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Presentation Outline

+ Introduction
& Seismic disaster simulation technology

& Talwan Earthquake Loss Estimation System
(TELES)

+ Database collection of general building stocks
+ Hazard analysis

+ Early seismic loss estimation

+ Concluding remarks

2016/8/15-17 Progress Report on Seismic Loss Estimation in Taiwan



NAR

Seismic Disaster Simulation Technology

Given a set of seismic source parameters (scenario
earthquake), SDST may assess probable consequences due
to the seismic event

+ Database collection
+ Specification of a scenario earthquake

+ Seismic hazard analysis
@& Ground shaking = Intensity and frequency content
@& Ground failure }

®Severity of ground deformation

» Fault rupture ®Occurrence (encounter) probability

» Soil liquefaction
+ Damage and socio-economic impact assessment

& Buildin gs 7 ®Damage-state-probabilities and/or repair rates
] ®Human casualties
3 Brldges - ®Post-quake fires, debris, etc.
@ Buried pipelines ®Resource needs for rescue, medical-care, shelter, etc.

®Restoration cost and time, interruption losses, etc.
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Analysis Framework and TELES Family

Database, Analysis Models and Application Software

Earthquake

Potential Earth Science Hazards

TCommonDII Ground Motion — Ground Failure Tsu_naml
Tpesh —Tsunami
TelesAppDlI P 5
TreaAppDII Direct Physical Damages
General Building Essential Transportation Utility
Stocks Facilities Systems Systems
—Tgbs—Tschool—-Thighway-Trailway—Twater—
Indirect Physical Damages Socio-economic Losses
Fire Following Debris Casualties Shelters Economic Losses

ESLE Tsha TREIF-ERA

Indirect Losses | <
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Software Architecture of TELES

Common Dynamic Link Libraries

TcommonDIl == TelesApp == TeraApp

Probabilistic Seismic Risk
Assessment System (PSRA

TREIF-ERA

Subsystems for Seismic Disaster Simulations ‘

Tpesh Thway  Twater

Tgbs Trail Tsunami

Tschool T T Tsha
SCNOO gas power ® Risk identification
®Disaster reduction plans ®PSHA
@ Education for disaster prevention ® Probable maximum
Create seismic scenario database for ESLE earthquakes

® Prioritization of
retrofit sequence

® Risk transfer and
distribution

Early Seismic Loss Estimation System (ESLE)

Create seismic scenario database for PSRA

Tesle  eweb-site for emergency response
®Push news through mobile App
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Database Collection of
General Building Stocks
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Building Inventory Database

+ Based on address-coordinate database from MO,
develop geo-coding technique (query global
coordinates from an address string in Taiwan)

+ Based on building tax data from MOF, create
building inventory database per house number

@ Original records were per household and without
coordinates

@ Coordinates, structural type, total floor area,
construction year, number of floors, seismic zone,
model building type, etc.

+ The geo-coding technigue has been integrated In
TREIF-ERA to improve location precision of
Insured residential houses
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Map of Individual Buildings
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Map of Street Blocks / Building Statistics

Dlsastrous region (part of Talnan city) in Memong Kaohsmng Earthquake, 2016
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Pipelines of Water Systems

A+ ZEBL L 4K —E
Two main water companies in Taiwan 5RZE, o Ny
® Taipei Water Department (TWD) Seismic attributes 3
® Taiwan Water Corporation (TWC) ® Pipe size

Tainan city.(operated by the 6-th branch of TWC) '
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Hazard Analysis

Progress Report on Seismic Loss Estimation in Taiwan

NAR

12



NAR
Define a Scenario Earthquake

+ Scenario types (point, poly-
line or multi-plane sources)

® Historical events e s, = R
@ Known active faults TN D e

- - \ i T i . Sy ng\;’g? -fe' ?:{"4,;* >
& Arbltral’y defined ~ F* s%5 cmsmlﬁﬂcs S8 { “ln“f‘o‘iﬁ%’*’)/

itﬂ ﬂ"” f?';x
"“H"m[lrl Hmﬂﬂqg |u| 2

&
TR 2
PHILIPPINE SEA PLATE ,

4+ Seismic source parameters
@ Earthquake magnitude
& Epicenter location
& Focal depth

o !:aUIt rupture geometry, |t iseasy to define a scenario earthquake,
Including ground surface | but difficult to propose a reasonable and

trace, length, width and meaningful one to be used in a disaster
dip angle reduction plan

W\

Talwan tectonic setting
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Ground Shaking Demands

+ Ground motion prediction model
@ Attenuations (source and path effects) of PGA, S,(T=0.3 sec) and S,(T=1.0 sec)

@ Site modification model

+ Nonlinear seismic demands of engineering structures
@ Consider nonlinear responses and strength degradation
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Standard Shape - Site Class B

= = Typical Shape - Site Class B (WUS)

Sa (Velocity Domain) o 1/T

Bet=Pt Py

Spectral Displacement (inches)
(standardized response spectrum,
from technical manual of HAZUS)
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PGA

Lo PGA
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PGA and Sal0
Site Modification Models

® Based on CWB TSMIP data

® Site dependent

® Intensity and frequency
dependent

® Each village has its own site
modification curve

SA(T=1.0 sec)

Amplification when predicted S,(T=1.0 sec) =0.05g, 0.1g and 0.2g, respectively
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Ground Deformation due to Fault Rupture

-

D
PGD =

d : closest distance to rupture plane (km)

o : dip angle (degree)
d,=max(M_ /2, 1)

top depth of seismogenic zone (km)

fo =abs(cr) /180
f,=1-f,

1.03M , - 7.03
0.29M, -1.84
0.89M, —5.90
10.82M, —5.46

logD =+

(unit: m; Wells and Coppersmith, 1994)
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Simulated coseismic ground
surface deformation after
Chi-Chi EQ

Most of damaged structures
in Chi-Chi EQ were mainly

-| due to fault rupture
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Encounter Probability due to Fault Rupture

Closest Distance Between Bridge and Fault
max(0, d.—0.5:-1-sin|p—-@|-sine) hanging wall side

° {max(O, d.—0.5-1-sin|p-0|)

footwall side

de closest distance of mid-point to  footwall side Northgl faulttrace Nanging wall side
rupture plane lo—6] A

I bridge length ' P

|@-4  angle between bridge and fault |
trace i N

o dip angle of fault plane | |

d,=0 means the bridge may cross the | 5 : el ek CN
rupture fault cross sectional view dHe J

Encounter probability: probability that the bridge\
actually crosses ruptured fault lines. It is assumed
to be related to d, and can be expressed as follows:

_P=0.7-exp(-d,/2) y
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Borehole Data / SOI| Liguefaction Susceptlblllty

SoilLiquid by Classify T [ e o e y

quuefactlon hazard map by CGS vs. susceptibility
category map by NCREE around Taipei Basin

o Utilize borehole data from CGS and'integrate with information of geological map, digital -
topographic map, river map, etc. to obtain LSC map ~7]

¢ Each LSC has empirical formula to evaluate liguefaction probability and settlement, ﬁj
expressed as functions of earthquake magnitude, PGA and ground water depth

2016/8/15-17 Progress Report on Seismic Loss Estimation in Taiwan 18
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Early Seismic Loss
Estimation
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Necessity of Early Seismic Loss Esti
+ Right after earthquakes, emergency res

NAR
mates

DONSE

personnel of governments and enterprises need

Information to assess severity due to the

earthquakes

+ Once emergency operation centers (EOC)
Initiated, It Is required to assess probable
distribution of disasters a.s.a.p. in order to

dispatch rescue resources

+ ESLE can be auto-triggered by email from
CWB, complete estimation and send messages

to response personnel within 2 minutes

2016/8/15-17 Progress Report on Seismic Loss Estimation in Taiwan
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Benefits of ESLE in Emergency Response

Stage 1 Stage 2

(within 2 minutes) //  (within 6 hours) 4
— Can be auto-triggered by email — Integrate available information, such as
from CWB monitoring data, fault plane solutions,

aftershock distribution, etc, to propose
reasonable seismic source parameters

— Auvoid existence of neglected disastrous

_ _ _ regions through rigorous scenario
— Save time to judge the necessity of simulation

Initiating emergency response

— Complete estimation of probable
disasters and send messages to
emergency response personnel

— Provide estimation results and assist in
centers dispatching rescue, medical and livelihood
resources
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Representative Scenario Earthquakes
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Case Study of Meinong Earthquake
+« Time: 3:57 a.m. on 2016/2/6  « Focal depth: 16.7 km
+ M, =6.4 (6.6) + Maximum intensity 6 In

+« Epicenter: Meinong, Tsaoling, Yunlin
Kaohsiung

Origin Time: 2016/02/06 03:57:27 (GMT+08:00)
Lat:22 93N Lon:120.54E Mag:6.4 Depth:16.7km

26. T T T T 1
o 420 21 422 123 o R R B .
$B3E ¢ EBI0S00GE s %} i
' Hef: w5 &£ 2 H6 H oo 57 |
BER T 3 BF 57 5% 272 T ’
| BB e 2203 [ BAE 12054 B
EiZ REEMELRER 274 A8
G mETHEEE
HEEEE . 167 S8 g 24.0 | d
BIEESEME 1 64 o o
24 BMBREE 3 A%
EFFEEE 6 wiEELE R =
AL S mEiEEm 3 3 230k i
FESE=HP] S4B TERTE 33
BRI SR e 34
L oq E=ET SR EEEEET
EEE SR =P 34
EHH SR EESTEER o 220 - J
RESEET  Mh SESHEsE 28
=¥ 4p EEOEEH 2B m
| =meE 4B BITEETTE 4 gl
22 Emeria 4B EWEAR 4R 0 50 100
gﬁﬁ?ﬁi% 4% g%ﬁzya 1% e : ! : ! iy :
R 4 13 )
EEEAR 4B HMEVME 18 119.0 120.0 121.0 122.0 123.0
FHEELT M HWSEES 1B Longitude (E)
- BN 4B
B : AFERMALE * Flh RS TR T AR 2 AR T S E BRI R BE e w
R R - ]

PGA 08 25 8 25 80 250 400 (gal)
2016/8/15-17 Progress Report on Seismic Loss Estimation in Taiwan 23



Stage 1: Automatic

+ ESLE was auto-triggered by receiving E-mail from CWB

+ Completed estimation and sent messages to emergency

response personnel within one minute

SMS: brief Info.
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Customizable
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E-Mail: detailed Info.

Web Page Wlth GIS map
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Six Representative Scenario Earthquakes Selected by ESLE

within one minute

MEE ,_

Loss estimates by ESLE

Evtl 7 4 e 59 picenter
Evi2 300 45 7 352 7 4 11 Y e = et
Evi3 352 66 11 428 9 6 16 _ s s BRI E J
Evt4 151 16 3 170 2 1 . -

Seismic source must be located
Evt5 159 22 5 186 3 2

on the fault rupture plane
Evt6 750 69 8 827 17 12 30

2016/8/15-17 Progress Report on Seismic Loss Estimation in Taiwan 25



(273,41, 17)

Obtained fault plane solution

Stage 2: Manual

NAR[Labs

= ] 7 = 4 ¥

LR et were significant

(170, 79, 130

by USGS in 1 hour

Seismic source parameters

Magnitude 6.5

Depth 15
Direction 0
Dip Angle 90

Length 25
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6.4 T
15 )~ FMain
110 v %k
90 i | £RE
20 Pl )

[

20 1 ek

o

® Assess the most probable seismic

|
Ao L Sl : source parameters using available data
; ‘ . ALt selebted {\ within 3 hours after the earthquake
= e .'._ X LL'll—— - = s
RN ® |t was noted that the directivity effect
ZEET 1\ E; : .

[]

Aftershock distribution in 3 hours
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Comparison of ESLE and Observed Losses

Besides 115 persons died in Weiguan Jinlong
building, the rest of death tolls was 2

1-7 floor >8 floor Total Seriously Insurance

damaged damaged damaged injured losses

buildings Buildings buildings or died (million NT$)
Lo 236 10 246 2 + 115
Losses
ESLE
Stage 1 348 9 357 12 528
ESLE
Stage 2 210 6 216 6 252

note : Damaged building data was from Tainan City Government by Feb. 25, 2016
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Distribution of ESLE and the Observed

NAR

2016/8/15-17
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Comparison of ESLE and History Observed

Date Time Epicenter M, I?ﬁﬁ:; Eztsilrjr;?:fe(i Cﬁsiltzliiles '”ZE%:E;,%GE;;“S In(Srl:] ﬁiég E% ;ns
2009/12/19 | 21:02 | ~&EE ¥+ 31822 | 68 | 46 | 0(0-0) 0 3.8 (0.1-15.7) 0
2010/03/04 | 08:18 B 2R R 6.4 | 5/23 | 1(1-3) 0 2.6 (1.8-4.5) 2.76
2010/11/21 | 20:31 | F“&E& ¥# %1722 | 6.1 | 41 | 0(0-0) 0 0.0 (0.0-0.0) 0
2012/02/26 | 10:35 BARE o % 6.0 | 20 | 0(0-0) 0 0.0 (0.0-0.6) 0
2013/03/27 | 10:03 % B i= E 2R 6.1 | 15 | 0(0-3) 1 3.5 (0.1-25.0) 0
2013/06/02 | 13:43 % B I=E X 6.3 | 10 | 2(0-3) 5 9.3 (1.3-19.3) 0
2013/10/31 | 20:02 = IR F, RIS 6.3 | 19 | 0(0-0) 0 0.4 (0.3-0.7) 0
2014/05/21 | 08:21 TER Y R 59 | 18 | 0(0-0) 0 0.1 (0.1-0.1) 0
2014/12/11 | 05:03 | 24§ 2 * %7222 | 6.8 | 280 | 0(0-0) 0 0.0 (0.0-0.0) 0
2015/02/14 | 04:06 Ll QP XD ] 6.1 | 18 | 0(0-0) 0 0.0 (0.0-4.5) 0
2015/03/23 | 18:13 | f-&A ¥+ 42322 | 60 | 26 | 0(0-0) 0 0.0 (0.0-0.0) 0
2015/04/20 | 09:42 | % fF# #¢ %6922 | 63 | 18 | 0(0-0) 1 0.0 (0.0-0.0) 0
2016/02/06 | 03:57 Bad 2ETE 6.4 | 17 | 12(5-30) | 2+115 |[252(179.2-545.8) >170
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2010 Jiasian earthquake vs. 2016 Meinong earthquake

ESLE Results

Date 2010/3/4 2016/2/6 Casualties
Time 8:10 a.m. 3:57 a.m. Insurance Claims
Magnitude 6.4 6.4/6.6 (million NT$)
Epicenter N22.97, E120.71  N22.93, E120.54 e, Bif I
Buildings
Depth 5km/22.6 km 16.7 km
= S ® The magnitude and the foca
: ' © ® The epicenters located very
i AT ' @ ESLE predicteo! differences
\ TP YR A
2 ; : ” | cn611i
Eﬁr/?f?f : A
= ey § Q’ i 4
< o @ S e
L1 ' .::. i :
i. 7 =7 E <2 1O
(o i . g
1‘? \'"' + + a . £ 25 -.‘~~ i { @
S S .7 8 o 0 Ll
{ s : Y\
‘ + 0 Sl nj611i wo o0
A ® ) S . ------------- ,"*2'"3 0~ Jiasian
] . ENE
- \g\ (\ o o " Melnong 3
NN e AN | . ‘
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1(1-3) 12 (5-30)

2.6 528.7
(1.8-45)  (179.2-545.8)

~36 ~357

| depth were similar
close (about 18 km)
caused by the two earthquakes
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Concluding Remarks
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Future Development

+ Improve precision and completeness of
Inventory database

& Integrate with National Geographical Information
System (NGIS)

+ Corporate with academia, industry and
government to develop analysis models
& Emphasize the evaluation of system performance

® Emphasize the assessment of social impacts and
economic losses

» Such as casualty, repair cost, restoration time,
required material and man-power, etc

+ Use of Open GIS Thank You for Attention
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