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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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mental, in_fiaison with 150, also take part In the wWork. 1SO colfaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting-,-Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

1 was prepared by Technical Committee ISO/TC 59, Buildings and civil engineering wd
ee SC 14, Design life.

j edition cancels and replaces the first edition (1ISO45686-1:2000), which has been techni
ondense ISO 15686-1 into a more generic process:6f-service life planning and to better reflec
bf ISO 15686.

consists of the following parts, under the general title Buildings and constructed assets — Sel

General principles and framework

Service life prediction procedures

Performance audits and reviews

Life-cycle costing

Procedures for-considering environmental impacts

Performance evaluation for feedback of service life data from practice

Reference service life and service-life estimation
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Part 9:

Guidance on assessment of service-life data [Technical Specification]

Part 10: When to assess functional performance

The following Technical Report is under preparation:

Part 11: Terminology

Service life planning using IFC-based building information monitoring will form the subject of a future
Technical Report (ISO/TR 15686-4).

© 1S0O 2011 — All rights reserved


https://standardsiso.com/api/?name=74d6fc2e5233bbc11cf7de0721f54b92

0

0.1

ISO 15686-1:2011(E)

Introduction

Service life planning

Service life planning is a design process that seeks to ensure that the service life of a building or other
constructed asset will equal or exceed its design life. If required. service life planning can take into account the

life-
mejg
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By flequiring an estimate or prediction of how long each component of a building will last, service |

aids
buil
eng
the

Figu

Cycle cost(s) of the building and its life-cycle environmental impact(s). Service life planning
ns of comparing different building options. During the project delivery phase, to ensure that
ts the functional requirement levels, consideration of different conceptual design solutions’can
pss the impact of design changes on the design life.

part of ISO 15686 is intended primarily, but not exclusively, for the following usger-groups:
building owners and users;

design, construction and facilities management teams;

manufacturers who provide data on long-term performance of building products;

maintainers of buildings;

value appraisers of buildings;

insurers of buildings;

technical auditors of buildings;

developers of building product standdrds;

clients, funders, and sponsors.of buildings.

the making of decisions concerning specifications and design detailing. Also, when the servig
Jing and its components are estimated or predicted, life-cycle cost and maintenance plannin
neering techniques can be applied, reliability and flexibility of use of the building can be inc

ikelihood of earlyyobsolescence can be reduced.

re 1 indicates how the parts of ISO 15686 are intended to relate to each other and their associ

provides a
the design
be used to

ife planning
e life of the
j and value
eased, and

hted topics.
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service life data

@  Under d¢velopment.

Figure 1— Relationships between the parts of ISO 15686 and the service life planning of buildings

0.2 Strueture of ISO 15686

This part ¢f 1SO 15686 "specifies the general principles of service life planning of a building or ather
constructed asset.and presents a framework for undertaking such service life planning. These gerjeral
principles can alSe-be used to make decisions on maintenance and replacement requirements. This paft of
ISO 15686 gerves as a guide to other parts, including general principles to be applied. Together, they proyide
requirements—and guidance on the estimation or prediction of the service life of a huilding's_compaonents,

which contribute to the service life of the building.

ISO 15686-2 specifies principles and procedures that facilitate service life predictions of building components.
It provides a general framework, procedures and requirements for conducting and reporting such studies, but
does not describe specific test methods. It may also be used as a checklist for assessing completed service
life prediction studies.

ISO 15686-3 is concerned with ensuring the effective implementation of service life planning audits and
reviews. It describes the approach and procedures to be applied to pre-briefing, briefing, design, construction
and, where required, the life care management and disposal of buildings to provide reasonable assurance that
measures necessary to achieve a satisfactory performance over time will be implemented.

Vi © 1S0O 2011 — All rights reserved
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ISO/TR 15686-4 is under development and will describe the data required to undertake service life estimation.
This is primarily intended to define the data relating to service life that may be required in computer models.
The formatting of such data for inclusion in calculation of models is expected to be presented in accordance
with ISO 12006 (all parts).

ISO 15686-5 specifies procedures for performing life-cycle cost analyses of buildings and their parts. These
assessments take into account cost or cash flows, i.e. relevant costs (and income and externalities if included
in the agreed scope) arising from acquisition through operation to disposal. This assessment typically includes
a comparison between options or an estimate of future costs at portfolio, project or component level. The
assessment is over an agreed period of analysis, which can be a time frame that is less than the full life-cycle
of the constructed asset.
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15686-6 specifies how to assess, at the design stage, the potential environmental impacts ‘o
gns of a constructed asset. It identifies the interface between environmental life-cycle{asse
ice life planning.

15686-7 provides a generic basis for performance evaluation for feedback ofiservice lifg
ting buildings, including a definition of the terms to be used and the description of how the
prmance can be described and documented to ensure consistency.

15686-8 provides guidance on the provision, selection and formatting ¢f-reference service life
application of these data for the purposes of calculating estimated:.service life using the fac
es not give guidance on how to estimate either the modification parb or the values of factors A
hiven reference in-use conditions and the object-specific in-use-cénditions.

TS 15686-9 gives guidance and provides a framework for the derivation and presentation ¢
ice life data. In response to market demand, manufacturers and producers can develop,
ice life declarations for use in service life planning, according to this part of ISO 15686 and ISC

15686-10 establishes when to specify or verify<functional performance requirements during
pf buildings and building-related facilities and@hen to check the capability of buildings and
t identified requirements using procedures™for establishing scales for setting levels of fun
bssing levels of serviceability for any type-of facility and any gaps that may exist between d
bly profiles.?) 1ISO 15686-10 is applicable-to the use, management, ownership, financing, plann
Lisition, construction, operation, mainteénance, renovation and disposal of buildings and other
pts.

Purpose of ISO 15686

15686 is relevant to-service life planning of new and existing buildings. In existing buildings,
mation will apply principally to the estimation of residual service lives of components that ar¢
ice, and to the selection of components for, and the detailing of, repairs and new work.

informative\@nnexes to this part of ISO 15686 provide supplementary information and illustrat
hods specified in the normative clauses. Differences in climatic conditions and building te
rent parts of the world require separate aspects of service life planning to be developed
imsStances, and to take account of locality and microclimate.
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NOTE 1

The approach to service life planning presented in ISO 15686 is based on documents published by CIB and

RILEM, standards published in the UK, Japan, Canada and the USA, and on practical studies carried out in many
countries.

NOTE 2

In the European Community, the Construction Products Directive includes a requirement that t

he “essential

requirements” of construction products be retained for an “economically reasonable working life”, if necessary by
maintenance.

1)

International Standards for the determination of levels of functionality (demand) and levels of serviceability (supply)
are the responsibilty of ISO/TC 59/SC 3.

© 1S0O 2011 — All rights reserved
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Buildings and constructed assets — Service life planning —

Part 1:
General principles and framework

1 |Scope

Thig part of ISO 15686 identifies and establishes general principles for service life-planning and g systematic
franpework for undertaking service life planning of a planned building or constru¢tien work throughout its life
cycle (or remaining life cycle for existing buildings or construction works).

The| life cycle incorporates initiation, project definition, design, constrdction, commissioning| operation,
maiptenance, refurbishment, replacement, deconstruction and ultimate\disposal, recycling or rg-use of the
asset (or parts thereof), including its components, systems and building'services.

Thig part of ISO 15686 is applicable to the service life planning of/individual buildings.

NOTE A series of service life plans can be used as input data.to the strategic property management offa number of
buildings.

2 |Normative references

The| following referenced documents are (indispensable for the application of this document{ For dated
refefences, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments)_applies.

ISO|6707-1, Building and civil engineering — Vocabulary — Part 1: General terms

3 [Terms and definitions

Forlthe purposes of.this document, the terms and definitions given in ISO 6707-1 and the following|apply.

31
building
congtruetion work that has the provision of shelter for its occupants or contents as one of its majn purposes
and|is_usually enclosed and designed to stand permanently in one place

3.2
constructed asset
anything of value that is constructed or results from construction operations

3.3

design life

DL

intended service life (deprecated)
expected service life (deprecated)
service life intended by the designer

NOTE As stated by the designer to the client to support specification decisions.

© 1S0O 2011 — All rights reserved 1
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3.4
environme

nt

natural, man-made or induced external and internal conditions that can influence performance and use of a
building and its parts

3.5
environme

ntal aspect

element of an organization's activities or products or services that can interact with the environment

[ISO 14001

3.6
environme
any chang

:2004, 3.6]

Ltal impact
b to the environment, whether adverse or beneficial, wholly or partially resulting“from

-

organizatiof's environmental aspects

[ISO 1400112004, 3.7]

3.7

estimated $ervice life

ESL

service life that a building or parts of a building would be expected to have in aset of specific in-use condit
determined|from reference service life data after taking into account any differences from the reference in
conditions

3.8

factor method

modificatior]

3.9
failure

of reference service life by factors to take accountof'the specific in-use conditions

loss of the ability of a building or its parts to perform a.specified function

3.10

in-use con
any circum
under norm

NOTE

3.11

life-cycle ¢

LCC

cost of an g

3.12
life-cycle ¢

q
N

Hition
stance that can impact on the.performance of a building or a constructed asset, or a part the
al use

ee ISO 15686-8.

ost

sset or its, parts throughout its life cycle, while fulfilling its performance requirements

osting

an

ons,
use

eof,

methodology for systematic economic evaluation of life-cycle costs over a period of analysis, as defined in the
agreed scope

3.13

maintenanc

e

combination of all technical and associated administrative actions during the service life to retain a building, or

its parts, in

3.14

a state in which it can perform its required functions

obsolescence
loss of ability of an item to perform satisfactorily due to changes in performance requirements

© 1S0O 2011 — All rights reserved
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3.15

performance

performance in use

qualitative level of a critical property at any point in time considered

3.16
performance characteristic
physical quantity that is related to a critical property

NOTE In some cases, the performance characteristic can the same as the critical property, e.g. gloss.

-1:2011(E)

On the other

hand, if the critical property is strength, for instance, thickness or mass can be utilized as a performance characteristic,

WOrKINg as an indirect measure ot strengtn.

31
performance evaluation
eval|uation of critical properties on the basis of measurement and inspection

31
performance over time
desgription of how a critical property varies with time

3.19
performance requirement

performance criterion

minjmum acceptable level of a critical property

3.2(
predicted service life

seryice life predicted from performance recorded over-time in accordance with the procedure ¢
ISO[15686-2

3.21
refdrence in-use condition
in-upe condition under which the reference-service life data are valid

NOTE 1 See ISO 15686-8.

escribed in

NOTE 2  The reference in-usé ¢onditions can be based upon information gathered through testing or flom recorded

performance and actual service life data of a component.

3.22
refgrence servicedife

RS

seryice life of-a,product, component, assembly or system which is known to be expected under a pj
i.e. p reference set, of in-use conditions and which can form the basis for estimating the servic
other in-use-conditions

articular set,
e life under

3.23

reference service life data
RSL data

information that includes the reference service life and any qualitative or quantitative data describing the

validity of the reference service life
NOTE 1 The RSL data are reported in a data record.

NOTE 2  Typical data describing the validity of the RSL include the description of the component to which i
reference in-use conditions under which it applies, and its quality.

© 1S0O 2011 — All rights reserved
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3.24

service life planning

service life design (deprecated)

design process of preparing the brief and the design for the building and its parts to achieve the design life

NOTE Service life planning can, for example, reduce the costs of building ownership and facilitate maintenance
refurbishment.

3.25
service life

and

period of time after installation during which a facility or its component parts meet or exceed the performance

requiremenfs

4 Service life planning and building design

4.1 General

This clausq gives the objectives of service life planning for a building and presents issues that shoulg
considered|in planning to ensure the adequacy of the service life of the building.

4.2 General principles of service life planning

The key principle of service life planning is to demonstrate that the.sérvice life of a proposed building
exceed the [design life. The following principles should guide the pracéss.

The servicg life plan should provide sufficient evidence to give reasonable assurance that the estim
service life pf a new building on a specific site, operated asspecified in the design brief and with approp
maintenange and replacement, will be at least as long as:thé design life.

Where the design brief places limits on the acceptable-life-cycle cost or environmental impacts of the builg
the estimated service life shall be achieved withinthe specified constraints.

The service life of a building is determined”using available knowledge about the service life of e
component(that is to be used in the building. Service life planning is a process of estimation and/or predid
of future events, and therefore complete accuracy can not be expected.

If the estimated service life of any_component is less than the design life of the building, a decision shoul
made as t¢ how the essentialfunctions are to be maintained adequately (e.g. by replacement or o
maintenange).

Service life [planning should include projections of the needs for, and timing of, maintenance and replacen
activities oyer the life _cycle of the building. The projections will be based on data which should be asseq
for robustngss andreliability, and records of the data sources should be kept.

NOTE 1 ervice life planning provides input to the assessment of life-cycle cost and environmental impact o

be

will

hted
iate

ing,

ach
tion

1l be
ther

hent
sed

the

building over its Tife cycle. LCC methodology is specified in 1SO 15686-5; assessment of environmental impac
specified in 1SO 15686-6; and life-cycle assessment is the subject of ISO 14040. In addition, ISO/TC 59/SC 1
developing further International Standards relating to the sustainability of buildings.

S is
7 is

NOTE 2  Service life planning facilitates the making of decisions regarding value engineering, cost planning,

maintenance planning and replacement cycles.

NOTE 3 Replaceable components include windows, boilers, and air-conditioning units.
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4.3

ISO 15686-

Scope of service life planning

Service life planning should consider the following:

a)

the likely performance of the components of the building within the building life cycle in th
external environment and conditions of occupancy and use;

the life-cycle cost and environmental impact of the building over its life cycle;

operating and maintenance costs;

1:2011(E)

e expected

NOT

maintenance, and operating costs over the life of the building.

NOT
repl
re-u

NOT
choi
serv|
of rg

For
mai
des

4.4

Sen
affe
brie
mofr
preg

Sen
the

Sen
the
sho

the need for repairs, replacements, dismantling, removal, re-use and disposal, and the costs.0

the construction of the whole building, installation of components and the maintenance and 1
of short-life components.

E1 For most clients, service life planning is used to help achieve an advantageous combinatig

E2 Obsolescence inevitably results in waste, since the whole building, or_patts that are still funct
hced. A secondary objective of service life planning is to reduce the likelihood ef-0bsolescence and/or to
5e value of the obsolete building or components.

E 3 If the principles of this part of ISO 15686 are applied to existing buildings and components,

Ces will have been pre-determined, since the building will already<be some way through its service lif
ce life planning would normally be focused on assessing the residual service lives of components and

placements so as to minimize costs.

buildings that are designed to have very long,design lives (e.g. important State building

gn life of the building, it should be possible to\replace, repair or maintain the component.

Service life planning and the design process

ice life planning should be integrated into the building design process, since most design d¢
ct the service life. Service life heeds to be considered from the earliest stages of design, whg

e detail and compared Wwith the required design life identified in the client’s brief, to ensy
icted service life is adéquate.

ice life planning usually requires iterations of the design process to identify the preferred way
berformance atid,maintenance requirements at an acceptable cost.

ice life planning requires access to relevant performance data on components at appropriat
designprocess. The generation and provision of this data are the subject of other parts of IS¢
vn.if) Figure 1.

f each;

eplacement

n of capital,

onal, will be
maximize the

many of the
. Therefore,
brogramming

s), ease of

htenance is likely to determine the service life. Jthe service life of an essential component is Ig¢ss than the

bcisions will
n the client

f is being developed. As the design develops in more detail, the service life will need to be g¢stimated in

re that the

of meeting

e stages of
D 15686, as

The Tinal stage of service Tife planning 1s the communication of results 1o parties who will occupy and maintain
the building so that they are aware of assumptions made about the in-use environment and the maintenance
needed to achieve the estimated service lives of the building’s components.

4.5 Record keeping

The basis for an estimated service life, including the sources and quality of the data used, should be clearly
stated in a written report. The report should also provide a conservative estimate of the uncertainty and the
assumptions underlying the estimations. Further guidance is included in ISO 15686-8. These records may be
required for a subsequent review or audit of the service life planning, as described in ISO 15686-3.

© 1S0O 2011 — All rights reserved
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5 Service life estimation

5.1 Introduction to service life estimation

Estimating the service life of a building is the key task of service life planning. The service lives of the
individual components need to be built up, from the smallest elements, into an estimate for the whole building.
The performance of each component under the expected conditions, including likely failure modes, causes of
loss of serviceability, risk of premature failure and their effects on service life need to be considered. The most
common agents affecting the service life of building materials and components are outlined in Annex A.

Ideally, to predic - rHeree - B O oo
conditions gnd the construction and maintenance regime for the building should all be known. In practice,
data is not [often available and so data on performance in similar conditions will need to be used.(This

guidance o sources of service life data at a component level.

For a build
which may

To be useq
particular g
ISO 15686-

The relatiorn

NOTE [
include pap¢g
Any specific
reference se

5.2 Objective of service life estimation

The objecti

for establishing whether the building can be expected to achieve its design life with adequate reliability.

An estimats

life can be achieved and to guide design decisions.

ng in service, maintenance and replacement schedules may be based on\the service life f
be modified based on the inspected condition according to ISO 15686-7.

for a specific building, the data from these various sources needs 'to be adjusted to suit
esign conditions. This adjustment may be carried out using,the factor method specifie
8, which details the use of service life data.

ship between the various sources of service life data and the factor method is shown in Figure

Data on service lives for components and even buildings might be available to the designer. Such so(
rs in scientific journals, manufacturers' literature and publications from construction research organizat
set of data will generally have been generated undera set of reference conditions and is therefore call
vice life.

e of estimating the service lives of the components of a building is to provide a quantitative b

d service life, together with-an estimate of its uncertainty, is used to demonstrate that the de

rces
ons.
ed a

asis

5ign

5.3 Servjce life prediction procedures

ISO 156862 specifies procedures that facilitate service life predictions of building components. It providés a
general framework,.procedures and requirements for conducting and reporting such studies. It may als¢ be
used as a checklistfor assessing completed service life prediction studies.

Data produpediusing these procedures may be used directly for service life estimation, or may be adju

sted

using the procedures in ISO 15686-8.

5.4 Serv

ice life estimation using reference service lives

A reference service life is the expected service life of a component under a particular set of in-use conditions.
ISO/TS 15686-9 describes the various sources of data that can be used to provide reference service lives.

Reference service life data can rarely be used satisfactorily as found, because the in-use conditions specific to
the design object differ from the in-use conditions used to determine the reference service life. The designer
shall therefore establish what differences there are between the reference service conditions and the
conditions applying to the design object and determine how these will affect the service life.
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ISO 15686-8 details a procedure, known as the factor method, which provides a simple framework for
considering site-specific conditions and adjusting reference service lives to produce estimated service lives for
specific in-use conditions.

5.5 Use of service life data from practical experience

Data from practical performance of components may be used for service life estimation, as described in
ISO 15686-7. This requires a judgement of the comparability between the conditions in which the available
data apply and those to which the component will be exposed in service. Where appropriate, service life data

from practice may be adjusted using the approach specified in ISO 15686-8.

5.6
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Innovative components

vative products can provide superior performance and overcome long-standing problems. For
bstimation of buildings constructed with innovative components, estimates therefore-have to 4
'pretation of the performance of the materials and components in short-term exposure tests. |
procedures according to ISO 15686-2, failure mode and effect analysis (FMEA) and the af
vledge of material science should be used to determine a minimum service life for thg
ponent.

Data quality

quality of service life estimation depends in part on the quality*of the data used to generate the
mation. A possible problem with observations in situ is that agents (e.g. weather conditions) n
rted, or those reported might not be typical, and might netreflect conditions comparable to thg
mponent would be exposed in service. Anecdotal evidence of performance is less reliable th
ence, but might be all that is available. In addition;'selective reporting of data can be encour
mercial interests are involved (e.g. a supplier might report positive, but not negative, expos
to be expected that the situation will improve'avhen criteria are established for the scope arn

to be supplied by manufacturers and others for inclusion in databases, and as computg
vledge systems for service life estimation‘are developed.

Uncertainty and reliability

reliability of service life estimation depends on the quality of the data available and the approp|
Imptions made. Therefore,\it'should be decided early in the service life planning how uncer
mated service life should be taken into account.
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lar items, including buildings and their components. In making service life estimations, the
ibution should’be determined, if possible; otherwise, it should be assumed. Regarding reliabili
estimations, based on accelerated exposure tests, evidence should be sought by investigating
brrelation.between in situ performance and laboratory test results.

to_the number of variables involved and the uncertainties in each, and to the inherent v.
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estimate the service life of a building or its components precisely.
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There will usually be some defects which cause failures to occur very soon after the occupation of a building.
While these “premature defects” do not necessarily lead to wide-scale failure, they should be identified and

corr

NOTE

ected.

intended to function without maintenance for the life of the building.
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Data from testing and
degradation model
ISO 15686-2

Reference service life:
Expected service life under
a defined reference set of
conditions

ISO 15686-8

For further guidance on
production of documented
performance data, see:
SOAS45686-9

Documented
service life data
ISO 15686-7

Under thg¢ same
in-use cohditions,
service life may be

'

estimated directly

Factor method for

.| service life estimation
ISO 15686-8

For the same comporents a
in-use conditions, service life
may be estimated directly frg
data on performance in use

m

Y

Estimated service life

Figure 2 — Approaches to'service life estimation

6 Financial and environmental costs over time

A major regson for planning the servicelife of a building and its components is to facilitate planning of

costs of owpership and to estimate ehvironmental impacts.

Estimating the future cost of cohstructing, operating and maintaining the building gives clients advance nqg
of the costy of ownership, and*allows them to reduce the financial risks of commissioning, purchasing
retaining a building, thereby. assisting their business planning. ISO 15686-5 addresses life-cycle costing.

In addition fo financidl costs, a building and its components may be evaluated for their environmental impa3
ISO 156866 addresses environmental aspects of service life planning.

ISO 15686-6Cand ISO 15686-6 give guidance on setting the boundaries for analysis of life-cycle cost

—

he

tice
or

cts.

and

environmental fimpacts.

Service life information is needed when the maintenance and replacement of components are expected to
happen by undertaking service life planning, as this will trigger costs when they occur and additional
environmental impacts or burdens.

NOTE Monitoring historic costs can provide a basis with which to compare and validate estimated costs, though they
might not be accurate because of technological developments and the introduction of new products.
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7 Obsolescence, adaptability and re-use

7.1 Obsolescence

Replacement due to defective performance needs to be distinguished from obsolescence. Obsolescence
arises when a facility is no longer able to be adapted to satisfy changing requirements. Reliable data for
estimating obsolescence are rarely available, since it tends to result from unexpected changes, often
unrelated to the construction. Estimates of the time to obsolescence should be based on the designer's and
client's experience and, if possible, documented feedback from practice.

1SO-15686-10_establishes the prinhiplnc and gnnnrir- roqniromnnfc for. Hofining and Hofnrminirg levels of

fungtionality and serviceability.

NOTE It might be desirable to consider components based on the likelihood of their becoming) obsolgte within the
design life of the building. Where this is considered probable, owners might wish to include provisions for opsolescence,
i.e. fo allow for easy replacement in conjunction with other planned maintenance activities. The€/iportance ¢f service life
planhing is not reduced, but it then becomes a matter of ensuring that performance remains(acceptable for the reduced
desipn life of the component.

7.2| Types of obsolescence
Obgolescence can be functional, technological or economic. While(replacements can also be made for

reagons of changing fashion or tastes, there is often an economiC reason underlying such rgplacements
(e.g| lettability of the building). Table 1 gives some examples of gach type of obsolescence.

Table 1 — Types of obsolescence and examples

obs-lc-)lllz:c(()afnce Typical occurrence Examples
— Function no longer required — Obsolete industrial process
Functional — Unnecessary facility office partitioning rempved during
remodelling
— Better performance available — Change from vitreous clay to stainless-steel ginks

from modern\alternatives . .
. — Change to open-plan layout in factorigs to allow
Tlechnological

— Changing_pattern of building installation of new plant
use
— New insulation for enhanced thermal performiance
—~ ‘Fully functional but less — Replacement of sectional boilers with conderjsing boilers
efficient

Economic
— More expensive than
alternatives

7.3| AMinimizing obsolescence

Economic obsolescence occurs because maintenance has become unreasonably costly or disruptive, or
because cheaper alternatives to maintenance are available. Maintenance planning, including replacement of
components, should be included in the design stage. ltems to be considered should include those where
access costs are high (e.g. scaffolding is required) or where normal use of the building would have to be
suspended (e.g. replacement of a factory floor).

Refurbishment and upgrading are the major strategies to counter obsolescence. The most efficient designs
will be flexible and allow for changes in future requirements. The risk of obsolescence will be reduced by
designs which permit internal replanning, extensions, changes in service systems, or changes in partitioning
of the building, but at a cost. This can be particularly relevant to offices and particular consideration should be
given to the building frame or structure. Strategies include allowing for different floors to be let separately and
making generous provision for building services, sanitary facilities and fire escape routes.
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7.4 Future use of the building

A building is generally a very durable capital asset. The initial client might only have a limited use for it.

Service life planning can facilitate design to enhance the prospects for future sale or re-use by subseq
owners, thereby increasing the residual value of the building. Extending the service life of the building

uent
and

reducing component maintenance and replacements also contribute to achieving sustainable development
and preservation of scarce resources. Where a building has a service life plan, this will provide detailed

information to assist in planning a change of use.

7.5 Demolition and re-use

In order to| reduce waste and facilitate re-use of materials or components at the end of its service
demolition ¢f a building should be taken into account at the design stage. This might also be a requireme

life,
ht of

national or |ocal building codes covering safety of building work on re-usable or recyclable components wjthin

the building} enabling the client to obtain greater value on disposal.

NOTE atching the component service lives to that of the building reduces the waste atdemolition. Thjs is
particularly important for temporary buildings. Ability to separate the components to leave uncentaminated materigdls is

important forfrecycling.
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Annex A
(informative)

Agents affecting the service life of building components

Table A.1 — Agent categories in terms of nature and class

Nature Class Examples
[Mechanical agents Gravity Snow loads, rainwater loads
Forces and imposed or Ice formation, expansion and contraction, land slip,
restrained deformations creep
Kinetic energy Impacts, sand storm, water, hammer
Vibrations and noises Tunnelling, vibration fromtraffic or domestic
appliances
F-lectromagnetic Radiation Solar or ultraviolet radiation, radioactive radiation
pgents Electricity Electrolytic reactions, lightning
Magnetism Magnetig, fields
Thermal agents Extreme levels or fast alterations | Heat)\frost, thermal shock, fire
of temperature
Chemical agents Water and solvents Air humidity, ground water, alcohol
Oxidizing agents Oxygen, disinfectant, bleach
Reducing agents Sulphides, ammonia, agents of combustion
Acids Carbonic acid, bird droppings, vinegar
Alkalis (bases) Lime, hydroxides
Salts Nitrates, phosphates, chlorides
Chemically'neutral Limestone, fat, oil, ink
Biological agents Vegetable and microbial Bacteria, moulds, fungi, roots
Animal Rodents, termites, worms, birds.
NOTE This table-is*taken from ISO 6241, which has additional examples. Note that the agents are classified acfording to
heir nature. In geferal, external to the building, the origin of agents is the atmosphere or the ground, whereas intgrnally the
prigin is either o€cupancy or design and installations.
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Annex B
(informative)

Service life planning in the design process

B.1 General

Service life

the design feam should be aware of the performance requirements in relation to service life at the outset.

B.2 The

Decisions
environmen

to be met i planning the service life of the building should be established. Decisions should be made on

following:

a) the des

b) minimy

c) compo
These deci
process. Th
building.

B.3 Envi

Because th
required to
its compon

specific. Apnex A contains_@list of environmental agents which can cause degradation. More detz

guidance i
concentrati
through fre

spray).

Normally, g

planning should be integrated into the design process from the start of the project. All membe

brief

ritical to the service life of a building begin with the drafting of thesbrief. At this stage,
t of the building and other local conditions should be identified and the-fundamental requirem

ign life of the building;
m functional performance criteria for each component over the building's design life;
nents that must be repairable, maintainable, or replaceable within the design life of the building

sions should normally be made by the clienf~and the designer at an early stage in the brie
e client should, as far as possible, provideywell-defined and comprehensive requirements for

ronmental characterization

e environment within ahd “around each building is unique, environmental characterizatio
determine which agentsyare likely to have detrimental effects on the service life of the building
ents. Depending on (its criticality, the characterization can be at a general level or it can be n

5 provided inNSO 15686-2. Data that should be sought includes the average intensity

bn of each degradation agent, and the frequency of cycling between states (e.g. from wet to dr
bzing points, or from maximum to minimum daily temperatures, or intermittent exposures to

nvisonmental characterization need only be undertaken once for each project. Locations

different m

CTo-envIiTOMTENtS Shoutd—beconsideredseparatety. tdentifying—thesetocations—wittdepemo

s of

the

bnts

the

fing
the

n is
and
hore
iled

or
, or
salt

with
on

which agents are relevant to each. The following list, while not complete, gives examples of the types of
location which might need separate consideration:

specific locations: the exterior of the building envelope, semi-sheltered internal locations, and areas on

tall buildings subject to meso-environmental variations such as increased exposure to water and
pollutants and to wind-driven rain;

12

locations with ground contact: areas exposed to ground water or to soil agents;

locations subject to heavy use: communal internal areas, refuse collection points;
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— locations subject to unusual agents: areas exposed to blood, oil, phenols, chlorides, milk, acids, or other
aggressive agents, including emissions from local industrial processes (e.g. nitrogen oxides and sulphur
dioxide);

— locations subject to condensation: sub-floor voids, window reveals, and roof voids;

— locations subject to wetting: kitchens, bathrooms, laundry rooms, and pools;

— locations subject to aggressive maintenance: de-icing, bleaches, and graffiti removal;

— locations with special uses: operating theatres, hospital wards, and corridors;

— |locations where maintenance will be unlikely: high-level, inaccessible, and confined areas.

NOTE For many buildings, one external assessment and two internal assessments (for dryyand’wet areas) can be
suffifient.

B.4 Conceptual and initial design
In making initial design choices, professional judgement and expertise are required to check that:

a) |the design life of the building is achievable within the project constraints (e.g. budget, time, performance,
maintenance requirements, site-specific issues, and environmental impact);

b) |the design meets the performance requirements defined in the brief (e.g. for non-eplaceable
components);

c) |allowance has been made for maintenance, repair, replacement, or upgrading of critical components to
avoid undue disruption to the use of the building.

If tHese conditions are not met, it should be<decided whether one or both of the brief and the initial design
shopld be modified.

NOTE Building codes might require inaccessible components to have service lives at least as long as the design life
of thee building.

B.§ Detailed design

Detailed design includes selection of components. Choices might be limited by the components avgilable. The
prog¢ess of proposing a component, checking its estimated performance against the brief and amending
selgctions, if required, should be repeated until the requirements of the brief can be met.

Components>should be assessed for compliance with performance requirements, recognizing that the
performance of each component will deteriorate at a rate depending on:

a) theenvironmert;
b) the design of the building and the installation detailing of the component;
c) the quality of site work;

d) the materials of which the components are made and their reactions at interfaces with dissimilar
materials;

e) maintenance;

f) usage.

© 1SO 2011 — All rights reserved 13
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Communication between the designer and component suppliers will help identify which degradation agents
are relevant and which, if any, components are suitable. Component suppliers should be given as much
information about the intended end use as possible.

Responsibility for avoidance of interfaces between incompatible materials and components should be clearly
identified as it is critical to performance. The design of the building determines the environment for each
component considered, with the neighbouring materials being part of its environment (see 1ISO 6241 for further
details). However, specific references to interfaces are made throughout this part of ISO 15686 as their effects

are sometimes overlooked in assessing component performance.

B.6 Spegification

B.6.1 General

The specififation includes the designation of appropriate components and installation détails; it may plso
require tha{ techniques such as value engineering or life-cycle costing be used to support decisions. [The
specification should state minimum performance criteria. In B.6.2 to B.6.4, important'isSues that shoulq be
addressed In service life planning are described.

NOTE The specification concerns many aspects of the performance of a building.and its components other than
service life. Guidance on reviewing and auditing service life plans and associated spgcifications is given in ISO 1568643.
B.6.2 Insfallation detailing

Where pradtical, installation detailing and interfacial environments;should be adjusted by design to extend the
service live$ of components by providing protection against agents of degradation and their effects.

NOTE $ome protective strategies are the provision of overhanging projections, site-applied coatings, the remowval of
aggressive agents in the ground, isolation layers, and ventilation.

B.6.3 Selgction of components

Components vary in their reactions with agents of degradation and some materials might be seen tqg be
unsuitable pn initial consideration withaut further evaluation. Recognizing that suitable data might nof be
available fgr all relevant agents (as.\described in 1SO 15686-8), test data for use in identifying suithble
materials should be sought from mahufacturers and others. For this purpose, manufacturers should be
provided with details of the performance requirements (as described in B.8) and agents in the Ipcal
environmerlt. Manufacturers should also be asked for information on maintenance requirements of candigate
component$. Moreover, consideration should be given to whether certain component designs will reduce the
effects of agents (e.g. by)incorporating sacrificial or protective layers) or aggravate them (e.g. by permifting
contact betyveen incompatible materials).

EXAMPLE Macro-environment-level consideration of a project might indicate that the most aggressive local aggnt is
the salt sprdy in“\a'marine environment. Readily available test data might indicate that lightly galvanized mild steel is
unsuitable w still
include the p nore

research or testing that takes account of other |

To achieve a balance between the use of familiar components, whose performance is known through test data
or experience or both, and innovative ones which, in spite of a lack of service life data, appear likely to
achieve better performance, a designer should seek assistance from a materials expert.

B.6.4 Site work

In service life planning, a particular margin of error should be allowed to account for the occurrence of less-
than-perfect conditions on the work site. If factors such as the local environmental conditions during
construction, or the materials being used, or the levels of workmanship do not meet the manufacturer's
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recommendations, or do not comply with code requirements, or fail to meet the specifications in any way, it
should be decided whether the required service life can still be met. If it cannot, corrective action should be
taken to prevent inadequate performance.

If it is judged that it might be difficult to achieve the specified conditions needed for construction on site
(e.g. for the moving of materials, or construction with small tolerances, or application of coatings and sealants),
consideration should be given to moving fabrication from the work site to a factory, or using components that

are

NOTE

more familiar and more tolerant of adverse installation conditions, or both.

some or all of the benefits of service life planning.

No matter how good the design, unauthorized alterations or substitutions made on-site can result in loss of

B.7
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Maintenance plan

In tIis part of ISO 15686, maintenance is defined broadly to include cyclical mainteénance (such

coration), reactive condition-based maintenance (repairs to correct defective-performance
rbishment. Planning the service life of a building should include productien”_of a schedule

hcement of components. The schedule can also include likely dates fer major refurbishm
hcement of subsidiary parts of assemblies (such as door and window hardware, glazing and w

components. Apart from its use in the scheduling of maintenance adctivities, it is needed for ra
aintenance costs.

communicated to the client and the user. The schedule.will help those responsible for mair
ing them aware of operations and cyclical maintenance that were anticipated at the desi
Ild also alert them to agents (e.g. cleaning agents)that were not anticipated by the designer. |
them plan maintenance costs, with some provision being made for unforeseen costs.

htenance activities that can be reasonably anticipated, and which should be taken into account
service life of a building, include the following:

change of interior finishes (including decorative finishes and, for example, retiling of k
bathrooms);

removal or rearrangement'of)partitioning (particularly in offices);

replacement of roof-coverings (the likelihood of this will vary with the design life of the build
type of covering);

changes to,{or*replacement of, electrical, plumbing, and other service installations (thesg
probable formost types of building);

alterations to below-ground drainage (these are relatively rare and normally occur following e
change of use);

as regular
and major
bf dates for
ent and for
ndow seals,

roof flashings). Service life planning requires knowledge of the service life of each componpent and its

ionalization

estimated service lives of components, and the scheduleXor their maintenance and replacenment, should

tenance by
jn stage. It
t might also

in planning

tchens and

ing and the

are highly

tensions or

f)

partial removal or replacement of load-bearing elements (normally during refurbishment or
use).

changes of

Assumptions made in service life planning should be recorded for future reference. Estimates of service lives

can

be invalidated by changes in activities that take place during the life of a building.

NOTE 1 Estimation of maintenance costs is dealt with as part of life-cycle costing in ISO 15686-5.

NOTE 2

safety.
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B.8 Performance requirements and acceptability

B.8.1 Permanent, replaceable or maintainable construction
Buildings and their components should be identified as being either replaceable or permanent.

Table B.1 is an example of minimum design lives of components for particular design lives of buildings, based
on accessibility for maintenance. The figures can be used as a starting point for discussions about appropriate
design lives; they should not inhibit choice of design lives for economic reasons (e.g. to match replacement
cycles to the design life of the building, or to seek alternatives where components with the suggested

NOTE 1 Building components will often need replacement or maintenance during the service life of the whale, building.
It can be upeconomic, or impossible, or not functionally desirable, to require all components to retain accepfable
performance| without maintenance for a typical building with a design life of many years. The most likely 'exceptiong are
structural components or assemblies (such as foundations, frames or embedded fixings), which are so.disruptive to repair
or replace tHat their failure can trigger replacement of the building. The feasibility of safely demolishing the building or
component gnd disposing of waste might also be relevant.

NOTE 2 for temporary buildings, it is generally desirable to match the design lives of components to that of the whole
building. Eage of disassembly will aid recycling or re-use. Buildings with very long design lives might need continual r¢pair
and replacerpent to achieve their design lives. Thus, ease of disassembly and reassembly to retain the existing building
fabric might lbe a design objective, together with ease of repair.

Table B.1 — Suggested minimum design lives for. components (DLC)

Depanile | orsiucural | ropacamentis | Welreplcesbe | Buldng
components expensive or difficult®
Unlimited Unlimited 100 40 25

150 150 100 40 25
100 100 100 40 25
60 60 60 40 25
25 25 25 25 25
15 15 15 15 15
10 10 10 10 10

NOTH 1 Easily replaced'Components may have design lives of three to six years.

NOTH 2 An unlimited-design life should rarely be used as it significantly reduces design options.

@ Ipcluding below-ground drainage.

B.8.2 Perfermancelimited-by-degradation

For service life planning, the service life of a building is limited by the degradation of non-replaceable
components or the degradation of replaceable or maintainable components, or both, when replacement or
maintenance results in unacceptable costs, safety issues, or disruption of use. Maintenance (including
replacement of components) is the major strategy to counter degradation, but replacement of poorly
performing replaceable components should be considered if repair is not economically justifiable.

Service life planning can only address foreseeable changes. Since service life planning is concerned with
foreseeable risks, it is not applicable to the estimation of obsolescence (see Clause 7) or to defective
performance resulting from unforeseeable events or processes.
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