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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.
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Introduction

A concrete structure passes through different stages during its life: from the planning, design,
execution and use to the end-of-life stages. Due to its long life, it involves different parties at each
stage. This implies that it is essential to transfer important information from one stage to another in an
appropriate form. However, in reality, no appropriate system has been developed regarding the basic
concept and specific methods to achieve this and manage the life cycle of the structure in a consistent
manner (life cycle management).
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structure in quite a few cases. This suggests that confirmation-of completion of t
Hocumentation of the procedure to completion are essential for\ensuring its perfori
ycle. It can also become necessary to alter the design conditionsjef a concrete structu
. In such a case, basic information regarding the original désign becomes essential, b
not retained in an appropriate form. As a result, it takes much-work to retrieve basic inforn
existling structure. Moreover, the design and execution need‘to be based on uncertainty
extent. For appropriate management of a structure, it is therefore extremely important to K
inforimation at each stage.

Somg¢
stan
and

estin
that
new
impd
misun
incllljld
A st3
man
strug
this

proc
exec

wort]
relat

b standards regarding the life cycle of infrastruucture have already been developed. T
lards are the ISO 15686 series. The ISO 15686 series is relevant to the service life plar
bxisting buildings and cover a part of the“planning process. In the ISO 15686 series
nation applies principally to the estimation of residual service lives of components (
are already in service, and to the selection of components for, and the detailing of,
work. While a part of basic philosephy of these standards can be applied, it is difficy
ssible to fully apply these documents to the life cycle management of concrete structy
derstanding because these\standards only deal with buildings with replaceable
ing ancillaries. This doeument covers any kind of concrete structures.

ndard is, therefore, nie¢essary regarding the basic concept and specific procedures foi
hging concrete structures in view of the current problems, in order to rationally cont
tures througheuttheir life cycle and more reliably ensure functioning of future docu
hs a backgreund, it was decided to establish in this document the key principles, fraj
edures for appropriately implementing life cycle management (LCM) in which plany
ition, useand end-of-life of a structure are appropriately connected one after thd
h noting that this document also serves as a guideline for other ISO standards. Tabl
jonship between this document and other ISO standards.

This means
ion-induced
h system for
n stage and
bf uncertain
5 not always
e durability
e structure
mance in its
e in the use
ut it is often
nation of the
to a certain
eep all basic

he pertinent
ning of new
service life
f a building
repairs and
i1t or rather
res without
components

methods of
rol concrete
ments. With
mework and
ling, design,
other. It is
e 1 lists the

A structure is constructed with its own purposes. It generally includes protecting people from
disasters and ensuring a comfortable and safe life. A structure is required to maintain its functions
and performance to achieve these purposes. The introduction of LCM for a structure contributes to all
aspects of sustainability while maintaining the functions and performances to fulfil its purposes.

Sustainability is the goal of sustainable development. It refers to any state of the global system in
which the needs of the present are met without compromising the ability of future generations to meet
their own needs. The concept of sustainability is continually evolving. Understanding and achieving
a balance between environmental, social and economic aspects, ideally in mutually supporting ways,
is considered essential for making progress towards achieving sustainability. The achievement of
sustainability is now recognized as one of the most important considerations in all human activities
(ISO Guide 82).
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A concrete structure inherently has a planned life when it is well designed, executed and maintained
under proper life cycle management based on sustainability framework.

Table 1 — Relationship between this document and other ISO standards

Planning

Design |

Execution

Use End-of-life

ISO 22040, Life cycle management of concrete structures

[Test method]
ISO 1920 series

IS0 10406
a 1SO 17785 a
ISO 19044
ISO 20290 series
ISO 14484
ISO 12439
ISO 15673 ISO 16311
ISO 14824
ISO 16204 ISO 16711
— ISO 19595 —
ISO 19338 ISO/TR 16475
ISO 22965
ISO 28841 1SO/TS) 16774
ISO 22966
ISO 28842

ISO 14484 (FRP)
1SO 18319 (FRP)

ISO 13315 series (Environmental management)
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Life cycle management of concrete structures

1 Scope

This document provides the principles for implementing life cycle management (LCM) of concrete
structures throughout the stages of planning, design, execution, use and end-of-life, as well as the
framework and procedures for LCM.

This|document is applicable not only to new structures but also existing structures. It iSjal§o applicable
to the entire life cycle and each one or more stages composing the life cycle of a structure.

NOTH Details in the procedures and specific methodologies for management in eaclvstage of structure’s life
cycle|based on this document is established separately.

2 Normative references

The following documents are referred to in the text in such a way’that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.

ISO 4394, General principles on reliability for structures

ISO 19338, Performance and assessment requirementsifor design standards on structural condrete

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd IEC maintain terminological databases for use in standardization at the following gddresses:

— SO Online browsing platferin: available at https://www.iso.org/obp

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

3.1
life dycle
set of consecutive;interlinked stages of a structure, which comprise planning, design, exgecution, use
and ¢nd-of-life-stages

3.2
life dyelesmanagement
LCM
set of systematic and coordinated activities and practices through which a structure is appropriately
managed over its life cycle (3.1)

3.3

life cycle management scenario

LCM scenario

plan for ensuring performance (3.5) of a structure throughout its life cycle (3.1)

3.4

maintenance

set of activities taken to check, evaluate the performance (3.5) of a structure and preserve/restore it so
as to satisfy performance requirements (3.6) in service

[SOURCE: 1SO 16311-1:2014, 3.8]
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performance
qualitative or quantitative representation of the behaviour of a structure

3.6

performance requirement
definition of the required performance (3.5) in designed concrete structures

3.7
sustainabil

ability of a struct
of humankipe-

ity

ability of fut
3.8

sustainability indicator

indicator re

[SOURCE: IS
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hll be carried out with the LCM s€enario that includes fundamental strategy for mang
e.

The performance requirements of the structure shall be determined according to ISO 2394
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appropriately.

5.2 Scenario formulation

For implementing an LCM, an appropriate basic LCM scenario shall be formulated to connect each stage.
The basic LCM scenario shall include the fundamental strategy on how the structure will be managed
in terms of sustainability aspects. A structure shall be designed to keep its function and performance
without major remedial measures. However, planned remedial measures shall be included in the LCM
scenario if they are required.

The basic LCM scenario shall be modified as required. Since this scenario is based on future predictions
and various assumptions, LCM-related data acquired at each stage shall be utilized effectively to review
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the assumptions. Predictions shall be updated based on newly acquired data, and the LCM scenario
shall be re-formulated if necessary, to enable appropriate management at subsequent stages.

5.3 Indicators for life cycle management

5.3.1 General

In the LCM, appropriate indicators necessary for the assessment of the LCM scenario shall be set for
sustainability factors regarding social, environmental and economic aspects. These indicators shall be
calculated with respect to the period of LCM.

5.3. Social aspect

Socigl aspects shall be assessed with indicators objectively expressing performance’ of the structure
in thie use stage, safety of construction work and safety of users of the structure under{conceivable
condjfitions. Even when it is difficult to set and quantify indicators for such~qualities as adaptability,
comflort, cultural values and social contribution, these shall be considered ina'social-scientlific manner.

NOTH Social indicators include health and safety, satisfaction, population and community[and cultural
heritage.

5.3.3 Environmental aspect

Apprjopriate indicators shall be set for environmental impacts in the execution and use gtages of the
strugture, such as resources consumption, greenhouse ‘gas emissions and impacts on fhe ambient
envifonment.

NOTH See the ISO 13315 series for details of the environmental management of concrete structures.

5.3.4 Economic aspect

All the direct and indirect costs during-the life cycle of the structure, as well as the benefitp and values
provided by the structure, shall be set-as indicators.

NOTE1 ISO 15686-5 serves asaveference for details of calculating life cycle cost.
NOTH 2  Direct costs are directly attributable to managing of a structure, for example, the costs of materials,
laboyr, equipment, etc., and-all efforts or expenses directly involved. Indirect costs are not directly attributable

to mgnaging a structureand can include social inconvenience.

NOTE 3  Mainterance, repair, upgrade and adaptation at the use stage are sometimes costly.

6 Procedures of life cycle management

The basic flow of life cycle management is presented in Figure 1.

A new structure shall be thoroughly managed based on the LCM concept during its life cycle. The basic
LCM scenario shall be formulated at the planning stage of the structure. Design work shall be carried
out to satisfy the plan and the scenario. When the design outputs do not satisfy the initially formulated
LCM scenario, either:

— the LCM scenario shall be modified to be consistent with design outputs; or
— the plan and/or design shall be carried out again.

After the execution, initial assessment shall be carried out to check the state of the structure. When
any defect is found from the assessment, remedial measures shall be taken as required. Then, it shall
be assessed whether the basic LCM scenario is suitable for the subsequent life cycle of the structure.
If modification is deemed necessary, the basic LCM scenario shall be updated. At the following

© IS0 2021 - All rights reserved 3
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assessment, the conditions of the structure shall be re-assessed. Also, the LCM scenario shall be
updated as necessary. If the sustainability evaluation shows that no remedial measures are necessary,
the structure shall go to the end-of-life stage.

For an existing structure that has not been managed so far but is decided to be managed based on the
LCM concept, the LCM shall start with the first assessment of its performance at the use stage. The
basic LCM scenario shall be formulated by using all available assessment data and design and execution
documents. If the assessment results indicate that no remedial measures are necessary, the structure
shall go to the end-of-life stage. Otherwise, the same procedure as that for a new structure shall be
followed.

Wh th b PR al V| H 3 daotad L. 4 ralaoll L A | 4 . 4+ th
en e OIC LGIVI SLUITIATI TU 15 ulJLlClLCLl, ouuocqucut 1uauqsculcut Slidir T idlricu vut daLlUl ulus U e

updated scepnario.

For the LCM, the appropriate scenario shall be selected from several basic LCM scenarios set at|each
stage of the [structure’s life cycle, considering the balance between the sustainability indigators in [5.3.

New structure

R e T
1 ; 1
! | Planning |4— !
i v i

- - - H
: | Basic LCM scenario formulation |1— -

Planning sfage

Design sfage

Execution sfage

_I _________________ Existing structure

| . . .
—Pl Asséssment | 1 |Assessment and basic scenario formulati¢n
1
T¢ ]

v
eaching end-of-life?
No
. —— No
-—:
Yes

| Remedial measures |
d

v
to be updated?
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‘_| Scenario modification |

Use stage

A

End-of-life stage

mrmmm———— e, ————————

Figure 1 — Flow of LCM
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7 Management for each life cycle stage

7.1

General

At each stage of the structure’s life cycle, the set performance requirements shall be verified. The risk
of performance degradation of the structure during its use, as well as its impact on the sustainability,

shall

NOTE

be considered and reflected in the formulation of the basic LCM scenario.

See ISO 2394 for the fundamentals of risk assessment for structures.

At each stage of the structure’s life cycle, a detailed LCM scenario shall also be formulated for
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hgement based on the basic LCM scenario. Also, these detalled LCM scenarios shall, bg
fied as required during operation at respective stages, so that the performance ofthe
ensured at each stage.

Management in planning and design stages

e planning and design stages, the performance requirements of the structure shall be
tural forms, materials and dimensional data shall be specified so thatthe structure ca
rmance requirements during the design service life. The designed performance of
be verified according to the corresponding requirements. Structural forms and m
lected, and structural dimensions shall be determined, so/tlfat execution and mainter
ed out appropriately during the execution and use stagés. The methods of execution
s of maintenance and repair shall also be predetermined. Information shall be trang
lanning and design stages to the execution stage.

1  Refertolocal design standards conforming to IS® 19338 for performance verification of {

2 SeelS0 16204 for durability design of the.structure.

Management in execution stage

fucture shall be constructed soJjas to fully ensure the performance set at the d
mation acquired during theexecution stage shall be recorded as as-built informatid
rials used and their copresponding properties, construction details, environment
ty control records, which;ate necessary for future LCM. Information shall be transfert
ition stage to the use stage.

See IS0 2296522 and ISO 22966 for execution of the structure.

Management in use stage

e beginning of the use of a new structure, confirmation or first assessment shall bq
her{the matters set at the design stage are materialized and whether the construction
ppropriately. If any defect is found, repair shall be made as required. Subsequent LC

b repeatedly
structure is

set, and the
n satisfy the

tj\te structure

erials shall
ance can be
and planned
ferred from

he structure.

psign stage.
n, including
al data and
ed from the

made as to
was carried
M scenarios

shall

also be revised at this point.

For an existing structure, the LCM scenario shall be formulated according to past records of the
structure as well as the result of the first assessment in which necessary data shall be acquired. Once
the LCM scenario is formulated, the use stage management starts and the following procedures are
almost the same as those for a new structure.

In the use stage of a structure, periodic inspection/diagnosis shall be conducted so as to confirm
the retained performance of the structure. If any defect is found, repair shall be made as required.
Subsequent LCM scenarios shall also be revised at this point. Subsequent performance degradation
shall also be predicted as required, to investigate appropriate remedial measures. The investigation
of countermeasures shall not include only physical measures including repair/upgrading. It shall also
include operational measures, including use restrictions or the possibility of termination of use.
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