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_ NAR
2016.02.06 Meinong Earthquake

B M, 6.4, occurrence at 3: 57: 27.2 am, Feb. 6, 2016, local time (or, 7: 57: 27.2
pm, Feb. 5, 2016, UTC), CWB-defined Intensity Level 6 observed at TSMIP
Caoling Station, Yunlin County

B Epicenter located at 22.93°N Lat., 120.54 "E Long., focal depth 16.7 km,
(Meinong District, Kaohsiung City ), 27.4 km Northeast of Pingtung County Hall
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Source: Central Weather Bureau, Taiwan
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Shaking Intensity Contour
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MNAIR
Waveforms recorded at Near-Fault Station

Caoling ( CHN5) Intensity Level 6
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, , NAR![abs
Focal Mechanism Solution

B The focal mechanism solutions reported by CWB-Taiwan and USGS are similar

B Mixture of reverse and strike slip rupture

CWE Early Rutomatic Report (EZR) :

Crigin Time : 2016 2 5 15:57:27.00 (UT)

Hypocenter : 22.93 W 120.54 E 16.66 km
— ML :  6.42

CWE5M_BE moment-tensor solution :
43.0017014 0.0002969 64.3081202
0.0002969 0.0000000 365.4462585 x 1E+16 Nt-m
64,3091202 365.4462585 0.0000000

Centroid depth : 26 km

Mw : 6.37

Lzgap @ 210.35

Lverage MISFIT : 0.&629 (The fit i= poor }

Best double couple soclutions @
nodal plans(l) strike/dip/slip: 254.70/31.76/ -19.42
nodal plane(2) striks/dip/slip: 1.38/79.92/-120.28
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Activities of Aftershocks NAR!abs

B 7 aftershocks observed as of 6:00am, Feb 6 (local time) according to CWB

B Max. magnitude of aftershocks measures M 4.9; all 7 aftershocks were located
west of the main shock and had deeper focal depths
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009 02/06 05:07 4.4 25.1 &?&%ﬁ%&;ﬂ?iw 14.5 AH
NE#  02/0604:18 42 315 ﬁ%@?&fsﬁj 15.9 48
ANER  02/0604:12 3.8 319 ?gﬁ%ﬁ%ﬁtﬁf 12328
008  02/0604:03 4.5 27.0 ﬁ%@%@fﬁff 10.5 A%
007  02/0604:01 43 311 ﬁ%@%’;ﬁ;x 1.9 28
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006 02/06 03:57 6.4 16.7 mﬁﬁmﬁ;ﬂ;‘giﬁ 27.4 38
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(Source: CWB)



NAR!abs
USGS Earthquake Hazards Program

m USGS reported the earthquake magnitude to be M,,-6.4
m Epicenter located at 22.871°N, 120.668 "E; focal depth 23 km

3
Dota Sourealy 2016-02-05 19:57:27 {UTC)
: 2016-02-06 03:57:27 (UTC+08:00) in your timezone
e e

Nearby Cities

. 28km {17mi) NE of Pingtung, Taiwan

35km (22mi) SE of Yujing, Taiwan

46km {29mi) NE of Kaohsiung, Taiwan
48km {30mi) ESE of Tainan, Taiwan

672km {418mi) E of Hong Kong, Hong Kong

(USGS)



MAIR
Major Historical Earthquake in Proximity

Epicenter, focal depth, and focal mechanism of
the quake is similar to M -6.4 Jiasian, Kaohsiung
Earthquake (B 227 3 Z) on March 4, 2010
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2016 Meinong Main Shock, Aftershocks apdar 125«
2010 Jiasian Earthquake Epicenters
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Stations w/ Velocity Pulses

PGA Distribution calculated using
NCREE + P-alert + CWB stations

Black triangle: station observing velocity

pulses

Black cross: building damage sites reported
White square: NCREE & P-alert stations

White triangle: CWB stations

Correlation seemingly exists between
velocity pulses observations and

building damage sites.
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Velocity Pulses

AR

“elocity [cm/s]

Welocity [crm/s]

B0

Fuls

20

20
-40

60
0

a0

BO -

40

20

o

-20
-40
B0
—EDD

PGW= 4585 cmis; Tp= 0.84sec

— Max. Welocity

|
20 a0 40 50 60
Tirne [&]

PGY= B2.45 cmfs; Tp= 2.07 sec

Max. Velocity

Tp extracted

1
20 30 40 50 60
Time [5]

“Welocity [crm/s]

“elocity [cm/s]

40
a0

20

30

40
0

50

-0
0

PGY= 3570 cmis; Tp= 2. 38sec

— Max. Welocity

|
20 a0 40 50 60
Tirne [&]

PGY= 41.20 cmfs; Tp= 1.155ec

TAI

Max. Welocity

using Shahi and Baker model (2014)

20 a0 40 50 60
Tirne [&]

11



Latitude,(N)
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Recorded Accelerograms and Response Spectra

Stations observing PGA>80gal

Station <3 | Lon Lat Re |PGA(V) | PGA(NS) | PGA(EW) | Max PGA
Code 9. " | (km) | (qgal) (gal) (gal) (gal)
CHNS5 | &% |120.68| 23.6 | 75.7 | 93.31 240.4 34412 34412
TAl | =/ [120.21(2299| 35 | 8249 | 152.17 | 233.82 233.82
SCL £8 | 120.2 [23.17[44.08| 54.37 | 232.93 224.73 232.93
SSH ={5 |1120.29(23.14|34.65| 65.44 | 229.04 | 225.09 229.04
CHN7 | 7~ 1120.24 (12348 68.9 | 20.1 190.81 175.32 190.81
CHY |[E&%m|120.43| 23.5 |64.06] 39.9 118.5 171.37 171.37
WSF V05E8 [ 120.23123.6484.78 | 27.46 | 164.67 129.8 164.67
SCK +/& [120.09(23.15(52.41| 31.76 | 103.48 163.18 163.18
TAIl KEE [120.24(23.04(33.34| 4498 | 105.16 | 148.34 148.34
CHN1 | #f |120.53(23.19(28.72| 7746 | 147.45 123.94 147 .45
WGK | &t [120.57|23.68(84.08| 19.62 | 105.16 | 109.46 109.46
SSD | =#hPF5|120.64|22.74|22.65| 71.3 105.46 62.15 105.46
SGS B1ll 1120.59(123.08|17.92| 72.38 | 104.86 63.82 104.86
CHN4 | 11 |120.59|23.35|47.46| 5593 | 104.68 88.95 104.68
TWM1 | &l [12043(22.82(1599( 314 87.93 57.72 87.93
ALS | PFojEE11y]120.81(23.51]|70.37| 34.16 84.04 71.42 84.04




Acc. (gal) Acc. (gal)

Acc. (gal)

Station CHN5 (Caoling)

CHNS5,Distance =75.54 km
PGA= 93.29gal
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Acc. (gal) Acc. (gal)

Acc. (gal)

Station TAIl (Tainan City)

TAl,Distance =35.23 km
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Acc. (gal)

Station SCL (=

SCL,Distance =44.71 km
PGA= 54 38gal
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Acc. (gal) Acc, (gal)

Acc. (gal)

Station SSH (Z1E

S5H, Distance =35.23 km
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NCREE Real-Time Seismic Monitoring
Network

Re = 21.5km
e Stations observing PGA>20

Station Name — E N PGA_U,gallPGA_N,qgal PGA_E,gal
A730 | Ea{Esmtfs | 120.50 23.05 | 133.732 | 407.994 | 327.928
A800 | EMELW | 120.68 22.91 65.438 | 158.471 | 101.689
A660 | <KNZEE | 120.28 23.50 36.330 | 138.891 | 184.579
A620 | #IIdE | 120.57 23.58 31.837 | 79.585 | 96.053
A590 | —_™M&EH | 120.37 23.87 24.072 | 60.057 | 72.547
A771 pE17db%E | 120.27 22.82 28.233 | 50.669 | 59.984
A601 21 120.75 23.59 17.975 | 39.016 | 42.083
A600 |ZEFEEE| 120.76 23.47 24155 | 33905 | 35.178
A770 | KREME | 120.40 22.54 13.807 | 28.637 | 28.800
A530 | guthERJs | 120.96 23.89 9.855 28.097 | 23.062
A810 | IBXEEHR | 120.63 22.64 19.682 | 27.570 | 33.943
A560 | oKl | 120.64 23.89 12.969 | 27.446 | 26.643
A860 | »EEE | 120.61 22.38 13.049 | 25.783 | 29.582




Station A730 (F G 1)

AT30,Distance =13.55 km
PGA= 133.73gal
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Latitude,(N)

Shaking Intensity Contour

Database: CWB and NCREE Real-Time Seismic Monitoring Networks

PGA

2016/02/06 03:57:27
Location=120.54E / 22.93N
ML=6.4 / Depth=16.7km, Data: 104sites
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NAR/!abs
PGA Distribution Estimated by TELES
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NAR/ ! abs

Spectral Accelerations Estimated by TELES
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Building Collapses and Nearly Collapses NAR!2bs
Estimated by TELES

\, HHA : 2016/ 2/6
i%5[H © 3:57:27.10
oaF ¢ ’E‘T: © 6.40

= 1 120.5400
% 229300
BT 16.60 /5

2 (Y

gL 5 Tocmm "
= » =2o to 50
T g G (L35 AUl : 1g :g %g
5 xa 2 to 5
, B 1 to2
u"fm?@ - = 05 to 1
- 2 o It Number of Building Collapses/Near Collapses
_ -~ ‘ Low-Rise | Mid-Rise | High-Rise | Sum
Tainan 228 35 5 268
Kaohsiung 68 11 4 83
Pingtung 4 0 4
Chiayi 2 0 2
Total 302 46 9 357




NAR
Print and Electronic Media Reports (1/2)

545 HAREBRT Y 24 ol
(News Radio, Broadcasting Corporation of China, * A& ¥7# % , 5:57am, Feb 6, 2016)

® SEHMKEXABHEEAE  BERT/NESHER - MERZUNEESR
B35 - wmEE KK, BE - BEBEUAEBAEBH SKERIRS -
BAEERERER L - LERRNSHEEABEEETRIE - B
AIEARE=TIA -

o SRERI_IAXIEELS  TRENE - MAHESRmELBATCEER
AR - HREEREES -

o || FENEREEER  BZTREARAE EAMAESR - THE=A -
ZEBMEtA  BRIERYWIEE  EARBARHA -

o RERREMBMIOBARNEMB/RBEARRE - F{ERMIRTARZIER - 5
ARH - ZBEZEEBSEARN - BAIE &R -



NAR
Print and Electronic Media Reports (2/2)

Building collapses in Yongkang District , Tainan
25
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Sites of Severe Losses and Damages

o

O 0 N

Weikuan Jinlong (% £ 3 /% # ) Complex, Yongkang
District, Tainan City

King's Town Bank (% #% 42{7), Sinhua District, Tainan City
Dachih Market Place (= 4 ® ), East District, Tainan City
Wind God’s Temple (& #¢ & ), West Central District, Tainan
City

On Xinyi N. Rd. & Daren St., Gueiren District, Tainan City

Temple of Goddess Mazu, Cishan District, Kaohsiung City (#&
L35

Lane 101, Taizi Rd. (~ + E), Rende District, Tainan City
205 Minzu Rd. ( % *%§%.), Yujing District, Tainan City
Tainan Municipal Yujing Junior High School (£ & & ¥ )

. Tainan Mun|C|paI Beimen Elementary School at Yuhu Branch

(A4 F* B 2 A 12)



NAR
Sites of Losses and Damages

12 Lane 27, Sec. 5 Fuan Rd., Annan Dist., Tainan City
(building tilt and displaced)

93 Lane 141, Dade St., South Dist., Tainan City (broken water
pipeline, possibly elevator shaft damage or drop, wounded
civilians, building damages)

104 Nanzhou, Shanshang Dist., Tainan City (Building collapse)

18 Alley 9, Lane 100, Heping Rd., Guanmiao Dist., Tainan City
(unoccupied 1-story building collapse)

13 Nanxing St., Gueiren Dist., Tainan City (collapse of a 3-
story RC building)

17 Shenkeng 3rd St., Guanmiao Dist., Tainan City ( top story
collapse of a 3-story RC building )



Coordinates of Reconnaissance nap

‘Spots and TELES-Estimated PGAs

0206 Meinong Eqk. Location of |Long. WG| Lat, WGS |Long. TW/|Lat. TwpD| Estimated
No. Major D S84 84 D67 67 | PeAla)
ajor Damages GeoMean
- - e S EyE BT
g | Weikuan Jinlong (<85 £35/505) |05 001 | 00 0503 | 100,253 | 23.00607 | 144
Complex, Yongkang District, Tainan
2  |King's Town Bank (7 ¥ 41/7), Tainan| 120.301 | 23.03636 | 120.2929 | 23.0381 171
; X FFH
3 | Dachih MarkeTtafr']zcne( 7)1 120231 | 22.96216 | 1202225 | 22.9639 | 163
4 |Wind God’s Temple (& # &), Tainan| 120.196 | 22.99711 | 120.1876 | 22.99885 219
5 | on Xinyi N. Rd. & Daren St., Tainan | 120.298 | 22.96727 | 120.2895 | 22.96901 | 220
g |Temple OfGo‘fdiss,;M?a;“' Cishan (7| 120,482 | 22.88667 | 120.4742 | 22.88842 | 303
v '
7 | Lane 101, Taizi Rd. (* =+ #) Tainan | 120.267 | 22.98984 | 120.2503 | 22.99158 | 151
8 | 205MinzuRd. (% *¥) Tainan | 120.468 | 23.1238 | 120.4598 | 23.12555 | 217
9 Yujing Junior High School, Tainan 120.47 | 23.12379 | 120.4615 | 23.12554 220
10 | Beimen Elementary SchoolatYuhu | 15 199 | 232616 | 1201311 | 2326333 | 141
Branch, Tainan
; 3L Fya ~
11 | Beimen E'e”[‘f;‘taTr;’i :::OO| BN 120,195 | 2326500 | 1201171 | 23.26682 | 126
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Locations of Major Damages
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Tainan Municipal Beimen Elementary
School and its Yuhu Branch -

Google My M

MAR



NAR
Tainan Municipal YUJIng Junlor High School
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MAR
(1) Weikuan Jinlong (2% £ 3 /"% ¥ ) Complex

* On Section 2, Yongda Rd. and Guoguang 5th
St., Yongkang District, Tainan City

e 16-story RC bwldmg collapse
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NAR
Before Earthquake (Google Street View)
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NAR
Before Earthquake (Google Street View)
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After Earthquake



https://sketchfab.com/models/5dca0c84762e4b58b63614bbe1aa70e1
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After Earthquake
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After Earthquake




After Earthquake MAR ="
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NAR
(2) King's Town Bank (. 33 42{7), Sinhua District

586 Zhongshan Rd., Sinhua District, Tainan
City
* 10-story
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NAR
Before Earthquake (Google Street View)
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NAR
Before Earthquake (Google Street View)
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Photographical View of King's Town
Bank (= 3= 41{7) after Earthquake




Photographical View
of King‘s Town Bank
(7 35 4217) after
Earthquake




NAR
(3) Dachih Market Place, East District

* Lane 103, Changdong St., East Dist., Tainan
City

 Commercial-residential complex building (4-
story above ground, 1-story underground)

e Soft 15 story collapse, some of 4-story
buildings became 3-story
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After Earthquake




NAR
After Earthquake
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(4) Wind God’s Temple (& 4 ), NAR
West Central District

e 8, Lane 143, Section 3 Minquan Rd., West
Central District, Tainan City

@

Map info from Google
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After Earthquake




(5) On Xinyi N. Rd. & Daren St., nari-6-
Guiren Dist.

e 46 Xinyi N. Rd., Guiren Dist., Tainan City
* 6-story RC building
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(6) Temple of Goddess Mazu, NAR
Cishan District (2.1 % & ¥ )

e 16 Lane 23, Yongfu St., Chishan District,

Kaohsiung Clty

* Collapse of decorated archway o
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(7) Lane 101, Taizi Rd. (~ + ¥.), nAR
Rende District, Tainan City
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Source: Google Street View




NAR

<t
e
o
S
<
Q
<
D\

<

|

P

2|

{

FETE

xice SR
AN

e LN L [—
EoEE sE{CEES

K& - 69

=
|
B



20160206cpak8 6. (A TFIR10EEY R  #A7 B >y A

, =g 3.3417 eV
s
W
— 3 6| =
<] AP
e
jED <55
61.
TR

SEEEEE

az,ﬂi LFK?W 01 ERMIEN BREE

TTNEV M FPANS N o =l S2 O BE S B IS a1 07 ) A *

uo O ZO0 *
P o ) 106/259




(8) 205 Minzu Rd. ( % *% %),
Yujing District, Tainan City
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205 Minzu Rd. (& *% %), Yujing naRr
District, Tainan City




Yujing District, Tainan City




School Buildings

o re Assessment
School Building Result
) o Junior
Yujing Junior High College CDR=1.08
School A
Building
_ Beimen Elementary
Tainan West
= 2
i School g | O A

(Yuhu Branch)

Beimen Elementary West

Estimated PGA

(gal)

220.3745

125.5235

125.5235

School Building
Gaoshu Township (%
#5R) Tianzi Classroom
Elementary School (= Building
Pingtung + FK-])
County  Sandimen Township
(= 3 P 5R) Dancing

Cingye Elementary Classroom

hool (& % |
NaRr._ . School (F FE1)
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~ Plan of Yujing Junior High School (% # B ¥ )
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Junior College Building, Yujing Junior High School (

before Ea_rth, uake

Built in 1998
Age of bldg: 28 yrs. Ll 4 B >
3-story [ - L » S
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Damage of Jun
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Damage of Junior College Building, Yujing

Junior High School (% 2 K ¥ )
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Damage of Junior College Building, Yujing Junior

High School (1. = B * ) (A7 Column
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Damage of Junior College Building, Yujing Junior
High School (2. K] ¥ )
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Activity Center, Yujing Junior High School
(before Ea A kA \

Built in 1997
Age of bldg: 29 yrs.
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Damage of Activity Center, Yujing Junior High School
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Damage of Activity Center, Yujing Junior High School




Damage of Activity Center, Yujing Junior High School




Damage of Activity Center, Yujing Junior High School
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Damage of Yujing Junior High School

NAR [ abs BREBWRE



Plan of Beimen Elementary School at Yuhu

Branch
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West Building, Beimen Elementary School

at Yuhu Branch (before Earthquake)
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Damage of West Building, Beimen Elementary
School at Yuhu Branch (# ® B/ 3 i 4 &)
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Damage of West Building, Beimen

Elementary School at Yuhu Branch




“Plan of Beimen Elementary School (#* F* B-] )
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West Building, Beimen Elementary School

(# ® & -].) before Earthquake. -

gy
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Damage of West Building, Beimen

Elementary School (# F* & | )




West Building, Beimen Elementary School
(# ® &) after Earthqua
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Highway Bridges MAR

* 10 cm settlement and ruptures on pavement
surface were observed of the Tungshipu Bridge
deck (& %3 i) on Provincial Highway #3,
Neimen District, Kaohsiung, and was emergency
closed

* Water pipeline broke at 12k+150 on Provincial
Highway #20 (urban area of Sinhua Dist, Tainan),
and 10 m of pavement surface sustained ruptures
on the West Bound Fast Lane, road closed for
traffic, and water supply was cut off.

 Pavement buckles (20 cm uplift) on Provincial
Highway #3 in Cishan District (& .11 )



o NAR
Lifelines

There were 69 major electric power line outages in
Tainan City, affecting 12,1672 households

Power outage in 467 households, Kaohsiung City
Shutdown of Unit 2, Hsinta Coal-fired Power Plant (& :%
# & B1), Cieding District (3 %_% ), Kaohsiung City

Maanshan NPP’s two nuclear units remained operational
(unaffected)

Shutdown of one distribution substation (D/S) in
mountain area of Tainan, and shutdown of Longtien
Secondary Substation (f£. v = =X % 7 #1, S/S)
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