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Foreword

ISO (the I

nternational 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 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 any 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
prg /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

This seco
revised.

The main
— thed

Alistofa

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.

nd edition cancels and replaces the firstedition (ISO 16311-3:2014) which has been t¢chnically

changes are as follows:
efinitions of “repair” has been updated.

| parts in the ISO 16311sseries 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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Introd

ISO 16311-3:2024(en)

uction

The repair of defects and deterioration in concrete structures requires complex design work. This document
defines the design principles, strategies, remedies and methods for the repair of concrete structures
that have suffered or can suffer damage or deterioration. It gives guidance on the choice of repair design
principles, strategies, remedies, methods and selection of products and systems which are appropriate for
the intended use.

This docu

ment identifies key stages in the repair process:

— the need for assessment of the condition of the structure;

— then
— evalu
— the s¢
— the s¢

— thed

— the specification of maintenance requirements following repair.

This docy
performa
condition

This docu

bed ror 1dentification of the causes ot deterioration;
ating the options for repair and decision-making;
lection of the appropriate remedies for repair;
lection of methods;

efinition of properties of products and systems;

ment does not deal with matters related to structural design and the verification of §
hce in both deteriorated and repaired condition. The information related to the def
is presented in ISO 16311-2.

ment contains Annex A which provides guidance and*background information.

© IS0 2024 - All rights reserved

\%

tructural
eriorated


https://standardsiso.com/api/?name=ad13e7fa0ffc6ed9feadf8dc7f0da6da



https://standardsiso.com/api/?name=ad13e7fa0ffc6ed9feadf8dc7f0da6da

International Standard

ISO 16311-3:2024(en)

Maintenance and repair of concrete structures —

Part 3

Design of repairs

1 Scop
This docy

e

ment defines basic considerations and decision-making for the specification of repair

remedies,

and mandgement strategies for reinforced and unreinforced concrete structures. This docunient c¢vers only

atmosphe

This docyment specifies repair design principles, and strategies for defects and,-on-going det

including

a) mech
seisn

rically exposed structures, and buried or submerged structures, if they can be accessed.

but not limited to:

anical actions, e.g. impact, overloading, movement caused by ‘séttlement, blast, vibr
ic actions;

b) chem‘[cal and biological actions from environments, e.g. sulfateattack, alkali-aggregate reacti

c¢) physi
erosi

al actions, e.g. freeze-thaw, thermal cracking, moistiire movement, salt crystallization
b1;

d) reianrcement corrosion;

e) origi

The execy

2 Normative references

The folloy
requirem
the latest

[SO 16311
[SO 16311

3 Tern

al construction defects that remained unadéressed from the time of construction.

tion of maintenance and repairs is covered in ISO 16311-4.

ying documents are referyedto in the text in such a way that some or all of their content ¢
ents of this document. Fop dated references, only the edition cited applies. For undated r
edition of the refereficed document (including any amendments) applies.

-1, Maintenance @nd repair of concrete structures — Part 1: General principles

-2, Maintenance and repair of concrete structures — Part 2: Assessment of existing concrete

ns and definitions

brioration

htion and

b1,

, fire, and

bnstitutes
bferences,

btructures

For the pt

rposes of this document the terms and definitions givpn inIS016311-1 and the followid

g apply.

[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/

3.1
defect

fault or deviation from the intended level of performance of a structure or its parts

[SOURCE:

[SO 15686-1:2011]

© IS0 2024 - All rights reserved
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maintenance
set of activities undertaken to check, evaluate the performance of a structure and preserve/restore it so as

to satisfy
[SOURCE:
3.3

its performance requirements in service

[SO 13823:2008, 3.15]

passivity
state in which steel in concrete is protected by a thin film and the corrosion rate is minimized

Note 1 to entry: This film is destabilized or lost when concrete carbonates to the level of the reinforcing steel, when
aggressive salts concentrate and attack the steel, or atypically, when all oxygen is depleted at the surface of the steel

(i.e. submgrged concrete members after many years).

3.4

protectign

measure that is intended to prevent or reduce the development of defects in the structure

3.5

repair

restoratiqn of a structure or its components to an acceptable condition by.-the renewal or replagement of
worn, darhaged, or deteriorated components including prevention and protection

[SOURCE:|ISO 13823:2008, 3.20, modified — "including prevention and protection” has been addegql.]

4 Minimum considerations before repair design

4.1 General

This claupe outlines procedures that shall be undeftaken to assess the current condition of a concrete
structure{prior to designing repair programs.

General glhidance is given in Annex A.

4.2 Initial risk assessment

The risks|to health and safety from falling debris or localized structural failure due to removing deteriorated
materialsf and the effect of deterioration upon the mechanical stability of the concrete structure shall be
assessed fis a pre-repair work,\as well as the anticipated loads and forces during repair work.

Where thg concrete struetiire or a portion thereof is considered unsafe, appropriate actions and $equences
shall be §pecified tonake it safe before other repair work is undertaken and while underway, taking
into accoyint any additional risks that can arise from the repair work itself. Such action can include local
repairs, the installation of support or other temporary stabilization measures, or partial or even|complete
demolitiop.

4.3 Assessmentofdefects-andtheireatses

An assessment shall be made of the defects in the concrete structure, their causes, and of the ability of
the concrete structure to perform its function per the detailed guidance provided in ISO 16311-2. This
information is briefly summarized in the subsequent paragraphs.

The process of assessment of the structure shall include, but not be limited to, the following.

a) Documentation of the materials and systems comprising the structure.

b) The visible condition of the existing concrete structure.

c¢) Testing to determine the condition of the concrete and reinforcing steel.

© IS0 2024 - All rights reserved

2


https://standardsiso.com/api/?name=ad13e7fa0ffc6ed9feadf8dc7f0da6da

ISO 16311-3:2024(en)

d) The original design approach and potential design deficiencies.
e) The environment, including exposure to deleterious species.

f) The history of the concrete structure, including environmental exposure, and previous maintenance
and repair programs.

g) The conditions of use (e.g. loading or other actions).
h) Requirements for future use.

The nature and causes of defects and deficiencies, including combinations of causes, shall be identified and
recorded (see Figure 1).

The approximate extent and likely rate of increase of defects shall then be assessed. An estimatle shall be
made of When the concrete member or structure would no longer perform as intended, with [no repair
measured (other than maintenance of existing systems) applied.

The resulfs of the completed assessment shall be valid at the time that the repairs are designed and carried
out. If, as| a result of passage of time or for any other reason, there are doubts dbout the validity of the
assessmept, a new assessment shall be made.

Common causes of defects and deterioration

Concrete Reinforcement Corrosion
- Abrasion '_, - Cement content and type
- Fatigue - w/cm Ratio
Mechanical —>| - Impact Carbonation —>! - Curing
- Overhead - Rainfall
- Movement (e.g. settlement) - Temperature/relative hupidity
- Alkali- aggregate reaction At mixing: Chloride sglts
Chemical % - Aggressive agents (e.g. sulfates, salts, soft Corrosive contaminants % From external environrjient:
water) Sea water
- Biological action Road salt
- Freeze/thaw Stray currents

- Therntaleffects
- Saltcrystallization I

Physical —> :;?glsril:ige Dissimilar metals
3 Wear |
- Radiation exposure ] ]
- Differential permeability Stress- corrosion cracking

Figure 1 — Common causes of defects and deterioration

5 Strategies for maintenance and repair

5.1 General

This clause identifies options and factors to be considered when choosing a strategy for the management of
the structure.

© IS0 2024 - All rights reserved
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5.2 Options

In accordance with ISO 16311-1, the following options shall be taken into account in deciding the appropriate
action to meet the future requirements for the life of the structure.

imited to

nities for

hspection

strategy.

a) Do nothing for a certain time while monitoring the structure.

b) Re-analyse the structural capacity, possibly leading to a downgrade in function.

c¢) Preventor reduce further deterioration.

d) Strengthen or repair all or part of the concrete structure.

e) Recopstruetalor-partofthe-coneretestruettre:

f) Demglish all or part of the concrete structure.

5.3 Fagdtors

The factofs that shall be considered when choosing a management strategy include,) but are not

the following categories.

5.3.1 General

a) Theiptended use and remaining service life of the structure.

b) The required performance of the structure.
NOTE This can include, for example, fire resistance and watertightness.

¢) The l{kely service life of the repair work.

d) The fequired availability of the structure, perniissible interruption to its use and opporty
additjonal repair and monitoring work.

e) The acceptable number and cost of repair¢ycles during the design life of the concrete structurte.

f) The domparative whole life cost of the“alternative management strategies, including future i
and maintenance or further repairieycles.

g) Prope¢rties and possible methods of preparation of the existing substrate.

h) The appearance of the répaired structure.

5.3.2 Structural

a) The actions ircluding during and after implementation of the strategy.

b) The response mechanism against the actions, including during and after implementation of thg

5.3.3 Riskassessment

a) The consequences of structural failure.

b) Health and safety requirements.

c¢) The effect on occupiers or users of the structure and on adjacent structures and the general public.

5.3.4 Environmental

a)

The exposure environment of the structure, member, part and whether it can be changed locally.

© IS0 2024 - All rights reserved
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NOTE Exposure environment is classified for each member and part. Exposure classes are given in

ISO 22965-1:2007, Annex A.2.

b) The need or opportunity to protect part or all of the concrete structure, from weather, pollution, salt

spray, etc., including protection of the substrate during the repair work.

5.4 Choice of appropriate strategy

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. All repair work undertaken

as part of a structure management strategy shall comply with this document.

A repair remed

a) apprqpriate to the type, cause or combination of causes and to the extent of the defects;

b) apprgpriate to the future service conditions.

6 Basils for the choice of specific repair design principles, strategies, remec
and methods

6.1 General

This claulse specifies the basic repair strategies and remedies #hich shall be used, separat
combinatjon, to protect, maintain or repair concrete structures. Determining the suitability
remedies|and methods for a particular condition can only be assessed after a thorough evaluat
componeit or structure according to ISO 16311-2 and reconciling repair design principles that in|
are not liIlited to:

a) dongharm to the structure or member;
b) adopfproven techniques and products with adocumented record of success in similar project

¢) harmonize repair and maintenance strategies with budgets and planning.
6.2 Repair remedies and methods of maintenance

6.2.1 General

Maintenahce and repair reth€dies are based on chemical, electrochemical, or physical remedie{
be used tp prevent or stahilize the deterioration of concrete, or corrosion of the steel or other ¢
metals, off to strengthen'the concrete structure.

lies

ely or in

of these
jon of the
clude, but

[72)
-~

that can
mbedded

Table 1 c¢ntains examples of repair methods which apply the remedies. Only methods which co

ply with

the remeflies shall be selected, taking into account any possible undesirable consequences of gpplying a
particulal méthod or combination of methods under the specific conditions of the individual repair.

Executionof theTepaiTs s addressed i iSO 163114

6.2.2 Remedies and methods addressing defects in concrete and reinforcement corrosion

Remedies 1 to 6 in Table 1 address defects in the concrete or concrete structures that can be caused by the

following actions, separately or in combination:
a) mechanical: e.g. impact, overloading, movement caused by settlement, vibration, seismic actions

b) chemical and biological: e.g. sulfate attack, alkali-aggregate reaction;

and blast;

¢) physical: e.g. freeze-thaw action, fire, thermal cracking, moisture movement, salt crystallization, and

erosion.

© IS0 2024 - All rights reserved
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Remedies 7 to 11 in Table 1 address reinforcement corrosion caused by:
a) physical loss of the protective concrete cover;

b) chemical loss of alkaline pH in the protective concrete cover as a result of reaction with atmospheric
carbon dioxide (carbonation);

c) contamination of the protective concrete cover with corrosive agents (usually chloride ions) which were
incorporated in the concrete when it was mixed, or which have penetrated into the concrete from the
environment;

d) stray electrical currents conducted or induced in the reinforcement from neighbouring electrical
installations;

e) stres$ corrosion cracking of prestressed members;
f) galvahic corrosion (e.g. dissimilar metals, differential environments).

Where there is existing corrosion of reinforcement or a danger that corrosion will occurin the futyre, one or
more of r¢medies of corrosion repair shall be selected.

In additiop, the concrete itself shall be repaired, where necessary, according te-xremedies 1 to 6.

Table 1 — Remedies and methods for repair of concrete structures

Remedy Examples of l{eﬁﬁir strategies and methods

1. Proftection against ingress 1.1 Hydrophobic impregnation

1.2 Impregnation

1.3 Coating

1.4 Surface bandaging of cracks

1.5 Filling(of cracks

1.6 Transferring cracks into joints

1.7(Erecting external panels?

1.8 Applying membranes?

2. Mofisture control 2.1 Hydrophobic impregnation

2.2 Impregnation

2.3 Coating

2.4 Erecting external panels

2.5 Electrochemical treatments

3. Cor|crete restoration 3.1 Hand-applied, localized patches

3.2 Recasting members with concrete or mortar

3.3 Spraying concrete or mortar

3.4 Replacing members

4, Stryctural strengthening 4.1 Adding or replacing embedded or external reinforcing ljars

4.2 Adding reinforcement anchored in pre-formed or drilled holes

4.3 Bonding plate reinforcement

4.4 Adding mortar or concrete

4.5 Injecting cracks, voids, or interstices

4.6 Filling cracks, voids, or interstices

4.7 Prestressing - (post tensioning) or Fibre Reinforced Plastic (FRP)
strengthening

a  These methods can also be applied to other remedies.

© IS0 2024 - All rights reserved
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Table 1 (continued)

Remedy

Examples of repair strategies and methods

Increasing physical resistance

5.1 Coating or membranes

5.2 Impregnation

5.3 Adding mortar or concrete

5.4 Applying a membrane

Resistance to chemicals

6.1 Coating

6.2 Impregnation

6.3 Adding mortar or concrete

Pr

. " . soos,
CI'v llls Ul TCTOLUI llls pPasolIviIty

711 H 4 rand. 4 atla ddais 1 4
7L I1IICT CﬂDllls CUVUCT LU TUTIITNIUTCUIIITTIU WILID dAUUItIUIIdI TTTUT' U

crete (preservation only) or applying a coating

Ir or con-

7.2 Replacing contaminated or carbonated concrete

7.3 Electrochemical realkalisation of carbonatedf¢encrete

7.4 Realkalisation of carbonated concrete by diffusion

7.5 Electrochemical chloride extraction

7.6 Applying a membrane (preserving-passivity only)

Increasing resistivity

8.1 Hydrophobic impregnation

8.2 Impregnation

8.3 Coating

Cathodic control

9.1 Limiting oxygen content’(at the cathode) by saturation
coating

r surface

10.

Cathodic protection

10.1 Applying an eléctrical current to achieve a protective §
chemical potential

plectro-

11.

Corl

trol of anodic areas

11.1 Active coating of the reinforcement

11.2 Barti€? coating of the reinforcement

11.3 Applying corrosion inhibitors in or to the concrete

114-Installation of discrete galvanic anodes

a

These

methods can also be applied to other remedies.

6.2.3 R

The absefce from this document-of a specific method, or the application of a method to a new
be taken to mean that-such a method or application is necessarily unsatisfactory. The a
s to situations unfereseen in this document, or the use of methods which do not have a syibstantial
successful performance and are not specified in this document, can be satisfactory in ap

shall not
of methog
history of
circumstd

7

Once the

Proyj

nces.

epair of concrete and reinforcement by methods not mentioned in this document

Jerties of products and systems required for compliance with repair re

repair approach is determined according to Clause 6, the products and systems to be use

situation,
bplication

propriate

medies

d shall be

selected in accordance with requirements given in one or more of the following:

a)
b)
9
d)
e)

International standards;

regional standards;

national standards;

national technical approvals;

approvals according to project specification.

© IS0 2024 - All rights reserved
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Descriptions and acceptance values of properties, in relation to specific products and systems, shall be
documented by test methods valid in the place of use and specified in the project specification.

Care shall be taken that products and systems do not undergo adverse physical or chemical reactions with
each other and with the concrete structures.

Repair products that are part of a system for repair shall not normally be tested individually unless one or
more of the repair products are intended to meet particular performance requirements in its own right.

[SO 16311-4 gives details of site application requirements. If on-site application conditions cannot reasonably
be made to fulfil the application conditions specified for the product or system, alternative products (if any)
or alternative repair remedies or methods shall be specified to avoid such a conflict.

8 Design documentation requirements

Unless otherwise agreed, the following shall be provided to the owner of the structure at:the conclusion of
the design effort:

a) documentation of the repair design, including any test results pertinent to thedesign;
b) docuinentation of any quality control and assurance requirements for the €xecution of the repgir design;

c) instryictions for inspection and maintenance to be undertaken during the remaining design sgrvice life
of thg repaired part of the concrete structure.

9 Comlpliance with health, safety and environmental requirements
P4

The repafir design shall comply with the requirements @f relevant health and safety, envijonmental
protectiof, and fire regulations valid in the place of use.

Where tHere is a conflict between the properties\'of specific products or systems and envirjonmental
protectioh or fire regulations, use shall be made of.alternative repair remedies or methods which gvoid such
a conflict

10 Comjpetence of personnel

This docyment presupposes that pérsonnel have the necessary skill and adequate equipment and fesources
to design| specify and execute the)work in accordance with the relevant parts of this documern]t and the
requiremgpnts of the project specification.

NOTE In some countries;there are special requirements regarding the level of knowledge, training and ¢xperience
of personrlel involved inthe different tasks.

© IS0 2024 - All rights reserved
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Annex A
(informative)

Design of repairs

A.1 General

The scopg does not include non-structural construction materials used in conjunctionwith concre

floor screfds or render and plaster finishes.

a) The dcope of this document does not include detailed guidance on inspection, testing and ajf
beforg and after repair. This is covered by ISO 16311-2

b) In well designed and constructed concrete structures built according to standards for design
and materials valid in the place of use, the concrete cover sheuld normally protect reinforcer]

adeqqiate for normal exposure. In particular, “inadegudte design, specification or constructi
of unpuitable construction materials” can lead to a\poor-quality cover concrete, poor compd
hencq reduced durability of reinforced concrete. @ther mechanisms can cause premature detsg
includling fire, mechanical actions or chemical attack.

c¢) Forwaterproofing of vertical surfaces, vapour-permeable materials are normally used; for watg
horizpntal surfaces, materials that are.impervious to water and water vapour are normally
this depends on the intended use of the/structure and vapour transmission requirements.

d) Site application and details of methods of repair are provided in ISO 16311-4, including the pr
of thqg concrete and reinforcement before application of products and systems.

Products pnd systems may be-applied for purposes other than repair, for example solely or mainly t
appearange, or to modify a-Cericrete structure for a different use.

A.2 Minimum considerations before repair

A.2.1 Gpeneral

ic actions
brcement,

e, such as

g§sessment

, lexecution

hent from
ays been
on or use

ction and
rioration,

rproofing
used, but

eparation

D improve

This clausediS not a detailed gnir]p to n'nr]prfnl(ing a-structural npprnicnl or-a condition assessm

nt of the

concrete structure. This information is presented in ISO 16311-2. To help users of this document, Figure A.1

gives an example of the phases of a repair project.

© IS0 2024 - All rights reserved
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PROJECT PHASES
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INFORMATION PROCESS OF MANAGEMENT DESIGN OF EXECUTION OF ACCEPTANCE OF
ABOUT THE ASSESSMENT STRATEGY REPAIRS and REPAIRS and REPAIRS
STRUCTURE PREVENTATIVE PREVENTATIVE

MEASURES MEASURES
Basic considerations and actions

Condition and Defects and their Options Intended use of Choice and use of Acceptance testing
history of structure classification and Remedies products products ar:id Remedial works
Documentation causes Requirements systems an

Safety/structural Safety/structural methods and Documentation
Previous repair and appraisal before appraisal during - substrate equipment to be
maintenance ) repair - products used.

repair

- work

Quality control

Health and safety

Specifications

Drawings

Safety/structural
appraisal after
repair

Relevang clauses of this document

Clause

u Clause 4 Clauses 5 and 6 Clauses 6,7 and 9 Clauses 6,%, 9 and 10 Clause 8

Before anly repair work can start, a data collection exerciseneeds to be completed to establish th

condition
be under
Clause A.

A22 A

This subc
provide d

Defects ix
materials

a) inade
b) inadeg
c) insuf

d) insuf

Figure A.1 — The phases of a typicalaepair project

aken in the context of a structure management strategy, which is discussed in more
.

ssessment of defects and their causes

ause provides background infoymation on the assessment of defects and their causes an
ptailed comment on the individual subclauses in this document.

concrete structures can(result from inadequate design, specification, supervision, exed
including:

quate structural design,
quate mix desigh, insufficient compaction, insufficient mixing,
Ficient cover,

Ficientor defective waterproofing,

e) conta

e current

of the structure, the maintenance history and.thelikely future performance. Ideally, this should

detail in

| does not

ution and

niination, poor or reactive aggregates,

f) inade

quate curing.

Other defects can become apparent during service, including the effects of:

a) reinforcement corrosion,

b) sever

e climate, atmospheric pollution, chloride, carbon dioxide, aggressive chemicals,

c) foundation movement, impacted movement joints, overloading,

d) impact damage, expansion forces from fires,
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e) erosion, aggressive groundwater, seismic action,

f) stray

electric currents,

g) dissimilar metals or environments causing corrosion of the reinforcing steel.

Common causes of defects in concrete and reinforcement are summarized in Figure 1.

A.3 Str

ategies for maintenance and repair

A.3.1 General

A structufe management strategy is not chosen on technical grounds alone, butalso on economic,

environ

The desig
Optionsr
operation
needtob

n life of the repaired concrete structure is a key consideration in the design of-the’repa
hnge from those that can restore the design life of the concrete structure in a gomprehens

to simpler options that can require repeated maintenance or where components of the 1
e reapplied (e.g. surface protection systems), as illustrated in Figure A.2 below.

Y

100

lifeefithe asset
asset condition
critical condition

ental, and other factors, and most importantly the owner’s requirements for the structuy

inctional,
e.

I system.
ive single
epair will

design service life
(=)

ideal life curve
actual deterioration curve

projected deterioration

Repair based on:

restoring to initial state

maintaining current state

Figure A.2 — Typical repair cycles over the life of a deteriorating asset
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A.3.2 Options

Maintaining or restoring safety is an essential requirement of a structure management strategy. A range
of options can be available to meet this prerequisite. These options should normally be assessed for their
efficacy over the remaining life of the structure, termed life cycle costing, according to ISO 14040 and

[SO 14044.

Consideration of the options and their consequences generally includes examination of different aspects,

for example initial cost, maintenance costs, and the possible need to introduce restrictions on the
structure. Each option is likely to have a different level of future deterioration risk.

When choosing options for repair systems, an important consideration is the life to first maintena

use of the

nce of the

individua] products, as they will possibly not last the design life of the concrete structure. Factors such as

access, rehewal and reparability of repair systems are important considerations.

A.3.3 Factors

This subdlause lists the factors that need to be considered when making an informed judgemsq
relative cpsts and benefits of the possible technical options for repair.

A.3.3.1 [General

a) Corrdct monitoring and maintenance of the repair work will result ifi.a longer service life fo
repaifs and the structure.

b) The rjature and use of the structure can have a significant influence on the choice of the ma
strat¢gy, the repair remedies and the equipment and systems to be used, particularly noise
generation from preparing the substrate (e.g. office buildings, hospitals, etc).

¢) Inthg case of premature deterioration, service life can'be extended by repair. However, deter
an ontgoing process and an informed choice will have to be made between:

1) cprrying out repair which will extend the-service life to attain the original design life,

2) cprrying out repair which will extend the life for a lesser period in the knowledge that the
additional repair costs in the future:

d) Propg¢rties and possible methods.of.preparation of the existing substrate can have an effect o}
appegrance of the protected and repaired structure.

A.3.3.2 Structural

The strucfural appraisalprior to repair can be extended to predict the effects of the repairs on the §
capacity, both during £épair and after the work has been completed.

nt on the

- both the

nagement
and dust

oration is

re will be

1 the final

tructural

Particulaf attention/needs to be paid to the volume of concrete and reinforcement that is cut Ie;[/vay from

loadbearipg structural members and the effect this will have on the structural capacity. An exa

ple is the
tively not

removal df concrete from compression members, altering load paths such that the repairs are effeq
loadbearihg=Should this he g al significance, repair remedies should be considered tha
the breakout and repair and/or shoring to relieve dead load during repair.

A.3.3.3 Risk assessment

minimize

a) Animportant stage in the structure management strategy is to assess the structural consequences from

any deterioration and the repair process itself before work begins.

b) Health and safety requirements are given in national regulations and guidelines.

¢) The materials and methods used in the selected repair remedies will potentially affect operatives as
well as occupiers, users or third parties. Examples include: products that contain harmful or malodorous
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components; creation of noise, dust and vibration; water or airborne debris from preparation processes;
or plant movements.

A.3.4 Choice of appropriate strategy

The management strategy should reflect the owner’s requirements for the design and service life of the
structure, and maintenance and repair options, which reflect the management strategy, should be developed.

The initial causes of the defects need to be identified. Generally, repair will deal successfully with the causes
and consequences of defects. In some cases, other issues can be contributing to the deterioration (e.g. blocked
drains on bridge decks that lead to chloride contamination of the substructure) and it can be necessary to
deal separately w1th these 1ssues before a successful repalr can be carrled out. If correction of the cause is
not possib s possible.

A.4 Basis for the choice of specific repair remedies and methods

A.4.1 General

Selection [of appropriate repair options is the most important part of design of’the repair projedt. Several
approaches may be possible, with the final selection based on a variety of factors (see A.4.1).

Suitable fepair methods should be specified for all chosen remedies. Where possible, the spgcification
should influde the appropriate performance requirements for produets-and systems for the intended use.
Producers will possibly need to be consulted to verify that their produets fulfil the intended requifements.

Products [and systems for the intended use should be selected\taking into account the conditjon of the
substrateland the assessment of defects and their causes as detailed in 4.3 and in ISO 16311-2.

A.4.2 Rpmedies and methods of maintenance, repair

A.4.2.1 [General

Several repair methods may be chosen in combination. Care needs to be taken to consider th¢ possible
adverse effects of the chosen methods and-the consequences of interactions between them.

Exampled of possible adverse effects include:

a) hydrgphobic impregnation system used to reduce the moisture content of concrete, which canp increase
the rate of carbonation;

b) surfafe coating, which\can entrap moisture, leading to breakdown in adhesion or redyced frost
resisfance;

c) post-tensioning,'which can cause deleterious tensile stresses in the structural members;

d) electfochemical methods, which can cause embrittlement of susceptible prestressing stg¢el, alkali
aggrggatereaction with susceptible aggregates, a decrease in frost resistance due to increased moisture
contents: or, if under water, corrosion in adjacent structures or vessels.

Products and systems should be compatible with each other and with the original concrete structure.

Where there is a history or risk of reinforcement corrosion, remedies 7 to 11 in Table 1 should be considered
in addition to remedies 1 to 6, because the expansive effects of on-going reinforcement corrosion can damage
concrete in the future if left unchecked.

A.4.2.2 Remedies and methods addressing defects in concrete

This subclause provides background information on repair remedies 1 to 6 in Table 1 and does not provide
detailed comment on the individual subclauses in this document.
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A.4.2.2.1 Remedy 1 — Protection against ingress

Protection against ingress includes measures to reduce the porosity or permeability of the concrete surface.
This is achieved by treating the concrete surface (e.g. using a surface protection system) or sealing cracks
(e.g. injection of cracks, or by bandaging or filling the surface).

Normal structural cracks have widths that are within the limits given in design standard which is validated
in the place of use at the place of use and open and close under the control of the reinforcement in concrete.
Overload or under-design of a structure can result in structural cracks that exceed the limits defined in
actual standards.

Non-structural cracks can form in the concrete for a number of reasons, for example, plastic shrinkage or
settlement, heat of hydration, thermal contraction, and these can be much wider than structural cracks and
can open|and close in response to both structural loads and environmental effects such as temperature
changes.

Cracks offany width can cause deterioration and the consequences should be considere@Where|there is a
danger thfat corrosive contaminants will penetrate the concrete at cracks, consideration should b given to
protecting cracks that are currently free from contamination by filling them in accordance with method 1.4
in Table 1

Once the [causes, ranges of movements and effects have been established,ineluding whether the crack is
live (e.g. qpening and closing in response to loads or thermal effects) or inactive, then options for fepair can
be selectgd from methods 1.1 to 1.8. Some surface protection systems ate'suitable for applicatiorn) over live
normal sfructural cracks but few will bridge wide, non-structural.eracks, which will possibly need to be
sealed by[other methods.

Some cragks in hardened concrete form as a result of reinforcement corrosion. These cracks are|often the
first visugl sign that there is a corrosion problem. Cracks caused by corrosion shall not be repaired simply
by filling pr sealing. These defects should be repaired by methods that apply remedies 7 to 11.

The possipility of further movement of the cracks adversely affecting the repair should be considefed.

Method 1{8 (applying membranes) can be equally‘applicable to remedies 2, 6, and 8.

A.4.2.2.2| Remedy 2 — Moisture control

Moisture fontrol is used in the repairoficoncrete to control adverse reactions by allowing concretd to dry, as
well as prieventing moisture build-up) Adverse reactions can include alkali-silica reaction and sulfgte attack.
Saturated concrete can also be suséeptible to freeze-thaw damage.

Surface pfotection systems.applied to vertical and soffit surfaces should be permeable to water fapour to
allow moisture to escape-ffom the concrete.

Upper suffaces of herizontal concrete members (e.g. a suspended floor slab in a car park) cap have an
impermedgble surface'protection system applied.

Surface protection systems should not normally be applied to concrete containing excess moigture and
product q;nufacturers should advise on appropriate application conditions.

A.4.2.2.3 Remedy 3 — Concrete restoration

Concrete restoration is normally carried out using hand-applied patch repairs, or recasting with flowing
concrete or mortar, or applying concrete or mortar by spraying. Replacement of members can include
materials other than reinforced concrete. Further advice on sprayed concrete can be given in design
standard which is validated in the place of use in the place of use.
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A.4.2.2.4 Remedy 4 — Structural strengthening

[t is essential when using remedy 4 that all stresses associated with a repair and the original or deteriorated
structure are considered. Certain systems can impose additional stresses on the repaired structure,
resulting in changes in the original structural function.

While injecting or sealing cracks will not structurally strengthen a structure, injection may be used to
restore the structural condition prior to cracking (e.g. when temporary overloading has occurred).

A.4.2.2.5 Remedy 5 — Increasing physical resistance

Removal of the concrete surface by physical actions, such as impact or abrasion, can affect the structural or
durabilit‘ novformanca ofthao ctructiivra Thaoa canncac nan ditabaoidontificod and rhucical mratactiua measures

PeTrororcCoTr ot strattar O e toasto e toTto—oT HaeRptHeaaha Prry SIcar protceerve

might neqdd to be taken to reduce their effects, as well as applying the repair methods.

A.4.2.2.6| Remedy 6 — Increasing resistance to chemicals

Where concrete has been attacked, the chemicals shall be identified, and suitable préventive meapures will
possibly rjeed to be taken, as well as the applying repair methods.

The resistance of concrete to different classes of environmental attack is defined in ISO 22965-1.

This docyment covers products and systems which can protect the concrete against environmental attack
by chemigals listed in ISO 22965-1 and to severe chemical attack by chémicals listed in design|standard
which is yalidated in the place of use in the place of use.

Under cerftain conditions, soils, water treatment works, and sewage can generate acids or sulphates that can
promote gttack on the concrete and reinforcement.

A.4.2.2.6]1 Reinforcement corrosion, general

Reinforcement can be at risk of corrosion for a wide*variety of reasons, including poor quality dr missing
concrete [cover, contamination e.g. by chlorides,)advancing carbonation, or other physical, chemical or
electrochpmical effects.

A.4.2.2.6)2 Carbonation

Where the reinforcement is protected by some remaining uncarbonated cover (as indicated by a cafbonation
test, refer]to design standard which is validated in the place of use in the place of use), methods 1.2, 1.3, and
1.8 are examples that can be used to reduce access of carbon dioxide to the concrete.

Where the reinforcemenf-is in contact with carbonated concrete, the passivity will have been lost and
corrosion| can begin. Ayvariety of methods can be used to arrest corrosion in this situation, using one or
more remledies and methods.

As well a4 carbonrdioxide, other air-borne acidic pollutants, such as sulfur dioxide, can attack both concrete
and reinf¢rcement in areas where pollution is high, for example in chimneys.

A.4.2.2.6.3 Chlorides or other corrosive contaminants

Corrosion caused by the ingress of chloride ions is more difficult to treat than corrosion caused by
carbonation.

The presence of chloride ions at the depth of the reinforcement breaks down the passive layer in
uncarbonated concrete and allows corrosion to begin. Where elevated chloride ion contents have been
detected (as indicated by the chloride ion content test, see design standard which is validated in the place of
use in the place of use), then there is a risk that reinforcement corrosion can occur. The concentration that
triggers corrosion varies in each individual case and depends on many factors including the cement type,
w/c-ratio, the source of chloride, the alkalinity of the concrete and the exposure environment.
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The source of the chlorides is also important, in particular whether the chlorides were cast into the concrete
at the time of construction, or has entered the concrete subsequent to hardening. For a given chloride
content, chloride which has entered the concrete from an external source is more aggressive in terms of
corrosion risk. Corrosion risk can also be increased by carbonation of concrete containing relatively low
concentrations of chloride ion.

Traditionally, a value of 0,4 % by mass of cement was used as the threshold above which reinforcement
corrosion would occur. More recent research shows the value can be much lower than this, sometimes below
0,2 %, although in certain environmental conditions much higher values can be tolerated. Therefore, it is
important to calibrate the risk of corrosion against the actual prevailing conditions of each structure and no
“safe” limit should be assumed.

Reinforcement corrosion can also be caused hy halides other than chlorides or other water-soluble
chemicalg.

Treatmenft of local areas of concrete that are contaminated by chloride ion can be successfully carried out
by patch fepair that removes all the contaminated concrete. However, where contamindtion is gxtensive,
treatment of areas of damage alone will not provide a lasting repair solution. Areas\repaired with new
mortar o1 concrete can initiate corrosion in adjacent areas of contaminated concreté{often termed incipient
anode or [ring anode effect). In these situations, additional repair remedies will‘need to be conjsidered if
corrosion|is to be arrested, such as those given in remedies 7 to 11.

A.4.2.2.7| Remedy 7 — Preserving or restoring passivity

The methjods relate to treating or replacing the concrete surrounding the reinforcement to redude the risk
of corrosipn. Some of the methods include electrochemical treatment of the reinforcement. The mgthods are
classified|by mechanism into 4 types.

— Methpd 7.1 Increasing cover with additional mortar gr¢encrete (preservation only) or applyi];g coating

Where thle reinforcement remains passive, an additignal layer of mortar or concrete may be aglded over

carbonatgd concrete or applying a coating to provide'additional protection.
— Methpd 7.2 Replacing contaminated or carbonated concrete

Where rejnforcement has lost protection as,a result of carbonation or chloride ingress, the structyre can be
repaired by replacing the contaminated ‘or carbonated concrete with new concrete or mortar in agcordance
with method 7.2. Additional protection can be required in the form of a surface protection $ystem in
accordan¢e with remedy 1. In the ‘case where chloride ions remain in the concrete, there will b¢ a risk of
recontamjfination of the repair by diffusion and incipient anodes forming on reinforcement in the sufrounding
concrete.[n these situationsyadditional repair remedies will possibly need to be considered.

— Methpd 7.3 Electrochemical realkalisation of carbonated concrete

Where the reinforéement is active or passive, additional corrosion protection can be prqvided by
electrochpmical ré-alkalisation, which raises the alkalinity of carbonated concrete and provides passivity to
the reinfgrcement.

The appligation of suitable coatings can extend the life of the treatment.

— Method 7.4 Electrochemical chloride extraction

Where the reinforcement is active or passive due to chloride ion ingress, additional corrosion protection can
be provided by electrochemical chloride extraction, which reduces the chloride ion content in the concrete
surrounding the reinforcement and provides passivity.

A.4.2.2.8 Remedy 8 — Increasing electrochemical resistivity

Internally in dry buildings, corrosion is seldom a problem even if the concrete is carbonated at the depth
of the reinforcement. This is because the low moisture content in enclosed buildings tends to raise the
electrical resistivity of the concrete to a level where the corrosion rate is insignificant.
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