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m Earthquake Preparedness in Taiwan

| Yu—Chen Ou |

1) 2t 2B ESZsta} .
EtX}|0|(Tao—Jia Wei) A4 “"
CHOF FEIXIE z‘s%’ﬁ-_rlei(NCREE) =t

Taiwan is located on the Pacific Ring of Fire and is constantly threatened by earthquakes.
The 1999 ML-7.3 Chi-Chi earthquake was the most severe seismic disaster in Taiwan in
the last five decades. With the epicenter near the densely populated central Taiwan, it caused
extensive surface fault ruptures and strong ground motions, resulting in approximately
2,400 deaths and the collapse of over 50,000 houscholds. This significant seismic disaster
compelled all sectors in Taiwan to actively face the threat of earthquakes. Since 1999,
the National Center for Earthquake Engineering Research (referred to hereafter as the
“NCREE”) has been actively engaged in earthquake engineering research, including seismic
hazard assessments, revisions of seismic design codes and standards, seismic retrofitting
techniques, earthquake early warning systems, and the development of seismic scenario
simulation technologies. Over the past 20 years, these technologies have been progressively
implemented in Taiwanese society to strengthen its seismic resilience. This article provides
a quick look into the seismic preparations in Taiwan that have been achieved largely in the
post-Chi-Chi era. At the end of this article, some examples of building damage during the
April 3, 2024, Hualien earthquake are presented to illustrate the performance of buildings
with or without seismic retrofitting. More information on building damage during the
Hualien earthquake can be found in the online document available at the following link

https://www.ncree.narl.org.tw/assets/file/20240403 Hualien TW_EQ V2.0en.pdf
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CH2t XIRIof| A B At — Earthquake Preparedness in Taiwan

1. Foundation Built via Joint Efforts of Earthquake Science and
Engineering Communities

Since the early 1990s, the Central Weather Administration (CWA) in Taiwan has
gradually established a comprehensive dense network of strong motion seismometers
and an earthquake rapid reporting system. During the 1999 Chi-Chi earthquake,
this system provided a good wealth of near-fault strong motion records. After the
earthquake, the Taiwan government continuously invested significant resources to
investigate active faults across the island of Taiwan and surrounding seas, and further
upgraded the seismic monitoring networks over time. These efforts have become a
solid foundation for fundamental research and development of earthquake science
and engineering technologies in Taiwan. After the 1999 Chi-Chi e5arthquake, the
earthquake science and engineering communities in Taiwan conducted long-term
studies on strong ground motion characteristics of disastrous earthquakes, including
site amplification effects due to different intensities of seismic motions, near fault
effects resulting from long-period velocity pulses, etc.

This involved extensive surveys of site characteristics across Taiwan and established
a site classification database through boring logs at strong ground motion stations,
which serves as a good reference for seismic microzonation. Integrating these research
findings on strong ground motion characteristics also propelled the continual refinement
of localized ground motion models in Taiwan from the so-called “attenuation law” to,
more recently, “ground motion prediction equations.” Additionally, in conjunction with
establishing a database for seismic source characteristics, ground motion characteristics,
and local site amplifications, the re-evaluation and updating of Taiwan's seismic hazard
levels have facilitated the improvements of earthquake-resistant design standards to

reflect the actual seismic threats Taiwan faces.

2. Earthquake Early Warning and Structural Monitoring
Systems

To assist the public in emergency evacuation at the first moment of a major
earthquake, the rapid and reliable dissemination of earthquake early warning
information is a crucial part of earthquake disaster mitigation measures. Building on
the long-term enhancement and updates of the seismic monitoring network and the
contributions and advancements in earthquake early warning technologies from the
academic and industrial sectors, the CWA has, since 2013, integrated the application
of real-time strong motion alerts into the national disaster prevention strategy, and

progressively established a comprehensive earthquake early warning system across
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Taiwan. During major earthquakes, earthquake alerts are issued instantly through
earthquake rapid report software, mobile apps, and the Public Warning System (PWS).
Additionally, collaborations with television stations and private sector partners help
to extend the reach of earthquake warnings to various industries and enhance their
applicability.

Another earthquake early warning system in Taiwan is the Hybrid Earthquake Early
Warning Platform, first established by the NCREE. As shown in Figure 1, this platform
integrates the local on-site early warning alerts from 96 stations set up by the NCREE
across Taiwan and the national early warning alerts from the CWA. Through the Hybrid
Earthquake Early Warning Platform, these alerts are converted into emergency messages
for many townships and districts across Taiwan. This enables both regions close to the
epicenter and those a bit farther away to maximize their early warning leeway for taking
emergency response actions. The alerts are also provided to retransmission and application
developers for use in developing automated disaster prevention and mitigation measures.
These measures include providing audible and visual alerts within buildings for personnel
to take cover and guiding post-earthquake evacuation routes, shutting down important
operating equipment immediately upon receiving the alert to minimize or avoid damage,
slowing down moving trains to prevent derailment, and allowing rescue personnel to
evacuate dangerous areas promptly to avoid secondary disasters. Currently, this system has
been applied in public elementary and middle schools, civil administration centers, office
buildings, social rented housing, fire stations, construction sites, hospitals, semiconductor
manufacturing factories, etc. During the 2024. Hualien earthquake, this platform has again

successfully issued early warning messages.
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CH2t XIRIof| A B At — Earthquake Preparedness in Taiwan

3. Continuous Revisions of Seismic Design Code for Buildings

The seismic design force requirement was implemented for the first time in the
1974 Taiwan Building Technical Regulations (referred to as TBTR hereinafter), which
was based on the format of the US Uniform Building Code (UBC). TBTR was subject
to a major revision in 1982, including an adjustment of the zonation scheme and the
importance factors for various building occupancy categories. After the 1985 Mexico
earthquake, the importance of the fundamental vibration of the Taipei basin was
recognized and a specific acceleration response spectrum was incorporated in the 1989
TBTR. In 1997, the Seismic Design Specifications and Commentary of Buildings
(also known as the Taiwan Building Code, referred to as TBC hereinafter) was
officially released together with a major revision, including a new equation for design
base shear determination, soil liquefaction assessment, etc. to ensure that buildings
can maintain their functionality after minor earthquakes and protect life safety after
a major earthquake; the TBTR remained at providing high level regulation rules.
Figure 2 compares the seismic zonation schemes of the horizontal response spectral
acceleration coefficient in different year editions of the TBTR and TBC. These seismic
zones were revised over time based on new earthquake catalog and new geological
survey findings. The 1999 Chi-Chi earthquake, caused by the catastrophic rupture of
the Chelungpu fault, resulted in significant casualties in central Taiwan. This led to an
urgent revision of seismic zones in December 1999 and an increase in seismic design
forces. In 2005, the TBC was subject to major revisions, which included:

(1) New additional chapters for seismic evaluation and retrofit of existing buildings,

seismic isolation, and energy dissipating components;

(2) The seismic design requirements for the horizontal response spectral
acceleration coefficients were revised by employing a Probabilistic Seismic
Hazard Analysis (PSHA) approach to rationally reflect Taiwan's seismic
potential and to better characterize strong motions using a locally developed
attenuation equation based on Taiwan’s ground motion database;

(3) The 2005 TBC took into account the 13 active faults published by the former
Central Geological Survey (referred to as CGS hereinafter) with strong evidence

of activities so that near-fault factors were incorporated into the requirements.

Later, the 2011 TBC took one step further to introduce seismic microzonation for
the Taipei basin to better address significant long period seismic motions that can
cause serious damage to high-rise buildings. In response to the new active faults
map published by the former CGS in 2021, the 2024 TBC expanded its potential

seismic sources to 20 active faults, enhancing the seismic requirements for nearby
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sites to carefully account for the potential near fault effects. Over the past five
decades, significant improvements in building seismic capacity have been achieved
through reflections on accumulated lessons learned from past earthquake events and

advancements in earthquake engineering technologies.

4. Taiwan Earthquake Loss Estimation System

Given the fast development of industrialization and urbanization in Taiwan, the
increasing number of buildings and the population concentration make the consequences
of earthquake disasters near urban areas potentially severe. In the past three decades, the
United States, Japan, and Taiwan have all experienced catastrophic earthquakes, such as the
1994 Northridge earthquake, the 1995 Kobe earthquake, and the 1999 Chi-Chi earthquake.
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Due to the proximity of the epicenters to urban areas, these earthquakes have resulted in
significant loss of life and socio-economic impact. Despite being technologically advanced
countries with world-class structural seismic design and construction quality requirements,
many buildings and bridges still collapsed during these earthquakes. One of the feasible
solutions is to adopt a risk management approach and use simulation to estimate the
potential impact and scale of disastrous losses in advance.

Since 1998, the NCREE has participated in the HAZ-Taiwan project, led by the
National Science and Technology Council, investing significant manpower and funds
to establish localized data, analytical models, and parametric studies. To expand the
functionality and improve the usability of HAZ-Taiwan, the NCREE independently
developed the Taiwan Earthquake Loss Estimation System (TELES in short). TELES
offers a more user-friendly interface and customizable data classification system. It
also includes features for early seismic loss estimation and risk assessment, providing
various services for earthquake disaster prevention and mitigation needs. As shown in
Figure 3, TELES integrates Geographic Information System (GIS) with its four main
functions: earthquake scenario simulation, early seismic loss estimation, earthquake
risk assessment, and cloud services.

It provides tools for earthquake disaster loss estimation for central and local
governments, disaster prevention and mitigation organizations, and private sector
entities. These tools can be used to formulate earthquake mitigation, emergency

preparedness, and earthquake insurance risk management strategies.
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Through earthquake scenario simulations, TELES can provide the distribution
and scale of potential disasters shortly after an earthquake occurs, helping disaster
response centers plan emergency response measures appropriately. Additionally, it can
estimate seismic scenarios for the largest possible earthquakes during regular times,
helping formulate regional disaster prevention and rescue plans and thereby reducing

casualties and economic losses.

5. Seismic Performance Improvement of Existing Buildings
after the 1999 Chi-Chi Earthquake

The 1999 Chi-Chi earthquake was a watershed moment for the accelerated
advancement of seismic technologies in Taiwan. Before 1999, Taiwan's seismic design
codes for buildings were not comprehensive. The Chi-Chi earthquake resulted in the
complete or partial collapse of over 80,000 buildings, including a significant number of
school buildings and residential structures subjected to weak story failures. In post Chi-
Chi era, the TBC was revised several times; as a result, for major earthquakes occurring
after 1999, such as the 2010 Jiaxian earthquake, the 2016 Meinong earthquake, the 2018
Hualien earthquake, and the 2024 Hualien earthquake, buildings designed and constructed
according to the new standards have demonstrated satisfactory performance. However,
buildings constructed before 1999 still have issues with inadequate seismic performance.
The following is a summary of the measures taken to improve the seismic performance of

older school buildings and residential structures, and the benefits from these improvements.

(1) Seismic Retrofit of School Buildings

After the 1999 Chi-Chi earthquake, Taiwan embarked on a comprehensive effort
to enhance the seismic resilience of old school buildings, which included over 27,227
structures across 3,621 public junior high schools and vocational high schools. This
endeavor spanned over 20 years, divided into two main phases: preparation (2002-
2009) and implementation (2009-2022). During the preparation phase, efforts were
primarily focused on activities such as developing preliminary and detailed evaluation
methods, studying the seismic behavior of old school buildings, and developing
effective seismic retrofit schemes. Experimental validation of seismic retrofit schemes
was also conducted at the preparation phase. During the implementation phase, a
large-scale execution of seismic evaluation and retrofit for numerous school buildings
across Taiwan was conducted.

Over the course of 14 years, engineering efforts to improve the seismic resilience of
school buildings resulted in the retrofit of 9,550 structures.

This accounts for approximately 35% of the total number of public junior high
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[Fig.4] The statistics for the number of school buildings completed and removed from the retrofitting project's monitoring list over the years
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[Fig.5] The National Hualien Girls' Senior High School after the 0403 Huelien earthquake.
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(2) Seismic Retrofit of Private Buildings

In the 2016 ML-6.4 Meinong earthquake in Taiwan, a total of 117 people lost their
lives. Among them, 115 individuals (98.3%) died as a result of the collapsed Weiguan
Jinlong Building. One of the primary reasons for its collapse was the failure of a weak
story, leading to the structural system instability. In the 2018 ML-6.26 Hualien earthquake,
four buildings collapsed, resulting in 17 fatalities. Similar to previous earthquakes, the
collapse was attributed to the mechanism of soft weak story failure. Consequently, starting
from 2018, the Executive Yuan initiated the seismic assessment and retrofit project for old
private buildings. The NCREE also began to assist with the development of the "Single
Building Seismic Retrofit Technical Manual and Demonstration Cases." Open seminars
to discuss the design and construction methods for seismically retrofitting weak stories
in single buildings and provide guidance on actual demonstration cases of weak story
retrofitting in apartment buildings are helpful in facilitating subsequent promotion and
offer practical references for the public to follow.

Promoting seismic retrofitting for private buildings poses significant challenges,
primarily due to the complex ownership structure inherent in such properties. Costs
must be shared among multiple private owners and addressing relocation issues
during construction oftentimes further complicates consensus-building efforts. Taking
these factors into consideration, the NCREE suggests narrowing the scope of retrofit,

reducing costs, and focusing retrofit project in public spaces whenever possible.
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[Fig.6] Performance comparison of private buildings after the 2024 Hualien earthquake: in the front, the Uranus Building; in the back, the Les Champs Hotel building.
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Since 2019, the NCREE has been commissioned by the National Land
Management Agency to establish the "Private Building Seismic Weak Story Retrofit
Project Office." This office assists in promoting and advocating seismic weak
story retrofit, establishes a review procedure for retrofit designs, provides outreach
education and training for practicing engineers, and offers information and assistance
to the public regarding seismic weak story retrofit.

As of May 20, 2024, the office has assisted communities in obtaining government-
approved subsidy programs for a total of 70 cases, among which 12 cases have been
completed.

The Uranus Building in Hualien had actually sustained minor damage in the 2018
ML-6.26 Hualien earthquake. At that time, it was tagged "yellow” indicating seismic
repair or upgrade would be needed. The owner chose not to retrofit it. In the 2024
Hualien earthquake, the Uranus Building sustained severe damage in the ML-7.2
mainshock, but 13 minutes later collapsed in the ML-6.5 aftershock (the building in
the front in Figure 6). In contrast, the old building adjacent to the Uranus Building
(Les Champs Hotel building, located directly behind the Uranus Building in Figure 6)
was seismically retrofitted with buckling restrained braces and remained undamaged

during the earthquake on April 3, 2024.
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[# 2] Hypothetical prescriptive design requirements for a range of functional

recovery times™”

Functional Recovery Design Requirement Target Functional Recovery Time, Tuuge
tHour|  10ay| 1Week| 1Month

Structural
Limits on lateral system selection | Required [ Required | Required -
Limits on drift | Required [ Required [ Required -
Factor on required strength | Required | Required - -

efc.

Nonstructural
Increased bracing scope | Required [ Required | Required -
Reliability factors on design strength | Required | Required - -
Ruggedness certification | Required | Required - -

efc.

Recovery-critical contents

To be determined by user groups | Required | Required

efc.

Utility service
Electricty backup | Required | Required | Required -
Potable water backup | Required | Required | Required | Required
Wastewater alternative |  Required - - -
Telecommunications | Required - - -

etc.

Reoccupancy and recovery planning
Repair services on retainer Moot [ Required | Required -
Pre-determined safety evaluation protocol Moot | Required - -
Business continuity plan | Required | Required - -
Pre-defined permit application Moot [ Required | Required -

efc.
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