INTERNATIONAL ISO
STANDARD 15686-2

Second edition
2012-06-01

Buildings and constructed assets +—
Service life planning —

Part 2:
Service life prediction procedures

Batiments et biens immobitiers construits — Conception premant en
compte la durée de vie =<

Partie 2: Procédures pour la prévision de la durée de vie

— Reference number
=7 N— ISO 15686-2:2012(E)

©180 2012


https://standardsiso.com/api/?name=672168a4155e8cb78338fb148e47b537

ISO 15686-2:2012(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2012

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or ISO’s
member body in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20

Tel. + 412274901 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2012 — All rights reserved


https://standardsiso.com/api/?name=672168a4155e8cb78338fb148e47b537

ISO 15686-2:2012(E)

Contents Page
Lo oY T o T o iv
0 e Y 11 T2 4 T ) o TSRS \'
1 T o7 oo - 1
2 NOIMALIVE FEFEIENCES ...ttt ettt ettt ea e e s e en et et et e e e s e 1
3 Terms, definitions and abbreviated terms ..................o.co e 1
3.1 Terms and definitioNs. ... ... ettt 1
3.2 Abbreviated terms . e o e 3
4 Methodology ..o e e 4
41 Brief description of service life prediction (SLP) ... fecc 4
4.2 Connection to ISO 15686-1 and ISO 15686-8 ................c.ccoceeiiiiiiciiiieiececeeciece sy b e 4
5 Methodological framework ................coooiiiiiiiie e Cpada e 6
5.1 Range of SLP and problem description ... VO e 6
5.2 Preparation...... ... e | 7
5.3 Pre-testing ...t ettt 9
5.4 Ageing exposure ProgramimMes .............coccooeieiriiieieeeeneearessnerses e Noessas st e 10
5.5 Analysis and interpretation ... L b 12
5.6 A complementary approach: the failure mode and effect.analysis (FMEA)............ccc... oo 13
6 Critical reVIieW ... 14
6.1 General description of critical review ... SN 14
6.2 Needs and requirements for critical review ....... ... e 14
6.3 Process of critical review ... O e e 14
7 LR o o] 5 T o [ PPN SRS 14
Annex A (informative) Guidance on process of SLP.................coooiiiiiiiceeeee e 17
Bibliography ... e ettt ettt 24
© IS0 2012 — All rights reserved iii


https://standardsiso.com/api/?name=672168a4155e8cb78338fb148e47b537

ISO 15686-2:2012(E)

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
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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Introduction

The ISO 15686 series on buildings and constructed assets, including service life planning, is an essential
contribution to the development of a policy for design life. A major impetus for the preparation of the ISO 15686
series is the current concern over the industry’s inability to predict costs of ownership and maintenance of
buildings. A secondary objective of service life planning is to reduce the likelihood of obsolescence and/or to
maximize the re-use value of the obsolete building components.

The purpose of this part of ISO 15686 is to describe the principles of service life prediction (SLP) of building
components and thelr behawour when mcorporated mto a bqumg or constructlon works considering various
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ponents, and is meant to serve as a guide to all kinds of prediction processes The methedol
J in the planning of SLP studies regarding new and innovative components, whose perform
vn, or may be the guiding document in the assessment of already performed investigations
Faise their value as knowledge bases for SLP and reveal where complementary studi€s are ne

part of ISO 15686 is intended primarily for

manufacturers who wish to provide data on in-use performance of their products,
test houses, technical approval organizations, etc.,

those who develop or draft product standards, and

users who may not be directly involved in making service\life predictions, but who use them
reference service lives, within audits or reviews of servicedifeplanning, as information in environmg
declarations (EPDs), as inputs to service life prediction@f assets and facilities in life-cycle costing

E For this part of ISO 15686 to be used for servicg,life evaluation at the scale of complex products 9
nstruction works, a guidance document could be nécessary.
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an improved understanding of the context(of this part of ISO 15686, it is useful to read the other parts, in
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]i::ular ISO 15686-1, which is the umbrella document of the ISO 15686 series.

obtained in accordance with the methodology described in this part of ISO 15686 can be used in
re appropriate, and specifically to obtain reference or estimated service life data as described in I

jictions can be based on gvidence from previous use, on comparisons with the known service |
ponents, on tests of degradation in specific conditions or on a combination of these. Ideally,
be given in terms of/the’service life as a function of the in-use condition. In any case, the def
service life on thegdn=Use condition will be quantified in a suitable way. The reliability of the predi
pf a component (RSLC) will depend on the evidence it is based on.

ter

methods.described in the ISO 15686 series are based on work carried out in many countries.

S, they are’ a development of the current standards on durability published by the Architectd

any context
0O 15686-8.
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TC 71 PSL and TC 100-TSL It also results from the work carned out in the CIB2) WO8O

1)
2)

The International Union of Testing and Research Laboratories for Materials and Structures.

International Council for Building Research, Studies and Documentation.

© 1SO 2012 — All rights reserved

dlby RILEMD


https://standardsiso.com/api/?name=672168a4155e8cb78338fb148e47b537



https://standardsiso.com/api/?name=672168a4155e8cb78338fb148e47b537

INTERNATIONAL STANDARD

ISO 15686-2:2012(E)

Buildings and constructed assets — Service life planning —

Part 2:
Service life prediction procedures
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3.1

For
folld

Scope

part of ISO 15686 describes procedures that facilitate service life predictions of building c
bd on technical and functional performance. It provides a general framework, pringiples and re
onducting and reporting such studies.

pes not cover limitation of service life due to obsolescence or other non*measurable or un
ormance states.

Normative references

following referenced documents are indispensable for the“vapplication of this document
rences, only the edition cited applies. For undated referen¢es, the latest edition of the reference
uding any amendments) applies.

6241:1984, Performance standards in building — Prineiples for their preparation and factors to be
6707-1, Building and civil engineering — Vocabulary — Part 1: General terms
15686-1, Buildings and constructed assets<— Service life planning— Part 1: General principles an

15686-7, Buildings and constructed.assets — Service life planning — Part 7: Performance e
back of service life data from practice

15686-8, Buildings and constructed assets — Service-life planning — Part 8: Reference ser
ice-life estimation

Terms, definitions and abbreviated terms

Terms and definitions

wing apply.

bmponents,
quirements

predictable

For dated
d document

considered

) framework

aluation for

ice life and

the purposes of this document, the terms and definitions given in ISO 6707-1, ISO 15686-1 and the

341.

accelerated short-term exposure
short-term exposure (3.1.19) in which the agent intensity (3.1.5) is raised above the levels expected in service

31.2

age

ing

degradation due to long-term influence of agents (3.1.4) related to use

313

age

ing exposure

procedure in which a product is exposed to agents (3.1.4) believed or known to cause ageing for the purpose
of undertaking/initiating a service life prediction (3.1.18) or comparison of relative performance
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314
agent

whatever acts on a building or its parts to adversely affect its performance

EXAMPLE

315

Person, water, load, heat.

agent intensity

measure of

NOTE
the require
concentratio

3.1.6
componen
product ma

[ISO 67071
347

degradatign

process wh
NOTE F
[ISO 15686

3.1.8

degradatign indicator

deficiency V

EXAMPLE
mass (or thig

31.9
dose-resp(

function thgt relates the dose(s) of a degradation (3.1.7) agent (3.1.4) to a degradation indicator (3.1.8)

3.1.10
inspection
performang

the extent to or level at which an agent (3.1.4) is present

nts for o measUre, Le_not nnly to 1\ radiation and rain infnncif.\ll, oic ; but also to relative humirﬁfy’

In this part of ISO 15686, the term “agent intensity” refers figuratively to any quantity that conforms to

SO2

n, freeze—thaw rate and mechanical pressure, etc.

It
hufactured as a distinct unit to serve a specific function or functions

:2004, definition 6.1.3]

ereby an action on an item causes a deterioration of one or more properties
roperties affected can be, for example, physical, mechanical or elegtrical.

-8:2008, definition 3.4]

vhich shows when a performance characteristic' (3.1.14) fails to conform to a requirement

When gloss is a performance characteristic;gloss loss is the corresponding degradation indicator. W
kness) is a performance characteristic, mass 10ss is the corresponding degradation indicator.

bnse function

of buildings
e evaluation or assessment of residual service life of building parts in existing buildings

311

in-use conditi

3112
long-term

hen

reof

ageing exposure (3.1.3) under in-use conditions (3.1.11) and with a duration of the same order as the service
life anticipated

3113

mechanism
process causing change over time in the composition or microstructure of a component or material that can
cause degradation

© 1SO 2012 — All rights reserved
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3114
performance characteristic
physical quantity that is a measure of a critical property

EXAMPLE

A performance characteristic can be the same as the critical property, for instance reflectance. On the

other hand, if the critical property is strength, then thickness or mass can in certain cases be utilized as a performance
characteristic.

3115
performance requirement
performance criterion

mln LA LA auucptab:c :UVU: Uf A Ul Itl\la: PIU}JUI ty

3.1.16

preglicted service life

serVice life predicted from recorded performance over time
EXAMPLE As found in service life models or ageing tests.
3197

preglicted service life distribution

prolhability distribution function of the predicted service life (3.1.16)

31.
ser
SLHF
gen
of th

34.

ag

NOT
servi

341.
tern

8
Vice life prediction

eric methodology which, for a particular or any appropriate performance requirement, facilitates
e service life distribution of a building or its parts for the;use in a particular or in any appropriate ¢

9

sh;rt-term exposure

ng exposure (3.1.3) with a duration considérably shorter than the service life anticipated

E Aterm sometimes used and related to-this type of exposure programme is “predictive service life test
ce life test is a combination of a specifically-designed short-term exposure and a performance evaluation

PO
ninal critical property

<n an established set of critical-properties for a building or a part> critical property that first fails

the
31.

P1

time accelerationdactor

nuni

ber or function-used to transform the results of ageing of a component(s) derived from accele

ternp exposure~festing to a predicted service life or predicted service life distribution

A prediction
nvironment

. Apredictive
procedure.

to maintain

corresponding performance requirement when subjected to exposure in a particular service efivironment

rated short-

3.2| Abbreviated terms

ESLC estimated service fife of a component

PSLDC predicted service life distribution of a component
PSLC predicted service life of a component

RSLC reference service life of a component

SLP service life prediction
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4 Methodology

4.1

Brief description of service life prediction (SLP)

The methodology described is intended to be generic and aims, for a particular or any appropriate set of
performance requirements, to facilitate a service life prediction (SLP) of any kind of building component for use

in a particular, or range of, in-service environment(s).

NOTE In practice, an SLP is usually restricted to covering a few typical service environments or a single reference
environment complemented by an analysis on the sensitivity of intensity variations of degradation agents.

The term “grediction” of an SLP study refers to one of four ways, or any combination of these, to assesq the
service life,|as follows:

— speedipg-up of the time dimension (at accelerated short-term exposures);

— interpojation/extrapolation using data of similar components;

— interpojation/extrapolation using data from similar service environments;

— extrapglation in the time dimension (at short-term in-use exposures).

The systematic approach or methodology for the SLP of building compdnents described includes|the
identificatiop of necessary information, the selection or development of testpfocedures (exposure programmes
and evaluafion methods), testing, interpretation of data, and reporting_ofresults. The essential steps i an
SLP procegs are outlined in Figure 1. The methodology employs an.iterative research or decision-making
process which enables improved predictions to be made as the base of knowledge grows, as illustratedl by
the outerm¢st loop in Figure 1. It is often not necessary to perform every step, for instance the pre-tegting
procedure ¢an often be excluded or shortened due to already~available knowledge of the component under

study. Whil¢ not illustrated, sub-loops between steps withig-a cycle may be necessary. Normally, the ser

life for a pa
of a compo
The PSLD(
costly tests

The choice
depends on
cases, the g
scheduled

suggest a 1
margin is rg
cases, thou
applicable {

See also A

rticular set of performance requirements is not\predicted as a single value, a predicted service

nent (PSLC). Instead, a predicted service (ife distribution of a component (PSLDC) is determi
is described by at least two parametersi.the expectation value and the standard deviation. For
however, the aim may be limited to-finding a PSLC only.

of the single-value reference service life of the component (RSLC) from the distribution establis
the safety margin expected farthe component. For replaceable, non-structural components, in nj
xpectation value (i.e. the mean) PSLC of the distribution could be employed as the RSLC. Howe
maintenance plans, interlocking with other replaceable components or other circumstances,

hore conservative ghaeice. For non-replaceable and/or structural components, for which a sz
quested, a more,(and frequently a significantly more, conservative choice has to be made. In {
gh, normally thie safety margin is directly or indirectly regulated by standards or codes specifi
p the compenént.

1.1.

vice
life
ned.
ery

hed
host
ver,
may
fety
uch
ally

4.2 Connection to ISO 15686-1 and ISO 15686-8

This part of ISO 15686 refers to ISO 15686-1 and ISO 15686-8 and aims, in this context, to describe a tool
to achieve a reference service life of the component (RSLC) as accurately as possible (or, alternatively, to
achieve a forecast service life directly). An RSLC is necessary when an estimated service life of the component
(ESLC) for a particular design object is to be assessed in accordance with the factor method as described in
ISO 15686-8. Thus, the RSLC can be obtained from the PSLDC as established in accordance with this part of
ISO 15686. The condition at which the PSLDC has been established then becomes the reference condition,
which is compared to the particular condition prevailing at the design object in order to estimate the factors of
the factor method.

© 1SO 2012 — All rights reserved
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Definition
User needs, building context, type and range of agents, performance
requirements, materials characterization

:

Preparation

| Identification of degradation agents, mechanisms and effects, choice of

performance characteristics and evaluation techniques,
feedback from other studies

¢

Pretesting
— Checking mechanisms and loads, and verifying choice’ of
characteristics and techniques by short-term exposure

In-use-condition (not
accelerated) exposure

Exposure and evaluation

Short-term Long-term

Accelerated exposure | — - —
P Exposure Exposdre

- —— — Field expodure

Inspection fof
building

Similar degradation?

Dose response

Experimental
buildingg

In-use
exposurg

Analysis/Interpretation

Response classes
(degradation indicator)

Dose-environniental classes Process performance-over-time or
dose-response functions
to establish prediction models

Service life prediction

¢

Critical review, reporting

Figure 1 — Systematic methodology for SLP of building components

When the SLP utilized to obtain the RSLC for the particular design object has been carried out under various
conditions, the PSLDC obtained under the condition that deviates the least from the particular condition is used
for that purpose. An SLP carried out under various conditions also implies a means to estimate factors of the
factor method, in most cases particularly the factor taking into account the difference between the specific and
the reference outdoor environment. This can be accomplished by interpolation/extrapolation techniques.

© 1S0O 2012 — All rights reserved 5
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5 Methodological framework

5.1

511 Gen

Range of SLP and problem description

eral

Initially, the problem to be solved shall be defined and the range of the study established, including identification
or specification of essential data.

These issues can vary from case to case depending on the aim and ambition of the SLP and on the level of

NOTE
existing kno
Two extre
a) Speci
terms
to esta
variati
b) Gener
enviror
aim is
whole

5.1.2 Definition of a specific study

5.1.2.1 Sy
When pres
conditions s
component
static and ¢
of occupan
(e.g. higho

5.1.2.2 Quantification of the set of performance requirements

The set of

accordancs
NOTE T

The set of

iUU‘yU Uf t; IS CUITIPUTTCT It.
ranges are as follows.

¢ study: this is intended to focus on a rather specific application of the compohént teste
f service environment and usage with a specified set of performance requirements. The ai
lish the PSLDC (or PSLC) and determine the sensitivity of the PSLDC (or,PSEC) on mode
ns from these presumptions.

| study: this is intended to cover a broad application of the component-tested in terms of ser|
ment and usage with an unspecified or a loosely specified set of perfermance requirements.
to establish performance-over-time functions for the performancé_characteristics chosen in
ange of applications.

ecification of the service life environment

benting service life predictions for products ofZcomponents, a specific or generic set of in
hall be identified for documenting the specifi¢ study. This shall account for the specific use of
covering the design consequences, and’shall comprise a description of the environment, inclu
ynamic mechanical stress, at the siteiwhere a building is planned. A description of the eff|
Cy (such as water vapour, heat orsabrasion) and the principles on which the building is oper
low thermal inertia) shall also be included if appropriate.

berformance characteristics shall be identified and the corresponding requirements quantifie
with critical properties specified.

[his can take the_ ferm, for example, of a failure mode and effect analysis (FMEA). See 5.6.

erformance ‘requirements shall conform to the information obtained in accordance with 5.1.2.1

51.3 Defir\ition of a general study

d in
m is
rate

Vice
The
the

use

the
Hing
bCts
hted

d in

5.1.3.1

Specification of ranges of service life environments

All types of environments where the component is intended to be used, or being within the range of the study,
shall be described, including static and dynamic mechanical stress.

The various types of environments may be grouped into a discrete number of classes, each class being

representat

ive for certain ranges of agent intensities.

Care shall be taken regarding the effect of various usages and positions of the component, as this can strongly
govern the in-use conditions and possible synergistic effects of the degradation agents. See 5.2.3.

NOTE

The actual in-use condition relevant to materials degradation is the micro-environment, i.e. the prevailing

environmental condition in a layer adjacent to or at a component’s surface (e.g. pollutant concentration and driving rain),

and within th

6

e component (e.g. mechanical stress).
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5.1.3.2 Quantification of the set of performance requirements

First, a set of performance characteristics shall be identified from critical properties specified. Next, in order
to limit the performance range to be covered by the service life analysis, the set of the lowest appropriate
performance requirements for the component shall be expressed.

NOTE The set of performance requirements can include specifications on, for example, strength, optical transmission,
acoustical insulation and aesthetic qualities.

The performance requirements shall be in accordance with 5.1.3.1.

5.1.fF Characterization of the component

The|component to be evaluated shall be characterized thoroughly in terms of structure, physi¢al prgperties and
chemical composition.

5.1.p Critical review considerations

Crit{cal review is a technique to verify whether or not an SLP study conforms to the requirements for mpethodology
and|reporting given in this part of ISO 15686. Whether, how and by whom the.critical review is to bg¢ conducted
shall be planned and confirmed when defining the study.

A cilitical review of an SLP shall be conducted where the results are(jo be disclosed to the public.
For jother applications, for example for company-internal productdevelopment, critical review may|be omitted.

The|process of critical reviewing is described in Clause 6.
5.2| Preparation

5.21 General

Aftdr the range of the study has been defined, in accordance with 5.1, degradation agents, possible flegradation
meghanisms and how degradation can be accelerated or induced within ageing exposure progrgmmes shall
be ifentified and postulated.

5.2.2 Identification of degradation agents and their intensities

The]type and intensity distribution of the expected degradation agents, based on the knowledge @s compiled
in agcordance with 54.2.1 or 5.1.3.1, shall be identified.

NOTE It can be'difficult to quantify the in-use intensity of biological agents and agents originating from thg occupancy,
but Yipper limits.within the normal range can usually be established by professional judgement.

Ongq or several reference environments shall be considered, the number depending on the range ¢f the study.
A ligt of relevant degradation agents is presented in Table 1.

The agenis are classified In accordance with their nature. In general, exiernal 1o the building, the origin of
the agents is either the atmosphere or the ground, whereas internal to the building, the origin is related to
occupancy or design and installations. However, although not stated in ISO 6241, an agent acting externally
while originating as a design consequence can also occur, for instance from an incompatible neighbouring
component. Furthermore, the influence of agents originating from the atmosphere on internal degradation
should not be disregarded.

© 1S0O 2012 — All rights reserved 7
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Table 1 — Degradation agents affecting the service life of building components?

Nature Class

Mechanical agents Gravitation
Forces and imposed or restrained deformations
Kinetic energy

Vibrations and noises

Electromagnetic agents Radiation

Electricity

Magnetism
Thermal aggents Extreme levels or fast alterations of temperature
Chemical agents Water and solvents

Oxidizing agents
Reducing agents
Acids

Bases

Salts

Chemically neutral

Biological agents Vegetable and microbial

Animal
2  Condensged from ISO 6241:1984, Table 4.

See also Af2.1.1 to A.2.1.3.

5.2.3 Agents related to occupancy and significance of installation and maintenance practices

Although agents related to occupancy are not-often included in ageing exposure programmes, as they|can
affect the s¢rvice life of building componernits, they should be evaluated if deemed critical. Such a measure ghall
be carried ¢ut either by means of inspection of buildings or in-use exposure, or both; see 5.4.3.3 and 5.4/3.5,
respectively.

NOTE However, abuse is usually Considered beyond the scope of these test methods.

Normally, installation and gossible maintenance undertaken for samples of the ageing exposure programme
should follow practices recommended by the manufacturer or good practice if such are not given.

Evaluation pf effectsimposed by variations in installation and maintenance procedures may be included as
part of the gtudy.

It is of crucjalimportance not to exaggerate any maintenance procedure, which may lead to erroneous PELC
compared to real use.

5.2.4 Identification of possible degradation mechanisms

All possible mechanisms by which the identified degradation agents are known, or believed, to induce changes
in the properties of the component shall be identified; this is a necessary step of the preparation.

The mechanisms can be identified at various levels. If, for instance, the chemistry of the component is well
documented, it may be possible to identify mechanisms based upon specific chemical reactions, such as
hydrolysis and photo-oxidation. If less is known about the chemical, mechanical, physical and biological
reactions of the component, mechanisms may be defined in more general terms as, for example, thermal
decomposition, volatilization of constituents, constituent diffusion, corrosion, fatigue, wear, shrinking/swelling
and rotting. See also A.2.1.4.

8 © 1S0 2012 — All rights reserved
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5 Identification of possible effects of degradation

Possible effects of degradation on performance characteristics of the component shall be identified on the

bas

5.2.

is of data obtained in accordance with 5.2.2 and 5.2.4.

6 Choice of performance characteristics and performance evaluation techniques

The critical properties corresponding to the set of performance requirements quantified in accordance
with 5.1.2.2 or 5.1.3.2 shall be interpreted in terms of any of the performance characteristics found to be
afflicted with degradation in accordance with 5.2.5.

For
sha
sha
age

5.2.
Info
NOT
expq

be s
and

5.2.

The
ider

each of the performance characteristics selected, appropriate measurement and/or inspectign
| be chosen. To be able to perform an SLP in accordance with this part of ISO 15686, quan
| be obtained. The initial values of the performance characteristics selected shall be determine
ng exposure programme starts. See also A.2.1.4.

/' Feedback from other studies

rmation from other studies, concluded or running, should always be sought.

E Useful information can come from general knowledge of similar components, measurement teqg
sure programme design to detailed data on performance-over-time functions of cases closely related t

fudied. In the latter case, in favourable circumstances, this can reducethe necessary test volume and r3
or reduce the test period considerably.

B Establishing ageing exposure programmes

information obtained in accordance with 5.2.2 to 5:2.7 will help in establishing procedures for i
tified mechanisms of degradation using the degradation agents identified.

When accelerated short-term exposure is used, care shall be taken to ensure that extreme inteng

deg

NOT
exp

5.3

5.3.

Pre
cha
will

whe

radation agents do not result in degradatien’mechanisms that would not be experienced in ser

E The postulations that are madevin this step lay the groundwork for selecting or designing
sure programmes.

Pre-testing

I General

testing shall beyas a consequence of 5.2.8. A pre-test shall provide for the selected p
racteristics toe evaluated before and after exposure to the degradation agents to which the
be exposed \in service, or at least to all degradation agents suspected to be of any significance
n propetly-performed,

establish the primary degradation agents and their order of importance,

techniques
litative data
i before the

hniques and
b the case to
nge required

hducing the

ity levels of
vice.

preliminary

erformance
component
. This shall,

support or rule out the previously identified mechanisms by which property changes occur,

establish the agent intensity levels necessary to induce property changes and demonstrate how rapid

changes in the selected performance characteristics can be induced by exposure to extreme

contribute to a better understanding of the nature of the primary degradation agents leading
changes and indicate additional or substitutional property changes that are likely to be relevan
as performance characteristics, and

intensities,

to property
t and useful

verify the adaptability of the measurement and inspection techniques chosen for the performance evaluation.

See also A.2.2
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5.3.2

Intensities of degradation agents employed in pre-tests

Intensities shall be levelled in relation to the quantitative in-use distributions or ranges identified in
accordance with 5.2.2.

EXAMPLE

Weather and climatological data for the most extreme climates in which the component will be used

form the basis for the choice of intensities of these agents in the pre-tests.

5.4 Ageing exposure programmes

5.41 Gen

The full exp
range and &

Although e

eral

can

bsure programme shall be carefully designed so as to provide necessary data in accordance with
im of the study, considering the information and data obtained by the procedures described ab

vident from the definitions of agent (see 3.1.4) and ageing exposure (see 3.1(3); it shoulg

emphasized that ageing exposure in this context should be regarded in a broad sense, i®.'ageing expo

refers to an
For instanc

5.4.2 Des

As compon
by statisticg
comprise a

This may b
see 54.3.4

y kind of set-up in which samples are subjected to degradation agents in accordance with Tab
b, when applying mechanical loads, samples are exposed to mechanical agents.

gn and performance of exposure programmes

ent properties and environmental characteristics are stochastievariables, i.e. they are represe
| distributions, the exposure programme, irrespective of thedtype, shall be designed, if possibl
multiplicity of specimens or test objects, enabling a statistical treatment of test data.

b difficult to follow in some cases when dealing with(@xperimental building and in-use-expos
and 5.4.3.5, respectively, or when tests are very costly. In such cases distribution widths or rar

should, if p@ssible, be estimated from other sources of information.

For all expg
for the follo

to enal]

to prov

sure programmes, the conditions shall be-tecorded continuously or at sufficiently short inter
ving reasons (partially depending on the type of exposure programme):

le establishment of performance-over-time or dose-response functions, see A.2.4.2 and A.2.4.3;

de a relationship between different exposure periods and sites, and especially to compare res

with dgta from the field, and exposune programmes with uncontrolled conditions; see 5.4.3.2;

to che
conditi

to verif
control

NOTE 1
degradation

1

ck that the actual enyironmental conditions are representative of the environmental refere
bns (for exposure programmes with uncontrolled conditions);

y that the intended degradation agent intensities are achieved (for exposure programmes
ed conditions),

'he sources’ of recording can vary from official environmental databases to detailed measuremen
bgent intensities at or in the vicinity of the test samples.

NOTE2 |

the
bve.

be
sure
e 1.

hted
b, to

ure,
ges

als,

ults

nce

Wwith

s of

h the field of environmental characterization a strong development occurs, e.g. towards standarg

ized

measurement techniques and improved dispersion models, hosted in GIS (Geographical Information Systems) software
environments, facilitating mapping of environmental data from meso/local levels to micro levels.

5.4.3 Long-term exposures

5.4.3.1

Range and type

The exposure programme shall either consist of an actual in-use exposure of a complete system, in which
feedback information on the performance of the components included is obtained over time, or involve exposure
of selected components. An exposure programme shall be designed so that all agents of importance are taken
into account.

Even for a specific study, the exposure should preferably take place in more than one type of service environment.
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The different ways of generating data from long-term exposures are described in the following four categories:

5.4.

Sta||1dardized ways of performing atmospheric field exposures have been in operation fér

see

Itis

5.4.

The
as

See

5.4.

Dur
exp

Sim

See

field exposure, see 5.4.3.2;
inspection of buildings, see 5.4.3.3;
exposure in experimental buildings, see 5.4.3.4;

in-use exposure, see 5.4.3.5.

3.2 Field exposure

A.2.31.1.
essential to note that

the results of a field exposure relate to the specific exposure site and that the-transformatio|
relate to another geographic location necessitates knowledge of performangetover-time or dog
and environmental characteristics,

care should be taken when drawing conclusions from one exposure perjod to another, especial
of exposure is short,

exposing component samples to the environment may be regarded as an accelerated ex

varying with the type of component under exposure, and

environmental condition during field exposure shouldbe monitored on site to compare degra
losses in performance achieved in the field and in\laboratory (for obtaining the re-scaling); wed
data next to the field exposure site may also-b€& used.

B.3 Inspection of buildings

service life of building components may be evaluated through inspection of buildings. As ma
ecessary should be included in the study by means of statistical sampling methods.

also A.2.3.1.2, and ISO 15686-7.

3.4 Exposure in experimental buildings

bbility evaluations-ef building components may be carried out by exposing the component i
erimental test’buildings.

lar difficGlties may apply as outlined under field exposure, see 5.4.3.2.

also A.2.3.1.3.

some time,

h of data to

e-response

y if the time

posure (for

instance at exposure racks with inclination 45° and directed.towards the sun) with the degree of acceleration

Hations and
ther station

ny buildings

N dedicated

5.4.3.5 In-use exposure

In-use exposure is an intentional use of a component in a full-scale building or structure under normal use, in
order to evaluate the service life of the component.

See

also A.2.3.1.4.

5.4.4 Short-term exposures

5.4.4.1 Accelerated short-term exposures

Accelerated short-term exposures should normally be designed from information obtained in pre-tests
and/or from long-term exposure of the same or similar components. In general, the intensity of agents in these

© 1SO 2012 — All rights reserved
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exposure programmes should be less than in pre-tests to reduce the likelihood of causing degradation by
mechanisms that are not encountered in service. Those properties that have been identified as most useful
or most important for indicating degradation should be measured before and after ageing. The possibility of
synergistic effects between degradation agents should be taken into account.

It should be confirmed that degradation mechanisms and the relative reaction rates induced by accelerated

short-term exposures are the same or at least similar to those observed in service.

See also A.

2.3.2.

5.4.4.2 Short-term in-use exposures

Short-term

exposures are usually, but not always, based upon accelerated ageing. In cases when_prop

changes leading to degradation can be detected at early stages (typically by means of highly-sensitiye’sur

analysis ing
term expos

ires, can be utilized.

5.4.5 Performance evaluation

5.4.51 Ev

aluation scheme

During expgsure, the performance shall be evaluated in terms of the selected performance characteristic

means of th
sufficiently

mechanism
degradatior]

The expos\

e measurement and inspection techniques chosen, see 5.2.6. The evaluation shall take plag

harrow intervals, in accordance with the range and aim of the study. To verify that the degrads

s do not change with time of exposure, the exposure programme shall enable the most impor
mechanisms to be identified in a relatively short period of time.

re shall, except for a short-term in-use exposure, bé'run such that at least one of the performz

characterisiics, i.e. the one corresponding to the terminal gritical property, retained at the end of exposure

declined to
number of g

See also A

A level equal to or below the corresponding performance requirement for a statistically satisfag
amples.

2.3.3.

5.4.5.2 Comparison of types of degradation

The types 4
those from

If the categ

nd range of degradation obtained from accelerated short-term exposures shall be checked aga
n-use conditions.

brization of these degradations demonstrates a good agreement, a time acceleration factor sha

evaluated t

If mechani

calculate the Sepvice life using the results of short-term exposure tests.

s are induced, not being representative of those obtained under the in-use conditions, the ag

erty
ace

truments), an exposure set-up employing in-use conditions, i.e. designs similar to thpse for Ipng-

5 by
e at
tion
tant

nce
has
tory

inst

exposure pfogrammes’shall be altered after reassessing the information obtained in accordance with 5.1 to

5.5 Analysis and interpretation

Degradation models in terms of the PSLDC (or PSLC) shall be established by processing the results of the
performance evaluations carried out at various ageing exposure programmes (long-term exposures, short-
term exposures or combinations thereof) in two or three steps.

a) From performance evaluation data, performance-over-time functions or dose-response functions for the
exposure conditions employed are established.

b) If the exposure conditions employed do not cover all exposure conditions in which the component is to
be assessed, by synthesizing, modelling and/or interpolating/extrapolating the performance-over-time or
dose-response functions established in step a), a performance-over-time or dose-response function for a
hypothetical condition may be established.
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A PSLDC (or PSLC) is resolved from performance-over-time or dose-response functions established in

step a) or b) by inserting the set of performances to be fulfilled by the component tested, e

xpressed in

terms of the performance characteristics or degradation indicators employed in the exposure programmes.
The PSLDC is determined by the performance-over-time function or dose-response function of the critical
property found to be the terminal critical property. (When dealing with proper dose-response functions the

dose variable(s) is separated into time and intensity variables in order to obtain the time dim
finally, the service life in an explicit form.)

ension and,

Extra caution should be taken with all extrapolations (see A.2.4.1); support from mechanism-based models is
strongly recommended.

In afidition to inferpolation/exirapolation in exposure conditions, interpolation/extrapolafion in time 3

;Eerties

pro

Ina
and

typically expressed as partial derivatives.

Segalso A.2.4.

5.6 A complementary approach: the failure mode and effect.analysis (FMEA)

5.6.1 General

Thelfailure mode and effect analysis (FMEA) is a method used:toidentify all possible degradation

of a

fronp knowledge about its structure.

5.6.

Itis

NOT

The
iden
set

resu

NOT
mat

(for similar components) may be utilized.

its sensitivity to moderate variations in the service environment and the set of performance re

given building component in a specified environment. [tenables the behaviour of a product to

2 Methodology
based on a two-level systemic view of the(product:

a structural view, which is a description of each of the sub-components of the product, such 4
in 5.1.4, how they are physically connected, and also a description of the environment in which
is to be used.

E 1 Alist of degradation,agents such as provided by ISO 6241:1984 can be used to describe the eny

a functional view, obtained though functional analysis, where the different functions of each sub
are defined in accordance with the end user’s needs.

procedure is-based on an iterative principle. Possible failure modes of each sub-component

Df failure‘ modes is determined from the first one, and so on until full failure scenarios are dete

E2 Most of the information necessary to lead FMEA is relative to performance and properties of su

nd material

specific study (see 5.1.2), the analysis may be limited to the PSLDC (or PSLC) at the,spécified conditions

uirements,

bhenomena
be inferred

s described
the product

ironment.

component

have to be

tified, as wetlas their causes and effects. As each effect is potentially the cause of another failufe, a second

mined. The

It of the\failure modes and effects analysis is a list of failure scenarios usually summed-up in g table.

-component

rials, rather than the product Itsell. Thus, FMIEA IS particularly relevant 1or assessment of innovative

which in-use behaviour is unknown.

5.6.

3 Use of FMEA results in service life prediction procedures

products for

Information obtained through FMEA might be useful at different stages of the service life prediction procedure.

Pos

sible uses of FMEA in SLP procedure are for help in

identifying relevant degradation agents (see 5.2.2) as well as agents related to occupancy of installation

and maintenance practices (see 5.2.3), and

identifying possible degradation mechanisms (see 5.2.4) as well as their possible effects (see 5.2.5) for

complex products.
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NOTE

Structural and functional analysis as mentioned above bring a comprehensive answer to 5.1.4.

6 Critical review

6.1

The critical

General description of critical review

review process shall ensure that

the methods used to perform the SLP are consistent with this part of ISO 15686,

the me
any ex
the intq

the rep
the clig

6.2 Need

The use of

hods used 1o periorm the SLP are scientiiically and technically vard,
ernal data used are appropriate and reasonable,
rpretations reflect the limitations identified and the goal of the study, and

prting is transparent and consistent, and suitable to inform the intended audience(e.g. the publ
nt experts).

s and requirements for critical review

SLP results to support planning of buildings raises special concerns, since this application

affect inter¢sted parties external to the SLP study, in which case a critical review shall be conducteq

some appli
certification
to, but shall
part of ISO

6.3 Proc

The scope
review of a
covered an

Cations, divergent critical review recommendations may be itnposed from other parties, e.g.

rom
and technical approval bodies. Such compulsory measures'can increase the stringency complred

not be used to circumvent the recommendations of, the critical review process as described in
15686.

ess of critical review

bf the critical review shall be defined when.defining the study or when deciding to perform a cri
N existing study. The scope shall identify why the critical review is being undertaken, what wi
j to what level of detail, and who n€eds to be involved in the process.

A critical rejview should be carried out by an internal or, preferably, an external expert, in any circumstar
independertt of the study. The expert shall'be familiar with the requirements of this part of ISO 15686 and
scientific arjd technical expertise. A review statement shall be prepared, either by the person conducting
SLP study and then reviewed by the expert, or by the expert in its entirety. The review statement, comm
by the commissioned specialistand any response to recommendations made by the reviewer shall be inclu
in the reportt.

7 Reporting

The results|of the'study shall be reported to all interested parties. The findings of all analyses, data, meth
assumptions*and limitations should be transparent and presented in sufficient detail to enable the readgr to

cor

will
. In

this

fical
| be

ces
ave
the
bNts
ded

Dds,

assess the quality of the information. The report shall also allow the results and interpretation to be used in a
manner consistent with the goals of the study.

The report shall include measured, calculated or estimated statistical distributions.

NOTE 1

of confidence.

Distributions can, for example, be expressed in terms of distribution functions, standard deviations or levels

As short-term exposures typically involve a significant degree of uncertainty, the results shall be considered

with care.

14
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A report on an SLP shall, wherever applicable, include the following information.
a) General aspects:

1) details of the commissioning client of the SLP;

2) details of the commissioned specialist of the SLP;

3) date and identification number of the report;

4) statement that the study has been conducted in accordance with all the requirements of this part
of ISO 15686.

b) |Goal and range definition
¢) |Component description:
1) main or other identification marks of the components;

2) designation of the components in accordance with recommendationsitorprescriptions ekpressed in
official standards or regulations;

3) description of the components;

4) properties of the components such as performance data,and model descriptions;
5) name and address of manufacturer or supplier of thesxcomponents;

6) date of supply of the components.

When actual tests have been performed, include the following.

d) |Exposure programme description, including exposure at pre-tests:

1) general exposure situation, i.e. at.outdoor exposure data as latitude, longitude, altitude, distance from
coast, special factors like high wind, climate type, etc,;

2) design of the exposure programme, including possible maintenance undertaken for samples, and any
accidental deviations thereof;

3) environmental data (including any neighbouring dissimilar components), degradation agent intensities
and cycling data;

4) exposure period.
e) |Performancedevaluation description, including evaluation at pre-tests:
1) methods of measurements or inspections;

2) “component data, results of measurements or inspections.

f) Interpretation of data:
1) account for external data sources utilized;
2) specific models or algorithms;
3) results of interpretation;
4) limitations of the interpretation, related to methodology as well as to data;
5) data quality assessment.
g) Critical review:

1) details of reviewers;

© 1S0O 2012 — All rights reserved 15
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2) critical review reports;
3) responses to recommendations.

When the results of the SLP are to be communicated to a third party (i.e. an interested party other than the
commissioning client and the commissioned specialist of the study), a third-party report should be prepared,
containing all information indicated above, except what is agreed between the commissioning client and the
commissioned specialist to be closed information. This report constitutes a reference document and should be
made available to any third party to whom the communication is made.

NOTE 2  1SO 15686-4 provides more detailed guidance on methods of presenting and formatting data on SLP.
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Annex A
(informative)

Guidance on process of SLP

General

A1

Figu
fung
Per
the

When only one critical property is identified, once the performance-over-time-function and the co

perf
ove
thug
the

Key

1 Brief description of SLP (see 4.1)

re A1 indicates possible variable patterns of performance over time (so-called performang
tions) for particular performance characteristics of a component in a particularyservice e
ormance characteristics are measurable, physical quantities for each of the critieal properties i
fested component.

lormance requirement have been determined, the PSLC is given as the point in time when the pe
-time function and the performance requirement intersect. If several critical properties are ide
several performance-over-time functions and corresponding petformance requirements are
PSLC is given by the intersection predicted to take place first;

YA

>V

SL

e-over-time
nvironment.
Hentified for

responding
rformance-
ntified, and
Hetermined,

X
Y

1
2
3

: "
et

performance characteristics, C(¢) (arbitrary scale)

critical property 1: terminating critical property
critical property 2
performance requirement

Figure A.1 — Hypothetical performance-over-time functions

Thus, the critical property quantified by the performance characteristics that will first fall below its performance
requirement is decisive for the service life and this property, therefore, is designated the terminal critical
property. The terminal critical property can vary from case to case, depending on the actual environment and

the

actual set of performance requirements.
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However, in reality, performance over time describes a statistical distribution of the decline in the performance
characteristic (see A.2.4.2). In practice, most quantities involved in an SLP process are statistically distributed
and should therefore be treated by appropriate statistical methods. This is also true of, for example, component
properties, degradation agent intensities and, consequently, service lives.

Rather than performance characteristics, related degradation indicators may be measured over time, as for
instance when so-called dose-response functions are employed. Such functions relate the doses of the most
important degradation agents to one or a few degradation indicators. See A.2.4.3.

A.2 Methodological framework

A.21 Preparation

A.2.1.1 Identification of degradation agents (see 5.2.2)

The most rg¢levant agents within ageing exposure programmes on building components usually originate from
the atmosphere, such as the following:

— freeze+thaw and wind (mechanical);

— solar radiation (electromagnetic);

— tempernature: elevated, depressed and pulsed (thermal);
— precipifation: solid, liquid, vapour (chemical);

— normallair constituents (chemical);

— air confaminants: gases, aerosols, particulates (chemical).

Some quantitative information on agents originating frem the atmosphere is available from published wedther
and climatdlogical data and from data published on air pollution. The environment is classified in terms df its
corrosivity dn a number of standard materials, mainly metals, and is also carried out for wide areas. Normally
this work LEes a series of International Stafdards specifying how to classify atmospheric corrosivity) i.e.
ISO 9223, ISO 9224, 1SO 9225 and ISO 9226.

Dose-respgnse functions (see A.2.4.8))relating the dose of agents, mainly of a chemical nature, to|the
degradation) of materials, are available/from this work for certain classes of materials.

Inthe IEC 6()721 series, intensitiesof agents affecting the performance of electric components are classified. Where
appropriate| these standards.may also be applied to the environmental agents affecting building components.

A.2.1.2 Copmbined agents and combination of agents

Some agents are combined by more than one co-existing factor (e.g. an imposed force such as freeze—thaw stfess
is due to cypling:temperature and to the presence of water). At the same time, water is solely a chemical adent.
Temperature_itself is the thermal agent while for many chemical reactions the temperature is decisive fod the
reaction rate. Other agents of the same or different nature can give rise to significant synergistic effects [e.g. sulfur
dioxide together with nitric oxides, and UV radiation together with oxygen (photo oxidation)]. Effects of combined
agents and combinations of agents have to be considered as significant parameters in all steps in an SLP.

A.21.3 Chemical and physical incompatibility between dissimilar components

Incompatibility between components is considered as an agent related to the design, and normally only occurs
under particular conditions. By considering each component separately, incompatibility between a particular
component and a neighbouring component can be treated analogously to, for instance, the case when the
component is subjected to an agent originating from the atmosphere. That is, in general terms, both the
neighbouring component and the agent originating from the atmosphere are parts of the environment of the
component, in accordance with ISO 6241:1984, 6.4.1. Incompatibility includes, for example, corrosion caused
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by contact between dissimilar metals when moisture is present, or stress caused by different thermal expansion
coefficients of rigidly connected dissimilar components at extreme temperature conditions.

A.2.1.4 Identification of possible degradation mechanisms (see 5.2.4)

Limitations on the knowledge available will always exist. However, it is important to identify as many
conceivable degradation mechanisms as possible. This reduces the possibility for error and improves the basis
for establishing that mechanisms induced at exposure programmes, in particular at accelerated short-term

exposures, are representative of those that occur in service.

NOTE

Choice of performance characteristics and performance evaluation techniques (see 5.2.6):

Numerous

insp
just
in c
judg
in fal
stan

A.2

A.2

Biol
age
may
may
incg
rele

pction techniques exist with various degrees of sophistication. Standardized techniques are usually-rg
because they are standardized. However, apart from generally being phenomenological and very _simpl
prtain cases), many of the standardized inspection techniques suffer from the fact that they sely upd
ements of the practitioners. This makes comparisons between studies from different practitioners“ess rq
Ct counteract the purpose of standardization. Accordingly, there is a need for further develepmeént in this|
dardization of existing, more sophisticated techniques.

2  Pre-testing

2.1 Biological and incompatibility agents (see 5.3)

pgical and incompatibility agents may not be important unless.¢émbined with the extreme val
hts. For example, fungi and bacteria are most active in warmy moist locations; chemical ing
only be important as long as liquid water is present between joined components; physical ing
not be important unless there are large temperature étianges. Accordingly, the effects of big

vant main agents.

commended
e (too simple
n subjective
liable, which
field and the

hes of other
ompatibility
ompatibility
logical and

mpatibility agents can usually be estimated along with pre-tests intended to determine the gffect of the

A.2l3 Ageing exposure programmes

A.2]3.1 Long-term exposures

A.2{3.1.1 Field exposure (see 5.4:3.2)

Natijonal and international atmospheric field exposure programmes have been performed on a Jast number

of n
of g
info
The
airb)
in 1

Sey

naterials; many are still ongoing. Evaluations of these programmes have resulted in the es
erformance-over-time.and dose-response functions (see A.2.4.2 and A.2.4.3), which are
mation for SLP.

prne acidifying pollutants on the corrosion of materials. The programme involves field exposur
P European/countries and in the United States and Canada.

erallnternational Standards are available specifying how to expose specific materials outdoors,

tablishment
sources of

most extensivesexposure programme is the UN ECE ICP programme, aimed at classifying the effect of

b at 39 sites

for example

ISO|

8565, ISO 877 (all parts), ISO 2810 and ISO 4665-2. In addition, ISO 9226, which mainly speq

ifies how to

classify atmospheric corrosivity, also specifies exposure set-up.

A.2.

3.1.2 Inspection of buildings (see 5.4.3.3)

Evaluating the service life of building components through the inspection of buildings involves several obstacles:

it may be difficult to obtain data of the history of the inspected components, i.e. data on
performance values, information on installation and performed maintenance, etc.;

the original

normally, the service environment cannot be controlled and may be difficult to monitor or measure and describe.

Feedback from practice of durability data by inspection of buildings has the advantage, when the investigations
are properly designed, to give direct correlation between the state of components, the exposure environment

and

the building use.
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