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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

Earthquakes bringing damage to structures have occurred frequently in many areas of the world. Heavy
damage caused by earthquakes are concentrated on vulnerable structures. Due to these damaging
earthquakes, human lives are likely to be lost. Confusion in everyday life and stagnation of economic
activities also occur.

As the result of the direct action of earthquakes, structures can collapse or overturn in earthquake-
prone areas. However, given a main shock occurs, it is expected that through seismic assessment and
retrofit of concrete structures, human life losses, economical losses and structural collapses can be

In sqme countries, such as Japan and the USA, the framework for the identificatien of vulnerable
tures before and after an earthquake, seismic retrofit decision-making and construftion exists.
In addition, the standards for seismic assessment technology and for seismic retrofit technology have
dy been established in these countries. Furthermore, technical manuals-have been edtablished in
ordef to apply the standards to practical work. Therefore, based on these standards, the spcial system
i ilt where a country, a district and a local administrative agency (authorities), the gwner of the
ture, a user, a retrofit designer, a retrofit work supervisor, a retbofit work suppligqr and other
e concerned by this matter share a purpose of the seismic retrofit and the informatipn about the
effect of seismic retrofit. Also, the owner of the structure can judge the necessity of appropriate retrofit

Howgver, it is not so frequent that a huge earthquake disaster occurs in a specific country or an area.
These conditions disturb conducting seismic assessment, seismic retrofit work and smooth social
decigion making to conduct seismic retrofit. As a gesult, it is feared that the earthquake disaster
expands and the recovery from the disaster is delayed when a large earthquake disaster hgppens once.

Thergfore, it is necessary to establish a principle of the seismic assessment, decision making of the
seisthic retrofit, the framework of the procedure for screening the vulnerable structufres, seismic
retrdfit execution. This document providegthe requirements of standards for comprehensive evaluation
of thg seismic damage/expected damage of existing reinforced concrete structures and regair/retrofit.
In otlher words, this document provides the standard work items related to seismic ass¢ssment and
retrdfit and standard procedurestin each stage. It clarifies the contents and the scope of ea¢h duty.

In this document, the seismic,performance of an existing reinforced concrete structure is expressed
in tefms of the intensity of .€arthquake motions that lead the structures to the safety [imit statel)
in ptinciple. As the result; whether the existing reinforced concrete (referred to as R(, hereafter)
strugtures fulfil the provisions of the design standard in the specific country or area doeg not matter.
Thatlis the featureefthis document.

The retrofit cantbe also conducted based on seismic performance, not on whether the seigmic retrofit
meetfs an existing standard. Because this document sets such rational performance requirements, the
vulnerable/parts which should be reinforced are clearly identified.
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and vary somewhat from region to region.

1) Ultimate limit state is mainly considered. However, other limit states can be considered such as seismic damage
control limit state when time history analysis is used.

© IS0 2021 - All rights reserved v


https://standardsiso.com/api/?name=76b0a2ecd895d1f1bc88c1da8890070e



https://standardsiso.com/api/?name=76b0a2ecd895d1f1bc88c1da8890070e

INTERNATIONAL STANDARD

ISO 16711:2021(E)

Requirements for seismic assessment and retrofit of
concrete structures

1 Scope

This document provides requirements for seismic assessment and retrofit of concrete structures.

It ca
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This

the jldgment, seismic retrofit plan and design, seismic retrofit execution of existing reinfor

strud

It is {
term|
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It is mot applicable to unreinforced concrete and masonry structures.
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Normative references

Terms andddeéfinitions

n be used to reduce the risk of seismic damage by structural collapse or turn'oy
hic event.

document provides the framework and principles of methods of detailed sgisniic assg

tures before the occurrence of a severe earthquake and of the structures'struck by an

in umbrella-type document with general provisions intended to proyide wide latitudg
s of comprehensive principle on the evaluation of the seismic damage/expected damag
orced concrete structures and repair/retrofit. Therefore, it is initended to be used in
sound engineering judgment.

document is applicable to reinforced concrete structures and pre-stressed concret
have been designed on the basis of the structural desigh criteria set in a specific count

following documents are referred to:in the text in such a way that some or all of t
Fitutes requirements of this dogument. For dated references, only the edition cited
ted references, the latest editionof the referenced document (including any amendme

920-4:2020, Testing of concrete — Part 4: Strength of hardened concrete

| 5630-1:2019, Steel for, the reinforcement and prestressing of concrete — Test method
orcing bars, rods andywire

he purposés of this document, the following terms and definitions apply.

nd’TEC maintain terminological databases for use in standardization at the following g

er during a

bssment and
red concrete
earthquake.

of choice in
e of existing
conjunction

b structures
ry or region.

heir content
applies. For
hts) applies.

s — Part 1:

ddresses:

|
I

3.1

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

EC Electropedia: available at http://www.electropedia.org/

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

[SOU
3.2

RCE: ISO 13822:2010, 3.1]

design document

docu
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ment resulting from structural calculation and design drawings
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conformity evaluation by observation and judgment accompanied as appropriate by measurement,
testing or gauging.

Note 1 to entry: For structures, this evaluation consists of actions collecting information on the current state
of a structure through observation and simplified non-destructive or destructive testing supplemented with
materials and structural testing, as required.

[SOURCE: IS
3.4

0 16311-2:2014, 3.15]

investigatipn

collection of
[SOURCE: IS

3.5

limit state
critical stat
design perfd

[SOURCE: IS

3.6

maintenan
set of activit
satisfy perfq

[SOURCE: IS

3.7
seismic cap
force or disj

Note 1 to entry: Multiple limit states can bé selected besides the life safety limit state, such as accep

economic los

3.8

performan
required pe
with a 10 %

39

seismic damage

physical evi
earthquake

information through inspection (3.3), document search, load testing and other testing

0 16311-1:2014, 3.7]

b specified using a performance index, beyond which the structure no longer satisf
rmance requirement

0 19338:2014, 3.9]

Ce
ies taken to check, evaluate the performance of a structure, and preserve/restore it so
rmance requirements in service

0 16311-1:2014, 3.8]

acity
lacement defined for the limit state$(3.5)

ies a

asto

table

5 limit state, reparability limittstate, immediate occupancy limit state or functionality limit stdte.

Ce objective

rformance level (e.g/ life safety) for a given earthquake hazard level (e.g. an earthquake

probability of.exeeedance in 50 years)

dence-of inelastic deformation, cracks or spalling of a structural component caused By an

3.10

seismic retrofit
restoring or improving the seismic performance of a pre- or post-earthquake existing structure to meet
the seismic performance objective (3.8), including “structural repair” and “strengthening”

Note 1 to entry: Repair is adopted to restore structural performance and to mitigate safety risks up to the

initially requ

ired design level and to achieve the intended service life.

Note 2 to entry: Strengthening relates to the measures taken to improve structural performance relating to load
bearing capacity and deformation of an existing structure and/or its members.
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4 Framework of assessment and retrofit

The seismic assessment and retrofit of an existing structure shall obey the following procedures after
identifying the performance requirements and drafting an overall plan from investigation through
detailed seismic assessment, construction and documentation. The schematic of the process is shown
in Figure 1. Details of each item are described in Clause 5. All these items are not necessarily executed.
The procedure should be initiated in order from 1) but it may be finished at any stage according to the
specific situation under consideration.

1) Preliminary assessment: The possibility of a structure’s collapse or turnover under severe
earthquakes shall be assessed based on the comprehenswe mformatlon of the structure, such as

g Mpliance with

the des1gn standard The inspection of the seismic performance shall be carried outin‘¢onsultation
ith the client (the owner, the authority, etc.), if the seismic performance is suspected dr not clearly
adequate.

2) Detailed seismic assessment: In order to clarify the seismic performance-of an existirqg RC or PSC
§tructure and the vulnerable part of the structure, detailed seismic assessment shall b¢ conducted.
Necessity of the seismic retrofit shall be determined by compaping the evaluated seismic

performance and the seismic performance objectives. The planning-of the seismic retgofit shall be

¢arried out in consultation with the client (the owner, the authority, etc.), if the deficien¢y in seismic
performance is confirmed.

3) Planning of seismic retrofit: The plan of the seismic retrofit including the outline of the|retrofit and

¢onstruction method shall be determined. The validity of the plan shall be verified by estimating

the seismic performance of the structure after construction. Then, the seismic retrofit execution
ghall be carried out in consultation with the ¢lient (the owner, the authority, etc.),| taking into
¢onsideration the estimated cost for constructign work.

4) $eismic retrofit execution: The construction method for each structural membger shall be
etermined in compliance with the seisthic retrofit plan. The construction shall be then carried out
%nder the proper supervision and thetquality control of the work. The procedure of the work shall
e documented in a report.

© IS0 2021 - All rights reserved 3
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Clause 3

Preliminary assessment

Structural repair is not
possible or feasible

Judge
OK
Clause 4
Enough ¢tailed seismit

ssessment?

Not enough
-

Clause 5

Seismic retrofit plan

Clause 4

- ~.__Not enough
etailed seismi

Clause 6

Seismic retrofit exeeution

A 4

v y
(Out ofscope> (Enough capacity> (Retrofitted)

a Detailed|seismic assessment can have several levels.

Key

Figure 1 — Procedure of detailed seismic assessment and retrofit

Detailed seismic assessment, retrofit;design and execution, construction management and inspeftion
shall be conflucted by a competent,person with the appropriate qualifications.

5 Preliminary assessment

5.1 Genefal

The preliminary inspection of a structure shall be conducted to judge the necessity of the detpiled
seismic assg¢ssment and retrofit of the structure in advance. In the preliminary inspection, necegsary
information o decide the execution of detalled selsmIC assessment and retrofit shall be collected by the
inspection of the structure regarding the assessment items in 5.2.

5.2 Investigation items
In principle, the following items shall be investigated in the preliminary investigation.

1) Year of construction: The date and year of design of the structure and the date and year of
completion of the structure shall be investigated.

NOTE1 Theyear of construction helps to know the design standard by which the structure was designed,
material properties, arrangement of reinforcement and structural details.

2) Design standard: The design standard by which the structure was designed shall be known.

4 © IS0 2021 - All rights reserved
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3)

4)

5)

6)

7)

8)

5.3
1y

2)

6

6.1

IS0 16711:2021(E)

NOTE 2  The design standard adopted reveals the design method by which the structure was designed
and the level of seismic performance the structure was designed for.

Existence of design documents: In order to know structural details and material properties in the
objective structure, existence of design documents of the structure, namely architectural drawings,
structural drawings, drawings of structural detail, special specification and results of structural
calculation, shall be confirmed. Where design documents are not available namely architectural
drawings, structural drawings, drawing of structural details, efforts shall be made to collect as

much information as possible so as to recreate these documents.

Predicted intensity of earthquake: In order to examine seismic performance of the str

istory of change in usage of structure: In order to know the)design load of the st
history of change in the usage of the structure shall be investigated.

Problem in serviceability: In order to consider the.influence on seismic perform|
tructure, problems in serviceability of the structure)such as deflection of beam an

e investigated. Where, serviceability is the ability of a structure or structural
Erovide appropriate behaviour or functionality<in'use under the effects of considere
erviceability limit state

]

q

Detail of the damage caused by the earthquake: In case the structure has just been
in earthquake, the condition of the damage shall be investigated in order to adequat
eismic performance of the structure,

Judgment
I

q

Based on the informatipn.obtained by the preliminary investigation, the necessity (
eismic assessment and retrofit shall be judged considering its corresponding costs, the
f the structure and:the emergency.

$tructural types\designated as having sufficient seismic performance are excluded fr

eismic evalyation and retrofit.

q

Detailed seismic assessment

ucture after
estigated.

rd levels for

ate seismic
e structure,
experienced

ructure, the

ance of the
d slab, shall
clements to
d actions at

damaged by
bly estimate

f a detailed
importance

om detailed

Vas A |
Uil dl

Seismic capacity of structures shall be estimated according to the earthquake level when the structure
just reaches its safety limit state. Detailed inspection shall be conducted to understand the current
condition of the structure into account. Seismic performance objective shall be estimated according
to an expected earthquake level at site for the safety limit state. Detailed seismic assessment shall be
conducted by comparing the seismic capacity and the seismic performance objective. Detailed seismic
assessment results shall be stored properly.

© IS0 2021 - All rights reserved
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6.2 Detailed investigation

Items 1) to 5) shall be investigated in a detailed seismic assessment. The detailed investigation results
shall be taken in context and stored properly.

1y

2)

3)

4)

5)

6.3 Analysis

Design drawings conformance: Dimensions and arrangement of structural members shall be
confirmed with design drawings. The diameter, number, and strength of steel bars, anchorage
shape of steel bar ends, bar arrangements, hoop pitch, lap joint length of main bars, etc., shall be
confirmed with non-destructive inspection or partial destructive inspection at site. If no drawings
are available, enough number of material samples, more than three samples at each floor of the
same term of construction work for example, shall be taken and tested to estimate the properties
of matertats:

Materiall strengths: In principle, strengths of steel bars, steels, and concrete shall be confirméd|with
sampleg taken from the structure. If the sample test gives stronger strength than the design yalue,
the test|result can be applied for the detailed seismic assessment. If the test gives weaker strgngth
than the design value, the reduced strength from the design value shall be applied conside¢ring
fluctuation of material strength. Other properties such as Young’s modulus shall be investigatied in
case of necessity.

The saIple tests shall be conducted in accordance with ISO 15630-1:20%19 and I1SO 1920-4:2020.

Materiall deterioration: Structural crack pattern and the cause of thé crack, structural appeatance
deteriortation and carbonation depth of concrete sample shall belinvestigated.

Permanlent deformation: Inclination, residual deformation and uneven settlement of the strug¢ture
shall be|investigated.

Seismic|damage investigation: If the structure has suffered structural damage from an earthqiake,
the damage condition such as inclination, residual“deformation, crack pattern (seismic damage
level) of all structural members shall be investigated visually or measured.

In principle| the seismic capacity shall be calculated by one of the following four methods. Stiffjness,
ultimate strength and ductility of structural members shall be considered properly for the calculgtion.
Material deterioration, structural déformation and the effects of suffered damage history, such as fire
accidents or] earthquakes, shall he'taken into account. The ultimate strength and ductility of strucfural
members of|a damaged structGreg due to an earthquake can be estimated as properly reduced values
from the values without seismic damage. The reduced values shall be confirmed by experiment and/or

appropriate|analysis.

1y

2)

Improve¢d strengtli method: The seismic capacity shall be calculated in terms of an energy
dissipaffion capaeity evaluated based on the ultimate strength and ductility of structural mempers.
Stiffnesk discontinuity along stories, eccentric distribution of stiffness in the plan, or irregularity
and/or | cemplexity of the structural configuration, shall be considered. Time-deperndent
deterioration effectshait be considered:

NOTE1 Energy dissipation capacity is expressed as the product of strength index and ductility index.

Load-carrying capacity method based on nonlinear pushover analysis: Seismic performance
objectives (described in 6.4) shall be defined as the strength at the specified story drift or ductility
factor in general. The whole structure shall be properly modelled, considering nonlinear material
characteristics and time-dependent deterioration.

NOTE 2  This method is based on nonlinear pushover analysis of a whole structure including the effect of
non-structural elements.

© ISO 2021 - All rights reserved
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NOTE3  The demand strength associated with the specified story drift or the ductility factor is feasibly
defined as the capacity of the energy dissipation of a whole structure to the design earthquake level. The

earthquake level can be defined as linear earthquake response spectrum, nonlinear earthqu
spectrum or earthquake input energy spectrum.

ake response

Nonlinear dynamic response analysis method: Seismic performance objectives (described in 6.4)

are defined as story drift angle or ductility factor in general. The maximum response

values shall

be verified to be smaller than the seismic performance objectives. It is recommended that the
seismic capacity is feasibly expressed as the rate of the peak value of the design ground motion

corresponding ultimate stage to the design ground motion.

notion at site.

Verification method by the current national seismic code: The verification method-spe
national seismic code may be used based on prudent engineering judgment and site cof

Seismic performance objectives

Seisthic performance objectives for each analysis listed in 6.3 shall be sétbased on one of tH

iy
2)
3)

energy dissipation capacity;
gtrength at specified drift;

fate of peak ground motion to the design ground motion.

Seisthic performance objective shall be considered~with 1) the seismic activity in th

amp]

effect of underground floors and the level of importance of the structure.

6.5

Judgment

Seisrpic safety of structures shall be judged by comparing the seismic capacity and seismic
objegtive.

6.6

Documentation

riate ground

rified by the
nditions.

e following:

e area, soil

ification and expected earthquake at site, and ‘2) the dynamic characteristics of the structure,

erformance

The dletailed seismic asgessment results from 6.2 to 6.5 shall be taken in context and stored properly.

7

7.1

$eismic retrofit plan

General

Whend@n owner or a caretaker of a concrete structure decides that a structure is vuln
expectedearthquakeamd meeds sersmic Tetrofit, aseismic Tetrofit ptamr shatt-bemmade it
retrofit work. Seismic retrofit plan shall consist of the following:

iy
2)
3)

4)
5)

brable to an

selection of a performance objective of the seismic retrofit;

selection of basic strategy to reduce vulnerability;

advance to

planning of modification of members, including type of retrofit construction method, material,

location and number of modified members;
re-evaluation of seismic vulnerability with the modification;

confirmation.
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The seismic retrofit plan from 1) to 5) shall be documented and provided to the owner or the caretaker
of the concrete structure.

7.2 Selection of performance objectives of the seismic retrofit

Performance objectives of the seismic retrofit shall be decided with consideration of the following items:

remaini

ng life of the structure;

use of the structure;

— importgnee-ofthe-structure;

— extent df emergency;

— maintenance plan.

NOTE Ugually, performance objectives are selected primarily for life safety performancdesHowever, myltiple

performance| objectives can be selected besides the life safety performance, if necessary. Such performpance

objectives irclude economic loss based on performance, reparability performance, immediate occurIancy

performance|or loss of function. Where, reparability is the ability of a structure ef-structural element [to be

repaired phypically and economically when damaged under the effects of considered actions

7.3 Selection of basic strategy for seismic retrofit

Basic retrofjt strategy shall be chosen such that:

1) local wgakness of the structural members and connectiofis can be reinforced;

2) lateral qapacity and ductility of structural system can‘increase; or

3) seismic|demand to structure can be decreased.

The following factors shall be considered in selécting the retrofit strategy:

— change pf weight and the distribution of weight;

— change pf stiffness and horizontal/yertical distribution of stiffness;

— change pf strength and horizZontal/vertical distribution of strength;

— change pf ductility and Kerizontal/vertical distribution of ductility;

— change |of load path{and magnitude of load due to the addition or removal of structural/non-
structural members.

If available inforriation is insufficient to determine the basic retrofit planning, additional investigafion/

inspection 4

t the'site of the structure shall be carried out on the following items:

— geometry and dimensions of the existing members, reinforcing bar arrangement, extent of existing

damage

and deterioration due to fire and severe environment, etc.;

condition of supporting soil.

7.4 Planning of retrofit

The retrofit construction method shall be adopted from the methods by which the strength, stiffness
and ductility of the retrofitted member and retrofitted structural system can be reasonably predicted.

When a retr

scope;

ofit construction method is chosen, the following conditions shall be accounted for:

— feasibility of construction;

8
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