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

The proce@lures used to develop this document and those intended for its further maintenanee

are

described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed*for|the

different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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lanation on the voluntary nature of standards, the meaning of ISO specific terms
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Introduction

The ISO 15686 series, including this document, is an important contribution to the development of a
policy for design life. A major impetus for the preparation of the ISO 15686 series is the concern over
the inability to predict service life, costs of ownership and maintenance of buildings and constructed
assets. Common methods and standards for performance assessment and proper feedback of data from
practice are decisive in order to make experience data from the building stock more consistent and
comparable.

This document provides a framework to channel information, collected as part of building performance

surj‘/eys and assessments, into structured data that can be used in various aspects of the
ning process.

pla
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The
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maintenance planning are beyond the consideration of this dociment, the interactions and s
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ISO
life,
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plamning information and servicelife predictions. Coupled with the emergence and inherent

of H

estimations and generally improve service life planning.

Thi
pro
of b

Ipplying the generic protocol and terms from this document, to evaluate the service'life pe

15686-2 and ISO 15686-8.

inspection and reporting procedures described in this document, ‘acknowledge tha
dition, of any given building, component or system, as well as performance require
hge during the lifecycle. Those changes typically result in corrective actions, main
ommissioning, to rectify the performance gaps. While commissioning, re-commiss

nitial inspection data, maintenance-driven inspectipns,/ changed performance ex
formance surveys, service life predictions and service life'planning are discussed.

15686-10 stipulates that functional performance istobe assessed at various stages durin
most critically during the project delivery phase; and at commissioning. Functional p{
bssments are to continue during the property management phase and when considering
pare actual serviceability profile of the facility to the generic or typical functional requiren
otential occupants or buyers. This document provides essential input to the functional p¢
ew process of ISO 15686-10 and as suchiis of importance to all members of the building te

cifically to provide a consistentcomputerized structure for the retention and use of

IM, the techniques described in this document will become more useful, lead to better

fessional advisers,constructors, assessors, manufacturers of building products, insurerg
oth publicly and/privately owned constructed assets.

Kervice life

rformance

ing a building’s life cycle, practitioners can generate “in-use” service life data, as referenced in

t both the
ments, can
fenance or
oning and
ignificance
pectations,

b the whole
brformance
lisposal, to
nent profile
brformance
hm.

15686-4 lays out procedures~for the application of Building Information Modelling (BIM),

bervice life
apabilities
service life

5 document is interded for all members of a building team, e.g. building owners and ¢levelopers,

managers
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Buildings and constructed assets — Service life planning —

Part 7:
Performance evaluation for feedback of service life data
from practice
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Scope

5 document provides a generic basis for performance evaluation for feedback of servi

description of how the (technical) performance can be described and-documented
Kistencies.

purpose of this document is to describe the principles for serwvicé life performance s
uation with an emphasis on technical recommendations. It-describes a generic mg
uding the terms to be used, that provides guidance on the plantiing, documentation and
ses, as well as on analysis and interpretation of performance ‘evaluations, both on the o
ding) and network (stock of buildings) level. While maifitenance planning is outside t
document, maintenance-driven inspections and subsequent recommended actions
ificant effects upon service life and performance.

re life data
e used and
to ensure

irveys and
thodology,
inspection
ject (single
e scope of
Could have

Pir content
pplies. For
[s) applies.

[ principles

b prediction

nce service

b686-2 and

2 |Normative references

The following documents are referred to.in the text in such a way that some or all of th
conktitutes requirements of this document. For dated references, only the edition cited 3
undated references, the latest editiomofthe referenced document (including any amendmen
[SO[15686-1:2011, Buildings and.constructed assets — Service life planning — Part 1: Generd
and|framework

[SO[15686-2:2012, Buildings:dnd constructed assets — Service life planning — Part 2: Service lift
progedures

[SO[15686-8:2008; Buildings and constructed assets — Service-life planning — Part 8: Refer¢
life ind service-lifé-€stimation

3 |Terms and definitions

For|the’purposes of this document, the terms and definitions given in ISO 15686-1 and ISO 1
the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

©IS

IEC Electropedia: available at http://www.electropedia.org/

[SO Online browsing platform: available at http://www.iso.org/obp
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31
commissioning

systematic process of functional performance testing, verification, documentation and training
intended to ensure that the building and its systems operate in accordance with the defined objectives

and criteria of the project

Note 1 to entry: Commissioning is an integral part of the design and construction process and is also intended to

be undertaken throughout the service life.

3.2
consequence degree

expression| of the significance and 1mpact(s) ot failure, or failures, or loss of performance, relative
defined reference level

Note 1 to eptry: Impacts that should be considered include any changes to aesthetics, structuraliintégrity;
provision of healthy and safe surroundings, economic factors and environmental loadings.

3.3
network level
stock of objects under management and maintenance of an owner

Note 1 to enftry: Objects could include facilities, for example, bridges, tunnels, power plants, and buildings.

3.4
object lev¢l
basic unit ¢f the network serving a specific function

3.5
performance survey

o a

the

total reviepv (defining of the task, planning, examination;*evaluation and reporting) at a given timje in

accordance¢ with this document)

3.6
performance assessment

all materigl that accounts for an item’s ¢apability to provide a quality or function throughout
service lifg

3.7
performance degree
expression| of the capability of-an.item to provide functionality in relation to a defined reference lev

3.8
performance control
comparisoh between €apability to provide functionality and predefined functional requirements

39

its

refurbishment
modificatiﬁl and improvements to an existing item to bring it up to an acceptable condition

[SOURCE: ISO 6707-1:2014, 7.1.50]

3.10
repair

return a product/component/assembly/system to an acceptable condition by renewal (3.11) or

replacement (3.12) of worn, damaged or degraded parts
[SOURCE: ISO 6707-1:2014, 7.1.52]

3.11
renewal
demolition and rebuilding of an existing item

2 © IS0 2017 - All rights reserved
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3.12
replacement
change of parts of an existing item to regain its functionality

3.13
risk
probability of an event occurring multiplied by its consequences

Note 1 to entry: Events can include failure, or damage.

Note 2 to entry: Consequences can include cost, fatalities, or exposure to personal or environmental hazard.

any|circumstance that can impact the performance of a building or a constructed asset, or a gart thereof

e conditions (3.15) due to users of a building/constructed assets and human activity adjacent to a

labgl of an in-use condition (3.15) indicating\which factor of the Factor method the condition will

se condition grading
act pf applying collective judgement of all qualitative information of an in-use condition (3.1b) within a
factor category (3.17)

[SOPRCE: ISO 15686-8:2008, 3.6]

des|gnation¢epresenting a qualitative description of an in-use condition (3.15)

[SOUREEYTSO 15686-8:2008, 3.7]

4 Methodological framework

4.1 Service life planning

In ISO 15686-1:2011, 3.22, the concept of reference service life (RSL) is defined as the “service life of
a product, component, assembly, or system which is known to be expected under a particular set, i.e
a reference set, of in-use conditions and which can form the basis of estimating the service life under
other in-use conditions”.

A person working with the service life planning (SLP) of a design object is faced with the challenge of
forecasting the service life of its components. Even if there are certain service life data available, i.e.
RSLs, these can rarely be used directly. This is because the project-specific in-use conditions, to which

© IS0 2017 - All rights reserved 3
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the object’s components are subjected, are usually different from those under which the service life
data are valid, i.e. the reference in-use conditions.

In ISO 15686-8, the Factor method is described as a means to overcome this problem. The Factor method
is used to modify an RSL to obtain an estimated service life (ESL) of the components of a design object,
while considering the difference between the project-specific and the reference in-use conditions.
This is carried out by multiplying the RSL by a number of factors, each of which reflect the difference
between the two sets of in-use conditions within a particular factor category:

ESL = RSL x Factor A x Factor B x Factor C x Factor D x Factor E x Factor F x Factor G

The factor categories are given in Iable 1.

Table 1 — Factor categories of the Factor method

Factor category Designation

quality of components
design level

work execution level
indoor environment
outdoor environment

usage conditions

Q mm g O w

maintenance level

The evaludtion of an ESL according to the Factor method requires the input of an RSL as well as|the
numbers of the Factor categories A to G. A proper choice of\the numbers of the factors depends on|the
difference |between the project-specific and the reference in-use conditions. Therefore, in ordef to
enable estimations of the Factor categories A to G jointly with RSL, the reference in-use conditionfs in
terms of the factor categories should, as far as possible, be included when providing data.

There are 4 limited number of systematic studi€s on service life prediction and there is a need for data.
For the prgvision of RSL data, the capturingofexisting data of any kind is acceptable. ISO 15686-2:2(012,
5.4.3.3 idenptifies methodology to evaluate the service life of building components through inspection of
buildings gnd suggests that, by means:of'statistical sampling methods, as many buildings as necesdary
be included in the study. See also ISO. 15686-2:2012, A.2.3.1.2.

In addition, ISO 15686-2:2012 §tipulates that a critical review of service life planning studies is t¢ be
conducted whenever the results are to be publically disclosed and discretionary in other instances. [The
critical review process, as-described in ISO 15686-2:2012, Clause 6, ensures the technical and scientific
validity, cZInsistency of/the’service life planning methods implemented, as well as the appropriateness
and soundness of external data used.

4.2 Performance assessment of service life in the course of the construction life cycle

4.2.1 Relation to service life design and reference service life (RSL)

The performance levels of the construction and its components change during the life cycle of the
construction (see Figure 1). The in-use conditions can also be subject to change. Therefore, a proper
assessment of the service life during the construction life cycle should include a thorough assessment
of the existing in-use conditions, and record any changes to the levels used in the design process, if
applicable.

A main objective of this document is to provide a basis for objective assessment and to describe how
information retrieved during performance assessments can become new input in the RSL data, as
described in ISO 15686-8. As such, this document adds further to the data generation via inspection.

4 © IS0 2017 - All rights reserved
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4.2.2 Life cycle performance of construction

Figure 1 illustrates scenarios in the development of the performance (bold line) of construction works
from delivery through the operation and maintenance phase. There is a deviation (gap) in performance
from the client’s expectations and requirements from the brief (initial) phase until the delivery (“as
built”) phase, often due to failures or damage during fabrication. The expectation gap is increased
further due to the continuous rise in new requirements and upgrading, business development, etc.

After the delivery, performance decreases during operation, due to wear and tear, or simply the age
factor, if left with no maintenance. Therefore, the construction and its components are subjected to
various corrective actions, or maintenance, in order to keep up with required performance. These
actions can be proactive, which is preferred, or reactive, which is largely the current practJ‘ce. In both
cases, inspections and performance assessments should be the basis for maintenance planning. This
applies to all functionalities.

Thip document defines a generic protocol and terms for how to evaluate the sefvice life pgrformance
durfing this life cycle. Maintenance planning is outside the scope of this document, but for the sake of
illustration, Figure 1 relates the assessed performance levels to various knoWn maintenance|actions, as
defined in ISO 15686-1. The content of, and relations between, such levels-and actions should|be defined
by ysers separately.

Commissioning is a systematic verification, documentation and training process undertaken fto increase
thellikelihood that the built work operates in conformity with tlie¢ owner’s project requiremepts and the
bas|s of design as described in the contract documents.

Commissioning (when executed thoroughly) is applied te all activities during the design, copstruction,
staflic verification, start-up, and functional performance testing of building equipment and systems.
It ensures that the building operates as intended<ahd that the operation and maintenarlce team is
adefjuately prepared to keep the building performing as intended.

As h building enters its service life, the expectations of the level of performance that it needs to
proyide could shift (positively or negatively) either as a result of public and market driver] pressures
or due to changed business demands. Typically, these new requirements, as graphically depicted by the
dashed line (10) in Figure 2, will evengually rise until upgrading is warranted at t; to the mget the new
reqpirements. See 5.3.5.1.

© IS0 2017 - All rights reserved 5
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Figure 1 —(Life cycle performance of construction

stage
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performande degree 0 could be réquired at ty, the time of initial as-built. In such instances, the y-axis of Figure 1

is effectively shifted to the right and ¢ty and ¢; coincide.

NOTE 2 hen considéring commissioning for domestic systems installed in typical single family dwellings,

the duration betweenty, the time of initial as-built, and ¢;, the time to occupancy and operation, can be very s
(hours or dgys rather than months and years) in comparison to industrial or commercial systems.
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Performance surveys

General

le

mdin purpose of this document is to be an aid in the planning and preparation of requi
and specific working documents for the performance survey of items of various character and different
purpose. General and specific working documents supplementary to carrying out performance surveys
can be described in three levels, as given in Table 2.

ed general

General working documents provide reference levels for performance of building products, materials

and

assemblies.

Specific working documents provide function-based direction on how specific items should be
addressed (refer to Table 2) as well as providing performance degree reference levels for that item.

© IS0 2017 - All rights reserved
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Table 2 — Overview of document levels

Document Main function Content

This document Provides a standardized frame- Definitions, method and content
work for planning and for terms
and methods

General working |Provides agreed (objective) fixed |General symptom lists and/or illustrated catalogues,

documents for per- |terms (reference level) for the for example:
formance surveys |performance of a building product |— concrete;
or construction method — masonry;
— external wood: and
— steel.

Checklists for likely locations of failure prepared o
the basis of this document

=}

Specific working |Provides specific directions on how|Complete work guidance for the performance survi
documents|for per- |a type of item should be handled. |of a type of item, for example:

formance sprveys |Should also provide the reference |— bridges;
level for performance degrees for |— old town buildings;
the relevant type of item — stave churches.

These should be prepared by those who request th
survey for a type of itenx(facility manager, propert
owner, etc.) on the basis’of the standard and gener
working documents

=PASEE

Functional| performance is assessed at various stages during the.whole life. It is most critical du
the project delivery phase to ensure that the design continués-to meet the functional requiremd
as the project progresses from conceptual to detailed desigiyyand at commissioning to verify that

ring
Pnts
the

facility still satisfies the functional requirements. During the property management phase functiInal

performanice is assessed to affirm continued satisfaetion or to determine whether the functi
performanice requirements have changed. When considering disposal, the actual serviceability pr
of the facility shall be compared to the generic or typical functional requirement profile of poter
occupants pr buyers.

NOTE Jee ISO 15686-10:2010, Table 2, which outlines actions required by ISO 15686 (all parts) at each s
of the whold life.

This document can be used:

a) directly as an aid for performance surveys when no other working documents exist, or 4
supplement when the working documents are incomplete;

b) to prepare general working documents;

c) to prepare specific working documents.

5.2 Registration level and user-oriented types of inspection

nal
file
tial

fage

IS a

There are four levels of registration as follows.

a)

b)

Level 1 (preliminary): Performance registration of a general character consisting of visual
observations combined, if necessary, with simple measurements.

Level 2 (regular): Performance registration of a general character, but more exhaustive and detailed
than Level 1. It includes examination of supporting data, e.g. drawings, specifications and other
documentation. More extensive registrations or measurements should be carried out to establish
the construction and performance of the item when required.

Level 3 (maintenance-driven): Performance registration of the conditions that exist at the time of
a loss of function. Dependent upon the significance of the component or system being considered
and the severity of the failure, the requirements of the registration and measurements should be
carried out to either Level 1 or Level 2.

© ISO 2017 - All rights reserved
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d) Level 4 (detailed): Performance registration of a special character that includes only specific items
(building elements, construction elements, work sections) or specific problems. Such performance
registration implies the application of especially accurate measurement or test methods and, if
appropriate, laboratory testing.

Types of inspection should be designed from these various levels of registration according to user needs
and required competence of inspectors, as given in Table 3.

Table 3 — Type of and purpose of inspection

Level of inspection Purpose

Prdliminary Introductory inspection of a general character consisting of visual'observations
and basic measurements to get a very rough overview

Regular Inspection at regular intervals, such as:
a) every 1to 2 years, for analysis of weak points or failurésin the constfuction; and
b) every 3 to 10 years, for:

— design and preparation of tenders in restoration and rehabilitafion project,

— defining the inspection plan, programpring the object-individugl questions
for inspection, and

— planning of renovation, contrél of adequate use, and cost esftimates for
maintenance measures.

Maj|ntenance-driven Inspection following an unexpected minor failure (loss of function), e.g. water
penetration through building'envelope, operating limit warnings.

Spdcific/detailed (ordered from|Special tasks, such as:

thejlevels above) — detailed specification of the extent of any damage;

— difficult and /exunusual situations; and

— researchwork.

NOTE Inspections should be conducted by pérsonnel having the relevant technical credentials for the domains being
surpeyed. Competency requirements of inspectors should be in accordance with the jurisdiction having authoftity.

5.3| Phases and activities in 'the performance survey

5.3]1 General overview,

A performance survéy'should consist of the following main phases:
a) |defining thétask;

b) |plannjng;

c) |examination;

d) evaluation;
e) reporting.
NOTE A more detailed analysis of this process is given in Table 4.

Performance surveys should be carried out by personnel having the relevant technical background
within the field being surveyed (see Note to Table 3). All fields that are relevant to the purpose of the
performance survey should be covered.

© IS0 2017 - All rights reserved 9
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5.3.2 Defining the task

5.3.2.1 General

The purpose, extent and resources required for the performance survey should be established,
described and documented.

5.3.2.2 Purpose

A prerequisite of the performance survey is to define the purpose of the survey, i.e. to clarify what the

survey sho

works or cpnstruction wo

b) form the basis for maintenance plans;

performance documentation and RSL data for manufacturer’s product documentation;

rk elements can be to:

[10Nn

c) determine (in the case of urban city renewal) whether construction works should be demolishefd or

renovdted;

d) inspecf for completion and for notification of defects;

e) assist with purchase and sale;

f) assist In undertaking valuation (technical part); and

g) assistIn preparing conservation documentation.

Table 4 — Phases and activities in the performance assessment protocol

Main phasp  |Activity/content Examples/elaboration
Planning 6fmaintenance, repair and renovation. Evaluation of
Purpose damage'and Residual Service Life. Valuation. Conservation docur

Defining the megriarion.

task [tem: field, building, construction work, elements. Evaluate, defie
Extent/level ; : : . 2

the registration level. Sampling. Cost calculation of action.
Cost of analysis Own cost and purchased services
Basic material Drawings, specifications, performance documentation

Planning Registration scheme Systematic, orientation system, statistical selection, aids
Plan Examination, inspection, meetings information, access
Recording of age, in-use
conditions and perfor- Symptoms, in-use conditions

Examinatidn |Manee levels
Performance degree Description of performance via pictures and measurements
Documentation Photographs
In-use conditions Crltllcal properties and performance requirements/prediction of

service life

Requirements set by authorities, regulations. Requirements set by
Performance control : .

the client/user requirements.

Evaluation Failure Definition from reference level, insufficient documentation
Probabilities and conse- |Reconsider the extent of the registration, failure distributions and
quences consequence degrees
Risk Evaluated and used as a basis for action profiles
Actions Recommendations, priorities/costs if appropriate
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Table 4 (continued)
Main phase |Activity/content Examples/elaboration
Purpose. Identification of the item, main structure, construction
Introduction age, extent/level, time of survey, client and contractor, other parties
involved.

Main conclusion, summary, performance, recommended actions,
costs, economy, recommendation for further progress

Reporting Executive Summary

Definitions, reference level, registrations, inspections, evaluations,

Main report . ;
recommendations and conclusions, costs

Basic material, supplementary material, drawings, photdgraphs,

Enclosure
forms

5.3{2.3 Extent and costs

The extent of the survey is determined by:

a) |whatitems and fields are included in the performance survey;

b) |the registration level; and

c) |whether a calculation of costs of the recommended actions is to’be carried out.

The extent of the performance survey should be subject to’ continuous reassessment. The choice of
reglstration level is dependent on the purpose of the performance survey and on the performance of
the[construction works. Before the registration level is“chosen, it should be considered whether there
is a|need for a preliminary inspection. An estimate.ef{quantities should be included if the dosts of the
recpmmended actions are to be calculated.

In ghe use of sampling examinations, i.e. that-the performance registration only includep a limited
selgction of items on the network level, or.adimited part of a larger item on the object level, the number
of samples should be determined based-gn the:

a) |required reliability/certainty;
b) |consequences of failure (eeenomy, safety); and
c) |costs of extended examination (larger number of samples).

It should be decided whether all items of each type that exist within the area covered by the pgrformance
suryey (the entire population) should be included in the performance registration or whether{a selection
(sample) should beunade. If the area for performance survey includes a large number of identical items
or large areas ofiidentical structure, it can be appropriate, in terms of both work and costs, fo limit the
performance registration to a selection.

For|somie\items, there might be standards or regulations that determine the sample size.

Costimg Catcutatiomrs—of theTecommended—actiors—Ts—= highl_y COTIIPT ehemsive—task—T olving the
preparation of an estimate of quantities and research into the cost of earlier similar work. In order to
determine the extent of the overall task and the required use of time, it is important to clarify whether
costing calculations are necessary at all.

5.3.3 Planning

It should be established whether drawings and/or specifications of the item “as built”, and/or “as”
commissioned or rebuilt exist, and whether there is any documentation on operating and maintenance-
related performances, e.g. repairs, maintenance work and improvements that have been made. The
amount of basic material that needs to be provided or prepared should be determined, depending on
the type of documentation that exists and on the extent of the performance survey.
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If compliance with ISO 15686-3:2002 was required prior to construction, there will be audit and/or
review reports on the detailed design stage, and if ISO 15686-3 was in force at later stages (initial
design, construction, commissioning, operation, and alteration), reports of comparable format will be
available for the building in the latter stages.

The collection of data via Building Information Modelling (BIM), ranging potentially from initial “as
built” information, reference service life data to current inspection conditions, provides a consistent
structure for the retention and use of service life prediction information and predictions (see
ISO 15686-4:2014, Clauses 6 and 7, Annex A, and Annex B).

NOTE To-date, the typical specification and application of BIM has been focused upon retention of initial
contract dofumentation and as-built information. The capabilities of most BIM frameworks encompass,stfong
processing and computational capabilities that will: coupled with the application of ISO 15686-4, enhgnce
the usefulnpss of survey information collected with the procedures described in this document;assist yith
estimation ¢f service life; and ultimately lead to improved service life planning.

ISO 1568618:2008, 5.2 provides guidance on the provision of reference service life data,-The histoifical
performanice data should first be assessed in accordance with ISO 15686-8:2008, 523 and it shouldl be
ensured thiat data are appropriate to use for the object of the service-life planning process. If necessary,
the availablle general data shall be formatted into appropriate reference service life records by applying
the procedpres described in ISO 15686-8:2008, 5.4.

For samplihg examinations, the items should be selected at random, i.e’,selected without the influgnce
of any priof knowledge about the items.

A plan for the performance survey should be prepared that includes:

— prelimlinary meetings;

— inspection forms;

— reporting, including documentation level;

— any presentation of results; and

— suggedtions for further action.

[t should be agreed who is responsiblefor notifying the user and for providing the necessary accesg.
5.3.4 Expmination

5.3.4.1 (eneral

5.3.4.1.1 |In-use corditions

As stated, RSLdata comprise service-life data and reference in-use conditions, as well as corresponding
data on critical propertles and performance requlrements for subsequent serv1ce 11fe evaluatlons For
each individa +Hstedthefactoreategoryitbelonss 3 rents

indicating the data quality should be 1ncluded for 1nstance 1nformat10n that the RSL data have been
generated on the basis of a systematic study, or that data are critically reviewed by a third party.

A quantitative description of the reference in-use conditions in terms of the factor categories shall be
given in accordance with ISO 15686-8:2008, Annex A.

The reference in-use conditions corresponding to Factor category D, indoor environment, and/or Factor
category E, outdoor environment, whichever is applicable, are to be quantified in terms of degradation
agent intensities characterizing the reference in-use environment. Alternatively to discrete values,
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ranges of such intensities or standardized classes corresponding to certain ranges of intensities are
accepted (see Annex D).

NOTE For further information, references are given to systems for classification of exposure environments
for families of materials in terms of corrosivity, i.e. ISO 9223 (which classifies time of wetness, SOz and chloride),
ISO 12944-2 and ISO 11844-1. Such systems can be directly applied.

Recording environmental exposure and impact should consist of collecting existing or in-
field measurements and models of important climatic and pollution degradation agent’s data
(i.e. temperature, rain, wind, local pollution). Models should be used directly for assessment on network
level, while evaluation of the microenvironmental conditions should be carried out for single objects.
In drder to do so, local exposure conditions such as topography, shelters, surroundings, etd. should be
reglstered (see A.3.4).

5.3/4.1.2 Grading of Factor categories A, B, C, F and G

For

quantitative information provided by the source should be used whenever available.

Ifp

quallity of components.

Wh
Fac

the reference in-use conditions corresponding to each of the Factor categories A, B,

bssible, a detailed description of the material or component should be given for Factor

en, but only when, quantitative information is lacking for the in-use conditions within
for categories A, B, C, F and G, a grading of the in-use conditions within that factor categ

C, F and G,

ategory A:

any of the
ory should

ond to one
hble, this is
y NA.

be made. Any qualitative information provided should be valued and interpreted to corresp
of the in-use condition grades 1 to 5, in accordance with Table 5. If no information is availg
ind{cated by the grade 0. Occasionally, if the factor category is not applicable, it is indicated |

pference in-
value of the

NOT
use
cory

E In-use condition grading is a means to quantify qualitative (or fuzzy) information of r|
conditions. An in-use condition grade is not th€;same as, and is not to be confused with, the
esponding factor, but is information required-to'estimate this factor.

From general information of the material.or component tested, it should always be possible fo quantify
thelin-use condition corresponding to-Factor category A into one of the in-use condition grades 1 to 5 (if
no quantitative information is provided by the source).

Table 5 — Options of grading in-use conditions of Factor categories A, B, C, F and G

In-use condition Desecription Comment

grade

0 1ot available Should never be applied for Factor category A. Not to be|applied for
Factor categories B, C, F and G when service life data affe based on
ageing tests in accordance with systematic studies such as I$0 15686-8.

1 very high/mild —

2 high/mild —

3 normal —

4 low/severe —

5 very low/severe —

NA not applicable Should not normally be applied.

NOTE An in-use condition rating is not the same as the value of the corresponding factor, but a piece of information to

estimate this factor.

5.3.4.2 Performance recording

5.3.4.2.1 Critical property and performance requirements

As the service life of a component is always related to a required function of that component, the service
life should be defined and related to a critical property; see ISO 15686-8.
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5.3.4.2.2 Performance degrees

The performance recording should be done on building and/or component level and is expressed by
means of performance degrees (PD). The performance degree should be based on an evaluation
of one or more individual symptoms or on an overall evaluation of a set of symptoms and their
level of deterioration and/or level of performance (see Annex B). The symptoms should indicate the
performance in relation to the reference level on which the evaluation of the performance is based. Five
performance degrees with the following main significance should be used.

— Performance degree 0:  No symptoms

— Perforfnance degree I: Slight symptoms

— Performance degree 2:  Medium

— Performance degree 3:  Strong symptoms

— Performance degree 4:  Totally unacceptable, including collapse and malfunction

Significande and determination of performance degrees may be based on symptom descriptions. [The
use of symftom descriptions contributes to an increased objectivity in the expreéssion of performahpce.
Such sympfom descriptions may, for instance, be formatted as illustrated catalogues.

5.3.4.2.3 | Performance degrees and in-use condition gradings

The perforlmance degrees may be related to the quantitative description of the in-use conditionf in
terms of tHe factor categories; see Annexes A and D. In practice;however, the observed PD is due to|the
influence df one or more critical factors.

The perfoimance (and failure) should be documented;swith specifications, drawings, sketches pnd
photographs, if appropriate. The extent of the symptoms may be specified in writing as a percentage of
the total afnount, as specific quantities, or with aréference to normative references.

The refer¢nce level on which the significdnce and determination of performance degrees |are
based shoyld be specified. If the referencé level is not generally available, this should be specifidally
documentdd. The assignment of in-use condition grades to respective performance degrees may be
defined by|users in accordance with individual needs.

In practice, parts of the performanee control are carried out at performance registration. If failuge is
registered| it should be specified'together with the reference level on which the evaluation of faijure
is based.

5.3.5 Evaluation

5.3.5.1 Rerformance control

The registéred performance should be checked against the predefined requirements, e.g. requiremg¢nts
set by the authorities, the client and user requirements. If a negative deviation from the defined
reference level is proven, this constitutes a registered failure.

During the service life, the predefined performance requirement may shift (upward or downwards) as
a result of the influences described in 4.2.2, and as depicted upwardly as point 10 in Figure 2. If such
a case arises the new “shifted” performance requirement shall be considered as the defined reference
level, as specified by the authorities, the client and user requirements.

The set of performance requirements for the defined reference level shall be in accordance with the
information obtained by applying ISO 15686-2:2012, 5.1.2.1.

ISO 15686-2:2012, 5.1.2.1 stipulates that a specific or generic set of in-use conditions shall be identified
to account for the specific use of the component, the design consequences, and shall include a description
of the environment, including static and dynamic mechanical stress, at the building site. A description
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of the effects of occupancy (such as water vapour, heat or abrasion) and the principles on which the
building is operated (e.g. high or low thermal inertia) shall also be included as appropriate.

5.3.5.2 Prediction of (residual) service life

The (residual) service life should be predicted from the performance assessment of distributions
of performance degrees over the construction, and the limit states or acceptance levels. The level
of degradation of a component can be related to the performance degrees directly, and when the
damage functions are known, the service life can be directly calculated (see Annex B and ISO 92236l
The development over time of the performance degree and, subsequently, the service life, can be

ion factors

calg
(an
of 4
ISO
to ¢
ISO

5.3

Evalluation of causes should be considered important for SLP and evaluation of actions, as

can

Failure mode and effects analysis (FMEA) is a method of analygsis that can be applied to bu

the
pro

be yised. FMEA typically results in a list of failure scenarios. It is useful in cases when ther

infq
ava

5.3

The
or [
eva

Fai

lure is of significance for-the evaluation of actions and should be classified as follows.

u}atcd b)’ uouls LhC PVI{aA }\UV Iall \,hcuu lllUdC} LDCC AllllCA CJ DIDLI 1bu\_1uuo Uf IIIUovT \,Ulldl
I performance degrees) can also be used to calculate the service life distributions pf'c
construction (see Annex D, ISO 12944[11] and ISO 11844[10]). This is extensiyély de
15686-8, Clause 5. The performance degrees can also be correlated with exposure er
levelop damage functions, which are the basis for mapping service life data‘(see An
11844[10]),

5.3 Causes and effect evaluation

result in the removal of the causes/agents.

r components to infer all potential degradation paths,.The analysis is iterative and base|
perties and connectivity of components, sub-components and the environment in which

rmation on the in-use performance of innovative\products. Further information on the t
lable in IEC 60812 as well as ISO 15686-2:2012, 5.6.

5.4 Failure

performance survey should containfan evaluation of any failure during the performance r
erformance control. If no failuré is'registered, the performance survey should still indic:
uation has been carried out to'establish this.

bmponents
alt with in
vironment
nex D and

one action

ldings and
d-upon the
they are to
b is limited
bchnique is

pgistration
hte that the

a) |No failure: Failure hasinot been registered and correct execution has been documented;

b) [Possible hiddenfailure: Insufficient documentation to establish whether failure exists of not;

c) |Failure: Failure has been registered (also used about an incorrect execution thaf has been
documenited).

In ghe case of failure or possible hidden failure, it should be specified which type of d¢fects have

genperated the comment.

NOTE In the case of possible hidden failure, it is the responsibility of the client to decide whether to carry

out further examinations, including any destructive actions necessary to establish whether real failure exists.

In insufficiently documented construction works, there are numerous possibilities of hidden failure.
In such cases, it can be appropriate to state that the documentation is generally insufficient, i.e. assign
the value 0 (see 5.3.4.1.2), and that it does not satisfy existing requirements and to carry out a general
evaluation of whether the possible hidden failure is real, instead of listing all possibilities for hidden
failure.

EXAMPLE 1  If the render loosens, then there is an unsatisfactory performance and the performance degree
indicates the extent. If this lies within the limit that can be accepted by the client and the authorities, no failure
exists. If it is not acceptable in relation to the defined reference level, a failure exists.
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EXAMPLE 2

If it cannot be established how a building is attached to its foundation and there is no
documentation on this, a possible hidden failure exists.

5.3.5.5 Consequences

As a basis for risk analysis and recommendation of actions, the consequences of the registered
performance should be evaluated. The consequences are expressed by means of consequence degrees.
The consequence degree is established for one or more individual consequences or collectively for a set
of consequences.

Five consequence degrees should be used as follows.

a) Conse
b)
‘)
d)
e)

The type o

Conse
Conse
Conse

Conse

EXAMPLE

1) safety

2) health

3) aesthef

4)

5.3.5.6 K

The risk (
and report
element, c
performan
consequen

The risk sk
basis for tH

NOTE
probability

I

uence degree 0:  No consequences;

uence degree 1: ~ Minor consequences;

uence degree 2:  Medium consequences;

uence degree 3:  Serious consequences;

uence degree 4:  Catastrophic consequences.

F consequences on which the evaluation is based should be specified in each individual cz
Consequences that can be used as a basis for evaluation include:

e.g. load-bearing capacity, fire safety);

environment (e.g. air quality, noise level);

ics (e.g. surfaces); and

econonpy (e.g. maintenance, renovation).

isk

probability of an event occurring multiplied by its consequences) should be evalud
ed, and used as a basis fer\recommendation of actions. The risk attached to a builg
nstruction element or wark section is determined by the probability that a non-accept

Ces.

jould be specified’/as low, medium, or high, and the consequences that have been used
e specification'of risk should be identified as per 5.3.5.5.

ow probability combined with serious consequences give the same risk assessment as
rombined'with minor consequences.

ce (failure) or situation'will occur or develop. This failure/situation inevitably has resulf

ted
ling
hble
ng

—

AS a

high

The follow

ng-two scenarios can occur.

a)

Performance degree 0 but with registered failure or possible hidden failure. In this case, the

probability that performance degrees 1, 2, 3 or 4 will occur, and the resulting consequences, should
be evaluated.

b)

the resulting consequence should be evaluated.

EXAMPLE 1

16

Performance degrees 1, 2, 3 or 4. The probability that the performance will deteriorate further, and

Render on an exterior wall with performance degree 1, slight symptoms. The consequences with
regard to aesthetics are serious, the consequences with regard to economy/maintenance are medium, and the
consequence with regard to safety depends on location. The probability that the performance will degrade is
high. The risk is high or medium depending on the type of consequence on which the evaluation is based.
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Possible hidden failure with regard to how a house is attached to its foundation. Consequences

with regard to economy and safety are serious if the house is blown away. The probability that this will happen
depends on the location of the house. The risk is low or high depending on the location of the house.

5.3.

5.7 Actions

Recommended actions should be specified and given priority in accordance with the purpose of the
survey. When making recommendations for actions, it should be specified at what time the actions
should be implemented.

Actions can be of the following nature:

a)
b)

‘)

5.3

5.3
Thd

5.3
Thd

widening the scope of the performance survey;
detection of registered possible hidden failure; and

planning of maintenance work in accordance with strategic goals and the action profilg
the performance degrees.

6 Reporting

6.1 General

report should contain the following main items:
introduction;

executive summary;

main report; and

enclosure.

6.2 Reportintroduction

introduction should provideithe following information:

purpose of the performance survey;

identification of the-itém, e.g. with address, identification in the land register;
main structupe;eonstruction year/age;

extent andlevel of registration;

timeof survey;

name of the client and contractor (and their representatives, such as the 1

g)

5.3.

inSpector, etc.); and

name of other parties involved (and their representatives).

6.3 Executive summary

The conclusion should contain the following items:

a)
b)

)

main conclusion/summarys;
performance;

recommended actions;
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d) costs/economy; and

e) recommendations for further progress.

5.3.6.4 Mainreport
The main report should contain the following items:

a) critical properties, the performance requirements (the reference level) on which the significance
and determination of performance degrees and failure are based;

b) in-use[conditions registrations;

) evalua[ion of performance by checking against requirements/reference level;
d) assessment of residual service life;

e) evaluation of consequences;

f) evalu:[ion of risk;

g) conclufions;

h) evaluaftion, recommendation and priority of actions; and

i) any calculations of costs.

For all thege items, the amount of documentation that should be'included in the main report should be
assessed. What material should be included as enclosures should also be assessed (see 5.3.6.5).

5.3.6.5 HEnclosure

Any basic material describing the item as built or¥ébuilt which is not part of the performance surey,
and supplementary material from the performanee survey which is not necessary to include in the npain
report, shguld be enclosed with the report.
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Annex A
(informative)

Guidance on Factor E — Environmental classification systems and

methods for assessment in microenvironments

A.]I General — Classification of aggressivity and corrosivity

The implied basis for ISO 9223[€] is that the classification of degradation should be foupded upon
kngwledge of the damage functions for the materials in question. However, therge/are also gpproaches
baspd on a generic classification of the environment, which aim to define a genéric aggressjvity of the

expsure. Such an approach was used by the European Organization of Techfiical Approvals
refgrred to as EOTA). Some details are provided in A.2 and A.3.

previously

NOTE1 EOTA is now recognized as referring to the European Organizatien-of Technical Assessmgnt

NOTE2 A.2.1,A.2.2 and A.2.3 are quoted from the EOTA Guidance Document 003, Assessment of Working Life

of Products [31][53].

A.2 EOTA Guidance Document

A.2l1 General

The wide variation in European climatic conditions and in the user stresses imposed on

structures

depending upon type of structure and use intensity makes it necessary with many constructign products
to restrict their usage to defined situations in order that these achieve the predicted working]life.

A.2|2 and A.2.3 contain examples of\possible subdivisions.

A.2{2 Climatic subdivisions of Europe

The sphere of activity of\EOTA is approximately between latitudes 35° N and 70° N, whi
wide range of differing_elimatic conditions. The most important of these in terms of working

h covers a
life are the

differences in ambiént'temperature and the differences in solar energy intensity at differenlt locations.
Theg combination-of these factors indicates that the ratio of rates of chemical reactivity from the north

to the south ofiEtirope can be of the order of 1:4.

Although it-is possible to produce a Euromap sub-divided by iso-chemical reaction rate lj

Ines, this is

morte cemplicated than is presently required and a simple subdivision of Europe into three tgmperature

zones based upon general climatic conditions is given in Table A.1.
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Table A.1 — European temperature subdivision

Zone Winter conditions Summer conditions
(December, January, February) (June, July, August)
Cold winters
Several months temperature rarely above 0 °C o
A Average daily temperature below 0 °C Max. temperature rarely above 30 °C
Min. temperatures may be below -30 °C
Moderate winters
Frequent frosts ; °
B Average daily temperature 0°C to 5 °C Max. temperature occasionally above 30 °C
Min. temperatures may be below -20 °C
Warm winters Max. temperature frequently above 30 fC.
¢ Infrequent frosts Occasionally above 40 °C
Average daily temperature above 5 °C y
Mountainops
regions abqve Zone A conditions Zone C or B conditions
1000 m
A.2.3 Spegcial conditions (examples)
a) Industyial regions (high SO3, H2S, NOy levels, etc.);
b) Coastdl regions (high chloride levels);
c) Regior]s with high wind and driving rain (possibly in combindtion with freezing conditions).
Table A.2 |gives an example of a climatic subdivision<developed by CEN/WG 4/02/01 relafing
temperatufe and UV radiation. Other subdivisions are pdssible.
Table A.2 — Subdivision relating temperature and UV radiation
Parametet, Moderate climate Severe climate
Annual rad[ation on horizontal surfaces, GJ/m2 <5 W5
Average terhperature of the warmest month.of the year, °C <22 W 22
A.3 Classifications
A.3.1 Glgbal climaticelassification
A.3.1.1 (eneral
A simplified classification method is to consider the climate in terms of its two main factjors,
rainfall/hymidity and temperature.

A.3.1.2 Rainfall/humidity

Rainfall/humidity can be divided into four main classifications to reflect the global climate, as follows:

a)
b)

dry: ra

infall less than 400 mm per year or average yearly 9:00 am relative humidity of <50 %;

humidity of >50 % and <70 %;

c)

is >70 % and <80 %; and

d)

20

very humid: rainfall exceeds 1 300 mm or average yearly 9:00 am relative humidity of >80 %.
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A.3.1.3 Temperature
The temperature dimension can be divided into the following ranges.

a) Cold: The average monthly minimum temperature is <=5 °C for more than two months of the year.
Alternatively, the average monthly maximum temperature for the hottest month is below 10 °C.

b) Temperate: The average monthly minimum temperature is <-5 °C for no more than one month of
the year and the average monthly maximum temperature is >35 °C for no more than one month.

c) Hot: The average monthly temperature is >35 °C for more than one month of the year.

A.312 Global pollutant classification
Theg pollutant classification is divided into two main areas, industrial pollution and marinje pollution
with the following definitions.
Table A.3 — Definition of the classes of the global pollutanticlassification
Class gl;ss UM Apbreviation Description
Severe marine and|1 SM + SI Airborne salinity éxceeds a daily average of 30 mg/m2/
severe industrial day, and airborng SOx level exceeds 200 mg/mf2/day.
Seyere marine and|2 SM +1 Airborne sdlinity exceeds a daily average of 30 mg/m2/
industrial day, and airborne SOx level is between 60 mg/m2/day and
200 mg/m2/day.
Mafine and severe|3 M + SI Average daily airborne salinity exceeds 300 ng/m2/day
indpstrial and'SOx level exceeds 200 mg/m2/day.
Light marine or in-|4 M +1 a) Airborne salinity is between 15 mg/m2/day and
dudtrial 60 mg/m2/day or
b) Airborne SOx level is between 10 mg/m2/day and
80 mg/m2/day or
c) Rain water hasa pH <5,5.
Sevlere marine 5 SM Airborne salinity exceeds a daily average of 300 jng/m2/day.
Matine 6 M Average daily airborne salinity is between 60 Ihg/mZ/day
and 300 mg/m2/day.
Sevlere industrial 7 SI Airborne SOx level exceeds 200 mg/m2/day.
Indstrial 8 [ Airborne SOx level is between 60 mg/m2/day apd 200 mg/
m2/day.
Benjign 9 B a) Airborne salinity is < 15 mg/m2/day, and
b) Airborne SOxis 10 mg/m2/day, and
c) Rain water pH is > 5,5.
Fronmmthose Tlasses, a COmbDITed SyStenT call be estabiisiied by combiming the ctinmate wittrits subclass

versus the pollutant source; see Table A.4. The environment can be defined by a three-figure number
where the first number [ranging from 1 (severe marine and severe industrial, SM+SI) to 9 (benign, B) as
defined in Table A.3] defines the pollutant sources; the second number defines the major climatic class
(1 for dry to 4 for very humid as defined in A.3.1.2); the third number defines the subclass (1 for cold to
3 for hot as defined in A.3.1.3).
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Table A.4 — Matrix classification system for environmental data

Pollutant classificationa

Class
SM+SI SM+I M+SI M+ SM M SI I B
DC 1-1-1 2-1-1 3-1-1 4-1-1 5-1-1 6-1-1 7-1-1 8-1-1 9-1-1
DT 1-1-2 2-1-2 3-1-2 4-1-2 5-1-2 6-1-2 7-1-2 8-1-2 9-1-2
DH 1-1-3 2-1-3 3-1-3 4-1-3 5-1-3 6-1-3 7-1-3 8-1-3 9-1-3
SC 1-2-1 2-2-1 3-2-1 4-2-1 5-2-1 6-2-1 7-2-1 8-2-1 9-2-1
ST 1-2-2 2-2-2 3-2-2 4-2-2 5-2-2 6-2-2 7-2-2 8-2-2 9-2-2
SH 1-2-3 2-2-3 3-2-3 4-2-3 5-2-3 6-2-3 7-2-3 8-2-3 9-2-3
HC -3-1 2-3-1 3-3-1 4-3-1 5-3-1 6-3-1 7-3-1 8-3-1 9=3*1

]
HT 1-3-2 2-3-2 3-3-2 4-3-2 5-3-2 6-3-2 7-3-2 8-3-2 9<3-2
HH 1-3-3 2-3-3 3-3-3 4-3-3 5-3-3 6-3-3 7-3-3 8-3-3 9-3-3
1
1

VC -4-1 2-4-1 3-4-1 4-4-1 5-4-1 6-4-1 7-4-1 8-4~1 9-4-1
VT -4-2 2-4-2 3-4-2 4-4-2 5-4-2 6-4-2 7-4-2 8=4-2 9-4-2
VH 1-4-3 2-4-3 3-4-3 4-4-3 5-4-3 6-4-3 7-4-3 8-4-3 9-4-3

a2 The firdt number indicates the pollutant source (see Table A.3); the second numberxthe major climatic class,|e.g.
humidity (tHe numbers 1,2, 3 and 4 are assigned to the classes dry, semi-humid, humid;yand very humid, respectively, in
A.3.1.2); the|third number, the climatic subclass, e.g. temperature (the numbers 1,2and 3 are assigned to the classes qold,
temperate ahd hot, respectively, in A.3.1.3).

A.3.3 Mqdelling of pollutants — Models of SO;

When evaluating the performance of buildings and cofistructed assets, knowing the expodure
environment is essential in order to assess the cause and effect relationship. Data on the pollutgnts
level can b obtained for various geographical scales.(Te. regional, local and micro) from air pollufion
monitoring and information networks existing in most developed countries.

The measyring, testing and evaluation of air gqéality are assuming growing importance in developed
countries, |as elements of a comprehensivestlean air policy and initiatives towards sustaingble
development. A huge bulk of data are therefore generated on the various geographical levels. Ppint
measurements are very expensive and.are needed for policy development and assessment, pyblic
informatiop, etc. Measured data need to be combined with modelling based on emission inventorigs to
assess properly the exposure to, and thus the effects of, the pollution on public health or on buildipgs.
Such air-dispersion models exist, )and the results can be mapped and exhibited by modern informagion
technology (see Annex D).

A.3.4 Ashkessment ofmicroenvironments

NOTE This is the'same classification scheme as for ISO 15927-3[15].

The availalple regional exposure data can be used for characterization of the local and microenvironnfent
at a buildirjg-or construction object. "r

The micro-climate is heavily influenced by the macro-climate. The importance of various factors varies
for different types of construction objects and depends upon where these objects are used in relation to
the orientation of construction and their position on or within the construction.

The moisture content or water availability is important for the corrosion processes. Precipitation and
relative or absolute humidity in the air are measured at a meteorological station. Time of wetness can
be calculated from meteorological data.

Different methods can be used to describe or express the quantity of water at a wall or construction.
In addition to methods using the measured data directly, there are standards such as BS 8104[18],
which specifies a procedure for analysing hourly rainfall and wind data, derived from meteorological
observations, to provide an estimate of the quantity of water likely to impact on a wall of any given
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orientation. It takes into account topography, local sheltering and the type of building and wall. It
specifies the method of calculating the following:

a)
b)

annual airfield index, IA, which influences the moisture content of a masonry wall;

spell index, IS, which influences the likelihood of rain penetration through a masonry wall.

The airfield index is the quantity of driving rain that would occur during one hour at a height of 10 m
above ground level in the middle of an airfield, at the location of the wall. The airfield annual index is
the airfield index for a given direction accumulated over one year.

A LA | re-dafianad £l P | £ n | ikl sz d oo H s
S} CIT IO CATS OCTIIIC U a S tITC P T TU N UT ST U CITICCOT PCTTOUS, Wit w IO aT TveIT T AT UIra veT T

of a

ovel the worst spell likely to occur in any three-year period.

After calculating the IS for a period of time, the next step is to estimate the actual buildi

and

different parameters:

the roughness coefficient, CR;
the topography coefficient, CT;
an obstruction factor, O; and

a wall factor, W;

and converting the airfield indices into wall spell indices; /WS, by Formula (A.1):

WS =ISx CRxCTx0xW

BS 8104 categorizes, describes and illustrates the CR, CT, O and W factors.

cal surface

given orientation, and the airfield spell index is the airfield index for a given direction agcumulated

hg location

exposure compared to an airfield. That is performed by estimating the values’of the following four

(A1)
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Annex B
(informative)

Prediction of (residual) service life on the object (single building)
level and on the network level (population of buildings)

B.1 Performance degrees related to level of deterioration

In an exa
Olympic T
degrees di

Y level of
X  time of
1 initiatio

propagd
collapse

Po4]

ple of service life prediction and maintenance planning for the concrete structure of
wer in Munich, the levels of deterioration of concrete were related to the.performg
rectly; see Figure B.1.
Y
- 1 -l 2 r‘
3
|
] X
8
Heterioration spalling of the concrete cover
bXposure, years 5 formation of cracks
n period 6 deterioration recognizable through non-destructiv¢
measuring methods
tion period 7  depassivation of the reinforcement

of the structure through bond failure or8

reducti

n of the cross section of the load bearing.

condition can be comprehended by monitoring

reinforc

ement

Db 1 Fant nn 1o fe 1. [l W/ B Wi
I TIIUTIIIAdIICT UCSI CcCS Lr U} dIT UCIITNICTU 11T J.O0.F. 4. 4.

Figure B.1 — Levels of deterioration of concrete
as related to performance degrees and limit states[47]

the
nce

When parameters of the models for carbonation or chloride deterioration are known or measured,
the residual service life can be calculated after an assessment of the performance degrees on the
construction.
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Annex C
(informative)

Prediction of the performance development over time
Markov Chain

C.1 General description

The Markovian degradation models[41][44] are transition probability matrices Avhich dd
likelihood for a structure, characteristic or property to shift from condition state A to condif
within one time unit (usually a year). They describe the average rate of degradation in a pj

by

scribe the
ion state B
obabilistic

actions and heavy repair actions to the condition and rate of degradation. The Markov chdin method

for:F. These models enable the user to reproduce mathematically the effectsof protective mpintenance

facilitates the evaluation of the probability of the structure to be in any'eondition state at ahy moment

durjing the treated time-frame.

Maintenance, repair and restoration (MR&R) action models ake also Markovian matrix models that

shop the probability of a structure that is shifted from condition state A to any other condit
a rgsult of the MR&R action. The influence of coatings and other protective maintenance m
included in the degradation and MR&R action models.

C.2] Example

The following example contains a synopsis~of the content of a “Service Life Prediction
Fin{shing Coating Systems Based Upon Markov Chain Model”[45] and parts herein are repi
the|approval of the authors and the wgritten consent of CIB International. The survey and
project was carried out in conjunctiontwith the activities of the Sub-Committee ‘Reference S
in the Architectural Institute of Japan (Al]).

C.2{1 Scope of study

The survey and evaluation was done on the external coating systems on a sample of nine
congrete buildings ranging in age from 5 to 16 years. The buildings were publically-owned n
high-rise dwellings\in' the Greater Tokyo Metropolitan zone, exposed to fairly similar env
confditions in thige'distinct areas of the zone. Table C.1 presents the building age and the dist
thefareas.

Table C.1 — Survey buildings

on state as
ethods are

of Surface
inted with
evaluation
ervice Life’

reinforced
ulti-family
ronmental
ribution in

Area Age [(vears)
BC ) 7

9

A 12
16
11
B 14
16
5
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Three types of multi-layer rendering coatings, widely applied as surface coating for concrete, cement
mortar and inorganic sidings in Japan, were included in the study. These systems, typically consisting
of primer, undercoat, main layer and a top coating, are applied via spray and trowelling techniques.
Representative surface textures for these types of coatings are presented in Figure C.1.

C.2.2 Performance characteristics survey and evaluation procedures

Five key performance degradation characteristics were examined in the study:

1) gloss reduction;
2) discolguration;
3) chalkipg;

4) cracking; and

5) air perjmeability.

Gloss level
were not e
then evalu
andJISZ 8

The CIE L}
chroma of]
values wit
difference

In order tda
vinyl tape
5600-8-6(1

Cracking W
the study, f

Air perme
permeabili
flowing in
unidirectic

were measured using a gloss checker. The gloss levels observed in areas of the buildings

kposed to sun and rain were considered to be initial values. Gloss lével retention values w
hted relative to the initial values, and determined in accordance with JIS K 5600-47(1999
/41(1997)[23].

*b* colour scalel49] was applied to the survey samples) Phe colour phase, brilliance,
finishing materials were measured with a colour-difference meter. By comparing th
h initial values, determined comparably to that done for gloss level retention, the co
vas calculated as per JIS Z 8722(2009).[22]

measure chalking levels, powders from thetsurface walls were gathered using a pee
(5 cm x 10 cm). Chalking was examined imférms of area and density in keeping with ]
999).[20]

as evaluated and categorized by visual investigation. The crack degradation grades use
rom level 0 to level 1], are depicted'in Figure C.1.

bility of the samples was measured using the Torrent permeability tester[50] whereby
y is measured by changés in pressure in the inner chamber of the tester. All the excess
o the outer chamber is evacuated, so the air flow into the inner chamber is considered t
nal and unaffected by inwanted ingress of air along the building skin.

that

ere
[21]

And
ese
our

-off
SK

d in

air
air
b be
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Figure C.1 — Grades of crack deg tion

Y
3 Survey results Q

O
ograms of the values for each of the identified p s‘Pormance characteristics were plot]
linal directions (approximating the sample osure/locations) and each area. Th
sentation facilitated identification of tender@es related to physical deterioration an

e insight as to the potential causes of the i@radation.

4 Markov Chain Model \{‘\O

Markov Chain Model is a prolg}ﬁ&cy theory model in which a future condition is dg
the present condition, unrelated to past conditions. This model is employed in case
mechanisms and factors ork are not clearly defined, such as in pier maintenand

=

su

management tool in civil e @eering. Figure C.2 a) presents a conceptual diagram of thi
which two definitions ca ké%
Xn is the probability o%{él
modlel (Figure C.2 bt

e-Seen. First, there are 4 grades of degradation, ranging from 0 to
sition from one grade to the next grade after any time (t) passes
s possible to simulate ageing degradation. In this study, X;, is derivg
ey results for@ area.

ted for the
is graphic
| provided

cided only
5 in which
e and as a
5 model, in
[11. Second,
Using this
d from the

t
S 0 0) (1% 0 0 Of
Xo X1 XZ

@... 1| | x, 1x, o ol|lo

~~ I 0 X, TX; 00
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a) Conceptual Diagram b) Determinant Representation

Figure C.2 — The Markov Chain Model

Each condition of degradation is subdivided into each of the grades (Table C.2), and the transition
probabilities are calculated in accordance with the principles that all degradation grades are present.
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