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General Remarks of Reconnaissance
Preliminary understanding based on TV news
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Objectives
1. To understand damage situation in and around Tainan City with regard to

structures and geotechnical works
2. To observe the situations of collapsed buildings for understanding them from

the viewpoints of earthquake motions, geology, structures, foundations, and
materials
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Chih Wei Lu, National Kaohsiung First University of Science and Technology
Min Hao Wu, National University of Kaohsiung
Ya Che Wu, National Kaohsiung First University of Science and Technology, Student
Shih Rong Kuo, SGS Taiwan, Matrl & Engng Lab. Professional Geotechnical Engineer
Chung Chi Yu, Wirop Industrial Co.,Ltd. Engineer

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

, 2016 2 6 14 24
Mori’s Itinerary of trip for Tainan, fixed on Feb.06, 2016

Feb. 08, 2016
16:00 Matsuyama to Itami 16:50 by air (ANA)
21:25 Kansai to Taipei Taoyuan 23:40 by air (Ever)
26:00 Diary of Taipei Hotel Main Station

Feb. 09, 2016
07:36 Taipei to Tainan 09:21 by Taiwan High Speed Rail
Investigation at heavily damaged site in terms of buildings and
liquefaction
With Prof. Lu and two engineers, and Mr. Wu
18:00 Hotel Tainan

Feb. 10, 2016
07:30 to leave my hotel
Investigation in Tainan city in terms of buildings and geotechnical works
With Prof. Wu and Mr. Wu
18:37 Tainan to Taipei 20:24 by Taiwan High Speed Rail
21:00 Diary of Taipei Hotel Main Station

Feb. 11, 2016
12:30 Taipei to Kansai 15:55 by air (Ever)
20:00 Itami to Matsuyama 20:55 by air (ANA)
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Seismicity in Taiwan
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http://www.sinica.edu.tw/advice/advice_earthquake.pdf

No.13

Triggering information obtained through the Facebook on February 6th
2016 2 6 8:08
Masahiro Taniguchi Shinichiro Mori 2016 2 6

Taiwan earthquake: Relief workers‘ community in Japan
2016 2 6 12:55
Shinichiro Mori
http://grapee.jp/139391
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2016 2 6 13:18
Hongjun Si 13:27
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2016 2 16
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First information about six collapsed buildings

TV news collapsed building distribution map obtained by Mori through the Facebook
on February 6th
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Hongjun Si
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Earthquake and Strong Motions
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Geography and Active Faults
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http://fault.moeacgs.gov.tw/MgFault/Home/pageMap?
LFun=2

Seismic intensity distribution

5 5 5 5
5

Intensity 5 in Taiwan CWB scale corresponds to Intensity 5+ and 5 in JMA scale. In Japan, damages and
liquefaction are observed in 5+ region but quite few in 5 region.
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Contour map of
seismic intensity

4
5 6

5

Orange color corresponds to
intensity 4, red color to intensity
5, reddish purple to intensity 6.
Mapped with gradation of such
basic color correspondence.
You can find red around Tainan.
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http://scweb.cwb.gov.tw/GraphicContent.aspx?I
temId=49&fileString=2016020603572764006

Tainan

Kaohsiung

Chiai

Basic Earthquake Properties

Occurrence 2016 02 06 3:57’27.2”(UTC+8)
Epicenter Longitude 22.93 deg.

Latitude 120.54 deg.
Depth 16.7 km
Magnitude 6.4 (ML)
Location Meinong District, Kaohsiung City
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http://scweb.cwb.gov.tw/GraphicContent.aspx?ItemId=49&fileString=20160206
03572764006



Epicenters of main and aftershocks in geological map

WEB GIS
http://ngis.moea.gov.tw/NgisFxWeb/default.aspx
Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

Courtesy of Dr. Ohsato

Epicenter of Meinong EQ

Epicenters of main and aftershocks in geological map

WEB GIS
http://ngis.moea.gov.tw/NgisFxWeb/default.aspx
Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

Courtesy of Dr. Ohsato

Epicenter of Meinong EQ

Active faults near Tainan and Kaohsiung Cities

M>3 Aftershocks of M>3 locate in Tainan city.
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Aftershock M>4
Aftershock M>3

Main event M6.4

Tainan City

Kaohsiung City

http://fault.moeacgs.gov.tw/MgFault/Home/pageMap?
LFun=2

Qi shan Fault

The epicenter of this
earthquake locates on the
north eastern extension
line of Qi shan Fault.
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http://fault.moeacgs.gov.tw/UploadFiles/files/OLD/ATSTR42/activefault/31 3.htm

1991 2016 2 4
Distribution of earthquake epicenters between 1991 and 2016 02 04

.

Aftershock region of this earthquake has very few earthquakes before this event.
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CWB
official
Facebook
2016.02.13
https://www.facebook.c
om/%E5%A0%B1%E5%9
C%B0%E9%9C%87
134632749883505/

2016 2 6
Distribution of strong earthquake motion observation sites in Taiwan

A A’
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Original drawing is cited
from CWB official
Facebook and dotted
circles with red, green
and blue colors are drawn
by Mori as a reference.

CWB official Facebook
2016.02.13

https://www.facebook.com/%E5%
A0%B1%E5%9C%B0%E9%9C%87
134632749883505/



2016 2 6
Distribution of strong earthquake motion observation sites in Taiwan
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CWB
official
Facebook
2016.02.13
https://www.facebook.
com/%E5%A0%B1%E5
%9C%B0%E9%9C%87
134632749883505/
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Distribution of strong earthquake motion observation sites in Taiwan
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CWB
official
Facebook

2016 02 10

https://www.facebook.
com/%E5%A0%B1%E5
%9C%B0%E9%9C%87
134632749883505/
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Distribution of strong earthquake motion observation sites in Taiwan
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CWB
official
Facebook
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https://www.facebook.
com/%E5%A0%B1%E5
%9C%B0%E9%9C%87
134632749883505/

TAI
Acceleration time history at Tainan City (TAI)
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CWB
official
Facebook

2016 02 10

Z: PGA
82.6 cm/s2

NS: PGA
152.2 cm/s2

EW: PGA
233.8 cm/s2

https://www.
facebook.com
/%E5%A0%B1
%E5%9C%B0
%E9%9C%87
13463274988
3505/

TAI1
Acceleration time history at Yongkang District, Tainan City (TAI1)
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TAI
Acceleration time history at Tainan City (TAI)
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Hsin-Chiang Liang

Broad area of liquefaction induced buildings
Bei an Road, An nan District, Tainan City

Liquefaction induced
tilting of two buildings
resulted as heaving of
pavement of the path
between the two, Bei
an Road, An nan
District, Tainan City
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2016 02 09

300m

200m

Yen sui River

Damages due to liquefaction

3

Difference between before
and after EQ

Tilting and subsidence
of a three story building

Deformation of a
storage house

Heaving of and fissures
on path pavement

Ejected soil
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2016 02 09

After(2016.2.9)
Mori

Before(2014.4)
Google Earth Street View

(1)
Tilting of two buildings due

to liquefaction (1)

Liquefaction induced tilting of two buildings
resulted as heaving of pavement of the path
between the two, Hui an Street, Bei an Road,
An nan District, Tainan City
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Heaving of
pavement of path

Subsidence
and tilting

Tilt angle =
5.5/100

Ejected soil

Tilt angle =
5.5/100

2016 02 09

(1)
Tilting of two buildings due

to liquefaction (1)

Liquefaction induced tilting of two buildings
resulted as heaving of pavement of the path
between the two, Bei an Road, An nan District,
Tainan City
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Subsidence
of 1.1m

Fissure
Water:
Depth=35cm

Subsidence
of 1.1m

Sampling of
ejected soil

2016 02 09



(2)
Tilting of two buildings due

to liquefaction (2)

Liquefaction induced tilting of two buildings resulted as heaving of pavement of the
path between the two, Bei an Road, An nan District, Tainan City
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Subsidence
and tilting

Tilt angle =
5.5/100

Ejected soil

2016 02 09Tilt=7.2/100

(3)
Tilting of two buildings due

to liquefaction (3)

Liquefaction induced tilting of a building, and
heaving of pavement of a path covered by
ejected soil observed, Hui an Street, Bei an Road,
An nan District, Tainan City
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Heaving of
pavement of path

Subsidence
and tilting

Ejected soil

Tilt angle =
8.0/100

Heaving of
pavement

2016 02 09

(3)
Tilting of two buildings due

to liquefaction (3)

Soil ejected from fissures along the edge of a building.

Shiny surface of ejected soil and steep slope of inside
of the mouth of eruption implies rich fine content in
the soil.
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Residential
building tilt

Ejected soil

2016 02 09

Hui an Street, Bei an
Road, An nan District,
Tainan City

Damage to a house due to liquefaction

Liquefaction and associated damage to buildings and houses, Bei an Road, An nan
District, Tainan City
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Ejected soil

Subsidence

2016 02 09

Liquefaction of low plastic silt

Liquefaction and associated damage
to buildings and houses, Bei an Road,
An nan District, Tainan City
Soil eruption was observed around a
house deformed by uneven
subsidence due to liquefaction.
Ejected soil is probably classified to
low plastic silty sand, which can keep
water inside and so is easy to liquefy
by slight hand vibration.
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2016 02 09
Damage to a house due to liquefaction

Liquefaction and associated damage to
buildings and houses, Bei an Road, An
nan District, Tainan City
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Broad area of liquefaction induced buildings
Bei an Road, An nan District, Tainan City

120m

Liquefaction induced
tilting of two buildings
resulted as heaving of
pavement of the path
between the two, Bei
an Road, An nan
District, Tainan City
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300m

200m

Yen sui River

5 20m

Damage to Houses and Buildings due
to Strong Motions

16 10 11
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Collapse of a high rise building, Weiguan Dalou
Guoguang 5th Street, Yong Da Road, Yongkang District, Tainan City

Damage situation and observation and discussion of the causes of the collapse

(1)

(2) 90

2

(3) D32

(4)

(5) 1

(6)
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Collapse of a high rise building, Weiguan Dalou
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2016 02 07

http://grapee.jp/
139391

An example of typical collapsed high rise buildings

1999
1999

This pattern of collapse
is so bad. This is very
similar to the typical
damage of high rise
buildings. Shortage of
stirrup and shortage of
anchoring of main rebar
in reinforced concrete in
beams and columns.
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http://www.nanzao.com/sc/hk macau tw/152b544790187d6/fen xi tai nan di
zhen huo yin mang duan ceng suo zhi gao lou dao ta ke guan san da yin su

Weiguan Jinlong Dalou

A F
A G H I

A F H I
A F
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(CTV) http://www.ettoday.net/live_event/37.htm



Weiguan Jinlong Dalou
16

2
H A I

G A
G

H I

H
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(CTV) (China Television Company, Ltd.)
CTV

Weiguan Jinlong Dalou before collapse
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2015 05
Google Street View

South side
East side

Collapse of a high
rise building,
Weiguan Dalou
Recognition of A
and H portions
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Collapse of a high rise building, Weiguan Dalou
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The column beam joint between 14th and 15th floors
Weiguan Dalou
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The column beam joint between 14th and 15th floors
Weiguan Dalou
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The column beam joint between 13th and 14th floors
Weiguan Dalou
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The column beam joint between 12th and 13th floors
Weiguan Dalou
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The column beam joint between 11th and 12th floors
Weiguan Dalou
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The column beam joint between 10th and 11th floors
Weiguan Dalou

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

The column beam joint between 9th and 10th floors
Weiguan Dalou
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The column beam joint between 8th and 9th floors
Weiguan Dalou
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The column beam joint between 7th and 8th floors
Weiguan Dalou
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Reinforcement bar arrangement in a column
between 3rd and 4th floors, Weiguan Dalou
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Anchoring of lateral tie bar in a column between 3rd
and 4th floors, Weiguan Dalou
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Anchoring of lateral tie bar in a column between 1st
and 2nd floors, Weiguan Dalou H Tower
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Collapse of a high rise building, Weiguan Dalou
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Collapse of a high rise building, Weiguan Dalou
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Collapse of a high rise building, Weiguan Dalou
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Collapse of a high rise building, Weiguan Dalou
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Collapse of a high rise building, Weiguan Dalou
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Inappropriateness of rebar arrangement I Tower I, Weiguan Dalou

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

Inappropriateness of rebar arrangement I Tower I, Weiguan Dalou
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Inappropriateness of rebar arrangement I Tower I, Weiguan Dalou
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Inappropriateness of rebar arrangement I Tower I, Weiguan Dalou

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

2016 02 09 Mori

G&I Towers
Collapse of a high rise building, Weiguan Dalou
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G&I Towers
Collapse of a high rise building, Weiguan Dalou
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G&I Towers
Collapse of a high rise building, Weiguan Dalou
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G&I Towers
Collapse of a high rise building, Weiguan Dalou
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Maiyor Lai made on site inspection at Weiguan Dalou
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Consideration based on on site inspection from the
structural engineering point of view
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2016 02 09 Mori

Weiguan Jinlong Dalou before collapse
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2015 05
Google Street View

South side
East side

Bird’s eye view of Weiguan Dalou before collapse

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

South side

East side
AH

I G

F
E
D

C
B

2015 05
Google Earth

Western side views of 1st story of Weiguan Dalou
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2015 05
Google Street View
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Western side views of 1st story of Weiguan Dalou

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

2015 05
Google Street View

Western side view of Weiguan Dalou
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Soutnern side view of Weiguan Dalou
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2015 05
Google Street View

Soutnern side view of
Weiguan Dalou
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2015 05
Google Street View

Soutnern side view of
Weiguan Dalou
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2015 05
Google Street View

A H
Southern side view of Weiguan Dalou, Towers A & H
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2015 05
Google Street View

AH

Collapse of a high rise building, Weiguan Dalou

2

You can find that almost all the buildings have no damage along Yong
dalu 2nd road on which Weiguan Jinlong building toppled down.
Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

Collapse of a high rise building, Weiguan Dalou

Damage situation and observation and discussion of the causes of the
collapse

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University



Collapse of a high rise building, Weiguan Dalou

(1)
(2) 90

2

(3) D29 D32
(4)
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Collapse of a high rise building, Weiguan Dalou

(5) 1

(6)
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Requirement for joints and anchoring of major rebar in the columns of RC buildings
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http://www.hyou
kakyoukai.or.jp/d
ownload/pdf/shi
nssei_tosho/tekki
nnkonnkurito/ko
uzou/02.pdf

Rebar joints in a column

Rebar joints in a column should avoid within the
width of the column from its bottom. They were
located at the bottom in Weiguan.

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

http://www.nikkenren.co
m/publication/pdf/64/hyo
ujunnzu20130327.pdf

Rebar joints in a column

Lateral ties shall be arranged within a joint
panel. Rebar joints in a column should avoid
within the panel. The anchorage of rebars of a
beam should be within the panel.

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

http://www.nikkenren.co
m/publication/pdf/64/hyo
ujunnzu20130327.pdf The way of anchoring of shear reinforcement bars

135
90

Anchoring of a shear reinforcement rebar shall be bent with 135 degree hook. All the
collapse buildings have shear reinforcement rebar with 90 degree bent anchoring.

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University



Collapse of a high rise building, Weiguan Dalou

: 5

Collapse of Weiguan Jinlong building: Residential and commercial building at the crossing of
Yong dalu 2nd road and Guoguang 5th street in Yongkang District, Tainan City

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

234 cm/s2

148 cm/s2

29.4 cm/s

Collapse of a high rise building, Weiguan Dalou

: 5

Collapse of Weiguan Jinlong building: Residential and commercial building at the crossing of
Yong dalu 2nd road and Guoguang 5th street in Yongkang District, Tainan City
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Taiwan High Speed Rail

/
/ / =

2016/02/06 06:25
Taipei Station
Banqiao Station
Taoyuan Station
Hsinchu Station
Miaoli Station
Taichung Station
Changhua Station
Yunlin Station
Chiayi Station
Tainan Station
Zuoying Station
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http://scweb.cwb.gov.tw/webdata/drawTrace/
outcome/2016/2016006/6 CHN5.gif
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Database of boring log in Taiwan

http://gc.moeacgs.gov.tw/ImoeaGis/about/map_Hole.asp

Distribution of strong earthquake motion observation sites in Taiwan
377
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Facebook
CWB official Facebook for providing ad hoc information
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https://www.facebook.com/%E5%A0%B1%E5
%9C%B0%E9%9C%87 134632749883505/



PS

377
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http://www.oyo.co.jp/produc
ts_lists/suspension ps logger/

Engineering Geological Database of Taiwan

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University

http://egdt.ncree.org.tw/

Classification/ Engineering Geological Database of Taiwan

Vs30 A E MAPPING NEHRP VS30 SITE CLASSES

E 1 2 3 A C D E

Classification of soil varies from A to E. The classification is same as that of NEHRP of USGS.

So called soft ground in Japan is classified to E.
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http://egdt.ncree.org.tw/
https://profile.usgs.gov/myscience/upload_folder/ci2011Aug0114554942954Holzer%20et%
20al%20zonation%20Spectra.pdf

Engineering Geological Database of Taiwan

Vs30 N 180 300m/s Vs

Estimated and logged Vs30 are showing the estimating equation is good at the range varying
from180 to 300 m/s but not so good in the range of more than 300m/s
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http://egdt.ncree.org.tw/

Area to be investigated
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Area of concentrative investigation
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Area of concentrative investigation
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https://www.google.com/maps/d/viewer?mid
=zYgCQ8VL7kNg.k klbgRmbn1E

CHY068

CHY020
CHY067

(CHY080)

12m
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(CHY078) E, Vs30=162.25m/s
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(CHY020) D, Vs30=214.14m/s
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: 1
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http://www.ettoday.net/news/20160206/645077.htm?from=ettoday_live

ETtoday

55m



2 8 8

Concrete crusher will be used for removing
concrete debris
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http://news.tvbs.com.t
w/local/news 639172/

http://119.tainan.gov.tw/#NEWS02
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http://119.tainan.gov.tw/#NEWS02
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http://disaster.tainan.gov.tw/disaster
/page.asp?id={1DBE074D 5C06
4FC8 BD06 81989E131D58}
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http://www.chinatimes.com/realtimenews/20160206001050 260401
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2015 4
Academia Sinica submitted Recommendation of Disaster

Mitigation Policy on Large Earthquake

104 04 20

1896 8.5 1906 7.1
1923 7.9 1935

7.1 1995 7.3
1999 7.3 2011 9
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https://www.sinica.edu.tw/manage/gaten
ews/showsingle.php?_op=?rid:7380

1896 M8.5
1906 M7.1 1923 M7.9
1935 M7.1 1995 M7.3

1999 M7.3 2011
M9
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1995 1
10
1999
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http://www.cpami.gov.tw/chinese/filesys/file/chinese/publication/law/law2/0990810250 8.pdf
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mechanical rebar splicing
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http://www.jsca.or.jp/vol5/p4_4_tec_terms/20
0802/200802 3.php
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http://disaster.tainan.gov.tw/disaster/page.asp?id={27F3D938 8A49 4856
94E4 050DA147B0AD}&disasterid=&projectdate=&projectname=



HP
Tainan City Office Website Shows Excellent risk communication
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http://www.tainan.gov.tw/tainan/default.asp?src=w

HP
Tainan City Office Website Shows Excellent risk communication
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http://disaster.tainan.gov.tw/disaster/

Major Lai visited liquefaction induced damage to buildings

2016/2/14 03:20:00

0206
(14)
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0206

http://disaster.tainan.gov.tw/disaster/page.asp?id={E4762A7E 9ABC 4679
9E86 611A3F019F50}&disasterid=&projectdate=&projectname=

(2/8 2/11)
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A lot of liquefaction and induced damage to buildings in Tainan City
2016 02 14 12:13

206

62

921

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University
http://news.ltn.com.tw/news/life/breakingnews/1601894

62

4

Happiness building changes from 7 to 4 floors
2016 02 14 14:45
(2 )

1
7

206
4 1

2

11

Southern Taiwan Earthquake of February 6, 2016 Shinichiro Mori, Ehime University
http://www.ettoday.net/live_event/37.htm805

ETTV

Before being demolished, residents rescue their belongings
2016 02 14 10:28
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http://news.ltn.com.tw/news/life/breakingnews/1601805

Before being demolished, residents rescue their belongings
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http://www.ettoday.net/news/20160213/647003.htm?from=ettoday_live

ETTV 1 30

Before being demolished, residents rescue their belongings
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http://www.ettoday.net/news/20160213/
647003.htm?from=ettoday_live

ETTV
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http://www.cpami.gov.tw/chinese/index.php?option=com_content&view=article&id=19607:2016 02 10 19 49 30&catid=82&Itemid=54



Conclusions
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Conclusions
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websites
NCREE(National Center for Research on Earthquake Engineering) Meinong Earthquake

http://www.ncree.org/

NCREE

http://www.ncree.narlabs.org.tw/

National Science and Technology Center for Disaster Reduction

http://www.ncdr.nat.gov.tw/

http://www.ncdr.nat.gov.tw/CusPage.aspx?WebSiteID=5853983c 7a45 4c1c 9093 f62cb7458282&id=178&subid=179&PageID=19

http://www.cpami.gov.tw/chinese/index.php?option=com_content&view=article&id=10471&Itemid=100#

Construction and Planning Agency, Ministry of the Interior

http://www.cpami.gov.tw/chinese/

Geotechnical database at strong motion observation sites

http://egdt.ncree.org.tw/CHYMAP.htm

Earthquake Information at CWB

http://www.cwb.gov.tw/V7/earthquake/rtd_eq.htm

http://www.sinica.edu.tw/forgov_advice.htm

http://www.cdprc.ey.gov.tw/default.aspx
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websites

http://www.moeacgs.gov.tw/main.jsp

Prof Yi Hsuan Tu, National Cheng Kung University

https://www.eeri.org/wp content/uploads/reconnaissance_Taiwan_20160206.pdf

http://disaster.tainan.gov.tw/disaster/default.asp?disasterid=&projectdate=&projectname=

http://www.tainan.gov.tw/tcfd/

http://119.tainan.gov.tw/

http://bobe168.tw/

e

http://e iot.iot.gov.tw/

http://www.emic.gov.tw/index.aspx?ID=21

http://www.pcc.gov.tw/pccap2/TMPLfronted/ChtIndex.do?site=002

http://fault.moeacgs.gov.tw/UploadFiles/files/OLD/ATSTR42/activefault/28 2.htm
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websites
http://udn.com/news/index

http://news.ltn.com.tw/

http://www.cna.com.tw/
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