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Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

With the issue of the "Sendai Framework for Disaster Risk Reduction 2015-2030"[1], resilience for disaster
risk reduction has become a global consensus. Seismic resilience, as a critical capacity for built assets, needs
to be prioritized. It considers the social, environmental and economic aspects based on conventional seismic
design, ensuring the desired recovery time, tolerable losses and minimal casualties while preventing

collapse.

As a typical example, the conventionally designed building shown in Figure 1 a) underwent severe damage
and lost key functions during an earthquake. By contrast, the building in Figure 1 b), which was designed for
seismic resilience, sustained minimal damage and rapidly regained full postearthquake functionality.

Flinction Earthquake

Pre |, Post Normal Without Conventionally
190 % I‘““—— frommeemm e SrmEmsT I on oo resilience seismic designed
| 7 g |oo building
N P oo | ]
Lost function ! e ) on +| OO 'E:ﬁl Do not collapge
vy Long-time == w T and ensure life fafety
|¢  recovery Severely
R damaged
0% Time —AA~ Earthquake
a) Conventionally seismic designed building
Function Earthquake Without Resilient
100 % T Pre | Post — Normal og resilience builfling
Lefs damage A/I \/\// == E g
Srlaller] ! _+~7 "> Seismic-resilient 3 5 T oo
fmatier loss |-~ built assets w Severely Nortnal
damaged :
Fagter recovery + 1 opergtion
[PE— ] > 1
0% Recovery time Ome AN~ Earthquake

Figunte 1 — Comparison between buildings designed based on conventional seismic desig

b)Seismic-resilient building

seismic-resilient design concepts

Consequ
Some ¢

importance because gf imadequate knowledge sharing. ISO documents on the seismic resilience of
and civil engineerifig-works play a critical role in raising awareness worldwide. The developme
documenpt assistsin gathering information on assessment frameworks, metrics and guidelines for in
seismic 1lesilience.

The colldted information includes the following:

bntly, seismic resilience has emerged as a critical global concern that necessitates prior

h and

tization.

ntries have standards for assessing and boosting resilience; however, many still overlook its

uildings
t of this

hproving

— concept of seismic resilience and its development history; recent earthquake disasters have underscored
the need for seismic resilience, as evidenced in a typical case;

— assessment tools for seismic resilience levels; standards, codes and documents were collected from
various entities; these tools assess earthquake-related economic impacts, recovery times and casualties

by p

roviding assessment methods, data, information-acquisition methods and indicators;

— strategies for enhancing seismic resilience; these were collected from investigative documents focusing
on constructing newly built resilient assets and retrofitting existing assets.

© IS0 2025 - All rights reserved
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The compiled information serves as a valuable resource for stakeholders, guiding them in strategizing
to enhance the seismic resilience of built assets, thereby minimizing earthquake-induced damage. This
document can be useful for standard setters, policymakers, users, architects, engineers, and construction
and manufacturing sectors.
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1 Sco

mation

e

This doc
seismic 1

2 Norf

There ar

3 Ter
No term
[SO and
— ISO
— IEC]

4 Abk

ASCE
DS
FEMA
GIS

MOHURI

NIST GC

liment provides an index of typical existing information on the concept, assessment and str
esilience of buildings and civil engineering works.
mative references

e no normative references in this document.

s and definitions
and definitions are listed in this document.
EC maintain terminology databases for use in standardization at the following addresses:

Dnline browsing platform: available at https://www.is6.org/obp

lectropedia: available at https://www.electropedia.org/

reviated terms

American Society of Civil Engineers
damage state
Federal Emergency-Management Agency, an agency of the United States

geographic infermation system

Chind

National Institute of Standards and Technology of the United States, Grant/Contract
ports

NZSEE

ategy for

Ministryof Housing and Urban-Rural Development, a ministry of the People's Republic of

or Re-

New Zealand Society for Earthquake Engineering

JSCE
PACT
PGA
PGV

SPUR

Japan Society of Civil Engineers

Performance Assessment Calculation Tool provided in FEMA P-58[17]
peak ground acceleration

peak ground velocity

San Francisco Bay Area Planning and Urban Research Association
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cept of seismic resilience

Seismic resilience includes the capacity to withstand, adapt to or promptly recover from earthquake
damage to preserve or restore the intended functionality. The concept of seismic resilience is derived from
the broader concept of resilience; and its developmental history is depicted in Figure 2.

20™ century

resilience was used in medicine and psychology

1981

19" century
resilience was introduced in physics

1973
resilience was developed as an ecological concept

resi

rq

Seismic 1
earthqug

ience was used for long-term phenomena,
e.g. climate change

1997
silience was used for short-term disasters

2010
seismic resilience was quantified for
complex systems

2013
seismic resilience was associated with
earthquake design

2020
seismic resilience was defined in Chinese
national standards

1997
resilience was applied to social systems

2003
seismic resilience was defined,and quantified for
communities

2013
resilience was defined in the United States’ presid|
policy directive

2015
resilience was defined in Sendai Framework for
DisasterRisk Reduction 2015-2030

2020
ISO/TR 22845 Resilience of buildings and civil
engineering works

Figure 2 — Development of the concept of seismic resiliencel2-15]

ential

esilience was exemplified hy'the 2011 Christchurch earthquake.l16l On February 22, 2011/a strong
ke hit Christchurch, New(Zealand. Although many built assets in the struck area were constructed

according to traditional seismic.design for human safety, many minimally damaged assets wer¢ beyond

economi
hospital
slight da

In drawi

a) eval

b) devd

mage and swiftly-resumed operations.

1ating the current seismic resilience of built assets;

loping strategies to enhance their seismic resilience.

C repair and were demolished, resulting in significant economic losses and downtime. By cgntrast, a
located north of the-area and built with a focus on seismic resilience endured the earthqupke with

hg lessons from the Christchurch earthquake, the focus is on the following two pivotal elernents:

6 Assessment

6.1 General

Assessment is crucial for seismic resilience because it indicates the mechanical response of built assets
under earthquake action, derives the induced losses and identifies the resilience level of the assets. Seismic
resilience assessment[1113.17] jnvolves obtaining the seismic response in step 1 and assessing the resilience
indicators in step 2 (see Figure 3). The datasets provide a foundation for this analysis. Figure 3 illustrates
this method.

© IS0 2025 - All rights reserved

2


https://standardsiso.com/api/?name=a99b41ad2c5837fb8ead6bedec3e245c

ISO/TR 18961:2025(en)

s, - - - - - -""=-"—-—"--"—-""--—-—=-=""-" """ -"6"""F-F="--—"F¥F""F""F""¥""”"F"”" """ """ " ~
[ \
: Earthquake hazard :
| !
: v Step 1
o tep
: Building Determine | Analysis basis
| performance model S —mmmm e
| seismic !
| response I
| v | |
| 1. . .
| Building seismic | Sei —
{ damage state : eismic
N ; resilience
-related

g vV T T T~ “ _________ = datasets

Earthquake-
induced
casualties

Earthquake- Earthquake-
induced induced
downtime economic losses

s

\ 4

Seismic resilience level

Step 2
Assess
using
resilience
indicator's

Figure 3 — Method for assessing seismic resilience

Analysis basis

Methods| for assessing seismic resilience are now well-deyeloped globally, with contributigns from
organizations, such as FEMA,[1218] Arup,[11] ASCE,[12] MOHURD, 131 NZSEE,[2%] and JSCE.[21] Some standards
provide pomprehensive introductions to seismic resilieiice assessment methods, whereas others [focus on
specific ¢ritical aspects of the assessment process. Tables 1 to 3 summarize the main steps outlined in these
standards.
Table 1 — Determining seismic response
FEMA Hazus“' |ASCE/SEI 41-| REDillll | GB/T 38591- | NZSEEI[29] | [JSCEI21]
P58017] 5.1[18] 170191 2020013]
Earthquake hazard Vv Vv v Vv V V
Building performance
model v v v v
Building seismic dam-
age state v v v v
Table 2 — Assessment using resilience indicators
FEMA Hazus |ASCE/SEI41-| REDillll | GB/T 38591- | NZSEE[29] | |JSCEI[21]
P58I17] 5.1018] 1719 202003]
Castialties N N N
Downtime Vv Vv v V
Economic loss v V V v
Seismic resilience level Vv v v
Table 3 — Seismic resilience-related datasets
FEMA Hazus 5.1[181| ASCE/SEI 41-17[121 | REDil11] GB/T 38591- NZSEEI[20] | JSCEI21]
P58l17] 20201131
Datasets v V v

© IS0 2025 - All rights reserved

3


https://standardsiso.com/api/?name=a99b41ad2c5837fb8ead6bedec3e245c

ISO/TR 18961:2025(en)

The following are some detailed examples of the seismic resilience assessment procedure.

EXAMPLE1 The flowchart of the performance assessment methodology based on FEMA P58 encompasses:

a)
b)
9
d)
e)

establishing the building performance model;
specifying earthquake hazards;

analyzing building responses;

formulating collapse fragility;

evaluating performancellZl,

EXAMPLE 2 REDilll adapted the PACT (FEMA P-58!7]) Joss assessment method to incorporate pragti¢al repair
strategies, delays caused by "impeding factors" and utility disruption times. This update enables fare¢asting of
the time fo reoccupancy, functional recovery or full recovery. Users select the desired recovery state for downtime

analysis fhrough calculations considering the building components impeding the selected recovery state.

EXAMPLE 3  GB/T 38591-2020[13] outlines a building assessment procedure that includes:

a)
b)
9
d)
e)
£)

EXAMPLE 4  Hazus 5.108] offers a community assessment procedure comprising:

a)
b)
c)
d)
e)
f)
g)
h)

6.2 Determining seismic response

6.2.1 arthquake hazard

integrating building data;

building a structural model;

deriying engineering demand parameters from nonlinear time-history analysis;
assegsing damage states using fragility data;

estimating the repair time, repair costs and casualties for a specificedrthquake level;

assegsing the seismic resilience level based on the estimated index.

seledting the study area;

establishing the earthquake hazard scenario;
incofporating local soil and geological data;
integrating local inventory data;

applying Hazus formulae;

calcylating direct economicloss; casualties and shelter needs;

evalyating postearthquakefire impacts;

quantifying and characterizing debris.

Earthquake hazards serve as inputs for analyzing seismic responses. These hazards can be characterized by
the response spectrum and ground motion history.

EXAMPLE1 FEMA P-58[17] outlines performance assessment types based on ground motion intensity.

Intensity-based assessments utilize user-defined acceleration-response spectra, such as code design spectra.

Scenario-based assessments use spectra from specific earthquake magnitudes and distances calculated using
ground-motion prediction equations (attenuation relationships).

Time-based assessments rely on seismic hazard curves and the corresponding spectra selected for a particular
annual exceedance probability.

© IS0 2025 - All rights reserved
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EXAMPLE 2 GB/T 38591-2020[13] delineates a method for defining seismic ground motion, ensuring that the
parameters for the time-history analysis of seismic response, including the ground motion amount, duration,
amplitude and spectrum, align with the Chinese code for the seismic design of buildings (GB50011-2010).[22] The peak
acceleration and velocity of the input earthquake are specified according to relevant regulations.

EXAMPLE3  Hazus 5.1[18] generates ground motion estimates as GIS-based contour maps and stores them in relational
databases, providing location-specific seismic demands. The characterization of the ground motion includes spectral
responses based on the standard spectrum shape, peak ground acceleration (PGA), and peak ground velocity (PGV).

6.2.2 Building performance model

The building performance model, which considers both structural and nonstructural components and

~ nl\h]InD’)Y‘ (‘DICY\’\II‘ V‘DCY\(\Y\CD f1ma ]’\IC"(\V“I ’)Y\’]]‘ICOC IC I‘Y‘ll{‘i’)] Fﬁ}" t")nfnvinn' "‘]’\D roc
perform time rucial for capturing the response of

................
building$.

EXAMPLE 1  FEMA P-58[17] outlines key structural modeling and analysis considerations:

— modelling force-deformation relationships, geometric nonlinearity, gravity loads, damping) diaphragms, soil-
stru¢ture interaction, and foundation embedment, and accounting for the nonsimulated deteriorgtion and
failufe modes;

— detefmining the necessary number of analyses;

— assegsing the floor velocity, acceleration and effective drift;

— implementing quality assurance measures;

— addrgssing analysis uncertainties.

EXAMPLE 2 GB/T 38591-2020[13] details the modeling and analysis'methods:

— using a three-dimensional computational model for seismii¢ response analysis, considering P-A effects, large
deformations and the impact of stairs on the dynamic response;

— ensufing that the representative value of the gravitylead in the elastic-plastic analysis complies with thle Chinese
code|for the seismic design of buildings and the lead code for building structures;

— the rhechanical model for the applicable building types must satisfy the corresponding requirements gnd select
reaspnable material constitutive relationships and damping ratios.

6.2.3 Building seismic damage state

Damage |states can be delineated using fragility curves or discrete-state descriptions, with the former
offering p quantitative assessment and the latter being perceptual. Assessing the damage state of a|building
involves|evaluating both.the’ structural and nonstructural components against a fragility database and
engineeiling criteria. Component fragility data are characterized by a probability distribution that aligns
with engineering demyands. This approach covers both component- and building-level damage stages, with
the lattef derived fregm the aggregate of individual component states.

See EXAMPLEs.1\to 3 for component-level damage states and EXAMPLEs 4 and 5 for building-level damage states.

EXAMPLE FEMA P-58[17] characterizes component damage with uncertainty. The fragility functions that follow
lognormal distributions depict the probability g P €vels. Figure Z 1llustrates the need for
distinct fragility functions for each sequential and mutually exclusive or simultaneous damage state.

© IS0 2025 - All rights reserved
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NOTE D

EXAMPLE 2 GB/T 38591-2020[13] determines the likelihood of various component damage states by integ
engineering demand parameters with the component fragility data.

§ represents the damage states, with DS1-DS4 indicating increasing severity from'slight {
damage.|The term, probability (DS<DSi), signifies the likelihood that the damaged state surpasse
state. The interstory drift ratio, expressed in radians, indicates the deformation of a component. The
curves depict the probability of each damage state occurring at specific interstory drift ratios.

ISO/TR 18961:2025(en)
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Figure 4 — Example family of fragility curyes

0 severe
5 the i-th
fragility

rating the

EXAMPLE 3 Hazus 5.1[18] defines structural and nonstructural damage states using discrete state descriptions, in

terms of

EXAMPLE4  GB/T 38591-2020[13] determines the damage sgates of structural and nonstructural compone
on the mgmber vulnerability database and engineering demand parameters. The fragility data of the compd
represenfed using a probability distribution that varies with the engineering demand parameters.

EXAMPLE 5  SPURI23] defines the damage state using discrete state descriptions, as listed in Table 4.

», o«

ne of five ranges of damage or “damage states” “none,” “slight,” “moderate,

» o«

extensive” and “comp

Table 4 — Pamage state defined in SPURI23]

lete”.

nts based
nents are

Category Buildings
A Safe and operational
B Safe and usable during repair
G Safe and usable after repair
D) Safe but not repairable
E Unsafe.

6.3 Agsessment using resilience indicators

6.3.1

Earthquake-induced casualties

Personnel casualties from earthquakes include injuries and deaths. Deaths mainly result from structural
collapse, and injuries are caused by damaged structural and nonstructural components. The calculation of
casualties involves considering the potential collapse modes, population distribution and floor area of the
building.

EXAMPLE1 In FEMA P-58,[17] building-collapse casualties are assessed using potential collapse mode
estimated occupant count. This count is derived from population models, which allocate a set number of people per
93 m? of the floor area. The damage state of each component details the life safety hazards and affected areas.

EXAMPLE 2

© IS0 2025 - All rights reserved
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5 ng
My =" e X, (SkAr i)
r=1 k=1
5 ng
My, :2 Far Z(CkAr,k)
r=1 k=1

My is the number of injured persons;

4y

(2)

. 1 1 £l 1
My, psthemmberofdeaths
D 1)

- [fis the nominal injury rate from ry; to ry5, which are the injury rates of floors subjectéd 'to
damage levels, r;

is the nominal death rate from ry; to rys; which represents the death rates-6ffloors sub
different damage levels, r;

{; [is the density of persons indoor on floor k;

A, fis the floor area of floor k subject to damage at level r (m?2).

EXAMPLE 3  In Hazus 5.1,[18] the casualties resulting from a postulated eartliquake can be modeled using
tree that fraces the sequence of events leading to their occurrence. The earthquake-related casualty event t
with the initial earthquake scenario and depicts the potential chain of eVents that can lead to the loss of life o

EXAMPLE 1  FEMA P-58[17] assesses repair times-by considering economies of scale and construction ¢
Parametdrs, such as quantity ranges and time estimates, determine the repair duration for each damage staf

EXAMPLE 2  REDillll associates downtime” with recovery states: reoccupancy (safety for shelter), f
recovery [(restoring primary functions).and full recovery (aesthetic repair to pre-earthquake conditions).
methodollogy assesses downtimes attributed to repairs, utility disruptions and delays.

EXAMPLE 3  GB/T 38591-2020t31 defines the building repair time as the period for the functional re
damaged|components, excludifig preparatory tasks. The calculations involve estimating the repair hours for
in varioup damage states, adjusting for scale and efficiency and converting these hours into nominal ref
based on worker availability-and floor area requirements.

EXAMPLE 4  Hazus/5:1[18] divides the repair time for a damaged building into construction and clean
and the tjme required for financing, permits and design. In lower damage states, the construction time rej
actual repairs;however, higher damage levels add tasks that extend the overall repair duration. These tas}
decision naking, negotiations with agencies and insurers, financing, contract negotiations, inspections,

different

ected to

r an event
ree starts
I injuries.

thquake.
Accurate

fficiency.
e.

unctional
The REDi

covery of
members
air times

up times
flects the
(s include
locument

preparations) permit acquisition and postconstruction activities.

6.3.3 Earthquake-induced economic losses

Earthquakes cause both direct and indirect economic losses. Direct losses are quantifiable and involve
repair costs for damaged buildings and infrastructure, including structural and nonstructural elements.

Repairs involve restoration, dismantling or replacement of damaged parts. Indirect losses such
from business interruptions are challenging to assess and lack precise quantification. These los
varied impacts and are not easily translated into economic terms.

as those
ses have

EXAMPLE1 FEMA P-58[7] considers economies of scale and construction efficiency in terms of repair cost

consequences. Contractor costs, including mobilization and overhead, decrease with the volume of similar
affect unit rates. Repair costs are determined using parameters, such as quantity ranges and cost estimates.

© IS0 2025 - All rights reserved
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EXAMPLE 2 REDillll calculates direct financial losses by dividing repair costs by the total building value, excluding
indirect losses, such as business interruptions. Valuable contents exceeding 10 % of the replacement value must be
included in the loss assessment.

EXAMPLE 3  GB/T 38591-2020[13] encompasses the cost of restoring all earthquake-damaged members and
comprehensive restoration. This includes direct expenses for restoration, dismantling, replacement, material
transport and labor by professional and technical workers. This assessment omits the costs of improving seismic
resilience.

EXAMPLE 4 Hazus 5.1[18] provides methods for calculating direct economic losses, including building repairs
and content losses. It establishes default models for time-dependent losses, such as recovery times and business
interruptions. These procedures cover various time-dependent and indirect economic and social losses, such as
population displacement and shelter needs.

6.3.4 $eismic resilience level

Resiliende levels can be expressed using continuous indicators or discrete grades. Continuous indicators,
expressdd as numerical values, quantify seismic performance in terms of casualties, dowitime and ¢conomic
losses wijithout specific grading. By contrast, discrete grades, such as platinum, gold; silver and dtars, are
derived from combined indicator assessments, presenting a summarized view of the overall resiliehce. This
concise 1lepresentation simplifies the interpretation of resilience performance.

EXAMPLE1 FEMA P-5807] introduces multiple continuous indicators instead-of-discrete performance [levels for

improved clarity. These indicators, expressed as numerical values, include “casualties”, “repair cost”, “repair time”,
“environthental impacts” and “unsafe placarding”.

EXAMPLE 2 Typical seismic resilience levels used in REDi[l1l are listed.in Table 5.

Table 5 — Typical seismic resilience levels

Performance level Indicators
. Downtime and functional recoveryiwithin 72 h; direct financial loss under 2,5 %; nolinjuries
Platinum 3 .
frombuilding component failure.

old Downtime and functional recovery within one month; direct financial loss under 5 %} no inju-

i ries from building component failure.
shiver Re-occupancy and functional recovery within six months; direct financial loss under {10 %; no

structural collapse; some injuries possible from building component failure.

EXAMPLE 3  In GB/T 38591-2020,[13kseismic resilience levels are calculated using indices derived frgm Monte
Carlo sinfulations at an assurance rate’ of 84 %. These include the restoration cost, repair time and pers¢nnel loss
indices. The seismic resilience level of a building is determined by assessing these three indices, with the lowgst rating
represenfing the resilience of the.building.

6.4 Selismic resilience-related datasets

asets form'the basis for assessing the seismic resilience of buildings and infrastructure. Thely include
nsivesinformation and models of seismic events with key elements, such as earthquake |hazards,
performance models, damage states and consequences of casualties, downtimes and economic losses.

CEMA _P.58I17] deotai e aili necifi iohs—in-Vo g g oni

E 58 details the frag specifications ng Electronic Materials.
These details can be accessed through the fragility manager in the Performance Assessment Calculation Tool (PACT),
fragility database (an Excel workbook) or fragility specifications (a PDF file).

EXAMPLE 2 GB/T 38591-2020[13] includes datasets, such as structural- and nonstructural-member fragility data,
including classifications, coding, groupings and damage states.

EXAMPLE 3  Hazus 5.118] provides fragility parameter values at the building scale.

© IS0 2025 - All rights reserved
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7 Strategies

7.1 General

Strategies that mitigate casualties, downtime and losses caused by earthquakes are essential for improving
the seismic-resilient performance of built assets. Figure 5 outlines critical strategies that encompass both
design-related and indirect strategies. This report does not detail indirect strategies, such as pre-earthquake
planning, backup systems and postearthquake responses.

Structural design for newly
built assets

Structural retrofitting for existing
built assets

v

Design of built assets

Nonstructural design for newly
Resilience- built assets

enhanced
strategies ,| Nonstructural retrofitting for

existing built assets

v

Design for external earthquake-inducedhazards

Figure 5 — Resilience-enhanced‘strategies

The deve¢lopment of strategies to improve earthquake resiliénce is relatively advanced in several dountries
and regipns, including multiple specifications and reportsy'such as REDi,[11] the New Zealand Nationpl Center
for Seisrpic Resiliencel24] and NIST GCR 18-917-43.4231 Table 6 lists the strategies for seismic resilience
improvement, as recommended in different specifications or reports.

Tabje 6 — Strategies for improving seismic resilience in different specifications and repprts

. . New Zealand National Center for Seismic | NIST GCR|18-917-
11
Strategies REDill1] Resiliencel24] 431451
Design of buildings and infrastructures v v V]
Design for external earthquake:induced J
hazards

7.2 Dgsign of built'assets

7.2.1 $tructuraldesign for newly built assets

The strugtutalresilience of newly built assets can be enhanced by improving the relevant structurpl design
requirenmjents and implementing damage-control technologies. The former involves setting more §tringent
and rational performance criteria for seismic performance-based design, whereas the latter mainly applies
techniques, such as base isolation and energy dissipation to achieve resilience.

EXAMPLE REDIilll introduces structural design methods for enhancing seismic resilience, including the
following.

— Improved structural design:

a) Structural and nonstructural components are designed to withstand higher values between the calculated
and code-specified earthquake levels.

b) Impacts of vertical motion are essential to be considered for all elements.

© IS0 2025 - All rights reserved
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7.2.2 $tructural retrofitting for existing built assets

The structural resilience of existing built assets can be improved by retrofitting structural foul
parapety, facades and masonry walls.

ISO/TR 18961:2025(en)

c¢) The superstructure and its foundations are designed to remain primarily elastic, permitting controlled
cracking under design demands.

d) The maximum residual drift is limited to 0,5 % during the design-level earthquake.

e) The lateral-resisting system elements that are expected to sustain damage are exposed for ease of
replacement or repair.

Damage-control technologies:

a) Seismic isolation can decouple structural movements from ground motion and reduce structural forces,
accelerations, and deformations during severe earthquakes.

Energy-dissipation svstems can absorb seismic energy and convert it into heat, thereby reducin

b)

lisplacement and acceleration pressures on the building.

both the

hdations,

EXAMPLE Structural retrofit design methods from New Zealand National Center f6r Seismic Resiliencel4.

7.2.3

Techniqyes for improving the momstructural resilience of newly built assets include enhan
nonstrudtural design and placement location selection. The main aim is to strengthen the nonstf
compongnt connections and reduce their deformation, velocity, and acceleration responses.

Fourjdation:

Pile
miss

Brac
shee

Parapet: Securing parapets are applicable to reinforcirig-hipped roofs, gable sidewalls and other el
rooffframes and trusses in unreinforced masonry strugtures.

Faca
Mas

Enh
EXA

a)

b)

9

Nonstructural design for newly built assets

foundations require repair or replacement if they are misaligned/tndermined by subfloor ex

s or diagonal bracing for strengthened structural support,

He: Facades are secured by connecting them to-the superstructure in buildings exceeding two stori

nry walls: Braces can strengthen unreinforced masonry walls and control their lateral movement.

incing nonstructural design
MPLE 1  Teehmologies in REDIlLll include the following.

Anchorages’are designed for elasticity, and components are engineered to handle relative displ
Wwhileminimizing aesthetic damage.

avations,

ng, irregularly spaced, or in poor contact with the soil. Concretepiles with cracks or signs of det¢rioration
and fimber piles that exhibit splitting, rotting, or other damage requfire repair or replacement.

bd foundations without perimeter foundation walls can be\replaced with more effective solutiong, such as

bments of

cing the
ructural

acements

['h€) functionalities of the critical components are rigorously tested to demonstrate their of

erational

capabilities under a design-level earthquake.

Facades and curtain walls are designed to resist relative displacements, ensure elastic connections,
an asset envelope to effectively prevent air and water intrusion.

EXAMPLE 2 Technologies in NIST GCR 18-917-43[23] include the following.

a)

and build

Systems such as base isolation or highly damped systems are adopted to reduce horizontal accelerations.

b) Component anchorages and braces are designed by adjusting the importance factor to account for increased

Plac

forces and drift.

ement location selection
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