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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 proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
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).

Attention i
patent righ
any patent
on the ISO

Any trade
constitute

For an ex
assessmen
to Trade (1

The comm
concrete, S

ISO 16311
structures:

Part 1:
Part 2:
Part 3:
Part 4:

5 drawn to the possibility that some of the elements of this document may be the subjec
ts. ISO shall not be held responsible for identifying any or all such patefiyrights. Detai
rights identified during the development of the document will be in the Introduction ang
ist of patent declarations received (see www.iso.org/patents).

hame used in this document is information given for the convenience of users and does
an endorsement.

blanation on the meaning of ISO specific terms and €xpressions related to conforn
[, as well as information about ISO’s adherence to the WTO principles in the Technical Barn
BT) see the following URL: Foreword - Supplementary information

ttee responsible for this document is ISO/TC 71, Concrete, reinforced concrete and pre-stre
ibcommittee SC 7, Maintenance and repair oficoncrete structures.

consists of the following parts, under the general title Maintenance and repair of conc|

General principles
Assessment of existing concrete structures
Design of repairs and prevention

Execution of repait-and prevention

are
the
the

t of
s of
| /or

not

hity
iers

bsed

"'ete

© ISO 2014 - All rights rese

rved


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/home/standards_development/resources-for-technical-work/foreword.htm
https://standardsiso.com/api/?name=212c93fdb65a280d15be12e75fc61fe5

1ISO 16311-1:2014(E)

Introduction

In the context of this part of ISO 16311, maintenance and repair are two closely related activities aimed
at securing that a concrete structure (hereinafter referred to as “structure”) is retained in a state in
which it can perform its required functions, while in an acceptable and safe condition. Maintenance
will be used as a general term that also covers repair as a distinct activity to restore worn, damaged, or
deteriorated parts. For a well-designed and well-executed concrete structure with proper maintenance,
repair should not be necessary within the service life of the structure.

This part of ISO 16311 covers the activities necessary to retain the performance of the structure above

the

The

required levels during its service life, such as:

maintenance planning for existing structures;

structure;
planning and designing repair in case it is required due to damage, deterioration, or wez
execution of repair including preparation, execution, and documeftation.

main scope of this part of ISO 16311 is the maintenance and repair of existing structures.

assessment of structure including inspection/investigation and evaluation of.the performance of

The goal of

maintenance and repair strategies is to plan and execute systematic routines that minimize degradation

of p
Thi

erformance and serviceability of a structure during its sefvice life in the most cost-effecti

5 part of 1ISO 16311 does not address newly built struictures for which it is recommer

maintenance plan should be established at the design@tage. However, a so called “birth cerf

new
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ly built structures will be useful in later planning of maintenance and repair. Reference]
16204, where this is covered.

't 1: General principles” provides the framework of maintenance activities for all structu
ponents and gives general principles of€ach activity. As shown in Figure 1, this part of I§
first of four parts dealing with maintenance and repair of concrete structures. The subse
Ls, namely “Assessment of existingstructures”, “Design of repairs and prevention”, and “E
hirs and prevention” are the pperational parts of this set of International Standards givi
lirements and guidelines fan extended hierarchy of the parts and other related In
ndards are shown in AnnexA).
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Vi

MAINTENANCE AND REPAIR OF CONCRETE STRUCTURES

Part 1: General principles

"""""""""""" Maintenance plan

|

debris of cover

Repair and Prevention

i structure .

! Assessment A Part 2: t of

! /structural safety . - o> ssessment 0

! Inspection /investigation existing structures
1 /serviceability Prediction of

! deterioration progress

! /appearance .

' /app Evaluation/ Part 3:

' /mitigation of safety Decision -making Design of repair

i risk due to falling i | and prevention

concrete, etc. Part 4:
_______________________ Planningand design Execution, of repair
Execution and prevention

Figure 1 — Relationship between each part of this International Standard
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Scope

5 part of ISO 16311 presents the framework and general principles for maintenance‘and 1
s of existing concrete structures — un-reinforced and reinforced concrete, prestresse
steel-concrete composite structures, or their structural members.

his part of ISO 16311, deterioration is clearly distinguished from damage(@¢curringinas
not developing over subsequent time, such as cracking and scaling. due to earthquake:
ling, etc. Deterioration is mainly dealt with as a target for the maintenance activities.

5 part of [ISO 16311 also provides the basic concept of repair andpreventions carried ou
[ctural performance of existing structures.

5 part of ISO 16311 does not cover those aspects of mdintenance and repair that are]
Ficeability and esthetics without direct impact on durability and service life, e.g. cleanin
oval of vegetation, refreshment of paint, etc.

5 International Standard also does not cover repair of defects during execution of new st}

Normative references

following documents, in whole orlin part, are normatively referenced in this docume

rences, the latest edition of the referenced document (including any amendments) applig

16311-2, Maintenance and repair of concrete structures — Part 2: Assessment of existir
ctures

16311-3, Maintenanee and repair of concrete structures — Part 3: Design of repairs and pré
16311-4, Maintenance and repair of concrete structures — Part 4: Execution of repairs and|

19338:2007, Performance and assessment requirements for design standards on structural

Terms and definitions

epair of all
d concrete

nort period
or impact

to restore

related to
b of drains,

[uctures.

nt and are

spensable for its application. Eor dated references, only the edition cited applies. F¢r undated

S.

g concrete

vention
prevention

concrete

For the purpose of this International Standard, the following terms and definitions shall apply with
those in ISO 19338.

3.1

assessment
set of activities performed in order to verify the reliability of an existing structure for future use

[SOURCE: ISO 13822:2010]
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3.2

amended service life

revised service life period of a structure-in-service during which it meets prescribed performance
requirements for duration specified by the owner, possibly representing an amendment of the original
design service life

Note 1 to entry: A change from the original design service life can arise from changing owner requirements,
accelerated deterioration of a structure or its components such that they do not meet prescribed performance
requirements, a usage change affecting performance requirements, or the owner’s selection of maintenance and
repair scenarios that might shorten or extend the original design service life period.

Note 2 to enftTy= Se€e FIgure 2.

3.3
design service life
period of time specified in design of structure for which a structure or its members is to be'used fof its
intended pprpose without major repair being necessary

Note 1 to enftry: See Figure 2.

Performance Repair in
A scenario B
[nitial
\ ™ —
performance f ~~o Performance
T~ estimated in
~ ~ .
. \/,('f \ Sd / scenario B
. N~ ~,
P ~ ~
Repair in . N SO
scenario A \: N N N
N
Required \ f\ N
peffformance / \ \ N
¥ \
Performance
estimated at
assessment stage Performance \
dstimated in Performance estimated
Scenario A at design stage
i Period of time
t >
Construction Assessment Predicted Amended Design Amended
stage stage service service life service service life
life by life by
R - scenario A scenario B
em.aunlflg of short of life
4 service life > term repair extension
Remaining design service life R
al L4

Figure 2 — Definitions of service life

34

deterioration

process that adversely affects the performance of a structure, including reliability over time due to
defects and damages caused by

— naturally occurring chemical, physical, biological, or other environmental actions,
— repeated mechanical actions such as those causing fatigue,

— wear due to use, abuse, and others, and

— improper operation and maintenance of the structure

[SOURCE: ISO 13822:2010]
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3.5

durability

capability of a structure or any of its members to satisfy, with planned maintenance, the required
performance over a specified period of time under the influence of the environmental action

[SOURCE: ISO 13823:2008]

Note 1 to entry: “durability” is often used as qualitative term to express condition in which structure maintains
its required performance, such as structural safety, serviceability, and appearance, during the service life.

3.6

inspection
conformity evaluation by observation and judgment accompanied as appropriate by méasurement,
testing, or gauging

[SOPRCE: ISO 16311-2]

Notg¢ 1 to entry: For structures, this evaluation consists of actions collecting inforhiation on the cprrent state
of a|structure through observation and simplified non-destructive or destructive-testing supplemented with
matprials and structural testing, as required.

3.7
investigation
collection of information through inspection, document search;load testing, and other testifg

3.8
majntenance
set pfactivities taken to check, evaluate the performamnge of a structure, and preserve/restorg it so as to
satisfy performance requirements in service

39
majntenance category
clags of maintenance depending on importance, service life, environmental conditions, mairtainability
of the structures, etc

3.10
majntenance plan
plan realizing maintenance strategy in order to ensure that the structure retain the performgnce within
the[specified tolerances thraughout its service life

Notg 1 to entry: This inclddes planning not only for assessment but also for repair or other remedial fictions.

3.11
mohitoring
frequent or.continuous, normally long-term, observation or measurement with recording of dppropriate
datj for déterioration and/or performance of structure using appropriate equipment

3.12
predicted service tife

period of time estimated based on activities of assessment, such as recorded performance, previous
experience, tests, or modeling

Note 1 to entry: See Figure 2.

3.13

prevention

remedial action to prevent or slow down the further deterioration of a structure or structural member
and to reduce the possibility of damage to the user or any third party, inhibiting the progress of
deterioration, and proactively preventing deterioration

© ISO 2014 - All rights reserved 3
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3.14
rehabilita
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tion

work required to repair and possibly upgrade an existing structure

[SOURCE: 1
3.15

SO 13822:2010]

remaining design service life
period from the time of a given inspection of a structure till the end of its design service life

Note 1 to entry: See Figure 2.

3.16
remaining
period fror

 service life
h the time of a given assessment of a structure until the end of its predicted seryicedife

Note 1 to entry: See Figure 2.

3.17

remedial action

action cart
or improvi
any third p

3.18
repair
restoratioi
worn, dam|

[SOURCE: ]

Note 1 to en

ied out with the objective of arresting or slowing down the deterioration process, resto
g the performance of structure, or reducing the danger of darhage or injury to the use|
arty

hged, or deteriorated components

SO 13823:2008]

ry: Repair is adopted to restore structural performance and to mitigate safety risks up to the init

required depign level and to achieve the intended service life.

3.19
repair pla

plan for esftablishing the method and Jevel of repair, determining the materials, sectional dimensi
and executfion methods, specifying the)control items during execution in consideration of the policy
level of repair

3.20

safety risks due to falling-debris

hazards of
etc. falling

3.21
service lif|
actual peri

3.22

Hamage and /orinjury caused by concrete fragments and surface coating (finishing) mater
from a deteriorated structure

a)
-

[ing
r or

of a structure or its components to an acceptable condition by the renewal or replacement of

ally

bns,
and

als,

pdduring which a structure meets the prescribed performance requirement

strengthening
measures taken to improve structural performance relating to load bearing capacity and deformation
of an existing structure and/or its members

4 Basis

of maintenance and repair

4.1 General

A concrete structure shall retain the required performance for its service life by providing necessary
maintenance and repair activities, such that its performance is always above the required performance

© ISO 2014 - All rights reserved
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level with adequate reliability under an appropriate maintenance plan. A qualified person (design
professional, engineer, etc.) shall develop a proper maintenance plan that could permit a structure to
retain its required performance

4.2 Procedure of maintenance and repair

A general flow of maintenance procedure is shown in Figure 3. The overall maintenance activities
shall encompass the maintenance plan, assessment (including investigation/inspection, prediction of
progress of deterioration, and evaluation of structural integrity/decision-making), and shall be followed
by repair, prevention, or other remedial actions (if required). Results of these activities shall be recorded

: > 1.1 L &
witjram €dSITy dCCESSTOTE TOT TITd T

< Concrete structure >

!

Maintenance plan

Assessment *
Assessment plan

v

Inspection /investigation

Registration of condition

v

Evaluation and jirdgment

A 4

Remedial action :
(Repair/prevention) Planningand design =~ |  |ieeee.

v

Execution

A

Figure 3 — General maintenance procedure

4.3 Competence of personnel

All hctiyities of maintenance and repair shall be carried out by a team of qualified personsihaving the
adequate Rowtedge of deSIg, CONSIIUCtiON, MAlTtENarICe, and Tepair of CONCIEte SUruCtures.

NOTE In some countries, there are special requirements regarding the level of knowledge, training, and
experience of persons involved in the different tasks.

5 Maintenance plan

5.1 General

For accomplishing overall maintenance activities, an adequate maintenance plan shall be formulated
taking into account the maintenance category selected provisionally in accordance with 5.3, remaining
service life, life-cycle cost, and other considerations particular to the structure.

© IS0 2014 - All rights reserved 5
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The following shall be specified in the maintenance plan:

performance requirements which a structure should retain for the remaining service life;

methods and timing of assessment composed of investigation and prediction of deterioration of the

structure or its structural members, performance evaluation for structure, and decision of the need
of remedial actions;

deterioration/performance degradation of structure.

basic consideration concerning repair and/or other remedial actions for the expected

d be

nce

out
the
nce

fety
ber

ory
I be

5.2 Timjng of maintenance planning for structure

An appropfiate maintenance plan shall be formulated before starting maintenance actions.

NOTE During the life of a structure, there are the following three stages where a maintenange plan shoul
formulated:

— atthe design stage by choosing structural type and materials that satisfies maintainability;

— under Jervice conditions when some maintenance activity is considered to be réguired;

— after a]arge repair project is carried out.

The last twjo stages are only covered in this part of ISO 16311 for the timing of formulating a maintena
plans.

5.3 Selefction of maintenance category

In the maintenance plan, a suitable maintenance categety shall be provisionally selected to carry|
the maintehance work as effectively as possible in consideration of such factors as the importance of
structure, remaining service life, safety concerns,environmental conditions, and ease of mainteng
(see Annex C).

When stryctural members have differenc€es in their importance, environmental condition, sa
concerns, gase of maintenance, etc., different maintenance categories should be selected on each men
even in the same structure.

5.4 Final determination of maintenance plan

When the [results of initial-assessment prescribed in 6.2.2 suggest that the maintenance categ
provisionally selected isoft suitable, it shall be revised. Consequently, the maintenance plan shal
determinegl in accordancé with the finally selected maintenance category.

6 Assegsment

6.1 General

Assessment of a structure shall be carried out to verify its reliability after due considering structural

performan

ce and durability.

An appropriate assessment plan, which includes planning of methods and procedures for investigation,
prediction of deterioration progress, evaluation of actual structure condition, decision-making for
necessity of remedial action, and record, shall be established after due considering the actual condition
of the structure.

NOTE

Assessment of existing concrete structures is covered in detail in [SO 16311-2.

© ISO 2014 - All rights reserved
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6.2 Assessment plan

6.2.1 Preparation of assessment plan

To identify probably critical situations for the structure, the expected condition of the structure during
its remaining service life should be specified appropriately prior to the assessment planning. The
preparation ofan assessment plan, therefore, may begin with the documentation of relevant performance
criteria such that areas of concern that would compromise the structure meeting or exceeding its design
service life are identified.

To g3 o 3 on—a-structy ationally-and-economically; ateg nd the level
of gssessment should be decided appropriately in the assessment plan prior to the execution of the
ass¢ssment procedure. The selected category and level of assessment depend on(the assessment
objectives, timing of assessments, and other specific circumstances such as availability of|the design
and construction document, observation of damage, use of the structure.

6.2)2 Category of assessment

Asspssment performed in maintenance activities for a structure throughout its service life is dategorized
suitably on the basis of the timing of assessment and the type of information desired.

In general, the assessment is classified in the following three categories.

— |Initial assessment: an assessment carried out for evaluating the initial condition of g structure
before initiating into routine/regular maintenance activities.

NOTE Examples of initial assessment are

— first assessment of existing structures when no repair is necessary but a maintenapce plan is
recommended,

— assessment of an existing structure that has undergone large scale remedial actions, and
— “birth certificate” of newly constructed structures.

— |Periodic assessment: assessment carried out routinely or regularly at certain intervals [prescribed
in the maintenance plan.

NOTE When some kinds of visual sign of deterioration are observed or when there is a sulspicion that
some kind of deterioration is going on, the assessment is carried out spontaneously in spite of the routine or
regular interval.

— |Extraordinanyvassessment: assessment carried out after a structure has been subjected to an
accidentaliaction, such as earthquake, storm, flood, fire, and impact by a vehicle or ship.

6.2)3 _Lievel of assessment

he category

of assessment.

In general, two levels of assessment are defined as follows.

— Preliminary level: assessment to collect the basic information on structural condition by using
simple inspection/investigation methods complied with a maintenance plan, such as a visual
inspection and simple non-destructive test.

— Detailed level: assessment to obtain detailed and specific information regarding deterioration and
performance degradation of the structure. It is used when the assessment in the preliminary level
is insufficient for identifying the deterioration and/or performance degradation or anytime when it
is required.

© ISO 2014 - All rights reserved 7
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6.3 Investigation

Investigation in assessment shall be carried out with the objectives of detecting deterioration and/or
change in performance of the structure. Such investigation shall be carried out by inspection visually or
with the help of appropriate methods and techniques, document search, load testing and other testing,
etc., atappropriate intervals depending on the importance of the structure, the category of maintenance,
the category and level of assessment, and the expected mechanism and the rate of deterioration.

As deterioration and/or change in performance of the structure are affected by environmental influence
and/or physical actions such as loading, investigations shall also be conducted by an appropriate method
to identify the characteristics of the environment in which the structure has been placed.

When conjmencing investigation, it is necessary to make an adequate implementation plan) w]xich
includes sefection of items and method, identification of location, frequencies, etc. based on the expe¢ted
deterioration prediction and past maintenance records.

NOTE etails of site and laboratory investigation are given in SO 16311-2.

6.4 Registration of condition

To carry ofit appropriate prediction of deterioration occurring on the structiire and/or its structpiral
member uphder consideration, the mechanism of deterioration shall ,bé)provisionally identified. In
general, d¢terioration mechanism should be identified in consideratién of the deterioration facfors
specified ajnd any signs of deterioration detected in the inspection @nd/or other tests in investigatign.

NOTE eterioration factors are classified as:

— externdl factors, i.e. those related to an external condition)such as environmental, weather, and extefrnal
force cgnditions affecting the concrete structure under cansideration;

— interndl factors, i.e. those related to the internal conditions of the structure and linked to the design|and
constryction processes.

A structur¢ and/or structural members are often subjected to more than one deterioration mechanism.
In this cas¢, the combined effects of those mechanisms shall be considered.

According [to the identified deterioration mechanism, current condition/consequence level, pnd
deterioration rate on the structure-and/or its members shall be determined using appropriate analsis
models established on the basis of’the environmental conditions and any other useful informagion
obtained fifom investigation.

Thedegradationinstructuralperformanceanditsprogressshallbealsoproperlypredictedbyapproprjate
models, which are formulated based on the predicted current condition of the structure/member’s
performanice and the rate of deterioration.

NOTE ethodsto register the condition of structure or its members is covered in detail in ISO 16311-2.

For evaluating structure/members condition, the structural performance possessed during remaining
service life shall be verified with reference to the threshold of requirements. The verification, in principle,
should be carried out respectively for one or more of required performance.

NOTE The threshold of required performance of the structure is determined in accordance with requirements
from government (e.g. standards, codes), owner, designer, user, etc.

Depending on the importance of the structure, category of maintenance, intended remaining service
life, life-cycle cost, and other considerations, as well as the overall results of the structural performance

8 © ISO 2014 - All rights reserved
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evaluation, judgement shall be made appropriately to give recommended actions in the preliminary and
detailed levels of assessment, respectively.

NOTE

ISO

7

7.1

Methods to evaluate and judge the condition of structure or its members are covered
16311-2.

Repair including prevention

General

in detail in

Thd
con

Plapning and design for the repair/prevention action shall be formulated on the basis of th

det
load
tak

NO'I
sub
seri

NO1
and
vali

Bef
of t

Thd
and|

Aftd

inspection. When the prescribed pérformance of the structure is upheld, a revised mainte

sha

7.2

7.2

procedure of repair including prevention (here-in-after shown as “repair/preventio
sists of planning, design, execution, and completion inspection.

brioration, remaining service life, remaining and desired structural performance for safé
| bearing capacity,importance ofthe structure, the conservationlevel,and previousrepair
b1,

E1 When fatal defect, damage of urgency, or unsafe conditions arg-observed during asses
ected to emergency measures because leaving such a defect or damage-untreated subsequent
bus accident, or a serious economic disadvantage.

E2  The results of the completed assessment are valid when the repair/prevention is planne|

carried out. However, if, as a result of passage of time, or fordany other reason, there are doub
ity of the assessment, a new assessment shall be made.

e execution environment, time of execution, and-execution period.

repair/prevention shall be carried out withiminimum disturbance to the surrounding er
the service condition of the structure,

brthe repair/preventionistaken, theperformance ofthe structure shallbe evaluated by the

1 be developed.
Planning and design

1 General

h”) mainly

e extent of
ty, such as
prevention

sment, it is
y leads to a

d, designed,
[s about the

bre execution of the remedial action, a detailed exeéution plan should be formulated in copsideration

vironment

Completion
hance plan

Plapning of repair/prevention shall be carried out on the basis of the results and evaluation of the

ass
con

pssment, and-the owner’s need and expectations for the structure. At least, the followin
sidered-fo examine in the planning:

options of actions;

b should be

fd(, LOIS L0 LUllbiL‘lUl )

choice of appropriate strategies;

choice of appropriate methods;

properties of materials, products and systems;

other remedial actions.

A design of the repair/prevention should be executed after selecting the repair method, the materials
to be used, and the level of repair. In the repair design, the types and combinations of repair materials,
execution methods, and repair area or portion, should be determined.

NOTE

©IS

02014 - All rights reserved
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7.2.2 Option of actions

The following alternatives shall be considered in deciding the appropriate action to meet the future
requirements for the life of the structure:

do nothing for a certain time while monitoring the structure;

re-ana

lyses the structural capacity, possibly leading to a downgrade in function;

prevent or reduce further deterioration;

streng
recons

demol

NOTE N
mentioned further in 7.2.7.

7.2.3 Faq

A suitable

the ass
the str
the eny
the cat
the int
easine
potent
the lik
the nu
imporf
the ap
health

Formulatirn
repair mat

hen or rpp:xir and protect all or part of the concrete structure;
truct all or part of the concrete structure;
sh all or part of the concrete structure.

ome of these alternatives will not result in prevention/repair of the structure. ThoSe alternativeg

tors to consider

epair method shall be selected based on, but not limited to thedfollowing items:
essment results relating deterioration condition and futufe development;
uctural integrity and stability;

Fironmental exposure condition and its aggressiyeness;

egory of maintenance;

ended use and remaining service life;

5s of maintenance including cost efficiency;

ial advantage of an earlier actionfrom the aspect of life-cycle cost;

bly service life of the repair/prevention;

mber and cost of repaix; ¢ycles accepted during the remaining design life;
ance of the strueture;

pearance of the'fepaired structure;

and saféetyaspects.

brials, sectional dimensions after repair, and the execution methods.

7.2.4 Choice of appropriate strategies

are

g atepair plan refers to establishing the required repair level and selecting a repair metTod,

The choice of strategy for the structure shall be based on the assessment of the structure, client
requirements, and relevant provisions (e.g. safety requirements) valid in the place of execution.

A repair/prevention principle or principles shall be chosen based on the appropriate type, cause, or
combination of causes of deterioration, to the extent of the defects, and on the appropriate future service
conditions.

Control of load bearing capacity shall be based on information from the assessment, the planned future
use of the structure and normally on design standards valid at the time of prevention/repair.

10
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An appropriate repair level shall be set considering the maintenance category, the importance of the
structure, intended remaining service life, cost effectiveness, and the post-repair maintenance plan.

NOTE

7.2

Wit

mol

Thd
life,

NOT
med

The
situ

appllication of methods to situations unforeseen in thispart of ISO 16311, or the use of methog

not

may be satisfactory in appropriate circumstances
NOTE Typical remedies are detailed in ISO 16311-3.
7.2)6 Properties of materials, products, and systems

The

action, the deterioration mechanism, remaining service life, the importance, and maintena
thelstructure.

Properties of materials{ products, and systems should be based on requirements in In
Standards, Regional Standards, National Standards, Technical Approvals or Approvals ac
project specification:

The properties.should be documented by test methods valid in the place of use, and spec
project specification.

7.2

For instance, the repair level is simply classified into the following three categories:

repair level expected to restore performance during remaining service life of structure by only
repair activity;

one cycle of

repair level expected to restore structural performance during remaining service life of structure by a few

cycles of repair activity;

repair level expected to restore structural performance by the several cycles of repair activities, or to restore

the performance for a short period only.

5 Choice of appropriate methods
hin each of the remedies, one or more methods are available. Some of the methods are li
e than one remedial action(s).

the importance and maintenance level of the structure.

E Care is taken, as the method of restoring the performance mayvary depending on the d
hanism, even if the level of performance degradation is the same.

absence from this part of ISO 16311 of a specific method, or the application of a methd
ation, shall not be taken to mean that such a method orapplication is necessarily unsatisf]

have a substantial history of successful performance, and are not specified in this part of]

materials, products, and systemsfor repair, shall be adequately chosen based on the chosg

7 _~“Other remedial actions

sted under

method for repair shall be adequately chosen based on deteriorationmechanism, remainfing service

bterioration

d to a new
hctory. The
s which do
ISO 16311,

nremedial
hce level of

fernational
cording to

fied in the

Some of the options listed in 7.2.2, will not result in protection or repair of the structure, and they are

not

Suc

©IS

covered by this part of ISO 16311.
h options are as follows:
strengthening;
intensified inspection;
restriction in service;

dismantling /removal.

02014 - All rights reserved
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Strengthening of a structure refers to the remedial action taken to upgrade structural performance to a
level which is higher than that possessed at the original design. An appropriate strengthening plan shall
be formulated based on the target level of performance, then methods and materials for strengthening
shall be selected, considering the degradation condition of structural performance, deterioration
mechanism, and maintenance after strengthening.

NOTE Strengthening includes (a) increase in the cross-sectional area of concrete and/or reinforcement, (b)
addition of members, (c) increase in the supporting points, (d) addition of strengthening members, (e) application
of pre-stress, etc.

Intensified inspection refers to the remedial action carried out by increasing the inspection frequency,
number of [ASpection 1tems and/or location for Inspection, without any 1Improvement of the condigion,
or perfornjance of structure in cases where repair or retrofit cannot be implemented immediately or
where it isfonly required to keep the structure in present state.

When intepsifying inspection, the maintenance plan should be reviewed, considering, the results of
performanice evaluation, remaining service life, importance of structure, cost for maintenance, [etc.
After this, pppropriate inspection frequencies and items should be determined.

Restrictior] in service may be effective for reducing damage to the structure, This may be achieveji by
imposing restrictions on the use, such as limiting the maximum live load thatthe structure may cdrry.
The degre¢ and method of the restriction imposed on the use shall be determined, depending on|the
level of deferioration observed, so that such a restriction shall be implemented after carrying ot a
detailed agsessment.

Dismantlinlg and removal of a severely deteriorated structure/meniber, shall be carried out based o an
implementption plan for the selected method which is formulatedin consideration of threat posed to/the
environment, public safety, and disposal of debris.

ution

7.3.1 Genheral

Before exefution of repair/prevention, a detailed execution plan should be formulated on the basis of
the design[procedure, the execution envirenment, time of execution and execution period. At least|the
following ghould be considered to exaiine in the planning:

— generdl requirements;

— structyiral stability before;-inder and after execution;
— prepaifation of conepete substrate and reinforcement;
— application of materials, products and systems;

— quality contyol of the work;

i aSaca foll orazio P aalaticn
malnt\,uau\,\, TUTTOVV TITg COTITPTCTIOTT U

£ o ot [ arz ot oo
TTCpart/ provererort

NOTE Execution of repair and prevention, and completion inspection are covered in details by ISO 16311-4.

7.3.2 General requirements

To keep minimum disturbance to the surrounding environment and the service condition of the
structure, consideration shall be given to the chemical, electrochemical, and physical condition of the
substrate and any contaminants, the ability of the structure to accept loading, movement, and vibration
during repair/prevention, ambient conditions, and the characteristics of the materials contained in the
structure and those of the repair/prevention products and systems.

12 © ISO 2014 - All rights reserved
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The cleanness, roughness, etc. of the substrate, the compatibility between substrate and repair materials
and systems, the hardened properties of the repair materials and systems, and the required storage and
application condition also must be considered.

7.3.3 Structural stability before, under and after execution

Where a structure is considered to be unsafe to the environment, its users or any third parties,
appropriate action shall be immediately implemented to make it safe before, under, and after repair or
other preservation work is taken. In this process, any additional risks that may arise from the repair
work itself also shall be taken into account. Such actions may include local repair/prevention, the

1INSarratio v PP o0 616 6

7.3}4 Preparation of concrete substrate and reinforcement

The preparation of the substrate of concrete and reinforcement shall be suitable for the required
confdition of the substrate and the structural status of the structure, so that the.products and systems
can|be properly applied.

7.3{5 Application of materials, products, and systems

The application of products and systems shall be suitable for the substrate and the structufe to which
they are applied, and to produce repair/prevention which is in at¢ordance with the project specification
and|the relating standards.

7.316 Quality control

The effectiveness of repair/prevention is strongly affected by the quality of execution. Therefore, the
exefution of repair/prevention shall be carried;eut under the sufficient quality control bdsed on the
prepcribed execution plan.

Duijing the execution of repair/preventiony necessary tests shall be carried out on the maferials and
other related control items.

Detpiled quality control records during the execution of repair/prevention shall be maintained for
futyre reference.

7.3{7 Maintenance follewing completion of repair and prevention

Aftérrepair/prevention;completioninvestigationshallbecarried outtoexaminethe condition ¢fmaterials
and| products, and the execution methods carried out, thereby confirming that repair/prevention was
exefuted in accordance with the repair plan, so that quality assurance shall be performed on all repairs
to cfritical strugtural members.

Unlgss ,otherwise agreed, documentation relating the execution and quality control records, and
insfructions on inspection and maintenance undertaken during the remaining design servick life of the

re hivad ctrnctuea oo bare chall bha nraovgidad o tha ovinar ar avrnar’c ranracant4Hiva
eSSt et e e B e sShd B e proviae a0t e-owWhHe o owWwherSTHepresSeheatve-

8 Recording

8.1 General

Details concerning maintenance and repair shall be recorded. Such records as well as drawings and
related documents shall be preserved by the owner for safe-keeping and future references.

© ISO 2014 - All rights reserved 13
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8.2 Period of preservation

The maintenance records of a structure shall be preserved by the owner while the structure is in service.
Itis also desirable that such records should be preserved for a period as required for reference purposes
in the design, construction, and maintenance of other similar structures.

NOTE It is expected that analysis of records can contribute to progress in maintenance technologies by
clarifying problems and needed improvements in design and construction.

8.3 Method of recording

8.3.1 Format of records and its accessibility

The records shall be preserved in an easily understandable format so that they can easily be referred to.
Since the rpcord is preserved for a long time, much attention should be paid to make it aceessible gven
when the data recording and storing system is changed.

8.3.2 Items included in records
The records shall include the following items:

— basic data concerning immediate and nearby environment, details,of structure, the methods pnd
result§ of deterioration prediction and investigation carried out,the result of evaluation/judgnfent
of the structure and photographs;

— names|of the persons responsible for maintenance;

— design/drawings and specifications of construction.

8.3.3 Refords concerning repair and prevention

When repdfir/prevention is taken, records of themethod used and details of execution shall be recorjded
together with the names of persons responsible for design, execution, and quality control of remefdial
actions.
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