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Chi-Chi Earthquake Wenchuan Earthquake Meinong Earthquake Hualien Earthquake

Global Financial Crisis
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MOE and NCREE Executive Yuan Policy: Plan for Seismic
Government Office bldg. kick off School Assessment, Rebuild, and Retrofit of Private

=,

Retrofitting Project Buildings.
Executive Yuan Policy:
Irr)l(plel:nlevntatiuon of Séisymic Residential (encouragement):
— : Executive Guidelines for Conducting
gsst;cla.ssl;ng?c’;_and Retrofit Plans for —— Seismic Preliminary Evaluation of
ublic Bulldings. Buildings and Providing Subsidies for
Weak-Story Retrofit.
NCREE Technology: y '
1. Seismic Design Code of Buildings Public usage (mandatory):
—2. Taiwan Earthquake Assessm_ent for Regulations for Public Safety Inspection of
Structures by Pushover Analysis

(TEASPA) Buildings
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School Buildings



School Buildings Damaged by the Chi-Chi EQ nz=wasssmss
M, = 7.3; 01:47 AM, Sep. 21, 1999
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Actions T ERERARR

* The government started to do seismic retrofit for public buildings
and public school buildings.

« NCREE played an important role in developing the seismic
evaluation and retrofit methods.

« NCREE had an office to help the government to do the school
seismic retrofit project.



School Retrofitting Project in Taiwan NEZIYBRRRAZE

Preparation — 10 years Execution — 14 years

e Strategy e Administrative Measures
e Technology e Budgets USS 4 billion
Development Rerofitted 10,163
rofitted _ 19,163 _ 35y,

Total 27,227



School Buildings Upgrading Projects NETHYBRERAER

e Project Span: from 2009 to 2022
e Upgrading rate (by construction): up to 37%
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Cost of School Retrofitting in Taiwan NEZY ERREFRS

REERAHEEEL
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Retrofit
Rebuild ™
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20% | |
' = 11.5%
0%
Building No.

Retrofitting Cost  NT$ 3,000 /m?

Actual Cost:

Rebuilt Cost ~ NT$ 26,000 /m%
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|dentifying Building Vulnerabilities for Collapse

Classroom Classroom Classroom Classroom Classroom

Typical Structural Plan of School Building

Strong axis




School Buildings with Cantilever Corrldors
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Detailed Evaluation NEZHRBRREARR
Performance-Based Engineering
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Nonlinear Static Analysis

Pushover Analysis

4

Capacity Curve

NI EXRRHER

|:> Capacity Spectrum Analysis
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Backbone Curves for Shear Critical Members
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NAR

Research on Seismic Capacity of Members
Static Test
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OF APPLIED

In-Situ Tests of School Buildings

Verification of Pushover Analysis

Hualien (2005)
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Budget Control - Economic Methods NETTY ERREHER

& Traditional Retrofitting Method = Encouraged

RC Column Jacketing RC Wing Wall RC Shear Wall

OF APPLIED
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Quality Control - Review and Inspection

* Peer Review for Design

School %
Staff :
\ _m% } 3 Reviewers

Engineer

* Inspection for Construction

% School Staff
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OF APPLIED
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Private Buildings for Public Usage
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2016 Meinong Earthquake . ..vassumss
M, = 6.6; 03:57 am, Feb. 6, 2016

dw R

* Human Impact:
 Deaths: 117
(Weiguan: 115)

* Building Damage: L TANE S\, -

* Red tag:249
* Yellow tag:336



Actions IV ERREARE

* The government issued a new regulation on 2018/02/21
1. Mandatory seismic evaluation for buildings with public
usage of more than 1000 m? floor area and for a single
owner.
2. Inspection every two years until seismic capacity is

upgraded.
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Commercial Office Building Retrofitted by SBRB NimRRarsszs

« The Mega Bank office building was diagnosed as
seismically insufficient.

* The bank finished seismic retrofitting using BRB
at the end of March 2024. No structural damage
was observed after the April 3, 2024 Hualien

Earthquake. capacity
oo o o oGDR= > 1.0
1 f




Hotel Building Retrofitted by BRB

This hotel was diagnosed as seismically

insufficient.

It finished seismic retrofitting using BRB
before the 2024 Hualien Earthquake.
Compared to its neighbor, a collapsed
residential building, the retrofitted hotel
remained safe after the April 3, 2024
Hualien Earthquake.
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Award and Penalties by Local GOV. "* ==
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Hualien County GOV. announces Taipei City GOV. notifies locations
locations of seismically qualified of seismically disqualified public
hotels in the city. markets in the city.

Pictures credited by =>4 2\ e g 24
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Private Buildings for Residences
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Failure Mode Controlled by Soft and Weak Bottom Story

5 N o

elauilding Yunmen Builng Tongshuai Hotel
2016.02.06 2018.02.06 2018.02.06
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Seismic Weak-Story Retrofit of Private NEZHY BREHH N
Buildings in Taiwan

Preparedness (2017~2019)

@Chung et al. “Technical handbook for seismic e Goal: 30 buildingslyear

retrofit in stages of residential buildings. (Vol. I: i
Assessment and Design)’ CPAMI report, 2019. @ Budget: US$ 4.5 m||||on/year

@Chung et al. “Technical handbook for seismic
retrofit in stages of residential buildings. (Vol. II: e 148 cases have been approved, of

Construction and Supervision)” CPAMI report, :
2021, which 24 cases have been
S—— =" completed.
o ‘“"' A S e There are over 100 buildings in
o gy Retronting jor .- Retrofittin ” 2
=7 soft-weak ] foruholo. process of application.
____bottom story G 15 building https://privatebuilding.ncree.org.tw/
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Plan A
m Reduce the risk of concentrated damage in weak story

After retrofitting, the probability of collapse is greatly reduced. However, other failure modes
may still occur.

Residents are encouraged to complete the retrofit of the entire building in the future to
comply with seismic design code requirements.
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Before retrofitting After retrofitting
NAR | 2s BFREWBIAN
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Plan B

Seismic resistance upgraded to at least 80% of new building standards

Eliminates the weak-story phenomenon while also improving seismic
resistance for collapse prevention .
Retrofit pIace Entire bwldmg, may affect private space.

:_% p-«i., “ﬁa,a 7

Criteria of Retrofit :
CDR_CClpClClty 08

demand

»

After retrofitting

NAR 29



Subsidies

1. Apartment 2. Re5|dent|al Building
or
Mixed-Use Building

*Buildings at least half of which are used
solely for residential purposes
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3. Street House

% Not owned by a
single entity only.

30
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Weak-Story Retrofit: Subsidy

Plan A and B:
Upper bound: NTD$ 4.5 million
No more than 85% of total cost (design and
construction)

Total cost (_design and Subsidy Owners’
construction) NTD$ expenses
3 million 2.55 million | 0.45 million
5 million 4.25 million | 0.75 million
7 million 4.50 million | 2.50 million
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2024 0403Hua-Lien Earthquake_
M, =7.2; 7:58 am, April 3, 2024

L
4 \‘% x"\

Y ERERAER

OF APPLIED

 Human Impact:
— Deaths: 19
— Injuries: 1155

* Building Damage:
— Red tag: 798
— Yellow tag: 1151

(Hualien area)



1999 Chi-Chi EQ
M, =7.3; 01:47 am, Sep. 21, 1999

 Human Impact:
— Deaths: 2415
— Missing: 29
— Severely Wounded: 11305
» Building Damage:
— Completely Destroyed: 51711
— Severely Damaged: 53768
— School Damage: 870
(125 suffering severe damage)

NI EXRRHER
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Retrofit effectiveness of weak stowﬂ, —

Feb-06 Hualien EQ, 2018 (M, 6.3) Apr-03 Hualien EQ, 2024 (M,_ 7.2)

Retrofitted by RC wall
No structural damage
00.9 ©

©.0 . 6.0.8_6.0.0
et B e

Apartment of 6 story

Ground floor for parking
Built year 1993

shear cracks in beams, walls.
flexural cracks in columns.
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Retrofit effectiveness of weak stql%!

- 2018 0206 EQ : M, 6.3
. 2024 0403 EQ : M, 7.2

. 2018 0206 Hualien EQ . 2018 0206 Hualien EQ

v Yellow tag, retrofitted X Yellow tag, repair only
« 2024 0403 Hualien EQ « 2024 0403 Hualien EQ

v NO damage X collapsed 35



Construction Cost of Weak-Story Retrofit,....

. . . : M i
Unit Price of Total Retrofit Costs Relative to N an
Retrofitted Floor Area
16,000 15,021 Average = 6,706 NTD/m?
14,000 12,609 12,801 11,859
12,000 .
10,000 8,928 9,120 8,764 ¢ 197 8,443
~ 7275
= Eggg __ o 6,800 _ 6216 6378_
Q b ‘
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New Construction = 6,5000 NTD/m?
Retrofit / New Const. = 10.3%
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All effo '
rts to implement the project  vimazazass

Workshop: '
Briefing session:
Large: Neighborhood or district

« For Professional Engi
. gineer, .
er]%hgtreoc;,] thnstruction company Small
otion staff y all: community
A total of 39 workshops have . ﬁ\atotak: of 366 briefing sessions
ve been held

been held
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All efforts to implement the project  razmasxssns

On-site observation activities: Community Workshop:

 For Professional Engineer, « Community college courses,
Architect, Construction company, earthquake-resistant educational
Promotion staff and Residents activities

« Atotal of 16 on-site observation ¢ Seismic model competition using
have been held small portable shaking table

» Atotal of 17 workshops held




All efforts to implement the project  ni=eazszszs
Online (YOUTUBE) Promotion: Promotionon TV:
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All efforts to implement the project  razmasxssns

Newsletter: Others
Contact residents by phone through

the Earthquake Rapid Screening
Database provided by the National
Land Management Agency (NLMA)

newsletter have been published * Advertising in Taipei MRT by NLMA

_ « Website of Project: Provide all
LRSI A BT : : .
: &3, information about the project:
" technical & application documents

( privatebuilding.ncree.org.tw )

 For Professional Engineer,
Architect, Construction company,
Promotion staff and Residents

« Atotal of 15 issues of the
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Progress of weak story retrofitting

for residential buildings

Building No.

Update to July-27 2026

NEZAYEXRRERER
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Number of cases in this year

——Cumulative number of cases

210

2020 2021 2022

2023

2024 2025

2026

Year
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Progress of weak story retrofitting for S
residential buildings

Update to July-27 2026: total 210 bldg.
case
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NEZHY BRRBAER




Now and Future IO ERREHER

We have observed a trend of decreasing damage to
structures and fewer human casualties in recent major
earthquakes.

There are still many private buildings built before the 1999
Chi-Chi earthquake. They are vulnerable to earthquake
hazards.

New regulations give the government power to enforce
seismic evaluation if a private building has a potential seismic
safety concern. But the government never dares to do it.

The new business is to protect non-structural components
and to protect high-tech equipment and production.
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Thank you!



