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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 réceived ndgtice of (a)
which may be required to implement this document. However, implemefitérs are cautioned that
ot 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 allystuch 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

Alistof a

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.

| parts in the ISO 22040 series can be found on the ISO website.

Any feedback or questions on this documenfshould be directed to the user’s national standards body. A

complete

listing of these bodies can be foundat www.iso.org/members.html.
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Introduction

A concrete structure passes through different stages during its life: from the planning, design, execution
and use stages to the end-of-life stage. 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).

Such lack of an appropriate system creates limitations in durability management of concrete structures,
which has been recognized as a serious problem in the field of concrete technologies. This means that the
prerequisites_at the design stage are not managed appropriately and that execution-induced problems
are not abcertained and documented. Regarding ‘the former there has not been a system for lelarifying a
long-tern] maintenance program based on conditions elaborated at the design stage and, lenyuring its
continuatjion in an appropriate form. Regarding the latter, since a number of uncertain elements ekist in the
constructfion of a concrete structure, the quality of construction does not always matchithe prerequisites
of design]| Therefore, construction involves factors impairing the durability of the stxuéture in qpite a few
cases. This suggests that confirmation of completion of the structure and documentation of the prqcedure to
completidn are essential for ensuring its performance in its life cycle. It can alsé b€come necessaty to alter
the desigh conditions of a concrete structure in the use stage. In such a cagsé, basic information fegarding
the original design becomes essential, but it is often not retained in an appropriate form. As a result, it takes
much woik to retrieve basic information of the existing structure. Moreover, the design and execytion need
to be based on uncertainty to a certain extent. For appropriate mandagement of a structure, it is|therefore
extremely important to keep all basic information at each stage.

Some stapdards, regarding the life cycle of infrastructure, have already been developed. The [pertinent
standard$§ are the ISO 15686 series. The ISO 15686 series is relevant to the service life planning of new and
existing Huildings and cover a part of the planning process:In the ISO 15686 series, service life gstimation
applies pfincipally to the estimation of residual service\lives of components of a building that age already
in servicd, and to the selection of components for, an@the detailing of, repairs and new work. While a part
of basic philosophy of these standards can be applied, it is difficult or rather impossible to fully apply these
documents to the life cycle management of conerete structures without misunderstanding because these
standards§ only deal with buildings with replacgable components including ancillaries. This documegnt covers
any kind ¢f concrete structures.

A standafd is, therefore, necessary. _tegarding the basic concept and specific procedures for| methods
of managjng concrete structures in yiew of the current problems, in order to rationally control concrete
structurep throughout their life ¢y¢le and more reliably ensure functioning of future documents.|With this
as a background, ISO 22040 was ‘developed to establish the key principles, framework and procgdures for
appropridtely implementing life cycle management (LCM) in which planning, design, execution, us¢ and end-
of-life of 4 structure are-appropriately connected one after another. Based on it, this document fpcuses on
the management of structural planning and design stage in details as the overall life cycle management of
concrete $tructures.

A structufe is constructed with its own purposes. It generally includes protecting people from disgsters and
ensuring p comfortable and safe life. A structure is required to maintain its functions and perfofmance to
achieve these purposes. The introduction of LCM for a structure contributes to all aspects of sustjainability
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 (see ISO Guide 82).

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.

© IS0 2024 - All rights reserved
\%


https://standardsiso.com/api/?name=1435dd319c9e2fb00938b5f623326029



https://standardsiso.com/api/?name=1435dd319c9e2fb00938b5f623326029

International Standard ISO 22040-2:2024(en)

Life cycle management of concrete structures —

Part 2:
Structural planning and design stage

1 Scope

This docyment applies to management conducted at the structural planning and design stages’as part of the
ISO 22040 series.

NOTE Basic design or conceptual design of a structure is conducted at the structural planning stagg, whereas
verificatioh is conducted at the design stage to confirm that the performance requirements‘are satisfied, ahd balance
of the spedified sustainability indicators is ensured at the time of design.

2 Normative references

The folloying documents are referred to in the text in such a way that'seme or all of their content cpnstitutes
requiremgnts of this document. For dated references, only the edition cited applies. For undated rgferences,
the latest|edition of the referenced document (including any ameéndments) applies.

ISO 2394 |General principles on reliability for structures
ISO 16204, Durability — Service life design of concrete structures

[SO 19338, Performance and assessment requirements for design standards on structural concrete

3 Terms and definitions
For the pyrposes of this document, the\following terms and definitions apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses

— ISO Online browsing platferm: available at https://www.iso.org/obp

— IEC E]ectropedia: available at https://www.electropedia.org/

3.1

life cycle
set of corlsecutive, interlinked stages of a structure, which comprise planning, design, executio, use and
end-of-lif¢ stages

3.2

life cycle management

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)

© IS0 2024 - All rights reserved
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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: ISO 16311-1:2014, 3.8]

3.5
performance
qualitative or quantitative representation of the behaviour of a structure

3.6
performance requirement
required performance (3.5) determined in the structural planning stage

3.7

sustainability
ability of p structure or structural element to contribute positively to the fulfilment of the present needs of
humankind with respect to social, economic and environmental aspects, without compromising the ability
of future generations to meet their needs in a similar manner

3.8
sustainability indicator
indicator frelated to economic, environmental or social impacts

[SOURCE:ISO 21929-1:2011, 3.33]

4 Life cycle management at the structural planning stage

4.1 General

In structyral planning, the designer shall establish-the functions thata structure should retain thropghout its
service life and shall determine the performances necessary for achieving such functions. The performance
requiremgnts shall be determined by assuminig changes in the behaviour and performance of the|structure
within the ranges of restricting condition$ at each stage in consideration of the uses of the structyre during
its design} service life and the envirgnment of the construction spot. In designing, the structlure type,
structure|style, materials, main diménsions and so forth shall be materialized so that the structurg satisfies
the perfofrmance requirements, while possessing redundancy and robustness. A life cycle mapagement
(LCM) scg¢nario shall then be fernrulated to confirm that the desired balance of sustainability indicators is
achieved fhroughout the design’service life. The basic LCM scenario shall be formulated, comprghensively
consideripg various conditions, with thorough consideration to junctures between the stages pf design,
execution|, use, and end @f life, so that work can be carried out appropriately at each stage (see Figure 1).

The resulfs of struetural planning shall be summarized as the basic LCM scenario to be surely trangferred to
the next stage of.design.

4.2 Planning and performance requirements of structures

Structural planning shall be appropriately conducted in line with the upper-level plans for a civil structure,
such as national land plans and route plans, and, for a building structure, in line with the plans for the uses
and functions of the structure during its design service life. For such planning, it is necessary to clarify the
limiting conditions, including laws and standards, at each stage of planning/design, execution, and use of the
structure, and conduct in advance research required for establishing the structural outline.

Functions required for the structure during its design service life and performances required to achieve
such functions shall be established. The materials and structural framing of an actual structure are prone
to deterioration by environmental and loading actions over time, leading to degradation of its performances.
Accidental actions such as earthquakes can also cause significant performance degradation. Therefore, when
establishing the performance requirements for a structure, an appropriate extra margin should be added

© IS0 2024 - All rights reserved
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to the requirements in consideration of the possibility of accidental actions in addition to normal actions.
Performance requirements of structures shall be established in accordance with ISO 2394 and ISO 19338.

4.3 Basic LCM scenario

Abasic LCM scenario shall be formulated for a structure to satisfy the performance requirements throughout
its design service life.

The basic LCM scenario shall set forth the functions, design service life, and performance requirements of
the structure established in the structural planning stage. It shall then present the procedure to confirm that
the structure satisfies the performance requirements throughout its design service life. Periodic inspection
shall generally be conducted after the structure is placed in service to ensure there is no deterioration in

the perfo
be capabl
to allow
work by
process,

Tland if the
measures
e balance
1 updated

life cycle of a structure, its use or application can change. In such casessthe structure shall retain

mance to fulfil the changed required functions. If such changes are anticipated, the strug
of being reconstructed or its structural form shall be changed. The)structure shall be
asy maintenance to maintain the functions during the service life,-and to allow safe coq
nsidering the predicted structural performance at the end of the service life and the de
o that the structure can be demolished at the end-of-life stage. In addition, reuse and re

ture shall
designed
struction
molishing
cycling of

used materials and structural members should be designed while epnsidering the environmental jmpact.

Data of t
on over t

necessary. In such cases, the accumulated data shall be used to newly define the functions of the

determin

In some c
the expec
retain su
shall be d

In structyral planning, the following items shall be clarified and documented in the basic LCM sce

— purp
— desig
— perfo

— basic

— sust:r’nability indicators to be considered and basic principle for the balance of such indicator

— prodyction/construction methods (construction methods, methods of obtaining materials, etq.);

— meth
— meth

NOTE 1

NOTE 2

e structure necessary to perform LCM during the design service life shall be recorded a
he life cycle. During the long-life cycle, unexpected damage can occur and changes in u

e the performance required to meet those funetions, and redefine the LCM scenario.

hses, it is expected that the structure will¢ontinue to be used without demolishing aftel

ficient performance even if they aretused beyond their intended service life. The stru
psigned to allow easy maintenance.of parts that are expected to deteriorate due to long-{

se of the structure and/functions to materialize the purpose;
h service life;
[fmance requirements;

policy to satisfy the performance requirements;

ods of management/operation (maintenance) in the use stage;

ods of demolition/management in the end-of-life stage.

ted service life at the time of design. Suckstructures shall be structurally planned so that

nd passed
se can be
Etructure,

reaching
they will
‘ture also
erm use.

hario:

The basic policy for satisfying the performance requirements includes methods of imparting redundancy
and robustness.

Sustainability indicators are quantified requirements established from the standpoints of the
environmental, economic, and social aspects.
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4.4 Determination of structural concept

At the stage of formulating the basic LCM scenario, the designer shall determine an appropriate
structure style that can achieve necessary functions throughout the design service life. This includes the
determination of the structure style, basic dimensions, materials, and so forth, which are necessary for
designing the structure. The conditions considered for determination and the results of determination shall

be documented in the basic LCM scenario, and are listed as follows:
— given conditions of design;
— actions considered in the design;

— performance indexes to materialize the performance requirements under the design actions;

— resulfs of comparison among alternative structural concepts, structural configuration, stnuct
main|dimensions, materials, construction methods (procurement methods), results of investig
the concept of sustainability indicators, maintenance items assumed necessary in thelis€ stag
to belconsidered in the end-of-life stage, etc.;

— mattgrs to be considered for management at each stage of design, execution, use;’and end of lif

ure style,
ation into
b matters
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Structural planning

Structural
Establish planning conditions design

Arrangement plan of structure types

Purpose of structure Survey conditions of planned section
— Use N
— Design service life
— Future plans, etc. Y
Comparative design with assumptions
Upper@level plans of structural arrangement
— National land plans [, |
— Urban design Y
— Route plans, etc. Determine appropriate arrangement of
structure types by comprehensive
Investigations evaluation
— Climate
— Geology
— Soil B
— Traffic Select structure type
— Geography
— River, etc. Survey site conditions:
Geography, geology, intersect conditions;
K construction conditions
Laws/design standards ¢

Comparative design with assumptions of
structure type

:

Determine appropriate outline of
structure by-coinprehensive evaluation

\

As aresult of structural planning, determine
the'arrangement, structure type, main section
sizes, major construction methods, and
approximate costs, which are evaluated to be
appropriate

Figure 1 — Flow of structural planning

5 Life gycle management at the structural design stage

51 Geqleral

In the design stage, the structural specifications determined in the structural planning stage shall be
verified by an objective method to confirm that the structure possesses the necessary functions and that
its performance that satisfies the performance requirements is retained throughout its design service life.
[t shall also be confirmed that the balance of the obtained sustainability indicators is in accordance with the
basic principle.

The results of management in the design stage shall be added to the basic LCM scenario and shall be
transferred to the execution stage.

When it becomes clear as a result of management in the design stage that the performance requirements
cannot be satisfied by the structural specifications established in the structural planning stage, it is

© IS0 2024 - All rights reserved
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necessary that such results be fed back to the structural planning stage for re-formulation of a new
structural plan.

5.2 Management items

5.2.1 Design actions

In the design stage, it shall be confirmed that the actions envisaged during execution, design service life, and
demolition are established in appropriate combinations according to the limit states for the performance
requirements. Also, since the design actions are determined by multiplying the characteristic values of
actions by action factors (partial safety factors), it shall be confirmed that these values and factors are

appropriﬁwmmmmmmiwm rticularly
confirmedl that accidental actions are appropriately determined from the aspect of the encounterpfobability

of relevant accidental actions during the design service life. It shall also be confirmed thatcenvijonmental
actions afe appropriately established according to the deterioration mechanisms of assumed materials in
consideration of their present and future changes within the design service life.

5.2.2 Assumptions and methods in structural analysis

In structfiral analysis, it shall be confirmed that the shapes, boundary cdnditions, and actiops on the
structure|are appropriately considered; that modelling techniques suitable.for the limit states to Qe verified
are adopted; and that the response of the structure under the design actions is appropriately computed. In
this procgss, it is necessary that models with preliminarily verified reliability and accuracy are usgd.

In structyiral analysis, it shall be confirmed that the method uSed can compute the verificatiop indexes
according to the modelling of the actions and structure. If this isidifficult, then it shall be confirmed that the
method ufed allows conversion to the verification indexes in.ah appropriate manner.

5.2.3 Material properties

It shall bg confirmed that concrete, steel, and other materials to be used possess properties hecessary
for ensurjng fulfilment of the performance requirements for the structure. It shall be confirmegl that the
concrete possesses the mechanical propertiestto satisfy the performance requirements and resjstance to
deteriorafion and material penetration throvghout its design service life, as well as workability suitable for
constructfion tasks. It shall also be confirnied that the steel possesses mechanical properties to qatisfy the
performapce requirements of the strucgture by being used with concrete.

It shall bg confirmed that the characteristic values of the mechanical properties of each material §o be used
for the stfucture are appropriately established according to the limit states to be verified. It shgll also be
confirmedl that appropriate:characteristic values and partial safety factors (material factors) are egtablished
according to the variability.of the material qualities.

It shall b¢ confirmed;that test methods are established to confirm that the material properties [set at the
time of dgsign are‘satisfied at the time of execution. It shall also be confirmed that target values fpr quality
control afje established accordingly.

5.2.4 Performance verification

In performance verification of a structure, it shall be confirmed that the limit states according to performance
requirements are established for each structural member or the structure as a whole during its construction
and design service life. This is to ensure that the structure or structural members having structural details
including the shapes, dimensions, bar arrangement, and so forth assumed in the structural planning stage
would not reach the limit state. In other words, it shall be confirmed that verification is conducted by
establishing appropriate verification indexes and comparing the limit values with response values.

With regard to performances for which no quantitative verification indexes or limit values can be established,
it should be confirmed that such performances are appropriately taken into consideration.
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