1
NCREE Newsletter Volume 13 Number 1 March 2018

1

Executive Yuan Award for Outstanding
Science and Technology Contribution
Kung-Juin Wang, Technologist, NCREE

A four-member National Center for Research on
Earthquake Engineering (NCREE) research team won
the “2017 Executive Yuan Award for Outstanding
Science and Technology Contribution.” The team
consists of the leader Professor Keh-Chyuan Tsai,
NCREE assistant researchers An-Chien Wu and MingChieh Chuang, and technologist Kung-Juin Wang. This
award is given each year to distinguished individuals or
research teams who have made significant contribution
to the country in the fields of humanity, science, or
technology. The 2017 award was given to the NCREE
team for their year-long endeavor in developing the
buckling restrained brace (BRB) technology and
promoting the worldwide applications of BRBs.
Fig. 2. The “Brace on Demand” web service

Fig. 1. The Executive Yuan Premier Ching-te Lai and the
NCREE team members at the award ceremony
Professor Keh-Chyuan Tsai joined the faculty of the
Department of Civil Engineering in National Taiwan
University (NTU) in 1989 and served as the director of
NCREE from 2003 to 2010. He continues to support the
activities at NCREE and serves as a consultant in
NCREE since 2010. He has been devoting himself to the
research and development of diverse seismic resistant
technologies for more than three decades. Together with
NTU graduate students and several NCREE colleagues,
he continues to develop and promote the BRB
technology to enhance the seismic resistant capacity of
structures to effectively protect buildings, equipment,
properties, and human lives. Mr. An-Chien Wu’s
contribution
included
planning
experiments,
disseminating research results, organizing promotional
workshops, applying for patents, and providing
consultation services for engineers. Mr. Ming-Chieh
Chuang’s contribution included providing computer
software support. He also constructed a web service,
“Brace on Demand,” to help structural engineers in the
design works of BRB. Mr. Kung-Juin Wang executed
large- or full-scale experiments for validating the
development of related BRB theories.

Their research results have earned several patents
from Taiwan, United States, Japan, China, Canada, Italy,
and South Korea. Technologies have also been
transferred to fifteen Taiwan and one New Zealand steel
fabricators. More than 16,000 BRBs have been
fabricated for more than 126 buildings worldwide. The
associated patent loyalty fees have exceeded 2.4 million
U.S. dollars. The created market value associated with
the existing applications of the proposed BRB
technology is conservatively estimated as over 100
million U.S. dollars.
Unlike other proprietary BRB suppliers who
generally keep their BRB technology as a trade secret,
the research team has diligently disseminated all the
state-of-the-art research results by publishing technical
papers in high-impact academic journals. They also
spread the BRB knowledge such as the key materials,
details, and the standard fabrication procedures to the
structural engineers and steel fabricators through
frequent technical conferences or workshops.

Fig. 3. BRB promotion workshop
From rigorous fundamental scientific research to
enthusiastic promotion of the BRB technology, the team
endeavors to contribute by active participation in
creating a resilient and sustaining homeland.
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Seismic Scenario Simulation of Water Supply Systems
Chin-Hsun Yeh, Gee-Yu Liu, Research Fellow, NCREE

The National Center for Research on Earthquake
Engineering (NCREE) developed a seismic scenario
simulation technology. Both ground motion intensity
and ground failure extent due to fault rupture or soil
liquefaction were considered in the seismic hazard
analysis. The damage and loss assessment models of
water facilities and pipeline systems have been proposed,
and the models were used in the seismic disaster
simulation. Based on the damage and loss of function of
facilities and pipeline systems, the water outage in terms
of the reduction in daily water supply and the number of
households without potable water soon after an
earthquake scenario were estimated. The analysis
models and the associated parameters used in the
seismic scenario simulation technology were calibrated
with the observations from the 1999 Chi-Chi earthquake
and were verified using the data of the 2016 Meinong
earthquake.

Post-quake Serviceability of Pipelines
Unlike the damage assessment of water facilities, the
estimations of loss of function, repair cost, and
restoration time of pipelines are often expressed as
functions of the repair rate. The repair rate is defined as
the number of repairs per unit length of the pipeline. The
ground shaking intensity, in terms of peak ground
acceleration (PGA), and the permanent ground
deformation due to soil liquefaction and/or fault rupture
are all considered in the estimation of the repair rate for
pipelines. The probable repair rate can be expressed as
RR= max ( RRPGA ,

p fault ⋅ RRPGD ( fault ) ,
RRPGD ( fault ) , and

plqf ⋅ RRPGD (lqf ) )
RRPGD (lqf ) are the

where RRPGA ,
estimated repair rates based on PGA and permanent
ground deformation (PGD) due to fault rupture and soil
liquefaction, respectively; p fault and plqf are the
encounter rupture probability and the soil liquefaction
probability, respectively. RRPGA and RRPGD are
expressed as follows:
RRPGA = 4.5 ⋅ CSi − PGA ⋅ CTi ⋅ (PGA − 0.1)1.97

= 0.04511 ⋅ CSi − PGD ⋅ CTi ⋅ PGD0.728
RRPGD
where CSi − PGA , CSi − PGD , and CT j

indicate the
correction coefficients for different pipe sizes and
material or joint types. Different values of CS − PGA and
CS − PGD are assigned for a specific pipe size in order to
reflect different seismic capacities with respect to
ground shaking and deformation.
i

i

Post-quake Capacity of Water Treatment
Plants
As observed in the Chi-Chi earthquake that occurred
in 1999, the damage state of water treatment plants due
to earthquakes is highly correlated to both ground
shaking and deformation. The predicted damage state
usually represents the most severely damaged part of the
plant. In other words, the damage state of individual
facilities inside the plant, such as pipelines, channels,

storage tanks, and pumping equipment, may not be the
same. The plane size of a water treatment plant should
be taken into consideration in seismic scenario
simulations. In particular, the number of independent
water treatment units in a large water treatment plant is
a critical parameter to be considered in estimating the
plant’s output capacity after earthquakes.
In addition, most of the raw water required by large
water treatment plants in Taiwan comes from distant
reservoirs through large-size raw water aqueducts and
tunnels. If any one section of the aqueduct or tunnel is
severely damaged, the water treatment plant will lose its
function.

Post-quake Serviceability in System Level
Let the daily water demand of a specific water
supply system be supplied by N water treatment
plants. The k -th water treatment plant contributes a
daily water demand Dk before an earthquake. Assume
that M k main transmission pipelines are available to
deliver treated water from the k -th water treatment
plant to the system. The j -th main transmission
pipeline shares λ j of Dk . Before entering the trunks
and distribution pipelines of the water supply system,
the remaining amount of water ( D ) that the system may
obtain from N water treatment plants after earthquake
can be expressed as
D
=

N



∑ D

Mk

⋅ O ⋅ ∑ (λ j ⋅ Ω j ) 


k
k
k 1 =j 1
=



where Ok is the remaining capacity ratio of the k -th
water treatment plant and Ω j is the post-quake
serviceability of j -th main transmission pipeline.
In most cases, the trunks and distribution pipelines
of the water supply system may also suffer damages
after severe earthquakes. The actual amount of water
available to customers ( D ' ) may be reduced and can be
expressed as
D ' = θ ⋅ (1 − L) ⋅ D
Mk
N 

= θ ⋅ (1 − L) ⋅ ∑  Dk ⋅ Ok ⋅ ∑ (λ j ⋅ Ω j ) 
k 1=
j 1
=


where θ is the post-quake serviceability of the trunks
and L is the water loss ratio of distribution pipelines.
The factors Ok , Ω j , θ and L are functions of time.

Complete restoration time depends on all of the four
factors.
In summary, the water shortage ratio ( S ) can be
S ( D − D ') / D , where D is the daily
expressed as =
water demand by customers in normal times and D ' is
the actual amount of water available to customers. The
number of households without potable water ( V ) may
be then estimated by V = H ⋅ [1 − (1 − S ) / γ ] , where H
is the total number of households in the water supply
system; γ is the reduced ratio of daily water demand
of a household after earthquakes.
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Seismic Risk Assessment and Screening of
Large Water Pipes in Taiwan
Gee-Yu Liu, Research Fellow, NCREE
Chin-Hsun Yeh, Research Fellow and Division Director, NCREE
Lee-Hui Huang and Hsiang-Yuan Hung, Assistant Researchers, NCREE

Taiwan is located on the circum-Pacific seismic belt,
one of the most earthquake-prone areas in the world. As a
result, the mitigation of water supply systems against
seismic hazard becomes a crucial task. Evidences and past
earthquake experiences indicate that many of the large
water pipes in Taiwan do not have enough strength to
survive medium to large seismic actions. To mitigate the
seismic risk, the most critical pipes have to be screened
out first.
This study focused on the water pipes of Taiwan Water
Corporation (TWC) with a diameter of 800 mm or larger.
Its goal is (1) to achieve a sorting according to the pipes’
importance to the serviceability of water supply systems,
(2) to assign a rank for the pipes according to the seismic
risk they are exposed to, and (3) to screen out pipes of high
importance and at high risk for the future seismic
improvement program (SIP) of TWC.

implementation was preferred. From the risk–importance
matrix, three priorities were suggested, each consisting of
two elements from the matrix. For example, the first
priority consisted of 82 units, of which 29 were from the
combination of (very high, R1), while the remaining 53
were from (very high, R2). Eventually, a total of 232 pipe
evaluation units were screened out for seismic
enhancement.
Fig. 1 depicts the suggested pipe evaluation units
located in Taichung (74 in total). They outnumber those
located elsewhere in Taiwan. It is a densely populated area
that relies on water supply from limited water treatment
plants. Particularly, this area is highly vulnerable to
ground shaking and fault rupture due to the existence of
many active faults in the neighborhood.

Methodology and Results

Water pipes of high importance and at high seismic
risk have been screened out. Following this preliminary
screening, TWC should investigate detailed hazard data in
the field and employ rigorous hazard-vulnerability
analysis to these pipes for future seismic enhancement
design.

The inventory of target pipes was collected and
calibrated. The total length was 2,229 km. The digitized
GIS data consisted of more than 6,500 polylines, some
being extremely short and some others extremely long.
They were re-organized into 1,687 units with each unit
having pipes of similar lengths. These units were termed
“pipe evaluation units” and employed as the basis for the
analysis.
The importance of a pipe was determined on the basis
of two factors. One is the pipes’ role, which relates to the
daily volume of water transported. The other is their
criticality, i.e., whether any redundant pipe exists as
backup. Subsequently, all pipe evaluation units were
sorted into one of the following four classes: very high,
high, normal, and low importance.
The way to define the seismic risk of pipes depends on
the resolution of the field data as well as the way of
implementing risk information. For the sake of simplicity,
the vulnerability of a pipe evaluation unit was assumed to
be independent of the seismic hazards. The hazard maps
of ground shaking, soil liquefaction, active fault rupture,
and landslide, which are inevitably the major causes of
damage, were prepared. These types of hazards to a pipe
were assumed to be quantifiable and addable. Similarly,
the vulnerability of a pipe was quantified by its material
(joint type) and size. The normalized hazard and
vulnerability of each unit were obtained for determining
the seismic risk of the unit.
According to the value of risk, all pipe evaluation units
could be ranked from high to low and evenly divided into
risk groups R1, R2, and so forth. Together with the sorting
of pipe importance, a risk–importance matrix was
achieved. To assure an effective and economical seismic
enhancement of large water pipes, a prioritized

Discussion

Very high importance, risk groups R1 and R2
Very high importance, risk groups R3 and R4
High importance, risk groups R1 and R2
Very high importance, risk groups R5 to R10
High importance, risk groups R3 to R10
Normal and low importance, all risk groups

Taichung

No. of evaluation units
47
3
24

Fig. 1. Assessment result of seismic risk and
importance of large water pipes in Taichung
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Evaluation of Failure Probability of Emergency Power Supply
Systems in Hospitals
Chi-Hao Lin, Assistant Researcher, NCREE
Cheng-Tao Yang, Associate Researcher, NCREE

First-aid hospitals are critical facilities that play an
important role in treating injured patients and performing
emergency operations during severe earthquake events.
Therefore, hospitals must not only maintain the safety of
their building structures but also ensure the functionality
of their nonstructural components and systems. Records
of past earthquake disasters indicate that many hospitals
could not provide medical services because of severe
nonstructural damage.
In this study, we focused on a failure probability
analysis of emergency power supply systems (EPSSs).
Our methodology involves applying a system logic tree,
assessing component fragility data, and site hazards. After
the Chi-Chi Earthquake in Taiwan, Chuang et al.
investigated four severely damaged hospitals (denoted as
A–D). They constructed logic trees for the EPSSs for
these hospitals. Five types of emergency power supply
component (EPSC) are involved in an EPSS, namely, a
control panel, a generator, a battery rack, a diesel tank, and
a cooling tower. The seismic fragility function of these
components was studied on the basis of the component
seismic
scoring
system
developed
by
the
Multidisciplinary Center for Earthquake Engineering
Research (MCEER). We utilized logic trees to estimate
the failure probabilities of the EPSSs (𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 ) on the basis
of the peak ground acceleration (PGA) at the hospital sites.

Fragility Data of EPSCs
In earthquake engineering, fragility is usually used to
quantify the failure probability of structures and
nonstructures. The component fragility was assumed to be
a two-parameter lognormal distribution function with
median 𝑥𝑥𝑚𝑚 and log-standard deviation 𝛽𝛽. Based on the
component seismic scoring system of MCEER, we
proposed the fragility data for EPSCs. These fragility data
are considered to not only provide high standards for
installation but also function as performance modification
factors (PMFs). PMFs describe a variety of poor
installation cases for nonstructural components. Table 1
shows the fragility data for generators.
Table 1. Seismic fragility data for generators
Generator
xm
β
high-standard installation
2.0
0.4
PMF1 No anchorage
0.78 0.5
PMF2 Poor anchorage
0.91 0.5
PMF3 Vibration isolator concerns
0.91 0.5
PMF4 Rigid attachment concerns
0.58 0.5
PMF5 Driver/generator diff.
0.58 0.5
displacement
PMF6 Interaction concerns
0.91 0.5

System Logic Tree
Logic trees are graphical descriptions of the logical
dependencies between systems and their subcomponents.

Mathematically, upper events are connected to lower
events through an “and” gate (symbol:
) or an “or” gate
(symbol:
). Fig. 1 shows a logic tree diagram of the
EPSSs in hospital C.

Fig. 1. Logic tree of the EPSSs in Hospitals C

Assessment Failure Probabilities of EPSSs
On September 21, 1999 at 1:47 am local time, an
earthquake measuring 7.3 on the Richter scale occurred in
central Taiwan. Its epicenter was in Chi-Chi Township of
Nantou County and located at a depth of only 7.0 km. The
earthquake originated along the Chelungpu fault line in
western Taiwan and caused substantial damage. The four
first-aid hospitals (A–D) were damaged in Nantou County.
Table 2 shows the PGA at the four hospitals.
Table 2. PGA at the hospitals in the Chi-Chi earthquake.
A
B
C
D
PGA (g) 0.45
0.45
0.28
0.67
Based on our methodology, the 𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 values for
hospitals A–D were obtained as listed in Table 3; those
values were then compared with the disaster survey data
and found to be consistent with the recorded damage
status. The success of our method can be attributed to the
following aspects: (1) The fragility data identified in our
study are appropriate for estimating the damage
probability for each component impacted by the Chi-Chi
earthquake. (2) Logic trees can fully represent the
composition of each component. (3) Bottom-up
probability analysis combined with failure paths can
represent the seismic risk for EPSSs.
Table 3.Comparison of 𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 with the disaster survey data
Hospital
Disaster
survey
𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸

A

B

C

D

fail

fail

normal

fail

69.2%

83.8%

34.3%

97.5%
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Development of Seismic Impact Assessment Model for
Highway Network of Taiwan
Cheng-Tao Yang, Associate Researcher, NCREE
Chi-Hao Lin, Assistance Researcher, NCREE

Since 2016, we have been developing a seismic loss
assessment model for the highway network of Taiwan.
In this seismic loss assessment, not only is the repair cost
and repair time calculated but traffic impact caused by
road closures is also considered. The traffic impact is
deduced from the result of comparing traffic conditions
of the highway network before and after earthquake
scenarios based on Taiwan’s open Electronic Toll
Collection (ETC) data. The national highway network is
not only the daily route of intercity transportation but
also the main rescue and evacuation route in disaster
events. Because Taiwan is an earthquake-prone region,
how to maintain and retrofit the seismic capacity of
highway network is a very important issue. The
assessment model can help identify seismic risks of
highway infrastructures and decide retrofit priority of
highway sections during disaster mitigation and
management planning. In this study, the 2016 Meinong
Earthquake is considered as an example to introduce the
basic concept of the assessment model.

Electronic Toll Collection data
ETC was implemented in Taiwan on January 1, 2014,
and since then it has recorded trip information of all
vehicles that enter the national highway network. ETC
can be used to track all vehicles on the national highway
network and to assess how many vehicles drive through
any particular ETC gantry. Furthermore, ETC can
facilitate calculation of the average velocity and travel
time of all vehicles between two ETC gantries. As
shown in Figure 1, the red and purple lines represent the
highways (i.e., NH1 and NH3) and PH86, respectively,
and the dotted line highlights B24. The square dots on
NH1 and NH3 denote ETC gantries. Four crucial ETC
gantries EA, EB, EC, and ED were particularly selected to
explore the impact of B24 damage on the highway traffic
in the vicinity.

Meinong Earthquake
A massive earthquake struck on February 6, 2016,
near Meinong, Taiwan, and caused disruption of road
transportation in the earthquake-impacted area. The
earthquake did not cause direct damages to the national
highway network but damaged provincial highway No.
86. (PH86). The damaged highway is in Tainan City and
starts from provincial highway No. 17, intersects the
Rende Interchange of national highway No.1 (NH1) in
the east, and ends at the Guanmiao Interchange of
national highway No. 3 (NH3). Because the Tainan
high-speed rail station, Tainan airport, and Anping
harbor are located along PH86, this highway is crucial
in Tainan’s road network. The supports of bridge No. 24
(B24), which is located on PH86 (16K, Tai-tam–Guiren
section), was significantly displaced and the bridge was
closed at 17:00 on February 6, 2016 for repair purpose.
During the closure, all eastbound vehicles that would
pass by PH86 before the earthquake were detoured to
alternative routes.

Travel-Time Delay and Trip Cancellation
The seismic impact constitutes the earthquakeinduced direct loss and indirect traffic impact. The direct
losses are identified as the costs for infrastructure repair
or reconstruction, whereas the indirect traffic impact are
travel-time delay of vehicles and trip cancellation.
Travel-time delay is defined as increase in vehicle travel
time due to rerouting or controlled speed limit. A large
amount of trip- cancellation may occur due to disaster
events or disaster-caused road disruption.

Highway network around B24

Analytical Results
By surveying ETC data, the traffic on two vehicletraveling routes, namely, EA(south)–eastward–ED(south)
and EB(north)–eastward–EC(north), were obviously
disrupted. The number of compact cars driving from EA
to ED was reduced by nearly 40%. Concurrently, the
number from EB to EC was reduced by over 20%. The
speed of all compact cars and the average vehicle
number on the two routes at rush hours were
significantly reduced by 35% and 20%, respectively,
after the earthquake. The analytical results clearly
indicate that the alternative routes for B24 significantly
prolonged travel time and caused reduction of usual trips.
We believe that the analytical instance provides a
reference for future investigation of using ETC data to
establish indirect traffic impact of each section of the
national highway network under earthquake scenarios.
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Development of Taiwan Earthquake Disaster Information
Application (TEDI APP)
Shih-Liang Chen, Associate Technologist, NCREE

In general, an emergency operation center dispatches
rescue teams to collect the disaster information after
earthquakes. Nowadays, with the popularization of
mobile devices, rescue members can upload the
information immediately. This brings many advantages;
for example, they can create snapshots of the scenes of the
disasters with the camera function and, most importantly,
they can determine the disaster location instantly with the
GPS function.
Accordingly, the National Center for Research on
Earthquake Engineering (NCREE) has planned to develop
Taiwan Earthquake Disaster Information Application
(TEDI APP) to assist rescue teams to determine the
disaster locations, create snapshots, check the results of
earthquake reconnaissance, describe the conditions on
hand, and, finally, upload the information to the central
server.

Results
TEDI APP is built on the Android platform. Using this
application, rescue members can upload the
reconnaissance through the access service. The major
features of the development of TEDI APP are as follows:
A. Integration with GPS: Rescue members can use GPS
and Google Maps to determine the accurate disaster
locations immediately, as shown in Figure 1.
B. Integration with Address Geocoding Service database
published by the Ministry of the Interior, Taiwan:
Rescue members can record disaster addresses by
choosing options that have been already classified.
This will eliminate human errors and improve the
record efficiency, as shown in Figure 1.

Fig. 1. Integration with GPS & Address
Geocoding Service database
C. Design of dynamic standard forms by setting variables:
TEDI APP provides numerous forms for rescue
members to upload different kinds of reports. Rescue
members can fill the information in various specific
standard forms, as shown in Figure 2.

Fig. 2. Design of dynamic standard forms by setting
variables
D. Integration with camera and media functions of mobile
devices: Rescue members can upload the photos of
damages to disaster reports from snapshots or from
their mobile devices, as shown in Figure 3.
E. Provision for batch upload: After large-scale
earthquakes, sometimes internet is disconnected.
Rescue members can record the information offline
and then upload the information later when they have
internet access, as shown in Figure 3.

Fig. 3. Integration with camera and media functions
of mobile devices & Provision for batch upload

Future Research
However, with mobile services, it is difficult for
rescue members to edit the reports efficiently or perform
other complicated operations on the information. In
addition, they still need to use professional cameras and
digital recorders to obtain high-quality photos and films.
Therefore, it is necessary to combine the advantages of PC
and mobile service to provide complete reports.
Hence, we plan to build Taiwan Earthquake Disaster
Information System (TEDI Web), which will provide a
platform for rescue members to upload the information
from TEDI APP and edit or view the information. This
will assist rescue members to organize information and
estimate the earthquake losses at a greater efficiency. We
expect TEDI APP and TEDI Web to provide a complete
database by organizing every future disaster information
and serve as a useful tool for other future researches.
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A Case of Load Testing of a Highway Bridge
Chun-Chung Chen, Associate Researcher, Chi-Lon Jang, Assistant Technologist, NCREE
Yu-Chi Sung, Division Director, Zheng-Kuan Lee, Associate Researcher, NCREE
Hsiao-Hui Hung, Research Fellow, NCREE

Load testing is a direct method to assess or test the
load capacity and the characteristics of bridge structures.
In general, two kinds of load testing are conducted for
field bridges, namely, the static load and dynamic load
testing. The result of load testings can facilitate practical
verification of the safety of the structure and efficient
feedback to the work of bridge engineers and researchers.
In recent years, NCREE has been entrusted by highway
bridge authorities to conduct experimental works for load
testing of several bridges. The research team has
successfully accumulated a wealth of experience and field
test data. This section briefly introduces a case of load
testing of an extra-dosed bridge that had undergone stagebased monitoring by NCREE during its construction. The
primary purpose of the field test is to provide a benchmark
record of structural behavior before the bridge was opened
to traffic. Thus, the measurement data were used to
calibrate the analytical parameters of bridge models and
to define the initial values of the bridge long-term
monitoring system.
Figure 1 shows an aerial view of WH50-2 Bridge
located in Changhua County in central Taiwan; it is an
extra-dosed bridge with two towers and three spans with
the total length of 230 m (70 m + 90 m + 70 m). There are
six cables on each side of the tower, with a total of 24
cables. In the load testing plan, the weight of test vehicles
and the layout of the loading cases were carefully
monitored such that the design load capacity stipulated by
relevant codes and engineering documents was satisfied.

Fig. 1. WH50-2 extra-dosed bridge
Eighteen 20-ton trucks and two 30-ton trucks were
used for the test. The side-view photo of static load case 5
is shown in Figure 2. Figures 3 and 4 show the position
layout and the picture of trucks on the bridge. Figure 5
displays the temporary control station and the
measurement instruments in the field. For the testing, an
optical fiber Bragg grating differential settlement
monitoring system (FBG-DSM) was used, and the
conventional leveling was used for the test measurement.
Figure 6 presents the comparison of the result of case 5; it
indicates that consistent vertical deflection records are
obtained from the FBG-DSM, leveling, and the analysis.
Thus, the structural safety and the construction quality of
the WH50-2 bridge had been verified through the load
testing.

Fig. 2. WH50-2 bridge load testing (static loading Case 5)

Fig. 3. Test truck position layout in static loading Case 5

Fig. 4. The photo of load testing trucks

Fig. 5. Temporary control station (left) and the
measurement instruments in the field (right)

Fig. 6. Comparison of the results of static loading Case 5
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Reconnaissance Report of the 0206 Hualien Earthquake
Chun-Hsiang Kuo, Yi-An Li, Wen-Cheng Shen, Cho-Yen Yang, Fan-Ru Lin,
Chun-Chung Chen, Shang-Yi Hsu, Jui-Liang Lin, NCREE

Ground Motion Characteristics
According to the announcement made by the
Earthquake Center of the Central Weather Bureau, the
Hualien Earthquake with a local magnitude of ML 6.26
occurred on February 6, 2018 at 23:50 local time. The
epicenter of the earthquake was at 24.1°N, 121.73°E
offshore of the Hualien City. The depth of the
hypocenter was 6.31 km, and the maximum observed
peak ground acceleration was larger than 0.4 g. Some
buildings in the Hualien City and Hualien County
collapsed, and many casualties were reported during the
earthquake. The collapsed buildings and damaged
bridges were majorly located along the fault line of the
Milun Fault, where surface rupture and ground
deformation were observed. Consequently, some
research postulated the Hualien Earthquake to be caused
by the activity of the Milun Fault. The Milun Fault was
last active on October 22, 1951, resulting in two
earthquakes with a local magnitude ML > 7.0. Based on
this, the recurrence interval of the activity of the Milun
Fault can be considered to be only approximately 67
years. Pulse-like velocity waveforms of near-fault
ground motion were observed at several strong motion
stations near the Milun Fault. The observed pulse
periods were 1–5 s. Several studies have indicated that
near-fault ground motions with pulse-like velocity
waveforms may induce additional seismic elastic and
inelastic demands for long-period structures. Longperiod spectral accelerations of ground motions during
the Hualien Earthquake at some strong motion stations
were larger than the design response spectrum of the
2500-year return period specified in the current seismic
design code. As a result, it is necessary to study the nearfault ground motion characteristics and their impacts on
structures and to reevaluate seismic hazard analysis
results in the Hualien region.

Complex Buildings
The Hualien Earthquake event caused collapse of
four buildings and severe damage of another. Figure 1
indicates that these damaged buildings are all situated
along both sides of the Milun Fault. In addition, all the
collapsed buildings had six or more stories, with weak
and soft bottom stories. There were 14 human fatalities
in the collapsed complex building (Fig. 2a) and one in
the Marshal Hotel (Fig. 2b). Two other casualties
occurred in the collapsed residential buildings.
The Marshal Hotel, built in 1978, had cantilevertype corridors without supporting columns. The lower
stories of this building are open space with a fewer
number of walls compared with the other upper stories.
Therefore, the reason for the collapse of this hotel may
be the same as that mentioned earlier for the 12-story
complex building. The floor plan of this hotel is Lshaped, which is prone to rotation under the earthquake

load. The exterior back walls and side walls of the hotel
had inclined cracks in the same direction. Hence, the
hotel was very likely subjected to rotation under the
ground shaking force. Certainly, this judgment needs
further follow-up study.

Fig. 1. The Milun Fault and the damaged buildings

Fig. 2. The collapse of (a) a 12-story complex building
and (b) the Marshal Hotel

School Buildings
Under the coordination of the Ministry of Education,
NCREE and the Architectural Department of National
Cheng Kung University collaboratively inspected the
seismic damages of school buildings along the Milun
Fault. A total of 14 elementary and junior high schools
were examined.
Because 97% of the school buildings in the Hualien
area had been subjected to seismic evaluation and
retrofitting before the occurrence of this seismic event,
there were no apparent structural damages of school
buildings (Fig. 3). The school buildings currently
undergoing retrofitting work also performed well
because of their high capacity-to-demand ratios.
Nevertheless, some ceilings with light-weight steel
frames had fallen (Fig. 4). Although the Ming-Lee
elementary school building, which had been retrofitted
before the earthquake occurred, is situated very close to
the Milun Fault (Fig. 5), it had no significant damages.
This confirms the effectiveness of promoting seismic
evaluation and retrofitting of school buildings in Taiwan.
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Fig. 3. A retrofitted school Fig. 4. The damaged ceiling
building with enlarged
of the gym of an elementary
columns has no damage
school
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In general, the isolation system performs well as
expected, and the property and life in the isolated
superstructures are effectively protected. However, the
lack of a buffer area design for the isolation system was
observed, thus causing some nonstructural components
damage. Although the isolation performance may not be
significantly affected by this kind of damage, it should
be carefully monitored and detailed to prevent its
occurrence again in application. Thus, complicated
repair work is not required. Moreover, in order to
prevent a loss of valuable displacement measurements
in the future, linear wire potentiometers are
recommended to replace the currently used transducers.
Table 1. Maximum accelerations measured at
different stories
Floor
B2
B1
4
5
11

Max. Acceleration (gal )
Longitudinal Transversal
Virtical
266
181
178
182
209

139
124
139
136
131

Max. Acce. / Input Max. Acce. (%)
Longitudinal Transversal
Virtical

152
181

279

68
67
68
79

89
100
98
94

119

184

Non-Structural Components
Fig. 5. The location of the Ming-Lee elementary school,
close to the Milun Fault (indicated by the red line)

Seismically Isolated Buildings
The Hualien Tzu Chi hospital plays an important
role in the east of Taiwan, which is an area relatively
lacking in medical care facilities. In the campus, the
HeXin building, which is a ten-story steel reinforced
concrete (SRC) structure with a base isolation system
composed of lead rubber bearings (LRBs), is designed
to provide emergency treatment and surgery services.
Based on the reconnaissance investigation, the isolated
superstructure had no apparent damage, with only
plantings and wooden walkways around the building
being bent because of isolation displacement.
In that building, 26 accelerometers and 4
displacement transducers had been installed for
measurements. The measurement results indicate that
the peak values of ground motion along the strong and
weak axes of the building were 266 and 139 gal,
respectively (Table 1). After isolation, the maximum
accelerations along the strong axis were reduced to be
70%–80% of the ground motion input, and they
amplified as the story increased. On the other hand,
although the maximum accelerations along the weak
axis were close to the peak value of ground motion, the
amplification was not apparent as in conventional
aseismic buildings. Thus, the isolation system is
effective, along the strong axis in particular. The
measurements for the isolation displacement are
unfortunately not available because the transducers in
two directions malfunctioned during the earthquake.
Based on the movement of the plantings and the wooden
walkways due to collision, the estimated maximum
displacements along the strong and weak axes were 30
and 22 cm, respectively.

From February 8th to 9th, the reconnaissance team
consisting of the NCREE and NCKU Architecture
Department completed the investigation of nonstructural
components in buildings used for the public, including
schools, hospitals, the airport, and the Taiwan
International Ports Corporation. According to the
impacts, damages of non-structural components are
described follows:
1. Life safety: Overturning or falling of nonstructural
components in buildings tended to injure people in
the buildings or neighboring areas; for example, a
collapsed tower crane at the top of the Le Méridien
Hualien Resort under construction dropped tiles on
the exterior walls of the Parkview Hotel and the old
Far-Eastern Department Stores Building, overturned
cabinets in schools and wards in a hospital, and
dropped components of ceiling systems in various
buildings, including airports and hospitals;
2. Economic losses: Damage caused to valuable
contents of school buildings, including computer
equipment and musical instruments in schools,
caused economic loss to the county government and
schools;
3. Operation of buildings: The Hualien county
education network center stopped service due to the
damage of UPS, host computers, servers, and other
equipment. The medical record management system
in a large-scale hospital was in a state of confusion
due to the overturning of the medical chart storage
shelves (Fig. 6). After the earthquake, people were
forbidden access to several flooded areas in the
airport and a hospital, which required repairs for fire
protection and air-conditioning system pipelines.
Several schools faced shortage of water due to
damaged water towers (Fig. 6).
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Based on the survey results, it can be seen that the
seismic performance of nonstructural components in
critical buildings need to be improved to reduce the
impact on life safety, financial losses, and operation of
buildings. The NCREE will continue to assist in the
improvement and implementation of the seismic design
of nonstructural components in the Seismic Design
Code for Buildings in Taiwan.

Fig. 6. Overturned medical chart storage shelves in a
hospital and towers in a school
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damages to the Hualien Port, which include the
following: (a) In the area from wharf No. 19 to No. 22,
the backfill of the backline was slightly depressed and
the height difference between the caisson and the
backline was about 10 cm. (b) Around wharf No. 23 and
No. 24, there were significant cracks in the joint between
the caisson and the backline, and there was a wide range
of subsidence in the backline backfill. The height
difference was approximately 20–30 cm. (c) At wharf
No. 25, there was a gap of approximately 8–15 cm
between the caisson and transition part. Partial cracks
and potholes were observed at this wharf. Moreover, a
significant crack was observed in the backfill junction at
the rear of wharf No. 25, and the height difference was
about 30 cm. (d) Near the west breakwater, there was a
height difference between the embankment and the road,
and the concrete panel (completed in 2017) had
upheaved. Continuous liquefaction holes could be
observed under some of the road panels. Sand blasting
from the cracks in the panel was also observed on the
road surface (Fig. 8).

Bridges
The reconnaissance team of the bridge engineering
division investigated seven bridges in the Hualien city
after the Hualien Earthquake. Handheld lidar scanners,
aerial image-capturing devices, and digital photography
systems were used to perform onsite post-disaster work.
The Hualien Bridge, located at provincial highway No.
11 between Jian and Shoufeng townships, was damaged
due to the ground movement induced by the rupture of
the Lingding Fault that runs across the bridge. The other
bridges, namely, the Qixingtan Bridge, Shliougu Avenue
Arch Bridge, Nongbin Bridge, Hualien City No.3
Bridge, Shangzhi Bridge, and Zhongzheng Bridge, also
suffered different levels of damage resulting from the
surface rupture of the Milun Fault, which passes through
or is close to these bridges (Fig. 7). The reconnaissance
results and data obtained can be useful references for
seismic evaluation and retrofit design of bridges in the
future.

Fig. 7. Locations and damages of the bridges

Harbor District of Hualien Port
From February 8th to 9th, the reconnaissance team
of the geotechnical division investigated the harbor
district of Hualien. The Hualien earthquake caused

Fig. 8. The damages of the Hualien harbor district
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Visit of the Ministry of
Education of Korea during the
Seismic Upgrading of
School Buildings in Taiwan
Ching-Chieh Chen, Jai-Hui Jiang, Senior Technician, NCREE

On November 15, 2017, a 5.4-magnitude earthquake
struck Pohang, South Korea. It was the second strongest
in decades, and it caused damage to infrastructure and
dozens of people were injured. In the light of the
awareness of earthquake disasters, a group of 27 Korean
experts and scholars, including Seok-Hun Yun, the
director of the Ministry of Education of Korea, and
members of other education units such as central
government, local government, and universities,
Structural Technician Union, and Education facility
disaster association visited Taiwan from December 12 to
14, 2017, to gain knowledge from the School
Retrofitting Project in Taiwan.

Itinerary
On the first day, the group visited the National
Center for Research on Earthquake Engineering
(NCREE) facility, where Professor Shyh-Jiann Hwang,
Director General of NCREE, gave a speech to introduce
the School Retrofitting Project in Taiwan. In addition,
Yi-Chih Hsiao, Deputy Director of the Ministry of
Education (MOE), was part of the event. Further, the
implementation of the strategic plans of the Taiwanese
central government was introduced. Representatives of
the Department of Education, Taipei City Government,
and Miaoli County presented their experiences of
tracking the progression of this project.
In the afternoon, some case studies were presented
by Professor Li-Lai Chung, the principal investigating
officer and coordinator of the Retrofitting Project Office.
He introduced to the visitors the sights for visiting
during the trip as well as the buildings’ position and the
administrative process of the school upgrading project.

Conclusion
In recent years, numerous earthquake events have
occurred on our earth. Fortunately, Taiwan’s building
laws and regulations have been refined and people are
paying more attention to seismic safety of buildings.
Retrofitting of old school buildings, one of Taiwan’s
long-term goals, will soon be achieved with the help of
the MOE, local government, school teachers, engineers,
and construction companies. With the success of this
project, we expect better safety to the people of Taiwan
during future seismic events.
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