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Foreword

ISO (the I
bodies (IS

nternational Organization for Standardization) is a worldwide federation of national standards
0 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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1.In partlcular the different approval criteria needed for the dlfferent types

of ISO dogumen

ISO/IECD

[SO draw
patent(s).
rights in
patent(s)
this may
WWwWWw.iso.

les of the
irectives, Part 2 (see WWW.is0. org/dlrectlves)

5 attention to the possibility that the implementation of this document may involve-the|use of (a)
ISO takes no position concerning the evidence, validity or applicability of ahy claimged patent
respect thereof. As of the date of publication of this document, ISO had not, received ngtice of (a)
which may be required to implement this document. However, implemefiters are cautioned that
hot represent the latest information, which may be obtained from the patent database ayailable at
pbrg /patents. ISO shall not be held responsible for identifying any or allysuch patent righty.

Any trad{
constitutd

For an ex

related tp conformity assessment, as well as information about ISO's adherence to the Wo

Organizat

This docu
stressed c

e name used in this document is information given for the convenience of users and| does not
e an endorsement.

blanation of the voluntary nature of standards, the meaning of ISO specific terms and e

ion (WTO) principlesin the Technical Barriers to Trade(TBT), see www.iso.org/iso/foreword.html.

Iment was prepared by Technical Committee ISO/TC 71, Concrete, reinforced concretd and pre-
bncrete, Subcommittee SC 7, Maintenance and.repair of concrete structures.

This secopd edition cancels and replaces the first edition (ISO 16311-1:2014), which has been t¢chnically

revised.
The main
— thed

Alistofa

changes are as follows:
efinition of “repair” has beentupdated.

| parts in the ISO 16311/series can be found on the ISO website.

Any feedback or questions en-this document should be directed to the user’s national standards body. A

complete

listing of these hodies can be found at www.iso.org/members.html.
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Introduction

In the context of this document, maintenance and repair are two closely related activities aimed at securing
thata 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 can sometimes 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 design service life of the structure.

This document covers the activities necessary to retain the performance of the structure above the required
levels during its service life, such as:

— mainfenance planning for existing structures;

— assespment of structure including investigation and evaluation of the performance of styuctur

— planr]ing and designing repair in case it is required due to wear, damage, or deterigration;

— execytion of repair including preparation, execution, and documentation.

The main scope of this document is the maintenance and repair of existing structures. Th
maintenapce and repair strategies is to plan and execute systematic routines)that minimize degr
performahce of a structure during its service life in the most cost-effectiye manner.

This document does not address newly built structures for which it istecommended that a mainten
should be| established at the design stage. However, a so called “birth certificate” for newly built g

will be u
covered.

This doc
compone
four part

geful in later planning of maintenance and repair. Reference is given to ISO 16204, wh{

;I:ment provides the framework of maintenance activities for all kinds of structures
ts and gives general principles of each activity: As shown in Figure 1, this document is t
$ dealing with maintenance and repair of concrete structures. The subsequent three parf

“Assessment of existing structures”, “Design of repairs”, and “Execution of repairs” are the operati
of this sef of documents giving detailed requirements and guidelines (an extended hierarchy of
and otherjrelated International Standards are-$Shown in Annex A).

MAINTENANCE AND REPAIR OF CONCRETE STRUCTURES

Part 1: General principles

1
Performance of N—>| Maintenance plan

Qo

e goal of
hdation of

ance plan
tructures
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Figure 1 — Relationship between each part of the ISO 16311 series
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Maintenance and repair of concrete structures —

Part 1

General principles

1 Scop

This docy
existing (
concrete

In this da

e

oncrete structures — un-reinforced and reinforced concrete, prestressed concrete
fomposite structures, or their structural members.

cument, deterioration is clearly distinguished from damage occurring n-a short perio

developi;]f over subsequent time, such as cracking and scaling due to earthquakes or impact lod

Deterior

This docy
existing s

This docu
aesthetics
refreshm

This docu

ion is mainly dealt with as a target for the maintenance activities,

ment also provides the basic concept of repair carried out tosfestore structural perfoi
fructures.

ment does not cover those aspects of maintenance and.repair that are related to servicea
without direct impact on durability and service life, e.g: cleaning of drains, removal of v
ent of paint, etc.

ment also does not cover repair of defects during execution of new structures.

2 Normative references

The folloy
requirem
the latest

[SO 16311
[SO 16311
[SO 16311

ing documents are referred to in thie'text in such a way that some or all of their content c
ents of this document. For dated.references, only the edition cited applies. For undated r
edition of the referenced document (including any amendments) applies.

-2, Maintenance and repair.of concrete structures — Part 2: Assessment of existing concrete
-3, Maintenance and repair of concrete structures — Part 3: Design of repairs

-4, Maintenance.dnd repair of concrete structures — Part 4: Execution of repairs

ISO 22040, Life cycleqmanagement of concrete structures

3 Tern

ns and definitions

ment presents the framework and general principles for maintenance and repair-of all kinds of

ind steel-

d and not
ding, etc.

mance of

bility and
pgetation,

bnstitutes
pferences,

btructures

F th £l 1 RPN | £o11 H i P PR DY TN 1
Or e pL I PUDCD Ul LIS UUCTUILIITIIL, LT TUITUVV llls LUTIITIS allu UCTIIITICIVUILS aPl.le.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISOO0

nline browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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31

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
will possibly shorten or extend the original design service life period.

Note 2 to entry: See Figure 2.

3.2
assessmgnt
set of activities performed in order to verify the reliability of an existing structure for future'use

[SOURCE:ISO 13822:2010, 3.1]

3.3
design sdrvice life
period of|time specified in design of structure for which a structure or its némbers is to be uged for its
intended purpose without major repair being necessary

Note 1 to gntry: See Figure 2, in which two scenarios A and B are indicated for example.

Performance
Performance Repair in Repair in estimated in
scenario A scenario B scenario B
Initial
performance 7]
Required
performance | | |
i L i i
I Performance | . Performance | !
| «eStimated at | estimatedin | Performance estimated at
m\assessment | scenario A I design stage
- stage | ‘ | |
} } } } } Period of time
Execution —/Assessment Predicted Amended  Design = Amended
stage stage service servicelife service service life
life by scenario life by scenario
A of short B of life
Remaining term repair extension

service life

Remaining design service life

Figure 2 — Definitions of service life

3.4

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,

© IS0 2024 - All rights reserved
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— wear due to use, abuse, and others, and
— improper operation and maintenance of the structure
[SOURCE: 1SO 13822:2010, 3.3, modified]

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

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.

[SOURCE:ISO 13823:2008, 3.10, modified]

3.6
inspectign
conformity evaluation by observation and judgment accompanied as appropriate bynmeasurement, testing
or gauging

Note 1 to pntry: For structures, this evaluation consists of actions collecting inforation on the current state of a
structure fhrough observation and simplified non-destructive or destructive testing supplemented witl materials
and structpral testing, as required.

3.7
investigdtion
collection| of information through inspection, document search, lead testing and other testing

3.8
maintengnce
set of actjvities taken to check, evaluate the performance of a structure, and preserve/restore it so as to
satisfy pejrformance requirements in service

39
maintengnce category
class of npaintenance depending on importance, service life, environmental conditions, maintainability of
the structjures, etc.

Note 1 to gntry: See Annex C for mainténgnce category.

3.10
mainten}nce plan

plan realizing maintenanée)strategy in order to ensure that the structure retains the performarnce within
the specifiied tolerances throughout its service life

Note 1 to gntry: This includes planning not only for assessment but also for repair or other remedial actiong.

3.11
monitoripng
frequent br—ee otts;horna

data for deterioration and/or per

propriate

O e = A arae

ng appropriate equipment

V v = Ve

ong > 5 C a O
formance of structure usi

3.12

predicted service life

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

Note 1 to entry: See Figure 2.

© IS0 2024 - All rights reserved
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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

3.14
remaining design service life
period from the time of a given investigation of a structure till the end of its design service life

Note 1 to entry: See Figure 2.

3.15
remaining service life
period frqm the time of a given assessment of a structure until the end of its predicted servicelife

Note 1 to gntry: See Figure 2.

3.16
remedial action
action cafried out with the objective of arresting or slowing down the deterjoration process, restoring or
improving the performance of structure, or reducing the danger of damage.or injury to the uder or any
third party

3.17

repair
restoratiqn of a structure or its components to an acceptable corndition by the renewal or replafement of
worn, darthaged, or deteriorated components including prevention and protection

Note 1 to ¢ntry: Repair is adopted to restore structural perferihance and to mitigate safety risks up to the initially
required design level and to achieve the intended service life,

3.18
repair plan
plan for gstablishing the method and level of\iepair, determining the materials, sectional dimengions, and
executior] methods, specifying the control\items during execution in consideration of the policy|and level
of repair

3.19
safety from risks due to falling@debris
hazards df damage and/or injury: caused by concrete fragments and surface coating (finishing) materials,
etc. falling from a deterioratéd structure

3.20
service life
actual pefiod duringwhich a structure meets the prescribed performance requirement

3.21

strengthening
+a ol i £ 1 £, £ P | N 3 + a4 3 f

measures-taien-to-Hprevestruetura-performaneerelating tetond-bearinscapaetyand-defermdtion 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 level
with adequate reliability under an appropriate maintenance plan. A qualified person (design professional,

© IS0 2024 - All rights reserved
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engineer, etc.) shall develop a proper maintenance plan that could permit a structure to retain its required
performance.

NOTE Performance requirements are given in details in ISO 19338.

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 and assessment (including investigation, prediction of progress of
deterioration, evaluation of structural integrity, and decision-making), and shall be followed by repair or other
remedial actions (if required). Results of these activities shall be recorded with an easily accessible format.

NOTE Ll jeFare L raoftaroac palatad e mi—r\v\r\v\ aand ool 1o oo oo o A /\““
efraf

Ty OT tCT TS T CracC oo TTaTtt CrrorceartrT \,yu T TSSO T IZCCrTTIT T

< Concrete structure >

Maintenance plan

|
Assessment v

Assessment plan

v

Investigation < »| Recording

I 3

Registration of condition

Evaluation and decision
making

A

Remedial action

Planning.and design

v

Execution

Eigure 3 — General maintenance flow

4.3 Competence of personnel

All activities of maintenance and repair shall be carried out by a team of qualified persons hlaving the
adequate [knowledge of design, execution, maintenance, and repair of concrete structures.

NOTE InSeme countries, there are special requirements regarding the level of knowledge, training and gxperience
of persons|inuolved 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, design service life,
life-cycle cost, and other considerations particular to the structure. The maintenance plan shall follow the
basic life cycle management scenario specified in ISO 22040. Sustainability shall be well considered to draw
up the maintenance plan.

© IS0 2024 - All rights reserved
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The following shall be specified in the maintenance plan:

— perfo

rmance requirements which a structure should retain for the design 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;

— Dbasic consideration concerning repair and/or other remedial actions for the expected deterioration/

perfo

rmance degradation of structure.

5.2 Timing of maintenance planning for structure

An approj

During th
formulaté

— atthd
— unde
— after

The last t

5.3 Ma

A suitabl
possible i
concerns,
classified
are defing

When str
ease of m
same stry

5.4 For

briate maintenance plan shall be formulated before starting maintenance actions.

e life of a structure, there are the following three stages where a maintenancé)plan
d:

design stage by choosing structural type and materials that satisfies maintainability;
" service conditions when some maintenance activity is considered to be'required;
A large repair project is carried out.

wo stages are only covered in this document for the timing of formulating a maintenance

fntenance category

e maintenance category shall be selected to carry out the maintenance work as effe
h consideration of such factors as the importance of the structure, design service life, §
environmental conditions, ease of maintenatice, and cost. The maintenance categorie
as preventive maintenance, corrective maintenance, and observational maintenance. Th
d in Annex C.

lictural members have differences in'their importance, environmental condition, safety
hintenance, etc., different maintenance categories should be selected on each member e
cture.

mulation of maintenance plans

A provisignal maintenance category shall be selected to formulate the maintenance plan. When t

of initial
it shall b
selected 1

6 Asse

hssessment preseribed in 6.2.2 suggest that the provisional maintenance category is no
revised. Consequently, the maintenance plan shall be determined in accordance with {
haintenance‘category.

ssment

should be

plan.

ctively as
afety risk
5 shall be
pir details

concerns,
ven in the

he results
[ suitable,
he finally

6.1 Ge

1
1€ dl

Assessment of a structure shall be carried out to verify its reliability after due considering structural
performance and durability in accordance with ISO 16311-2.

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

© IS0 2024 - All rights reserved
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6.2 Assessment plan

6.2.1 Preparation of assessment plan

To identify critical characteristics of the structure, the expected condition of the structure during its
remaining service life should be appropriately specified prior to the assessment planning. The preparation
of an assessment plan, therefore, should 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 identi

fied.

To carry out the assessment on a structure rationally and economically, the category and the level of
assessment should be decided appropriately in the assessment plan prior to the execution of the assessment

procedur
assessme
observati

622 C

Assessme

suitably dn the basis of the timing of assessment and the type of information desired.

In genera

— initial assessment: an assessment carried out for evaluating thednitial condition of a structt

initia

NOTE

— first assessment of existing structures when no repair, jssiecessary, but a maintenance plan is reco

— a

«

— perio
main

— extra
actiol

When somne visual signs of deterioration are observed or when there is a suspicion that deterfi

ongoing, t

623 L

An appro
assessme

In genera

E- The selected category and level of assessment depend on the asSessSMment 0bjectives,
hts, and other specific circumstances such as availability of the design and execution’q
bn of damage, use of the structure.

htegory of assessment

nt performed in maintenance activities for a structure throughout its _service life is c3

, the assessment is classified in the following three categories:

ing into routine/regular maintenance activities,

Examples of initial assessment are:

sessment of an existing structure that has undergone large scale remedial actions,
birth certificate” of newly constructed structures.

dic assessment: assessment carried out routinely or regularly at certain intervals prescri
fenance plan,

prdinary assessment: assessment carried out after a structure has been subjected to an

1, such as earthquake, storny; flood, fire, and impact by a vehicle or ship.

he assessment should-be carried out spontaneously in spite of the routine or regular intg

bvel of assessment

briate assessment level shall be selected depending upon the purpose and scope of the ¢
nt.

,&wo levels of assessment are defined as follows:

timing of
ocument,

tegorized

re before

mmended,

bed in the

hccidental

oration is

rval.

itegory of

— Preliminary level: assessment to collect the basic information on structural condition by using simple
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

requi

red.

© IS0 2024 - All rights reserved
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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., at
appropriate intervals depending on the importance of the structure, the maintenance category, 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 influences
and/or physical actions such as loading, investigation shall also be conducted by an appropriate method to
identify the characteristics of the environment in which the structure has been placed.

When commencing investigation, it is necessary to make an adequate implementation plan, which includes
selection pfitems and method, identification of location, frequencies, etc. based on the expected deterioration
predictiop and past maintenance records.

NOTE Details of site and laboratory investigation are given in ISO 16311-2.

6.4 Registration of condition

To carry |out appropriate prediction of deterioration occurring on the structure and/or its gtructural
membersfunder consideration, the mechanisms of deterioration shall be prgvisionally identified. [jn general,
deteriorafion mechanisms should be identified in consideration of the deterioration factors spegified and
any signs|of deterioration detected in the inspection and/or other tests in‘investigation.

NOTE 1 |Deterioration factors are classified as:

— external factors, i.e. those related to an external condition, such’as environmental, weather, and ext¢rnal force
conditions affecting the concrete structure under consideration;

— interral factors, i.e. those related to the internal conditions of the structure and linked to the design and execution
procefses.

A structufe and/or structural members are oftern subjected to more than one deterioration mechanism. In
this case, [the combined effects of those mechanisms shall be considered.

According to the identified deterioration mechanism, current condition/consequence level, and detg¢rioration
rate on th structure and/or its members shall be determined using appropriate analysis models egtablished
on the basis of the environmental cenditions and any other useful information obtained from inveptigation.

The degrgdation in structural performance and its progress shall be also properly predicted by agpropriate
models, yhich are formulated’ based on the predicted current condition of the structure//member’s
performahpce and the rateof deterioration.

NOTE 2 |[Methods to register the condition of structure or its members are covered in detail in ISO 16311}2.

6.5 Evdaluatiomand decision making

For evalyating structure/members condition, the structural performance possessed during femaining
service lifestrattbeverified-witihrreferencetothethreshotdof TEUITETITETILS: Fheverificatiom1m principle,
should be carried out respectively for one or more of required performance.

NOTE1 Thethreshold for the required performance of the structure is determined in accordance with requirements
from government (e.g. standards and codes), owner, designer, user, etc.

Depending on the importance of the structure, maintenance category, intended remaining service life, life-
cycle cost, and other considerations, as well as the overall results of the structural performance evaluation,
decision making shall be made appropriately to give recommended actions in the preliminary and detailed
levels of assessment, respectively.

NOTE 2  Methods to evaluate the condition of structure or its members are covered in detail in ISO 16311-2.

© IS0 2024 - All rights reserved
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7 Repair

7.1 General

The procedure of repair including prevention mainly consists of planning, design, execution, and completion-
investigation.

Planning and design for the repair shall be formulated on the basis of the extent of deterioration, remaining
service life, remaining and desired structural performance for safety, such as load bearing capacity,
importance of the structure, the conservation level, and previous repair taken.

NOTE When a fatal defect, damage of urgency, or unsafe conditions are observed during assessment, it is
subjected foe = esbe 3 3 o p a serious
accident, ofr a serious economic dlsadvantage

The resullts of the completed assessment are valid when the repair is planned, designed,'and cagried out.
However, [if, as a result of passage of time, or for any other reason, there are doubts about the valiglity of the
assessmept, a new assessment shall be made.

Before expcution of repair, a detailed execution plan should be formulated in consideration of the execution
environrrlent, time of execution, and execution period.

The repailr shall be carried out with minimum disturbance to the surroundiiig environment and the service
condition|of the structure.

After the Jepair is taken, the performance of the structure shall be eyaluated by the completion invgstigation.
When the|prescribed performance of the structure is upheld, a revised maintenance plan shall be developed.

7.2 Planning and design

7.2.1 General

Planning pf repair shall be carried out on the basis of the results of the assessment, and the ownper’s need
and expe¢tations for the structure depending on the available funding in accordance with ISO 1$311-3. At
least, the following should be considered te‘éxamine in the planning:

— optiohs of remedial actions;

— factors to consider;

— choicp of appropriate strategies;

— choicp of appropriatesmethods;

— propg¢rties of materials, products and systems;

— otherfremedial actions.

A design oftthe repalr should be executed after selectmg the repalr method the materials to be used and the
level of repair: i ' X hods, and
repair area or portion, should be determlned

NOTE Planning and design of repair of structures is covered in detail in ISO 16311-3.

7.2.2 Option of remedial actions

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

— to do nothing for a certain time while monitoring the structure;

— tore-analyse the structural capacity, possibly leading to a downgrade in function;
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— to prevent or reduce further deterioration;

— tostr

engthen or repair and protect all or part of the concrete structure;

— toreconstruct all or part of the concrete structure;

— to demolish all or part of the concrete structure.

NOTE

Some of these alternatives will not result in repair of the structure. Those alternatives are

further in 7.2.7.

7.2.3 Factors to consider

mentioned

A suitabld
— thea

— the st

— the efivironmental exposure condition and its aggressiveness;

— them
— thein
— ease

— poter
— theli
— then
— impo
— the aj
— healt

NOTE

724 C

The choic
and relev

A repair
causes of

Control o

repair method shall be selected based on, but not l[imited to the following items:
sessment results relating deterioration condition and future development;

ructural integrity and stability;

aintenance category;

tended use and remaining service life;

bf maintenance including cost efficiency;

tial advantage of an earlier action from the aspect of lifexCycle cost;

kely service life of the repair;

hmber and cost of repair cycles accepted duringthe remaining design service life;
tance of the structure;

ppearance of the repaired structure;

h and safety aspects.

hoice of appropriaté strategies

hnt provisions (e.g. safety requirements) valid in the place of execution.

brinciple{or principles shall be chosen based on the appropriate type, cause, or comb
deterioration, to the extent of the defects, and on the appropriate future service conditio

" load bearing capacity shall be based on information from the assessment, the planned

of the str

Formulating a repair plan reférs to establishing the required repair level and selecting a repalir method,
repair matlerials, sectional dimensionsafter repair, and the execution methods.

e of strategy forthe structure shall be based on the assessment of the structure, client reqyirements,

nation of
S.

uture use

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

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 one cycle of repair
activity;

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

of rep

air activity;
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— repair level expected to restore structural performance by the several cycles of repair activities, or to restore the
performance for a short period only.

7.2.5 Choice of appropriate methods

Within each of the remedial actions, one or more methods are available. Some of the methods are listed
under more than one remedial action(s).

The method for repair shall be adequately chosen based on deterioration mechanism, remaining service life,
the importance and maintenance level of the structure.

NOTE1 Care is taken, as the method of restoring the performance can vary depending on the deterioration
mechanism, even if the level of performance degradation is the same.

The abseJ\ce from this document of a specific method, or the application of a method to a_new/|situation,
shall not pe taken to mean that such a method or application is necessarily unsatisfactoryFhe application
of methods to situations unforeseen in this document, or the use of methods which do notthave a sfibstantial
history off successful performance and are not specified in this document, can be satisfactory in agpropriate
circumstgnces.

NOTE 2 |Typical remedial actions are detailed in ISO 16311-3.

7.2.6 Properties of materials, products and systems

The matefrials, products and systems for repair shall be adequately-¢hosen based on the remedial action
chosen, the deterioration mechanism, remaining service life, inlpetrtance and maintenance leyel of the
structure

The propé¢rties should be documented by test methods validrin the place of use and specified in the project
specificatfion.

7.2.7 Other remedial actions

Some of the options listed in 7.2.2 will not result in protection or repair of the structure and are nqt covered
by this dgcument.

Such optipns are as follows:

— strengthening;

— intengified inspection;

— restrjction in service;

— dismantling and.démolishing.

Strengthgning ofa‘structure refers to the remedial action taken to upgrade structural perfornjance to a
level whigh is higher than that possessed at the original design. An appropriate strengthening plan shall be
formulatdd-based on the target level of performance, then methods and materials for strengthenirg shall be
selected, eensideringthe-degradation—conditionefstructural performaneedeteriorationmeehahism, 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-stressing
force, etc.

Intensified inspection refers to the remedial action carried out by increasing the inspection frequency,
number of inspection items and/or location for inspection, without any improvement of the condition, or
performance of structure in cases where repair or retrofit cannot be implemented immediately or where it
is only required to keep the structure in present state.
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When intensifying inspection, the maintenance plan should be reviewed, considering the results of
performance evaluation, remaining service life, importance of structure, cost for maintenance, etc. After
this, appropriate inspection frequencies and items should be determined.

Restriction in service can be effective for reducing damage to the structure. This can be achieved by imposing
restrictions on the use, such as limiting the maximum live load that the structure can carry. The degree and
method of the restriction imposed on the use shall be determined, depending on the level of deterioration
observed, so that such a restriction shall be implemented after carrying out a detailed assessment.

Dismantling and removal of a severely deteriorated structure or members shall be carried out based on an
implementation plan for the selected method which is formulated in consideration of threat posed to the
environment, public safety and disposal of debris.

7.3 Execution

7.3.1 General

Before execution of repair, a detailed execution plan should be formulated on the basis of the design
procedur¢, the execution environment, time of execution and execution period. At least, the following should
be considgred to examine in the planning:

— generjal requirements;

— strucfural stability before, under and after execution;
— prepdration of concrete substrate and reinforcement;
— appli¢ation of materials, products and systems;

— quality control of the work;

— mainfenance following completion of repair.

Executior] of repair and completion investigatiornishall be carried out in accordance with ISO 16311-4.

7.3.2 General requirements

To keep nmhinimum disturbance to the:surrounding environment and the service condition of the $tructure,
considerdtion shall be given to the.chemical, electrochemical, and physical condition of the subqtrate and
any contdminants, the ability of ‘the structure to accept loading, movement, and vibration duripng repair,
ambient donditions, and the characteristics of the materials used in the structure and those of the repair
products pnd systems.

The clearjness, roughuess, etc. of the substrate, the compatibility between substrate and repair |materials
and systgms, the hardened properties of the repair materials and systems, and the required stprage and
applicatidn conditien also shall be considered.

7.3.3 Stnuctural 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, the installation of support or other temporary
work, partial, or even complete demolition.

7.3.4 Preparation of concrete substrate and reinforcement

The concrete substrate and reinforcement shall be appropriately prepared to meet the purpose and
conditions of the execution of repair.
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7.3.5 Application of materials, products and systems

The application of products and systems shall be suitable for the substrate and the structure to which they
are applied, and to produce repair which is in accordance with the project specification and the relating
standards.

7.3.6 Quality control

The effectiveness of repair will strongly depend on the quality of execution. Therefore, the execution of
repair shall be carried out under the sufficient quality control based on the prescribed execution plan.

During the execution of repair, necessary tests shall be carried out on the materials and other related
control items-

Detailed quality control records during the execution of repair shall be preserved for future refergnce.

7.3.7 aintenance following completion of repair

After repair, completion investigation shall be carried out to examine the condition ef materials and[products,
and the execution methods carried out, thereby confirming that repair was exectited in accordancg with the
repair pldn, so that quality assurance shall be performed on all repairs to critical structural memHbers.

Unless otherwise agreed, documentation relating the execution and quality control records, and ingtructions
on investigation and maintenance undertaken during the remaining design service life of the repaired
structure|or members shall be provided to the owner or owner’s representative.

8 Recqrding

8.1 General

Details cdncerning maintenance and repair shall be-recorded. Such records as well as drawings apd related
documents shall be preserved by the owner for safé-keeping and future references. A report on majntenance
and repaif shall be drafted based on the records.

8.2 Period of preservation

The mainfenance records of a structure shall be preserved by the owner while the structure is in gervice. It
is also degirable that such records-should be preserved for a period as required for reference purpgses in the
design, eXecution, and maintenance and repair of other similar structures.

NOTE Itis expected thatanalysis of records can contribute to progress in maintenance technologies by clarifying
problems dnd needed imprevements in design and execution.

8.3 Method ofrecording

8.3.1 Foprmat 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 record is preserved for a long time, much attention should be paid to make it accessible even when
the data recording and storing system is changed.

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

— basicdata concerning immediate and nearby environment, details of structure, assessment including the
methods and results of deterioration prediction and investigation carried out, the result of evaluation or
decision making of the structure, and related photographs;
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— names of the persons responsible for maintenance;

— design drawings and specifications of execution.

8.3.3 Records concerning repair

When repair is taken, the materials, products, systems and methods used, and the details of execution shall
be recorded together with the names of persons responsible for design, execution and quality control of
remedial actions.
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