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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 non-governmental, in
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Introduction

Buildings and constructed assets require care from the initial proposals through to design, construction, operation,
maintenance and disposal, to ensure they meet the required level of performance. ISO 15686-1 and 1SO 15686-2
explain the principles of designing an appropriate service life for different types of constructed assets, components

and assembilies. ThIS part of ISO 15686 deals with measures to ensure that the life care of a constructed asset is

considerégd

)
construcfion, to occupancy and eventual disposal and reinstatement of the site.

This par{ of ISO 15686 provides a choice between formal independent audits carried out at' key prqg
(clauses 5 and 6); and service life performance reviews carried out alongside existing-internal prg
s (clause 7). The advantages of formal external audits can include greater indépendence an

procedu

h]design and

ject stages
ject review
d objectivity

as well ap access to wider experience of auditing procedures. Service life performance/reviews benefit from greater

familiarit

with the specific project and the potential to integrate certain review procedures with o

validation procedures such as designers’ quality management system checks.

ther project

NOTE There is also scope for integrating service life performance audit and reyview procedures within a projgct, such that
the docunpented outcomes of the review process form the inputs into the audit process at a given project stage. The review then
becomes the primary means of ensuring effective service life planning and thé audit function is limited to that of| verifying the
outcomes|of the review process (see Figure 1).
i ...... I —— X l i ...... ———-——i
Project stage Project stage I I Project stage I I
Review { 0 } Review { > }
Project stage Rroject stage I I Project stage I I
PROJECT PROJECT | EXTERNAL I PROJECT | EXTERNAL I
ENVIRONMENT ENVIRONMENT | ENVIRONMENT | ENVIRONMENT |~ ENVIRONMENT |
a) Reviews-only b) Audits only c) Reviews and audits
Figurg +—Three models for integrating performance audits and reviews into the procurementf process

Both service life performance audits and reviews emphasize the pre-briefing, briefing and design stages of a
construction project. It is the far-reaching decisions made at these early stages that affect what is built, the way it is
constructed, its commissioning and operation, how it should be maintained and the options for dealing with the
structure at the end of its life cycle. It has been found that more than 50 % of building failures can be traced back to
the brief and to information passed on in, or missing from, the design and specification details that the constructor
receives. Other failures can result from poor construction, inadequate commissioning, unsuitable use of the
building, and inadequate life care. The service life performance audit and review process includes a means of
checking back in these later stages to ensure that the original intentions are followed.
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Auditing is a key management tool for ensuring that stated objectives are met. Procedures have been established
for auditing quality management systems (ISO 19011) and for environmental auditing (ISO 14010, 1SO 14011 and
ISO 14012). Many of the techniques described here are similar to those used for quality and environmental auditing
and there is an opportunity in service life performance audits and reviews to combine procedures in specific
circumstances.

A service life performance audit or review of the pre-briefing stage and of the project brief should reveal where
client requirements for service life are missing or inadequately defined. The requirements can then be defined
before work starts on the detailed design. An audit or review of the detailed design will report on nonconformities,
i.e. where the design does not meet the requirements of the brief. The design can then be amended, or the
requirements redefined, before construction.

Further aug
disposal of

compromiséd by such activities.

Figure 2 su

The provisi

mmarizes the main topics covered in this part of ISO 15686.

Clause| 5: General audit requirements

Audit sfages; roles of client, auditee and auditor;

appoiniment of auditors; audit quality control

its or reviews of the construction, commissioning, and future operation, refurbishment, adaptation and
the constructed asset can be undertaken to ensure that the required service life performance is not

Annex A: Audit guidance

Audit targeting: assessment of service lives,
installation, operating and life care instructiors; life
cycle costing and environmental assessment

Clause| 6: Implementing performance audits
Audit plan, documentation, change control, audit

recordg and reports, executing audits at each
stage

Annex C: Checklist and proforma
Statement of service life requirements; briefing
audit; detailed design audit; sample audit
statements and checklist

Clause|7: Performance reviews

Internal freview procedures, planning, implementing

and recprding the review

constryction-clients,

Annex B: Review guidance
Advantages and disadvantages of performance
reviews; checklist of items to be considered

Figure 2 — Overview of this part of ISO 15686

bns of this'part of ISO 15686 are intended primarily for

persons appointed to carry out service life performance audits (auditors),

designers, and

operational and maintenance personnel.

They are also relevant to the work of constructors, project managers, inspectors, asset and facilities managers,
insurers and valuers.

In addition to this part of ISO 15686, six other parts are published or are in the course of preparation, as follows.

Vi
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— Part 1 deals with general principles, issues and data needed to forecast service lives and provides a method
for estimating the service lives of components and assemblies.

— Part 2 describes generic procedures for testing the performance of components, materials and assemblies to
provide service life predictions.

— Part 4 will provide guidance on methods of presenting data and evidence to support forecasts and predictions.

— Part 5 will provide guidance on assessment of whole life costing.

—  Partowillprovide a procedure for considering-environmental-impacts
L L ~ Lol

— Part|7 will provide guidance on the performance evaluation and feedback of service life data’ from existing
congtruction works.

— Part|8 will provide guidance on the provision of reference service life for use in the application of ISP 15686-1.

A major impetus for the production of ISO 15686 has been concern over the construction industry’s negd to control
the cost of ownership of constructed assets, since a high proportion of the life cycle‘cost may be set by the time the
facility is|complete. In addition to reducing unnecessary expenditure, the use of)ISO 15686 can contribute to the
aim of “s$ustainable” development by promoting a less wasteful use of natural resources and to cgdnsequential
protection of the environment.
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Buildings and constructed assets — Service life planning —

Part 3:
Performance audits and reviews

1 Scape

This part{of ISO 15686 is concerned with ensuring the effective implementation of servi¢élife planning.
the apprepach and procedures to be applied to pre-briefing, briefing, design, construction and, where r
life care management and disposal of buildings and constructed assets to provide a reasonable ass
measurep necessary to achieve a satisfactory performance over time will be implemented.

The cost|implications of service life planning and the broader issues of sustainability (e.g. embodied §
use) are pot developed in this part of ISO 15686.

NOTE Throughout this part of ISO 15686 the term “constructed asset’ is used to include buildings; infrastn
such as rpads, bridges and pipelines; structural works such as communications masts; and other engineering wj
power stations and chemical plants.

2 Conformance

Conformance with this part of ISO 15686 requirés service life performance audits to be undertaken in
with clauges 5 and 6 and/or reviews to be carried out in accordance with clause 7. It shall be stated in

It describes
bquired, the
urance that

nergy, land

ucture works
brks such as

accordance
all relevant

documerftation which of these clauses applies. Audits or reviews of the pre-briefing, briefing and detailed design

stages ol a project are the minimum “care™ activities that shall be carried out whenever compliance with
ISO 15686 is required prior to censtruction. Further audits or reviews of the initial design, G
commissjoning, operation, alteration-and/or disposal of the facility are discretionary but, where carrig
conform with this part of ISO 15686:

3 Normative references

The folloying normative documents contain provisions which, through reference in this text, constitute g
this part pf ISO_15686. For dated references, subsequent amendments to, or revisions of, any of these
do not applys However, parties to agreements based on this part of ISO 15686 are encouraged to inv
possibility “of applying the most recent editions of the normative documents indicated below. H

this part of
onstruction,
d out, shall

rovisions of
publications
estigate the
or undated

references, the Tatest edition of the normatfive document referred 1o applies. Members of ISO and |
registers of currently valid International Standards.

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

C maintain

ISO 15686-1:2000, Buildings and constructed assets — Service life planning — Part 1: General principles

ISO 19011, Guidelines for quality and/or environmental management systems auditing

© ISO 2002 - All rights reserved


https://standardsiso.com/api/?name=3643a24c7bc9b1f7a58c8e47fe51c7ea

ISO 15686-3:2002(E)

4 Terms and definitions

For the purposes of this part of ISO 15686, the terms and definitions given in ISO 6707-1, ISO 15686-1, ISO 19011
and the following apply.

41

service life performance audit

systematic examination by an independent party of requirements, initial and detailed design proposals, and
instructions for installation, commissioning and life care, to determine their adequacy in relation to service life
performance

NOTE 1 I this context, an “independent party” is an individual or organization that is not directly accountable arrg¢sponsible
for the projegt activities being audited.

NOTE 2 Al service life performance audit is not concerned with early failures (within the normal contractual”warramty period)
that are cauged by faulty design, manufacture, handling or installation.

4.2
service life performance review
systematic [second-party examination of requirements, initial and detailed design-proposals, and instrugtions for
installation,|commissioning and life care, to determine their adequacy in relation to.service life performance

4.3
pre-briefing
earliest stage in the consideration of a construction project when the.n€ed for constructed works is assegsed and
the suitability of sites is assessed

4.4
initial design
early stage|in the development of a design before many @f the materials, components or assemblies have been
selected

4.5
detailed dgsign
drawings, data, calculations and specifications-from which constructed works, components and assembligs can be
constructed

4.6

life care
measures fhat promote achievement of the design life, including cleaning, maintenance, servicing, repair,
refurbishmgnt, protection, coftrol of use and avoidance of neglect

4.7
recovery njanagement
planning apd control procedures designed to maximize the economic reuse of resources committed to a
constructed works project

4.8
reference document

project document and other supporting evidence, provided for auditing and/or review purposes, that demonstrate
the project team’s response to the service life performance requirements in the project brief

4.9

reliability

probability that a component, assembly or system will perform its intended function under stated conditions for a
stated period of time

410

serviceability
ability to meet or exceed relevant performance requirements

2 © 1SO 2002 - All rights reserved
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4.1
availability
periods during which a facility or service is serviceable

412
nonconformity
non-fulfilment of specified requirements

413
observation
statement of fact made during an audit or review and substantiated by objective evidence

5 General audit requirements and responsibilities

5.1 General

ife performance audits are undertaken to ensure that performance over.iime has been
d in the pre-briefing, briefing, design, construction, life care management (including ref
) and disposal of a constructed asset, and to provide a reasonable assurance that the requireg
performance will be achieved. To ensure objectivity, consistency and reliability, service life performanc
distinct aftivities carried out by qualified auditors that are independent of the project activities being aud

Service l|fe performance audits shall be conducted in accordance with clauses 5 and 6 of this part of
Audits shall be conducted according to documented and well-defined methodologies and systematic

adequately
urbishment,
service life
e audits are
ted.

ISO 15686.
orocedures.

For any fype of service life performance audit, the methodologies-and procedures adopted shall be copsistent and

shall aim to ensure comparability and repeatability. Wherecpossible, standard audit checklists, statg
proformas shall be used as a means of ensuring consistency and reliability in the audit process. GU
examples are provided in informative annexes A and C.

The scoge and purpose of each audit shall be clearly defined before work on that audit starts. The detai
of the audit and its documentation shall reflect the specific context (e.g. legal, financial, environmental
safety) within which the findings are likely to_beused. Where a particularly onerous reliance is likely to bj
audit findings, the audit and its documentation shall be subject to an enhanced level of robustness

Records |shall be kept of all reference documents and other documentation used in arriving at the au
Following examination of the reference~documents by the auditor, the output from the audit is a report
and/or aliditee. The auditor may later'be asked to assess the adequacy of corrective action taken to
nonconfgrmities listed in the audit report.

The speq
the audif
performa

ific purpose of thé-audit will depend upon the stage in the asset life cycle at which it is underta
scope and extent as defined by the project client. Table 1 provides an overview of the
nce auditing.pfocess related to specific stages in the asset life cycle.

ements and
idance and

and extent
health and
e placed on
and details.
dit findings.
to the client
redress the

ken and on
service life
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Table 1 — Service life performance auditing related to asset life cycle

Stage in asset life . Audit .
Audit type/stage Purpose of audit

cycle P 9 status® P

Project initiation Pre-briefing audit (6.6.1) Core To ensure that service life has been adequately
considered in decisions on the need to build and the
choice of site.

Project definition Briefing audit (6.6.2) Core To ensure that there is an adequate basis for service life
planning at the initial and detailed design stages.

Initial design Initial design audit (6.6.3) Secondary To assess the service life implications of initial concept
designs.

Detailed depign Detailed design audit Core To ensure that the design conforms to_the-service life

(6.6.4) performance requirements of the brief; t0 ensure that

adequate information on installation 'and commiissioning
is provided for those involved in the(construction|stage.

Construction Construction audit (6.6.5) Secondary To assess whether correcti-or intended materials/
components have been used.and installation ingtructions
have been properly implemented.

Commissiohing and | Commissioning and Secondary To assess whether the“commissioning instructipns have

handover handover audit (6.6.6) been properly implemented; to ensure that @dequate
information oncthe operation and life care of the[facility is
provided.

Operation Operation and life care Secondary To assess Whether the life care instructions have been

audit (6.6.7) propérlyrimplemented; to review the adequacy of the life

care regime.

Refurbishment/ Refurbishment/adaptation/ | Secondary To assess whether proposals/instructions for

adaptation/ alteration/change of use refurbishment/adaptation/alteration/change of ugde

alteration/change of | audits (6.6.8) conform to the service life performance requirements of

use the brief for such works; to ensure that adequats
instructions are provided for those involved in
implementing the works.
To assess whether the instructions have been pfoperly
implemented.

Disposal/ Disposal/ Secondary To assess whether proposals or instructions for glisposal,

decommissjoning/ decommissioning?’ decommissioning, deconstruction, material recoyery, site

deconstructfion/ deconstruction/recovery/ reinstatement, etc. conform to the requirements pf the

recovery/sife site reinstatement audits disposal brief and/or the original project brief ang

reinstatemgnt (6.6.9) detailed design.
To assess whether disposal work, etc. carried oyt
complies with those instructions.

8 Seeb5.2

5.2 Audit-stages

Table 1 relates the audit types to stages in the asset life cycle. It also defines the purpose of the audit at each
stage and distinguishes between core and secondary audits. Core audits are the minimum audits that shall be
carried out in order to comply with the auditing clauses (clauses 5 and 6) of this part of ISO 15686. Further
“secondary” audits may be carried out at the discretion of the client and/or project team. In deciding the quantity
and types of audit to be carried out on a given project, due regard shall be given to the project size and complexity
and to the perceived level of risk in relation to service life performance.

NOTE The distinction between core and secondary audits defined above is not intended to be definitive or prescriptive, but
merely to define the minimum level of auditing required to comply with this part of ISO 15686. For certain types of project with
known high risks, it is likely that the list of core audit activities will be extended to include other audits. For example, with
complex mechanical or electrical plant, the assessment of commissioning and handover activities is of key importance and is
likely to form a core audit activity.

4 © 1SO 2002 — Al rights reserved
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In practice the detailed design audit is generally more onerous than other audits, and is not likely to be fully
effective unless preceded by pre-briefing and briefing audits. Similarly if no detailed design audit has been
prepared, the completeness of audits of construction, commissioning, operation, refurbishment and disposal may
be limited because relevant information from the design stage has not been made available. Therefore the

following

requirements apply:

— pre-briefing and briefing audits shall always precede detailed design audits (see 5.4.1 on the timing of audits);

— a detailed design audit shall be carried out whenever conformance with this part of ISO 5686 is required prior
to construction;

— whe
with

5.3 Rga

5.3.1

I

The audi
auditee.

leaseholdler, lender or insurer), and is responsible for initiating the audit./The auditor shall be an i

organiza
the audit
manager
and, inc

NOTE
person frd
audit is cg

532 C

The clien

— to determine the need for the audit,

— tocq
— to af
— tocq
stag
the 3

— toid
requ

N construction, commissioning, operation and life care, refurbishment or disposal audits are
but a preceding detailed design audit, this shall be stated in the audit report.

les

troduction to the parties

process described in this part of ISO 15686 involves three principal parties: the client, the aug
he client could be the occupier, or could have a financial interest in the-Constructed asset (e.g

ion that is independent of the specific project activities being addited, and is responsible for
activities and reporting the findings. The auditee is generally_the designer but may also be
constructor or supplier, and is responsible for providing the ‘auditor with the necessary project

bnjunction with the client, for addressing any nonconformities identified in the audit process.

In practice the audit can be carried out as a second- ordhird-party function. A second-party audit is ca

m within the same organization or within the project team; but independent of the activity being audited.
rried out by a person or organization wholly independént of the activity being audited.

lient

t's (or client’'s nominated project manager or agents) responsibilities and tasks are

ntact the auditee to obtaif its full cooperation and to initiate the process,

point the auditor and-if‘applicable, approve the composition of the audit team,

nsult with the auditor and define the scope, extent and objectives of the audit, including which
bs listed in Table 1 shall be carried out and which parts of the project shall be included or ex
udits,

entify'the anticipated uses(s) to which the audit will be put, including any specific legal, insura
rements,

carried out

itor and the
). as owner,
ndividual or
carrying out
the project
information

ried out by a
A third-party

of the audit
cluded from

nce or other

— to provide appropriate authority and resources to enable the audit to be carried out,

— to approve the audit plan,

— to provide information on pre-briefing decisions and the design brief that are relevant to service life,

— tore

ceive the audit reports and determine their distribution, and

— to determine/initiate the audit response (in conjunction with the auditee), including any corrective action arising

from

nonconformities raised.
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5.3.3 Auditee

The responsibilities and tasks of the auditee are

— to inform employees about the objectives and scope of the audit as necessary,

— to provide access to the reference documents and other information required by the auditor in order to ensure
an effective and efficient audit process,

— to cooperate with the auditor to permit the audit objectives to be achieved,

— torece

— toresp

5.3.4 Auditor

The auditor|
— to cong
— toobta

— to dets
procee

— to form
interes

— to prep
parties

— to carry

ve a copy of the audit report unless specifically excluded by the client,

bnd to nonconformities, queries and comments in the audit report, if required to do so by|the cli

s responsibilities and tasks are
ult with the client and the auditee (if appropriate), in determining the criteria and scope of the a
n relevant information necessary to meet the objectives of the addit,

rmine whether sufficient information has been provided by-the client/auditee to enable the
d!

the audit team and agree its composition with the'client, giving consideration to potential cq
and any need for specialist input from outside organizations,

are the audit plan in consultation with the client and auditee, and to communicate the agreed j

out the audit in accordance with the'agreed audit plan,

ent.

Lidit,

audit to

nflicts of

lan to all

— to collgct and analyse relevant and-sufficient audit evidence to determine audit findings and reach audit

conclus
— to docu
— tosafe
— to notif

— to pas
addres

bions,

ment individual audit-findings and the reasoning and steps taken in reaching those findings,
juard documentsypertaining to the audit and return such documents as required,

y the cliept\and/or auditee without delay of audit findings of critical nonconformities,

5 ony significant comments and observations relating to the information provided and the of
5ing, any nonconformities,

ptions for

— torepo

rt to the client on the audit clearly and conclusively within the time agreed in the audit plan, and

— where instructed by the client, to agree a programme for “closing out” all nhonconformities and reviewing
information/activities to check that nonconformities have been addressed.

Wherever two or more auditors are engaged in auditing a project, a lead auditor shall be nominated. The lead
auditor shall be responsible for ensuring the efficient and effective conduct and completion of the audit within the

audit scope

and plan approved by the client.

NOTE A description of the specific duties of a lead auditor is provided in ISO 19011.
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5.3.5 Defining responsibilities
Whilst most of the above tasks will be clearly identifiable as those of the client, auditee or auditor, responsibility for
some tasks will be less clear and may vary according to the specific project and the parties involved. The client and

the auditor shall be jointly responsible for ensuring that the specific roles are clearly defined and that all of the
above tasks are assigned.

5.4 Auditor appointment

541 Timing

The auditor shall be appointed at or before the start of the asset life cycle stage(s) to be audited.urless a later
appointrrent is agreed with the client. Later appointments may be justified by

— the need to audit pre-briefing and briefing decisions before undertaking a detailed design.audit, or

— the need to audit life care activities when a constructed asset has been in operation-fer some time.

5.4.2 Qualifications

Auditors [or audit teams) shall possess an appropriate combination of knowledge, skills and experience|to carry out
service life performance audits. The lead auditor and those involved in the€ audit function shall be suitably qualified
and expgrienced professionals skilled in the major design and management disciplines included in the project.
Auditors ghall

— dempnstrate familiarity with projects of a similar size, complexity and function(s) as the construct¢d asset (or
part$) being audited,

— provjde details of qualifications, expertise and experience of the individual audit team members, including
expgrience of service life assessment and auditing principles,

— provjde a declaration that there is no .pétential conflict of interest between audit team membgrs and the
auditee,

— meet specific requirements of clients, certification or accreditation bodies, or insurers (e.g. tHe need for
profe¢ssional qualifications or technical expertise in a particular discipline),

— be independent of the activities they audit and be able to assure the client of their independence gnd freedom
from| bias and conflict of interest throughout the auditing period, and

— arrange for the pravision of additional input from external specialists where specific expertise is not available
within the audit,team. However, overall responsibility for the audit should remain with the appointed auditor
and pot the«external specialist.

5.4.3 Riesources

Auditors shall have ready access to any relevant published reference information, such as local building
regulations, standards, codes of practice or other industry or client in-house guidance that is necessary to meet the
objectives of the audit.

NOTE 1 In addition to general guidance on the design, construction, operation and life care of the constructed asset type in
question, access can also be required to more specialist reference information, such as geological maps or climatic information
on the location in question.

Auditors shall establish procedures for ensuring that published reference information used in the audit is kept
updated, and for ensuring, where necessary, that information is current at the time of use.
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Auditors shall take steps to preserve future access to any published reference information used in an audit, but
which is subsequently superseded or becomes obsolete.

NOTE 2

example in the case of future disputes or deficiencies in the service life performance of the constructed asset.

Such information could be required at a later date to verify the criteria against which the project was audited, for

The lead auditor shall ensure that the audit team has adequate time available to carry out the audit and prepare the

audit report

5.5 Audi

in accordance with the audit plan.

t quality control

5.5.1 Pert

The perforn
of audits or
to identify u
Audit proce
against the
auditor perf
include the
auditor|

auditor|

superv

rotation

Revisions ¢
the auditing

ormance evaluation and consistency of auditors

nance of individual auditors shall be monitored by the auditing organization, either through ob
through other means. Such information shall be used to improve auditor selection and-perform
hsuitable performance.

dures shall be designed to arrive at similar conclusions when the same audit evidence is ¢
same audit criteria by different auditors. Audit quality control procedures’shall be established

prmance to be measured and compared to achieve consistency among-auditors. Such proced
following (where relevant):

training workshops;

performance comparisons;

sion of audit activities and review of audit reports by@xperienced audit supervisors;

performpance appraisals;

of auditors between audit teams.

organization, to account for the additional role of auditing service life performance.

5.5.2 Religbility of audit findings and/conclusions

The auditin
and the aud

The eviden
conducted
inherent in
shall be tak

j procedures (and any_associated quality control procedures) shall be designed to provide
itee with the desired level of confidence in the reliability of the audit findings and any audit con

ce collected<during the audit will inevitably be only a sample of that available, since the
bver a limited-period of time and with limited resources. There is therefore an element of ur
all service. life performance audits. This uncertainty shall be notified to users of the audit fing
en into,account by auditors when planning and conducting the audit.

servation
ance and

bvaluated
0 enable
Lires may

ould be required to any existing quality control procedures (such as ISO 9000 quality systems) within

he client
tlusions.

audit is
certainty
ings and

6 Imple

6.1 Audi

menting the audit

t plan

At the time of appointment, the lead auditor shall prepare an auditing plan in consultation with the client and the
auditee. The plan shall include the following:

regardi

the objectives and scope of the audit;

ng the objectives and scope;

identification of individuals and, where relevant, external organizations, with significant responsibilities
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— identification of essential reference documents;

— the proposed timing and duration of the agreed audit activities (including specific dates where appropriate);

— the key dates for provision of audit information;

— the required timing and frequency of audit reports;

— information relating to the future retention and legal status of the reference documents and other information
used or generated during the course of the audit;

— the 3

The audi
any nece

— the ¢
— thei

Any char
auditee.

NOTE

procurem
of the cor
of the ope

6.2 Dc
The aud
response
made in
may incly
— layo
—  surv|
—  speq
— insts

— life @

— ope

greed schedule of meetings to be held with the client and/or auditee.

ting plan is required to reflect the programming of the design and construction activities and
ssary action to be taken in response to the audit findings. Such action may include

ommissioning of tests to verify specific service life assumptions made by the auditee, or
mplementation of design changes where the requirements of the service lifé brief have not bee

ges made to the audit plan as the project proceeds shall be communicated by the auditor to th

The optimum timing of the specific audit stages will depend“dpon the nature of the project and
ent route. With large or complex projects, it can be necessary toraudit and report on different work pack
structed asset at different times to reflect the progress of the*design and construction activities and the
rating and life care plans.

cumentation
tor shall be given access to all relevantidocumentation relating to the project brief and th

the project documentation. Depending’on the project stage being audited, these “reference
de (but are not restricted to) the following:

it and detail drawings;

eys, including ground, climate and condition surveys;
ifications and/or schedules of the work to be carried out;
llation, commissioning, operating and/or life care instructions;
ycle costplans;

ating“and maintenance records;

to allow for

N met.

e client and

the chosen
hges or parts
development

e auditees’

s thereto, together with any other documented evidence in support of service life performance claims

documents”

— instructions or proposals for refurbishment, adaptation, alteration, change of use, disposal, decommissioning,
disassembly, recovery;

— any relevant information (such as manufacturer’s literature, guarantees, warranties, third-party certification, or
test data) in support of service life forecasts made in the project documentation;

— any relevant outputs from service life performance assessments or risk analysis exercises carried out by the
project team [e.g. failure mode effect analyses (FMEA), fault tree analyses, stochastic models, reliability
assessments];

— copies of any reports from previous service life performance audits or reviews, including any relevant
supporting evidence.
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Auditees’ records of relevant design decisions and the reasons behind those decisions should also be kept
available for auditors.

Further guidance on specific information required at each audit stage is provided in 6.6.1 to0 6.6.9.

6.3 Changes to project information

The auditor shall be provided with all relevant new information or amendments to existing information produced
during the course of the project. Appropriate steps shall be taken to ensure that the audit findings and conclusions
are amended to reflect such information.

Where significant new information or amendments are issued after circulation of an audit report{ |it|
necessary fo issue an addendum or a revised report. In some cases the required changes may bevinc
into audit rgports for subsequent stages of the project

6.4 Audit records

The auditor
auditee and
any revisior

The audito
issues cong
documente
determined

Recording

revisited at
shall be ret
all audit sta
assurance,
involving ca

shall maintain records of all reference documents and other information recéived from the clie
used in arriving at the audit findings, including the date of receipt, and the date(s) and referg
s notified.

may be
brporated

nt and/or
nce(s) of

shall establish procedures for recording the steps taken in drriving at the audit findings (including

idered and reference information consulted), and the reasoning and justification for the findi
i audit trail shall be retained for future inspection for a suitable period to be agreed with the
by third-party quality assurance requirements.

pf the audit trail enables quality checks to be made of the audit process and audit activit
a later date if the need arises. All reference and working documents used during the course of
bined for a period to be agreed between the auditor and the client, and in any case until com
ges. The auditor shall identify and make provisions for any specific third-party requirements (e
legal or insurance) relating to the long-term retention of audit documentation. Those d¢
nfidential or proprietary information shall-be suitably safeguarded by the auditor.

6.5 Audit reports

On completion of an audit (or an audit stage) and where required by the client, the audit findings
communicated to the client in a written report. Unless specifically excluded by the client, the auditee s
receive a cpy of the report.

The audit report shall contain-the audit findings or a summary thereof, with reference to the supporting
(subject to agreement between the auditor and the client).

The auditor|shall identify and report as a nonconformity information that is

incorreft,

ngs. This
client or

es to be
the audit
pletion of

g. quality
cuments

shall be
hall also

evidence

missing or incomplete,
contradictory,

impractical or ill defined,
unsupported by reliable data, or

still uncorrected, i.e. where a nonconformity identified in a previous audit remains uncorrected.

The audit report may include observations, supported by factual data, that are relevant to service life planning, for

example: “Only two makes of boiler will meet the specified design life requirement.”

10
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The audit report shall also contain the following information:

— details of the project, the auditee and the client;

— the agreed terms of reference and scope (including parts specifically included/excluded from the audit),

obj

ectives and programme for the audit;

— arecord of any targeting of the audit, for example to specific components or assemblies (see annex A);

— a list of reference documents provided by the client and/or auditee and used in arriving at the audit findings
(incl |ding date of rpr‘pipt dates of amendments innlnlpmpnml information rpr‘pi\/pd)'

— ali

st of published or other reference information (other than that provided by the client and/oraudi

the audit;

— the period of time covered by the audit (if relevant) and the date(s) the audit was conducted;

— the igentity of the audit team members, including any external specialists;

— as

tgtement of the confidential nature of the contents;

— the distribution list for the audit report;

— as

ummary of the audit process including any obstacles encountefed;

— photpgraphs and/or drawings of identified nonconformities (e.g. in installation or life care activities);

— as

Standard proformas shall be used to record audit findings where appropriate (see annex C).

Guidance on specific reporting requirements for-the various stages of the audit process is provideg

6.6.9.

NOTE
findings,

It is not usually the responsibility\ef the auditor to determine any corrective action required in responsg
inless, by agreement between‘\the auditor and the client, provision of recommendations or guidand

remedial measures is a part of the audijtors’ appointment. The reason for excluding advice on remedial measurg
unintentiopal transfer of liability fromTthe auditee to the auditor.

6.6 Executing audits'at each stage

6.6.1
Status:

briefing

Pre-briefing audit

ee) used in

ummary of the findings of any previous audit reports, for the project and of any corrective action taken.

in6.6.1 to

e to the audit
e relating to
s is to avoid

he pre-briefing audit is a core element of the performance audit and shall precede the detailed design
audit. If not-undertaken before a site is selected, the pre-briefing audit may be carried out at the same

time as the

udit

Purpose: The pre-briefing audit is undertaken to record and examine decisions taken while the project is in
gestation so that conflicting aims are brought to light and initial objectives are not lost sight of at later stages.

Inputs:

The following information (as applicable) shall be collected, recorded and examined:

— information relevant to the long-term plans for the site(s);

— information on the need for constructed works and alternatives considered (e.g. option appraisals, proposals

for

— pla

adaptation/re-use of existing facilities);

ns for construction, operation and management of the facility;

© ISO 2002 - All rights reserved
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plans for future refurbishment, adaptation and alteration of the facility;
plans for disposal, deconstruction, and recovery management;
plans for site reinstatement;

previous relevant proposals and management decisions (e.g. feasibility studies, value management
workshops, option appraisals);

statements of limiting factors (e.g. availability of projected fuel, material or manpower resources; ground-

bearing r‘apnr‘ify of site risk of flnnrling or nnrth| |9|{n)

Outputs: Jbservations of the auditor shall be discussed with the client (or client’s nominated agent)-and guditee (if

appointed).|[Nonconformities shall be identified and reported. Examples of nonconformities are the fallowing:

6.6.2 Bridfing audit

contradiction between long-term and short-term aims, e.g. no opportunities for projectedyfuture expangion on a
restricted site;

business need for the project not verified, e.g. no investigation of availability of{alternative facilities ip existing
premisgs; option appraisal not carried out;

no plans for reuse of materials, components or site, e.g. reinstatement of site compromised by hard-tp-remove
structufe and ground works;

implicaftions of future refurbishment, adaptation and alteration, net properly considered, e.g. major plant to be
built-in| rather than movable; future alterations or changes_of use restricted by structural configuration or
loadbegring capacity;

design|life of the project undefined or poorly defined, ezg: “life to be as traditional masonry construction”.

Status: The briefing audit is a core element ofthe performance audit and shall precede the detailed design audit.

Purpose: The briefing audit is undertakento ensure that the project brief provides an adequate basis far service
life planning at the initial and detailed (design stages. The client’s stated and implied requirements for s¢rvice life

performance are examined to see whether they provide the briefing information needed by the designer.

Inputs: The following information(as applicable) shall be collected, recorded and examined:

12

the repport on the prebriefing audit and records of discussion of auditor’s observations at the pre-briefing stage;

information in ‘any formal brief that is relevant to the service life performance of the construct¢d asset,
e.g. cliegnt design lives for components and assemblies that form part of the works (see Note 1 below)

relevantinfarmation derived from discussions statements future plans_agreed propasals and maodel designs,
e.g. availability and/or reliability of mechanical and electrical plant or systems; plans for future operation, life
care, deconstruction and disposal of the works; location and accessibility of specific components and
assemblies;

information on safety and other issues related to the failure of components used in the works, e.g. need for
special cleaning equipment for luminaires above a specific height; cost and/or environmental impact of future
disposal;

details of external and required internal environments, including anticipated temperature extremes, use of
aggressive chemicals;

the intended procurement method and time programme proposed;
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site details and survey information relevant to the service life of the constructed works.
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test data and reference service lives for specified components, assemblies or plant items that are a

Outputs: Observations of the auditor shall be discussed with the client and auditee. Nonconformities shall be

identified

inad

and reported. Examples of nonconformities are as follows:

incompatibility between anticipated use and life care, e.g. daily public use and weekly cleaning;

equate ar unreliable dpqign data e g “water table fhnnght to be about 3 m below gmlmd level”:

lack
spad

serv
to bg

nong

of information on intensity of specific degradation agents, e.g. no information provided on.the
es for specific sports activities;

ce life performance requirements that are not achievable within the project context, e.g. glazg
maintenance free;

onformities reported in the pre-briefing audit that remain uncorrected, €.9. no consideration

materials and components.

NOTE 1
minimum
conditiong

NOTE 2
considere

NOTE 3
advantagg
with a pro

6.6.3 In
Status:

developn

Purpose]
on their 3
has beer
help to ¢

Inputs: ]
specifica
pre-briefi

To avoid the need for unnecessarily bulky documentation, it will usually be possible to refer to th
design life values in Table 1 of ISO 15686-1:2000 and only to departfrem these values where warrant
. However, use of the table requires a prior decision to have been made as to the design life of the constr|

It is common for the project brief to evolve over a period while requirements for the works are i
0 in more and more detail. The briefing audit will need to be @mended to keep pace with the development

The use of standard proforma for recording service life performance requirements in the project

forma for recording the findings of the briefing audit; is provided in annex C (informative).

itial design audit

[he initial design audit is a secondary audit that may be carried out during the early stage
nent to help reduce nonconformities in the detailed design.

- The purpose of the audit.is to assess the service life implications of initial concept designs a
dequacy in relation to\the service life requirements of the project brief. Where more than one i
prepared, auditingenables the service life implications of alternative designs to be compared
arify the projectbrief (see Note 2 in 6.6.2).

ions), together with the information provided in the brief and the auditor's reports on the
hg stages.

Outputs

use of main

d claddings

of reuse of

e suggested
d by special
ucted works.

jentified and
of the brief.

brief can be

ous as a means of ensuring that all relevant issues’have been included. An example of such a profofma, together

s of design

nd to report
hitial design
It may also

[he auditor\shall examine the information describing the initial design (i.e. drawings, scheduyles, outline

briefing and

Observations of the auditor shall be discussed with the client and the auditee. Clarification

of the brief

may be required. Nonconformities with the brief shall be identified and reported. Examples of nonconformities are
as follows:

aspects of the design not conforming with the design life requirements of the brief, e.g. roof profile and

coverings with a reference service life that is shorter than required when modified by relevant factors (see

ISO

15686-1:2000, clause 9);

exposure unknown;

maintenance of high level cladding;

© ISO 2002 - All rights reserved
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missing or incomplete information that could seriously affect service life, e.g. no information on access for
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unsuitable or impractical design, e.g. undrained grass area proposed for regular overflow parking;

site compromized by hard-to-remove structure and ground works.

continuing nonconformity of items reported on at the pre-briefing or briefing stages, e.g. future reinstatement of

To avoid unnecessary paperwork, the initial design audit should be targeted to those items that have a major effect
on service life and to aspects of design that differ between alternative initial designs (see annex A). The auditee

may find ob

servations by the auditor helpful when developing the detailed design.

6.6.4 Detailed design audit

Status: Th
conformity
audit shall

Purpose: T

conforr

addres

provide
proces

Inputs: Th
schedules,
other evide|
certificates,
the briefing

Outputs: C
provided m
reported, tq
performanc

failure

or asseémblies with an estimated service life of less than the design life, or with maintenance requirg

excess

incomg
service

informa3
selecte

design

b detailed design audit is a core element of the performance audit and shall be undertaken) \
vith the auditing clauses (clauses 5 and 6) of this part of ISO 15686 is required. The detalilg
e preceded by pre-briefing and briefing audits.

he aim of this audit is to ensure the detailed design

ns with the relevant service life performance requirements of the project brief;

5es nonconformities identified in the pre-briefing, briefing and initial desigh audits, and

L

D.

a)
-

auditor shall examine the information describing the-detailed design (i.e. drawings, cal
hce relevant to the assessment of service lives such’as test results, performance assessm
manufacturer’s records), together with the information provided in the brief and the auditor’s r
pre-briefing and initial design stages.

bservations of the auditor shall be discussed with the client and auditee. Clarification of the in
py be required. Nonconformities with the brief and with previous audit reports shall be iden

e assessments and certificates). Examples of nonconformities are as follows:
o meet the service life performance requirements stated in the project brief, e.g. components,
of those specified;

atibilities in the_service lives of related components, e.g. roof tiles secured with fixings of
life; inaccessible/sealants of a lesser service life than the claddings behind which they are inst

tion that is' contradictory or inadequate, e.g. mismatch between stated exposure condit
d desigh-options or component specifications;

details or specifications that are impractical or unrealistic, e.g. fixing tolerances that are unlik

vhenever
d design

s adequate information on installation and commissioning for those involved in the construction

culations,

specifications, safety requirements, instructions for commissioning, operation and life care of the works,

ents and
bports on

ormation
ified and

gether with reference to relevant. supporting evidence (such as good practice guidance, fest data,

materials
ments in

a lesser
alled;

ons and

ely to be

achievable, workmanship standards that conflict with available skills level;

accepted as evidence of reference service life;

of high

level cladding.

information that is missing or incomplete, e.g. important weathering detail or fixing specification not provided;

assumptions that are unsubstantiated by reliable data, e.g. unsubstantiated manufacturer's sales statement

continuing nonconformity of items reported in previous audits, e.g. no information on access for maintenance

To avoid unnecessary paperwork, the detailed design audit should be targeted to those items that have a major
effect on service life performance (see annex A).
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NOTE Further guidance on carrying out detailed design audits, including checklists of issues to be considered, is provided
in informative annexes A and C. Guidance on specific audit issues relating to civil engineering works and mechanical and
electrical plant is provided in annex A.

6.6.5 Construction audit

Status: The construction audit is a secondary element of the performance audit that may be carried out after the
pre-briefing, briefing and detailed design audits.

Purpose: The purpose of this audit is to ensure that the service life performance required by the brief and the
information in the detailed design relevant to the service life are not compromised by work on site or by materials

and components delivered to the site.

Inputs: The auditor shall examine information relating to the implementation of the works, suchyas sit¢ inspection

reports, dlelivery notes, test reports on materials, information on changes to specifications and drawings, weather

reports @uring construction, information on site quality control procedures, information on inspections by

independent bodies. Where required by the client, the auditor may also carry out checks on specific areas of

construction.

Outputs| Observations of the auditor shall be discussed with the client and auditees; there will be mofe than one

auditee if the constructor is involved in deficiencies of workmanship and designers have approved gpecification

changes| Nonconformities with provisions of the detailed design relevant tothe service life and with previous audit

reports shall be identified and reported. Examples of nonconformities are‘as follows:

— design or specification changes made on site, e.g. substitution of alternative components, materials or
suppliers for which service life test data is not available;

— unrefiable control of materials, e.g. haphazard batching*of materials for site-mixed mortar;

— failufe to achieve the specified standards of woerkmanship, e.g. surfaces inadequately prepafed prior to
painfing;

— inappropriate site alterations to components)or assemblies, e.g. alterations to timber roof trusses;

— lack|of relevant quality control recerds, e.g. no daily record of temperatures on site during critica| operations
such as sealant application, lack-0f-concrete test records;

— inadpquate storage or protection of materials on or off site;

— instdllation of damaged-or defective components or materials;

— failufe to install.cOmponents or materials in accordance with manufacturer’s instructions or gdod industry
practice;

— contnuingynonconformity of items reported in previous audits, e.g. no revision of incorrect design|or detailing
issug¢s’identified in detailed design audit.

NOTE The use of standard checklists of issues to be included in the construction stage audit is encouraged. A sample

checklist is provided, by way of example, in C.4.

6.6.6 C

ommissioning and handover audit

Status: The commissioning and handover audit is a secondary audit that may be carried out following construction
to help ensure the satisfactory operation and service life performance of the completed works.

Purpose: The purpose of this audit is to ensure that the service life performance required by the project brief is not
compromised by the commissioning and handover procedures, and to ensure that adequate instructions are
provided for those responsible for the future operation and life care of the completed works.
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Inputs: The auditor shall examine the information provided on commissioning, handover and life care in the initial
brief and detailed design, together with handover records, inspectors’ reports, management log sheets, final
clearance certificates, operating and life care instructions and building handbooks or manuals. Where required by
the client, the auditor may also carry out spot checks to ensure that commissioning activities are being properly

implemente

d.

Outputs: Observations of the auditor shall be discussed with the client/asset manager and auditees. Non-
conformities with the project brief, detailed design and with previous audit reports shall be identified and reported.
Examples of nonconformities are as follows:

inspection or test records missing, incomplete or inadequate, e.g. fuel consumption during run-in period not

recorded;

— manufgcturer's commissioning instructions not followed, e.g. heating system inadequately flushed ol
use;

— operating and/or life care instructions missing, incomplete or inadequate, e.g. no, instructions proj
extend|ng and retracting bleacher seating, maintenance requirements for patend glazing not
excessjve maintenance intervals specified for external timber components;

— impracfical operating or life care instructions, e.g. inadequate space for seryicing of heating plant, no
for accpss to high level cladding;

— continding nonconformity of items identified in previous audits, e.g,)test data still not available for r
finish.

NOTE Flrther guidance on the assessment of operating and life car&’instructions is provided in A.4.

6.6.7 Opdration and life care audit

Status: The operation and life care audit is a secondary audit that may be undertaken during the operatioj

the constru

Purpose: T
accordance

Cted asset to help safeguard the service(life performance.

he purpose of this audit is to ensuré that the operation and life care activities are being carri
with the brief, detailed design.and commissioning and handover instructions, and that such

t prior to

vided for
specified,

provision

psin floor

nal life of

ed out in
activites

are appropifiate with regard to the servieelife performance (or agreed performance levels) of the construct¢d asset.

Inputs: The
and comm
survey rep
maintenang

Outputs: (
auditee). N
brief shall b

auditor shall examine-information provided on operation and life care in the initial brief, detaile
ssioning and handaver” instructions, together with activity timetables, attendance records,

brts, maintenance -instructions, schedules and records. The auditor may also carry out ¢
e and cleaning{procedures where required by the client.

bservations( of the auditor shall be discussed with the client and asset manager (in this
bnconfermities with the operating and life care plans/handbook or with the requirements of th
e identified and reported. Examples of nonconformities are as follows:

bd design
condition
necks on

case the
e project

failure

n 1 H 1 n b v LE H 5 b 4 ! Il H b
U PIropcily 1TPICTTCTIU UpCliallly  diiu/70r e Lalc otutluUlS,  ©.Yy. SPCUIITU  LUITAlTiTy 1TTE]

methods not adhered to; plant not operated in accordance with manufacturer’s instructions;

below);

inability to replace components incorporated within the construction;

attendance records and reports;

16

vals and

specified life care regime inadequate or inappropriate, e.g. maintenance intervals inappropriate (see note

specified life care regime infeasible, e.g. no provision for maintenance access to inaccessible components;

lack of evidence of life care activities, e.g. missing or incomplete inspection or testing records, log books,
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continuing nonconformity of items identified in previous audits, e.g. maintenance intervals still inadequate, life
care instructions still not provided.

NOTE In some cases the original life care requirements defined at the briefing, detailed design, commissioning or handover
stages of a project can require amendment to account for changes in the type or intensity of use of the facility, or to reflect the
actual patterns of degradation observed. For example, it can be necessary to increase (or decrease) maintenance intervals,
specify alternative protective measures, or to substitute certain components or assemblies with those more suited to the actual

in-service

6.6.8 R

conditions.

efurbishment/adaptation/alteration/change of use audits

Status:
during th

Purposel The purpose of these audits is to ensure that refurbishment, adaptation, alteration.o6r cha

activities
compone

The aud
Where s

described in this clause should be implemented, including appraisal of the servicelife of parts to be reta

Inputs: 1
use in th
and speq
informati

Outputs

Nonconformities with the original project brief (updated as.necessary to reflect current needs) and with

provided
the prop
follows:

inco
attag

inap!
com
com

inap
and

failu
the
mair

efurbishment/adaptation/alteration/change of use audits are secondary audits that may be
e life of the constructed asset.

carried out during the life of the constructed asset are not detrimental to the seryvice' life per
nts and assemblies, or of the asset as a whole.

t described here relates to limited refurbishment, adaptation, alteration_or‘change of use.
gnificant alteration or a complete refurbishment is proposed, the full-performance auditing
'he auditor shall examine information provided on future refurbishment, adaptation, alteration g

ifications for the proposed works, details of components.tosbe demolished or removed, ma
bn and test results for materials and components to be uséd in the works.

with the detailed design shall be identified and/reported. The audit is undertaken when detail
bsed works have been prepared but before~the start of the work. Examples of nonconform

mpatibility between the service lives'of hew and existing components or assemblies, e.g. long-
hed to short-life structure;

bropriate specification or detajling of new components and materials, e.g. inadequate protectio
bonents, use of componénis or materials that are detrimental to the service life performancg
bonents and materials((Such as those due to bimetallic corrosion);

bropriate change ‘efijuse, or change of use that may impact on the service life performance of
e to conform to service life performance requirements of the original brief (as updated and/or ¢

refurbishment brief), e.g. specification of short-life components or components requiring
tenance;

imp

aclical or Ill-defined alterations, e.g. periodic replacement O exisiing components comp

aterials, e.g~accelerated deterioration of floor finishes due to increased foot traffic or loadings;

carried out

nge of use
ormance of

works only.

procedures
ned.

r change of

b initial project brief and detailed design, together with conditien survey reports, the brief, detailed design
nufacturers’

Observations of the auditor shall be discussed with-the client, funder, designer and/or ass¢t manager.

information

bd plans for

ities are as

ife cladding

h of existing
of existing

omponents

mended by
excessive

omised by

alterations (such as insufficient space to replace escalator once partition and ceiling layouts are altered);

high

level cladding.

6.6.9 Disposal/decommissioning/deconstruction/recovery/site reinstatement audits

continuing nonconformity of items identified in previous audits, e.g. failure to address accessibility problems to

Status: Disposal/decommissioning/deconstruction/recovery/site reinstatement audits are secondary audits that
may be carried out at the end of the asset life cycle.

© ISO 2002 - All rights reserved
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Purpose: The purpose of this audit is to ensure that the means for disposal, decommissioning, deconstruction,
material recovery and/or site reinstatement envisaged in the original project brief and detailed design (as updated
during the life of the constructed asset) are considered when these activities are undertaken. The audit shall verify
that a plan for these activities has been produced and that the work carried out meets the plan in terms of material
recovery and site reinstatement. The audit shall also verify that information on features remaining on the site has
been provided for the benefit of subsequent users of the land.

The audit is undertaken when detailed plans for disposal, etc., have been prepared before the start of the work.
The audit may be extended to include a second report on the implementation of the disposal, etc., plans.

Inputs: The auditor shall examine information provided on future disposal, etc., in the original project brief and
detailed design (as updated during the life of the constructed asset), together with the proposals for decenistruction,

disposal of
site contam

Outputs: C
auditee). N
with the det
conformities

recoverable material and waste, inventories of recoverable materials, plant and equipmeént;
nation including foundations, underground services and storage tanks.

bservations of the audit team shall be discussed with the client and asset managér (in this
pbnconformities with the disposal, etc., requirements of the original project brief and information
ailed design shall be identified and reported. Where required, a second auditeport should ide
5 in the implementation of the disposal, etc., plans. Examples of nonconformities are as follows

details of

case the
provided
ntify non-

failure vered for

re-use,

o adhere to disposal, etc., requirements of the project brief, e.g. quantity of material to be reco
methods of deconstruction or disposal, procedures for site reinstatement;

missing or incomplete information on disposal, etc., e.g. no details of*how specific components or materials to
be recqvered, no provision for making safe underground services;

instructions that are impractical or ill-defined, e.g. inadequatg, access for necessary plant, inability t
large items of mechanical plant;

D remove

failure fo obtain or confirm necessary permissions, e.g--waste burning on site may not be allowed;

failure
in meth

o conform to disposal, etc., instructions; e:g. reduction in quantity of recovered material due to
od of deconstruction.

changes

7 Service life performance reviews

7.1 Internal review procedures
The audit grinciples and precedures set out in clauses 5 and 6 are directed towards formal audits carri¢d out by
organizations or individudls'which are independent from the project activites being audited. However, much of the
guidance is|equally applicable to less formal service life performance reviews carried out alongside existing internal
project and|design management procedures. Internal review procedures may include design reviews (e.g. as part
of 1ISO 9009 quality. control procedures), value management exercises, checks for compliance with he¢alth and
safety, loca| building codes and other legislation, and monitoring or inspection of installation works. Interngl reviews
may be unJertaken at the request of the project client, as a requirement of formal quality control procedures, or to
satisfy the project team that adequate regard has been paid to service life performance issues.

NOTE ISO 9004 provides detailed guidance on the implementation of structured in-house design reviews at the conclusion
of each phase of design development.

The choice between formal independent audits and internal performance reviews will depend upon a number of
factors, including the particular requirements of the client, requirements of third parties such as funders or insurers,
and the resources available. A summary of the main advantages and disadvantages of internal reviews is provided
in informative annex B. A third option of internal reviews followed by external audits may also be adopted, whereby
the documented outcomes of the review process form the inputs into the audit process. In this case the review
becomes the primary means of ensuring effective service life planning and the audit function is limited to that of
verifying the outcomes of the review.
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7.2 Planning the review
A service life performance review can only be effective if

the review is undertaken by a suitably qualified reviewer, and

the relevant information and/or site access is made available to the reviewer.

Reviewers or review teams shall therefore include at least one member with several years’ experience of design (or

of other relevant activities such as operation and maintenance, depending on the project stage unde

projects pof a similar type size and complexity to that being reviewed Reviews shall only be carrie

relevant nformation and/or site access is available.

7.3 Implementing the review

The revigw stages shall be planned to mirror the audit stages set out in Table 1 and clause 6. The purp
review is|the same as for the audit at that stage of a project. As with performance audits) the pre-brief
and detdiled design reviews are core review functions and shall be undertaken whenever complian
review clpuse 7 is required prior to construction.

Whereag| performance audits are concerned only with identifying nonconformities with the clients’
performance requirements, the scope of reviews shall also include the’identification and initiation g
actions t¢ ensure that those requirements are met.

A checklist of items to be considered as part of a design review is provided in for information in annex B
7.4 Rqgcording the review

The revigwer or review team shall take appropriate steps to formally record the review process and
order

to form the basis for action to correct nonconformities and answer outstanding queries,

to provide a documented trail for future inspection and verification, and (where appropriate)

to provide the formal inputs, or-reference documents, for subsequent service life performance audit
of the review process ‘and findings shall be maintained for an appropriate period of time to be
or determined by-legal, insurance or third-party quality assurance requirements. Further guid
and control of quality records is provided in ISO 9004.

Records
the client
need for

Internal feviews mayfocus simultaneously on a wide range of functional and/or performance based rg
(e.g. structural, \fire, acoustic, environmental, safety, energy consumption, accessibility and
requirements) However, to conform with this part of ISO 15686, observations and nonconformities
specifica|ly-to'service life performance shall be clearly identified in a separate statement.

r review) of
d out when

pse of each
ng, briefing
ce with the

service life
f corrective

findings in

D.

agreed with
ance on the

quirements
buildability
that apply

The statement shall include the following information:
the date and circumstances of the review;
details of the project;

identification of the reviewer/review team;

ISO 15686;

© ISO 2002 - All rights reserved
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— a list (including issue numbers and dates) of the reference documents provided for review, including
identification of drawings, surveys, calculations, specifications and other data;

— asummary of the findings of any previous reviews for the project and of any corrective action taken;
— the review findings, including the reasoning and steps taken to reach those findings;
— corrective action recommended as a result of the review;

— the distribution list for the review statement.
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Annex A
(informative)

Audit guidance

A.1 Audit targeting

-3:2002(E)

A.1.1 In

A fully c(
time req
performa
only one
the deta
assembli
asset), it
problemg

The key
significan
covering

relevant
disastrou

item
envi
to fin

item
built

untri
the 1

exp§
exar

Table 2 ¢

permanent items intended to have a service life in excess of the constructed asset’s design life (o)

troduction

mprehensive audit of service life performance is rarely likely to be justified because_of the e
uired to carry it out. A comprehensive audit would have to examine the gvidence on

or two places and for components that are known to be exceptionally long jlasting. By careful
led design and implementation audits on critical and sensitive items/(that is, on those ¢
ps and systems where deterioration presents the greatest threats to the“service life perform
should be possible to ensure that the design conforms broadly with the design life brief ang
caused by deterioration are avoided.

fo audit targeting is the selection of components, assemblieSand systems which are most lik
t deterioration. How this is assessed will depend on the specific circumstances of the case. O

fo select components that are subject to specific environmental conditions or whose failure
s consequences. Selection may be based on more*than one of the following:

5 that could cause major problems, for example process shutdown, security, health an
onmental hazard, or high-cost repair;

S5t refurbishment);

5 exposed to specific hazardston a particular site, for example where a standard garage can
in an exposed marine enyironment;

ed items, for examplé-a-hew formulation for a protective coating;
eed to limit maintenance and repair to the resources (finance or manpower) available;

rience of the deterioration of similar constructed assets in similar circumstances, for ex
nination-of feedback and cost in use records.

Kpense and
service life

nce for every system or component in a building or constructed asset, even forminor componegnts used in

targeting of
pmponents,
ance of the

that major

bly to suffer
ne method,

each element of the constructed asset in turn, is briefly described below. However, it may be more

would have

H safety or

r the period

bpy is to be

ample from

fdSO 15686-1:2000 sets out a hierarchy of failure consequences (e.g. danger to life, interruptfon of asset

use) that

TTay be usefui i sefecting components foraudit:

Whatever the selection approach adopted, it is essential that the auditor considers the constructed asset as a

whole an

A12 R

d pays particular attention to site and use conditions and to any unusual or innovative features.

isk assessment

Risk management involves identification, analysis and response. Both the identification and analysis of risks (i.e.
potential causes or types of failure) are relevant to the selection of components for audit. The example below is
intended to illustrate how identification and analysis of risks can help in the selection of components, assemblies
and systems for which performance over time is critical. Other forms of identification and analysis may be equally
helpful or better suited to specific circumstances.
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Table A.1 shows as an example the hazards identified for individual components in six building elements. The
hazards may be identified from the auditor’s, designer’s or client’'s experience, from published material or from

feedback data from buildings in use.

NOTE In the context of this annex, the term “hazard” relates only to an adverse or undesired event. It does not relate to the

probability or consequences of that event.

Table A.1 — Hazard identification

Element Component Hazard Hazard description
reference
a N
External w3l Facing bricks Deterioration of appearance
b Water penetration
Stone cladding a Fracture and detachment
Pitched roof Insulation a Reduced thermal insulation
a Failure in normal use
Internal sulydivision Door ironmongery b Failure to provide security
Failure to provideTire safety
Heating insjallations Radiators a Leaks
‘ - a Leaks
Drainage Soil pipes
b Blockages
Lift installatjon Access doors a Failure of operating gear

Risk analysgjis criteria can be applied to target the audit on-specific hazards. The analysis will identify haz

ards that

have the greatest influence on the service life performance of the constructed asset. The four relevant crliteria are

the following:
— incidence (how likely is the occurrence of a-spécific hazard?);
— extent (how widespread could the potential hazards be?);

— conseduences (what would the éffects be?);

— costs (how expensive wouldfailures be to rectify?).

Using the apditor’s experience and feedback from repair and maintenance records a rating (high, medium [or low) is
allocated to|each criterienhas it applies to a specific item. Comparison of the combined ratings enables critical items
to be ident|fied, on.dahich to focus the audit. Table A.2 illustrates this method and how it relates to a| decision

whether or pot to_setect a component for auditing.

22
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Table A.2 — Risk analysis

Component (hazard Consequences
Element reference Incidence 2 Extent 2 2 Cost? Audit
from Table A.1)
External wall Facing bricks: a M H H H Yes
b L M H M
Stone cladding: a L H H H Yes
Pitched roof Insulation: a L M L L No
Internal Door ironmongery: a M H L L Yes
subdivision b L M H L
c L M H L
Heating |nstallation | Radiators: a M M H L No
Drainagd Soil pipes: a L L H L No
b M L L L
Lift installation Access doors:  a L M H L No
a H =|high; M = medium; L = low.
A.2 Assessment of service lives
As part ¢f the initial design and detailed design audits, the auditor should assess the service lives|of selected
compongnts, assemblies and systems in order to establish whether the design satisfies the [design life
requirements set out in the project brief.
ISO 15646-1 provides detailed guidance on issues affecting component longevity and describes two approaches to
forecastipg the service lives of specific compongnts, assemblies and systems. The first approach is bgsed on test
data and|the second is based on the factoring. 0f'a reference service life to account for specific conditions of use. A
systematic framework for performance testingis provided in ISO 15686-2.
Where Qgracticable, a service life assessment based on the appropriate, complete test data assembled in
accordarlce with the methodology-described in ISO 15686-2 and summarized in 1ISO 15686-1 should|be used in
preferenge to a forecast based on‘the less accurate factor method. However, in practice, comprehensiye test data
that fullyfmatches the anticipated conditions of use is often not available and time and/or cost consjraints often
prohibit its collection. Consequently, the use of the factor method or some other structured means df assessing
service lijes is likely to besnecessary.
Whatevef method .of/service life forecasting is used, the auditor should ensure that full account is taken of the
project specific_issues (such as the location, exposure and intended operational use of the constructed asset)
identified in the,project brief. An assessment should be made of all relevant agents of degradation (mnechanical,
electromagnetic, thermal, chemical and biological) to which the selected components, assemblies or $ystems will
be expoped/ and of the possible degradation mechanisms that those agents might initiate. 1IS® 6241 and

ISO 15686-1 provide further guidance on agents and mechanisms of degradation.

In evaluating the service lives of specific components, assemblies and systems, the auditor should consider any
relevant evidence provided by the auditee or readily obtainable by the auditor, such as:

data provided by a manufacturer, a test house or an assessment regime (for innovative products or materials,

this will normally be based on the manufacturer’s or supplier's exposure results); this may be a single figure or
a distribution of typical performance;

prev

ious experience or observations of similar construction or materials in similar conditions;

© ISO 2002 - All rights reserved
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— service life performance assessments made by members of the European Union of Agrement and the World
Federation of Technical Assessment Organisations in their technical assessments;

— publica

tions that include schedules of typical service lives;

— local building codes or standards that in certain cases may give a typical service life for components,
assemblies and systems.

In certain cases, where specifically required by the client, the auditor may commission or undertake additional tests
on specific components, assemblies or systems to verify the forecast service life performance.

A.3 Asse

ssment of installation instructions

As part of tihe detailed design audit, the auditor is required to assess the adequacy of the installation instriictions to

ensure that
the project

likely to inflience the service life performance of the constructed asset and its constituent parts.

Specific defailing issues that should be considered as part of a detailed design auditinclude the following:

— interfad
— coordin
— joints 4
— fixings
— protect
— layout

— incomg
dissimi

— any ot
might
design

Those aspq

addition to fhose that may detract from performance.

Since the
designers/s

the constructed asset as constructed conforms with the service life performancetequirements
prief. The auditor should focus on those aspects of the detailing and constructiofactivities that

es and abutments between components, e.g. wall-roof junctions;

ation and interaction of building services, structure and othericomponents, assemblies and sys
nd jointing, including, where relevant, the provision of gxpansion joints;

and support, including number and type of fixings,\support centres;

ve measures/features, e.g. cathodic protection, overload circuits;

hnd adequacy of space, e.g. provisionfaccess for plant maintenance;

atibilities and the need for jsolation of incompatible materials, e.g. bimetallic corrosion
ar metals, acidic rainwater run-0ff from certain materials;

er known problem areas-(i.e. relating to specific construction types, materials or componen
ffect the ability of the_constructed asset or its component parts to achieve the requiremer
life brief.

cts of the detailing that provide a positive contribution to service life performance should be

design> responsibility for different elements or components is often split between
pecialists, particular attention should be paid to interfaces and interactions between different

set out in
are most

tems;

between

[s) which
ts of the

noted in

different
elements

and compo

hents

Specific construction issues that should be considered as part of the detailed design audit include the following:

— storage, protection and handling of materials on and off site;

— any special requirements for temporary protection during or following installation, e.g. protection of
cementitious products during the curing period;

— conditioning requirements for moisture- or temperature-sensitive components, such as timber-based boards;

— minimum curing periods for cementitious materials;
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— any special conditions of temperature or humidity to be maintained for the proper application or installation of a

prod

uct or component;

— reference to manufacturers’ instructions and/or approved installer schemes (where relevant);

— requirements relating to alterations (dimensional, structural, etc.) made to components or materials on site,
e.g. whether alterations are permitted, the need for additional protective measures following site alterations;

— instr

— any

uctions for any site batching or mixing/preparation;

ther known problem areas (i e relatina to snecific_construction tvnes materials or compo
g < ) ™ I Y g

ents) which

migh
desi

When ay
auditee @

— instr|
— requ
— instz
—  preyV

— me
Org

Any non
specific 1

A.4 Assessment of operating and life care instructions

As part g
and life G

In some
historical
cases it \
assembli
In doing
the audit

— instr

t affect the ability of the constructed asset or its constituent parts to achieve the requiren
gn life brief.

diting the installation instructions, the auditor should refer to any relevant information prov|
r readily obtainable by the auditor, such as:

Lictions or guidance provided by a manufacturer or a supplier;

irements of any relevant guarantees, warranties or registered installer.schemes;

llation information provided in local standards, codes or other good practice guidance;
ous experience or observations of similar construction or materials in similar conditions;

bers of the European Union of Agreement and .the World Federation of Technical
nisations may provide guidance on installation in theirtechnical assessments.

conformities should be listed in the audit repart,” along with any relevant supporting eviden
eferences to the above information sources):

f the commissioning and handover audit, the auditor is required to assess the adequacy of th
are instructions for the comipléted facility.

evidence for assets-of a similar type may be sufficient for the purpose of the audit. Howe
Vill be necessary-for the auditor to assess the operating and life care requirements of specific ¢
es and systems.in order to determine whether the instructions provided by the project team ar:

Dr, suchas;

Lictions or guidance on operating and life care regimes provided by a manufacturer, a suppl

ents of the

ded by the

\ssessment

e (such as

e operating

cases, a broad assessment of operating and life care requirements for the constructed asset based on

er, in most
pmponents,
b adequate.

50, the auditor should consider any relevant information provided by the auditee or readily obtainable by

er or a test

hous

e,

— minimum operating and life care requirements specified by any relevant guarantees or warranties;

— operating and life care information provided in local standards or codes;

—  prev

ious experience or observations of similar construction or materials in similar conditions;

— qguidance on operating and life care requirements provided by members of the European Union of Agreement
and the World Federation of Technical Assessment Organisations in their technical assessments;

— books which are available that include typical life care intervals.

© ISO 2002 - All rights reserved
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A.5 Life cycle costs and environmental impact

In addition to the issues discussed above, the project brief may also include requirements for life cycle costs, or
sustainability and environmental impact, that are related to service life performance, and that fall within the scope

of an audit.

— service

Specific issues that may require auditing include the following:

life, maintenance and cost assumptions within life cycle cost models;

— life cycle assessments of the constructed asset and/or specific components, assemblies and systems;

— definitipp-and-assess

— asses

Further guid
respectively
cycle asses

A.6 Auditing civil engineering works

It is important that auditing procedures for civil engineering works recognize the significant differences

these and
include the

— the larg

ent of embodied energy, carbon dioxide, environmental labelling of components.
lance on life cycle costing and life cycle assessment will be provided in ISO 15686-5 and ISO

. 1SO 14010, 1SO 14011 and ISO 14012 provide detailed guidance on environmental aud
sment is covered in detail in ISO 14040.

bther forms of constructed works. Key differences that should be accounted for in the audit
following:

e-scale nature of many civil engineering projects;

15686-6,
ting. Life

between
typically

— the different construction methods employed, e.g. usevof high-strength pretensioned concrete, cantilevered

bridge

— the diff

and prediction of degradation rates and mechanisms;

— (greater
— the nee¢
— the oftg
— onerou

— onerou

construction;

erent design approaches used, e.g. limit state design, greater use of probabilistic modelling, §

use of prototypes, trial constructions and computer models to test proposed construction;

d to incorporate safety factors and spare capacity, e.g. to allow for future increased loadings;
n catastrophic effects ‘of failure, e.g. loss of life, national economic consequences;

5 design life requirements, e.g. typically 120 years or more for major infrastructure works;

S life-care-requirements, e.g. maintenance at 5-year cycles only, no access from underside of &

A.7 Audi

imulation

ridge.

iting mechanical and electrical plant

Specific issues relating to mechanical and electrical plant and systems that should be taken into account in the

audit includ

e the following:

— the complexity and interdependence of many plant items and systems;

— the importance of protective measures within systems, such as thermal cut-out circuits, chemical dosing of
water, and cathodic protection of corrosive metals;

— the need to assess the subcomponents and subsystems within complex items of the plant, and the

determ

26

inants of long-term performance;
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— the influence of operation and use on service life performance, e.g. hours of use, number of starts/stops,
extent of operating periods;

— the importance of correct specification, and suitability for the intended application;
— the importance of adequate commissioning and adjustment of plant prior to use;

— the significance of timely and appropriate maintenance, including the use of condition-based maintenance and
remote performance monitoring;

, availability
b levels of

performance;

— the ¢gommon use of techniques such as failure mode effect analysis and fault tree analysis to asjsess failure
modes and risks;

— the dynamic nature of many plant items and the significance of lubrication, wear and metallurgy;

— the ¢ffect of variations in operating temperature and conditions, e.g. failure”due to overheating of|pumps and
motars;

— the gbility of the plant or system to accommodate changing requirements over time, e.g. regulptory, user-
defined (output, frequency of use, energy consumption, etc.).
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Annex B
(informative)

Review guidance

B.1 Advantages and disadvantages of service life performance reviews

Reviews that are integrated with other internal project review procedures may be undertaken at the requgst of the
project client, or to satisfy the project team that adequate regard has been paid to service life performancelissues.

Advantageg of service life reviews being carried out as part of project review procedures can ifelude the fgllowing:

— familiagity with the project details, constraints, special features, and with local climate; construction|methods
and materials;

— detailed understanding of the reasons behind key decisions;

— detaile@l understanding of client requirements;

— ease of access to project information and documentation;

— ability fo directly address audit queries and findings quickly in order to minimize delays in the project;

— potentipl to integrate audit procedures with other project review procedures such as designer$’ quality
managgement system checks.

NOTE There will inevitably be some areas of overlap between designers’ internal quality assurance checks and service life
performance|review activities. It can be beneficial to coardinate the two review activities in order to avoid duplication of effort.

Disadvantages of service life reviews carried Qut'as part of project review procedures can include the following:
— arisk df over-familiarity with the project; leading to failure to identify deficiencies or shortcomings;

— areluctance to question key assumptions or decisions due to personal involvement in such decisions;
— arisk df impaired objectivity;é.g. due to team loyalties, reluctance to criticize peers;

— inferior| knowledge .and’ experience of service life performance auditing compared with that of| external
specialfsts;

— inferiorfauditing resources and access to auditing information compared with that of external specialis{s;

@«

— arelucfanee to sacrifice conflicting performance targets, e.g. security, aesthetic aspects.

B.2 Checklist of items to be considered as part of a design review

The following checklist gives items that should (where appropriate to the design phase and project) be included in
an internal design review. Note that some items may not be directly relevant to service life performance and may
fall outside the scope of a particular performance review.

a) Items pertaining to customer needs and satisfaction:

1) comparison of customer needs expressed in the product specification with technical specifications for
materials, products and processes;

28 © 1SO 2002 — All rights reserved


https://standardsiso.com/api/?name=3643a24c7bc9b1f7a58c8e47fe51c7ea

2)
3)
4)
5)

6)

7)

8)

ISO 15686-3:2002(E)

validation of the design through prototype tests;
ability to perform under expected conditions of use and environment;
unintended uses and misuses;

safety and environmental compatibility;

compliance with regulatory requirements, national and International Standards, and organizational

practices;

comparison with competitive designs;

comparison with similar designs, especially analysis of the history of internal and external
avoid repeating problems.

b) Items pertaining to product specification:

1)
2)
3)
4)
5)
6)
7)
8)
9)

10)

dependability and serviceability requirements;

permissible tolerances and comparison with process capabilities;

product acceptance criteria;

nstability, ease of assembly, storage needs, shelf-life and\disposability;

benign failure and fail-safe characteristics;

pesthetic specifications and acceptance criteria;

failure mode and effect analysis, and fault tree analysis;

ability to diagnose and correct problems;

abelling, warnings, identification, traceability requirements and user instructions;

review and use of standard'‘parts.

c) Items pertaining to process specification:

1)

2)

3)

4)

ability to produce-product conforming to the design, including special process needs, me
automation, assembly and installation of components;

capability.to inspect and test the design, including special inspection and test requirements;

specification of materials, components and sub-assemblies, including approved suq

broblems to

Chanization,

pliers and

ubcontractaors as wall 2¢ availahility:
HOGORAGCIOFSaS WeHasSaVahabhits

packaging, handling, storage and shelf-life requirements, especially safety factors relating to incoming and

outgoing items.
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Annex C
(informative)

Checklists and proformas

C.1 Statement of service life requirements in the project brief

Table C.1 grovides examples of service life performance requirements that may be included in the project brief for

a domestic
information

dwelling and a school in Western Europe. Reference should be made to 6.6.2, whichwalsg
that should accompany the brief. It should be noted that the examples are intended only {o illustrate the
general apgroach. Specific service life requirements should be defined for each individual project.

Table C.1 — Sample statements of service life performance requirements

lists the

Issue

Information/requirements

Dwelling

School

Description/usage of building

Description|and intended use

of building

Anticipated|patterns of use

Development of two and three bedroom
dwellings for leasing.

Continual use apart from short periods
of vacancy between tenancies,

Schoel for 1 000 children aged 10 to 16 |years.
Accommodation to include teaching

accommodation, staff offices, dining hal
kitchens, gymnasium, indoor swimming

Teaching use from 09:00 to 16:30 hourg.
Evening and weekend use for community
activities. Infrequent use during school holidays.

and
pool.

Site and buiilding environment

Site issues
conditions,
site)

e.g. ground
previous use(s) of

External logal environment/
exposure

Internal enyironment

Shrinkable clay .soil:” Some ground
contamination from* previous industrial
use (see site investigation/soil report).

Sheltered.suburban location in south of
England:

Occupation by the elderly, therefore
high-level of heating.

Former playing field/parking area. $ee site
investigation/soil report.
Exposed coastal location (rural) in |north of

England.

Humid and corrosive environment in siwimming
pool enclosure. High occupancy live loafs.

Client design lives

Reliability/availability
requirements

Design life pf building 100 years 60 years

Inaccessible and difficulf to 100 years 60 years

replace components==

generally

Major replageable 30 vears 30 vears

components — generally

Service installations and 30 years 20 years

external works — generally

Specific components Central heating boiler: 15 years Floor coverings: 15 years
Hot water cylinder and pipework: Boiler plant: 25 years

60 years Kitchen fittings: 20 years

Roof covering: 60 years

Heating breakdowns and down time to
be minimized.

No heating plant breakdowns/downtime during
teaching hours. No teaching room to be
unavailable for more than two days per school
term.

30
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