiring an annual inspection control of the stefaspect of the wall and cleaning of surface dirt
and efflorescence stains, where necessary.

In Table 2 a summary (extract) is presented of ittiermation collected on different elements
preventive maintenance activities and frequenciestheir impact in the number of intervention in
building (technical performance indicator). The &fio [2005] source was chosen as a basis for the
study and the Whitestone-W [2009], ITeC-I [1999HdtAPM-H [2003] sources were used to assess
the former information.
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4 CONCLUSIONS

The work presented resulted from the need to iigatst the content of information sources in the

area of preventive maintenance planning activitied the potential for its practical implementation.

Currently the information on maintenance activitiesPortugal is still scattered in different study

areas that relate to building elements and comperemd in the various government agencies that
manage building parks.

Table 2. Summary of informatioion preventive maintenance (extract). [Raposo 2010]

Element I M S (years) Number of intervention (58rgke
Exterior envelope
Exterior walls 3y 10y (W) NC I=16; M=5; S=0
Windows 6m ly 25; 35 (H); 75 (W)I=100; M=50; S=2; 1(H); 0(W)
14y 1y(@1) 50() 1=50/12; M=50; S=1 (1)
Doors 6m ly 25; 30 (H); 50 (W)I=100; M=50; S=1(H); 1 (W)
14y 1yl 50() 1=50/12; M=50; S=1 (1)
Mastics - - 10/15 S=5/3
Joinery - - 15 S=3
Joint - - 10 S=5
Roofing
Metal roofing ly 1y (I;H) 25; 30 (l); 40 (W) 1=50; M=50; S=2; 1(I;W)
Flat roof 6m 1y (@A) 20 [=100; M=50; S=2
5y(W) 1y(W) 35(W) =10; M=100; S=1 (W)
Skylights ly 6m 20/30; 40(W) 1=100; M=100; S=2/1; 1 (W)
Rain water drainage 6m 6m 15; 40(W) [=100; M=100; S=3; 1 (W)
Interior construction
Walls 3y 10y (W) 30 I=16; M=5; S=1
Gypsum board ly 2y 20 I=50; M=25; S=2
Interior doors ly 2y 20; 50 (I); 40 (W) 1=50; M=100; S=2; 1 (I;W)
Ironmongery - 5y 10 (W) M=10; S=10 (W)
Sliding interior doors ly 2y 15; 40 (W) I=50; M=25; S=3; 1 (W)
Finishes
Painted wall render 3y 3y 15 (A); 10 (W) 1=16; M=16; S=3; 5 (W)
Ceramic wall cladding ly;5() 20y () NC I=50; 10(); M=2; S=0
Concrete 10y () 20y () NC();75 (W) I=5; M=2; S=0 (I,W)
Wood panelling ly - 30 () I=16; M= -; S=1 (I)
Linoleum flooring ly - 10; 18 (w) I=50; M= -; S=5; 2 (W)
3y() - 20 (I I=16; M= -; S=2
Wood parquet flooring ly 2-5y 40 (A; W) I=50; M=25/10; S=1 (A;W)
Electrical
Fluorescent lighting fixture 1y ly 8-10; 20 (W) I=50; M=50; S=6/5; 2 (W)
Fire protection 1y (Al) 2y;6m 20 I=50; M=25/100 (1); S=1
Fire doors - ly (W) 40 (W) I=-; M=50; S=1 (W)
ly(®* 1y((®  20/30(* I=50; M=50; S=2/1
Fire extinguisher - 5y (W) 12 (W) I= -; M=10; S=4 (W)

(*)Portuguese legislation

In this study it was found that the major mainteseanosts that are incurred over the 50 years of a
building’s service life results from the renewaldamplacement of components and elements at the
end of their service life. This information is radtvays coincident in the different consulted soarce
and can considerably change the results of a ifdeccost analysis. The use of a standardized
reference data for the presentation of maintenasusts (e.g. UNOFORMAT Il or others) is
important step to enable carrying out benchmarkiatipns. For instance, iWhitestongthe North
American reference, [Abatet al. 2009] the item on wall external finishes is in@ddn the exterior
envelope, whereas in Portugal this item would besified in coatings and finishes (both internal an
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external).

In some regulated areas, such as the electricgbragat components or gas installations, Portuguese
legislation is unclear on the type of maintenanciiviies nor their frequency of application. Lifts
fire protection and HVAC systems are subject tocHjmeregulations, recently published, which
require the existence of user manuals and maintenalans.
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