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Qutline

« Ground motion simulation

— Means and methods

— Linking to engineering application
« Application cases

— Taiwan SSHAC Level 3 project

— A scenario earthquake on the Shanchiao fault
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Before Scenario Simulation
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Focal Mechanism
« CWB

e BATS, IES
« USGS
e Global CMT

123

CWB EARTHQUAKE REPORT
Earthquake No.: 107121
Crigin time (Taiwan Standard Time: GMT+8):

9/18/2018 4: 8:18.0
Epicenter: 24.01°N, 121.01°E,

i.e. 35.0 km ENE of Nantou County Hall
Focal depth: 17.6 km
Magnitude (ML) 4.3
Local Largest Intensity:
MNantou County 3
Taichung City
Changhua County
Yunlin County
Miaoli County
Chiayi County
Hualien County
Yilan County
Hsinchu County
Chiayi City
Tainan City
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Waveform Inversion - Strike, dip, rake, length, width and slip
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Slip models
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Magnitude scaling relations of Yen and Ma in 2011
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Distinction of magnitude scaling relations

Compilation of suggested magnitude scaling relationships

Tectonic Regime Reference Source type M range Relation
Crustal Wells and Coppersmith, 1994 All, SS, R, N surface : 5.2-8.1 M-L
(global scale or local subsurface : 4.8-8.1
scale for Taiwan) 4.8-7.9 M-A

Hanks and Bakun, 2008;2014 SS 5-8 M-A
Wesnousky, 2008 All, SS, R, N 5.9-7.9 M-L
Leonard, 2010 All, SS, DS(R,N) |5.0-8.0 M-A&M-L
Yen and Ma, 2011 All, SS, R, N 4.6-7.6(8.9) M-A&M-L
Suduction /oceanic Blaser et al. 2010 All, SS, R, N 5.3-9.5 M-L
Subduction — interface Murotani et al., 2008 Undefined 6.7-8.4 M-A
Strasser et al, 2010 R 6.3-9.4 M-A&M-L
Subduction — intraslab Ichinose et al., 2006 Undefined 5.3-7.9 M-A
Strasser et al, 2010 R 5.9-7.8 M-A&M-L
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Function
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(Retrieved from pubs.usgs.gov)
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. Amphficalton function
+ Non-linearity
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o Fault size,slip vector ( Wave Path
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* Lattice particle methad
Finite element method  ————— Spectral elements method
Finite difference method

Modal summation method \
Ray-theory methods

Semi-analytical methods

Finite volume method

Hybrid numerical methods

Group-velocity
dispersion curve method

/ Hybrid
Empirical empirical-stochastic method
ground-mation Physics-based stochastic method
models Physics-based

extended stochastic method

Detail of the scenario modelled

Mon-stationary

Empirical Green's functions
Representative accelerograms black box methods

/ (stochastic)
Stationary black box methods f

\ Em piriCB| Green's functions {Standard}

ARMA methods
Macroseismic-intensity correlations
Spectrum-matching methods
1930s 1940s 1850s 1960s 1970s 1980s 1890s 2000s

(Douglas and Aochi, 2008)
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Ground motion estimation

Empirical Theoretical

“ Shaking*“ Time history (E, N, 2)
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Ground Motion Prediction Equations

« Empirical regressions of recorded data

« Estimate ground shaking parameter (peak ground
acceleration, peak velocity, spectral acceleration or
velocity response) as a function of

(1) magnitude
(2) distance
(3) site
« May consider fault type (strike-slip, normal, reverse)

Art McGarr, 2006
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Steps for building GMPE

Establish database

Select form of predictive equation
Perform regression analyses
Evaluate uncertainty

Y=f(M,R,P,-)

Y: Ground motion parameter of interest
— M: The magnitude of the earthquake

— R: Distance from the source to the particular site

— P.: Other parameters (earthquake source, local site

conditions, wave propagation path...)

= UBEAPRTEREL =
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Strong-motion data for GMPE - Crustal
For Crustal Earthquake
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What parameters to be used ?

Peak ground acceleration, PGA
Peak ground velocity, PGV
Intensity (Can be related to PGA and PGV)

Response spectrum ( SA0.3 & SA1.0) (elastic, inelastic
at periods of engineering interest )

‘ Ground acceleration time-history

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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Linking to engineering
Response spectrum

An envelope of the peak
responses of many single-

degree-of-freedom (SDOF) ©

0.001

systems with different periods °=

-0.001

x(t)

EE——

PERIOD = 21/m,,

1 E T =1.0 seC w

_ Ground displacement (cm)

1999 Hector Mine Earthquake (M 7.1)

station 596 (r= 172 km), fransverse com) ponent

T, =0.050 sec 0.001 3
/ T T T T

. T, =0.025 sec
210" Ground acceleration (cm/sec *)
0
=210
1 1 1 1 1 1 0
) 1 1 1 1 1

30 50 60

Time (sec)

10 20 40

T T T
0.1 1 10 100
Period (sec)

10 20 30 40 50 60

Time (sec)

DAMPING = {,,

From Boore, 2015, EERI Utah Chapter Short Course on Seismic Ground Motions

Base acceleration
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Probability Seismic Hazard Analysis ] Uniform Hazard Response Spectrum ]

1.Source model and i o) The uniform hazard response spectrum was obtained by PSHA for
zohation 2 the spectral acceleration (Sa) level of each structural period in the
eActive fault same return period.

*Area sources
*Subduction zone

. ANNUAL PROBABILITY o

OF EXCEEDENCE Target prt-f S
Probability
Level

’ Ppl-—
| : s, )
Exponentialmodel Characteristic | 5 (T
2. Source parameter earthquake I PN seecrau
A model —L AMPUITUDE f
s.(T) § (T} Construct Constant Hazard Spectrum

eEarthquake catalog

*Source geometry log.‘\T(m) logN{(m)
eFault slip-rate

eEarthquake occurrence rate AN

*Max. Earthquake

Desigh Response Spectrum

For each specific site you define a
Maximum Considered Earthquake
(MCE) (an event with a 2%
probability of exceedance in 50
years or a T = 2475 years). The
design earthquake is 2/3 the MCE.

'

3. Ground- Motlon !’redlctlon Equation(GMPE)

Calculate the Jl
probability of ground-
motion Sa(T) exceed z, L z
using response O

Period Ty

o

Spectral Response Acceleration S,

spectrum GMPE at
period T, magnitude m, Reckod T
and distance r,
. »
Log(r) Log(r}
Synthetic accelerograms
4.Hazard curve 3 : — -
Use logic tree method to Structral period T %% * A strong motion record with et D -

handle the uncertainty earthquake focal mechanism similarto "~/

% Ca:wtuﬂuﬂ to Hazard

of parameters and 3 Tokal median (§ MCE earthquake and site condition S LI R
models, calculate the - similar to target site was adopted. i
annual rate of 2 P : : H
B 5 Sourcel * The synthetic time-histories kept the w :
ngiizar:iiizaspemm : youroel - phase property of the real time- WVHW'W Pt
' < Spectralacceleration histaories. AR
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Acceleration (m/s?)

GI1S Data base

o] )

RBouguer anomaly

Structure

Active lmlt

M

Eanhquake Catalog

Strong groumnd motion attenuation
Sa(T,) Sa(Tw)

Source model and zonation

» Active faull [l
+

= Area sources |

* Subduction #r m|

Site classes
« Crustal carthquakes &
Subductionzone earthquakes

Period T, Period T

relationship Tor period (T,- 1)
MNote T SalT,) is the aceeleration
e Ty of period T;.

4

nty=myis earthquake

Sl

Source E I Moded U Earthiquak hquake catalog analysis Ground motion exceed w?

model ) | bability
.5 .k i » Adopt M, magnitude | . probability .
Source geomefry 2 . Rtn:‘nw‘fk‘nm;ﬁ:‘xk a:nd' y Caleulate the probability of
« Foult slip-rate ¥ = ) o ground motion Sa(T) exceed z, =
P ’,5 .\\ ’E after shaock o '\_ =in reponse spectrum
« Fartheauke 21 [ + Test for Poisson Model. \ attenuation  relationship  at
Occurrence rate PR » Test for compleleness === period T, magnitude m, and

+ Max. Farthquake distance r,

of catalog

Deaggregation
+ Examine the contribution of every source to hazard
Structural period T

Totul median
hazard

Annmal Probabiliey of Excesdance

Annual Probability of Exceedance

Spectral scocleration

Spectral acceleration

Time Histories Resparne Speetra

Time(s)
300 o]

<9.00 -6.00 -3.00 0.00 3.00 6.00 8.00 m/s?

RspMatch

]

Time s) Period 5)

Conventional way

ﬁ

UHRS

1.200
1.100
1.000
0.900
0.800
0.700

Sa(g) 0.600

0.400

0.200

0.100

0.000

0.500

0.300 &

e RTP=30 yr

A e RTP=475 yr

/ -\ e RTP=2475 yr

/ \ —wtitm

4 7N\ —axemsn |
\

0.01

0.1 1 10
Period(sec)

Dynamic analysiS e Time history analysis Design RS

(Charatpangoon et al., 2014) (Dabiri et al., 2015)
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Acc., (gal)

PSHA - Design response spectrum
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Fig. source: NCREE

R.P.(475vr)
Zoning factor

Site classification

Importance factor

Near fault
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Ground Motion Prediction Equation (GMPE)

Scheme of Ground Motion Prediction Equation
An equation that can be used N, SN
to predict the possible ground- ‘
motion value during future
earthquakes.

Limitation :
1. A fault plane

2. Uncertainty for

Horizontal Peak Acceleration (g)
o

GMPE Model Faulttype, Vs30 \ w
a lack of observed data ——— mean InPGA \
- = = mean InPGA o
| \\F
\
0.01 ..r_m..;ﬁﬁm.,Yrﬁm,ﬂ
10" 1 10' 10°

Distance (km)

g Al EEADRTiERAP T =
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Why simulation is useful to GMPE?

To wunderstand some of the underlying physical
parameters that control observed ground motion and
their variability

To evaluate the effect level of GMPEs that are not well
represented by the empirical database

To address questions for model comparisons between
various region with difference of data completeness

Final goal is that we can improve the results of PSHA

E HIBS AR I iZRAR N =—
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An integral part of building codes in the United States,
Minimum Design Loads and Associated Criteria for Buildings
and Other Structures

ASCE 7-16, 16.2.2. (Nonlinear Response History Analysis):

“A suite of not less than 11 ground motions shall be selected
for each target spectrum. ... Where the required number of
recorded ground motions is not available, it shall be
permitted to supplement the available records with simulated
ground motions. Ground motion simulations shall be
consistent with the magnitudes, source characteristics, fault
distances, and site conditions controlling the target spectrum.”

g Ey (e N Y s W —
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U.S. Guideline

NUREG/CR-6372

"RL-ID—12216 (Q 2117, Rev.
h_lé_lRll ID—122160 US NRC NUREG-2117, Rev. 1

s Muclear Regula
J'a.' it gh-pz‘ drf

‘Recommendations for
Probabilistic Seismic Hazard
Analysis: Guidance on Practical Implementation

Uncertainty and Use of Experts Guidelines for SSHAC
Level 3 and 4

_ Hazard Studies
Main Report

pi
Ser |clr‘1 'I'I d '\ lyszs Commiltes {SSHLAC)
E_ I Bu { ha B, G. J\.rmt--l Hakis, [) M. Boore, L. 5. Cluff, K. I. Coppersmith, C. A. Cornell, B A Morris

Lawrence Livermore Mational Laboratory

Prepared for
ULS, Nuclear Repulatory Commission
U5, Department of Energy

Electric Power Res: L.lnll Institute

Office of Nuclear Regulatory Research

NUREG/CR-6372 (1997) NUREG-2117 (2012)
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SWUS GMC

SOUTHWESTERN UNITED STATES GROUND MOTION
CHARACTERIZATION SSHAC LEVEL 3

Validation and forward simulation:

— Part A : comparison between the simulated and observed PSA for past
earthquakes

— Part B : comparison between the simulated PSA and those computed
using the NGA-Westl GMPEs for mag. and dist.

— Part C: Forward simulation

Addressed four issues: (GMC Tl Team)

— magnitude and distance scaling of near-fault ground motions
— magnitude scaling for HW effects for moderate

— rules for estimating ground motions from complex ruptures
— rules for estimating ground motions from splay ruptures
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NGA-east GMC

Table 1B.2  Summary of earthquake scenarios.

Reverse with a dip of 45
and an average rake of 90°

Zrog (km)

Magnit Length (km)*  Width (km)*  Area (km®)*
agnitude ength (km) idth (km) rea (km’) considered

5.0 2.5 (2.55) 2.5 (2.58) 625  (6.46) 0,5, 10

The simulations were 5.5 5 (5.08) 4 (4.02) 20 (204) 0,5,10

for footwall conditions 6.5 20 (20.2) 10 (10.1) 200 (204) 0,5, 10
75 80 (80.2) 25 (25.4) 2000 (2041) 0,5,10

8.0 160 (159.8) 40 (40.4) 6400 (6456.5) 0.5

Reverse, Mw=65; Ztor =5 km Reverse, Mw=8.0; Zter=0 km
38 . Y v . - " , : ; v . :
H H . H H i *  FngeSim H : Brup=S km
E B b e e B RS T . - g1 5 km
i - i . i i Frup=20 km . H 20 5m
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0 A H . : . ] ! Rrge=40 - - Frigrmtdl km
) H H™ H H Foruge=50 km R T T e I TPSTEE R Y = L
. i ] : *  Pages0im . . e bm
i i - i i - 70 ki . ; ® BT M
| it B T R e S S S ..‘...m“.."‘:. bomiSg ., .. ___; R S
. - . K
; s . L feemim 305" : M. T S— it
H H H Frup=100 km . 1 FrLp= 100 m
382 H H * ! 1 * ten 1 :
e e LI I, . |
i i - i L4 s 1
T | e s 4 ® 38- . 1
: ' e * ot * : {
. 8" i . ! : .8 . :
ars 5 5 5 5 e |
H -' LI " H H BTG Fer i e .. - i i
. . * - - " - b ot v
arh *
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arat- . - w i+ . :
+ .
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-r92 79 -7BB  -TEE -TA4 -T2 TR YTE -TTE TT4 -7 -BO -19.5 -78 -78.5 -78 775 -i7

lan lon

= AL =

SINOTECH ENGINEERING CONSULTANTS, INC.

30



Japan — Regular guide
ltem Before After 2006
Active Fault Active in the past 50 thousand Active in the past 120-130

years

thousand years

Vertical ground
motion

Static ground motion

Static + Dynamic ground motion

Assumed Earthquake

At least M 6.5 10km under the

Based on the investigation

plant results
Design ground |
motion S1, 52 S8
Seismic Classification As, A, B, C S,B,C

Evaluation method

Response spectrum

Response spectrum
+ Fault model

PSA evaluation

None

Recommended to evaluate on
“Residual Risk”
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Flow of Seismic Reevaluation
According to New Seismic Regulatory Guide

(1) Geological survey and active fault evaluation [
(2) Determination of Design Basis Ground Motion Ss
Ground motion by specific source Ground motion by
Selection of sources for examination according unspecified
t:) the types of earthqu:akes source e e [y
. . blind faults —
Ground motion Ground motion ( ) reflected to
evaluation by response evaluation using source Observed ground seismic safety
spectrum (empirical) model (numerical) motion  on rock site reevaluation
_ ¥ - | based on the
Design basis ground | ___refer |  Probability of findings from
motion Ss exceedance the 2007
| Chuuetsu-oki
C. Evaluation of seismic safety of facilities Earthquake
Evaluation of seismic Stability evaluation of basemat
«—] safety of important
structures <
Accompanying events

Evaluation of (Stability of surrounding slope)

important comp-
onents and piping

A
A 4

douepodwi
JO uollealjisse|dn

Accompanying events -

B

(Safety against Tsunami)

w
=z

INOT]

T




1000

Oi nuclear power plant

100 ——

Seismic Reevaluation
According to New Seismic
Regulatory Guide

(1) Fault survey

iy fmnter
T
ri1a T
1) N

~ / FO-A~FO-BNi
7777 ——Ss-2.LtMakm, EEMLA 150, BEME S TN Thi
—Ss-3.bWdkm, EANILIL1SE, WRBMLES | N 1

(2) Evaluation of design basis |-\—— AN

# HEM0" ONEEIL, im0 ELTEELTWSD

o e L1 vaaia
* : RNDRE AL 0.01 0.1 1 10
i) WrRgAciEr B 8 (sec)

ground motion some i

gL Ak

m

)
.
]
3

NS 7/ (Ss—2NS)

(3) Evaluation of seismic safety — FHF : s o4

0 10 20 30 40 50 60 70 80

;"EZ a0 | ik EW A1 (Ss—2EW)
5 | “'i 0

20. Okm(=2. Okm % 10) ] -400

of facilities

14k (=1. 4km > 10)
R
=B

i) Wil
0O 10 2 30 40 5 60 70 80
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Reevaluation of Probabilistic Seismic
Hazard of Nuclear Facilities in Taiwan
Using SSHAC Level 3 Methodology i

Taiwan Power Company

National Center for Research on Earthquake Engineering, NCREE

Sinotech Engineerng Consultants, Inc.
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GIS Data base

Srong motion e -

Bouguer anomaly

Source model and zonation
+ Active fault
* Area sources

L
+ Subduction Az m) SoURCE 1 Arim) [\
zone * N
S e

Strong ground motion attenuation
Sa(Ty) Sa(Ty)

Site classes

» Crustal carthquakes &
Subductionzone carthquakes

= Resy spectrum i
relationship for period (T,~Ty)

Period T

Period Ty

Structure

DEM
Carthquake Catalog

;-

) Note : Sa(T,) is the acceleration

i
A et m)

response spectrum of period T;.

m~mygis earthquake magnitude.

Source parameter Fxponential Model Characteristic Earthquake Earthquake catalog analysis Period T
I itude * robability iz
+ Source geometry i 2 * Adopt My, magnitude | P 3 PZ>z|mr)

Calculate the probability of
ground motion Sa(T) exceed z. =
using  reponse  spectrum
attenuation  relationship  at
period T, magnitude »7, and
distance r;

+ Remove foreshock and

= Fault slip-rate after shaock . I-\

- Eartheauke
‘Occurrence rate

« Max. Earthquake

laghim)

TogA(m)

+ Test for Poisson Model: A
« Test for completeness “5—= = = % =
of catalog

Deaggregation
« Examine the contribution of every source to hazard

Structural period T

Total median
hazard

Annual Probability of Exceedance
Annual Probability of Exceedance

Spectral acceleration

Spectral acceleration

The objective of this study is to develop SSC and GMC models that capture the center, body
and range (CBR) of the technically defensible interpretations (TDI) with SSHAC Level 3
methodology as described in NUREG 2117 (NRC, 2012) for use in PSHA for the study sites.

To complete the Hazard Input Document, HID for Probabilistic Seismic Hazard Analysis and
the development of Ground Motion Response Spectrum (GMRS).
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NOILVNIVAI

NOILYYOILNI

NOILVLINIWWND0d

201508 - 2018 ~

\ Preparation of Project Plan

Technical Staff & Contractors | Assessmentof

[ TiTeam | [ PPRP |

hazardsignificant

——)| Preliminary database ‘ issues
l !

Resource | WORKSHOP 1: Hazard Sensitive
Experts Issues and Data Needs

o
QO
&
@
.
gz
53 :
5o ,I Additional data collection & analysis |(_
= S
S Resource ¥
=
g Experts ™ WORKSHOP 2: Review of Database |_|
& | Discussion of Alternative Models
g Proponent
] Experts

| | Final database

PreliminarySSC and GMC |
models

)

Preliminary HID |

¥

Hazard Calculations and Sensitivity Analysis }

4
WORKSHOP 3: Presentation of Models and
Hazard Sensitivity Feedback

!
’ Final $SC and GMC models

-
S5m0 0 l_ ___________
|

’ Final HID and Hazard Calculations
¥
‘ Draft of Final PSHA Report |<—
¥
[ Review and Finalize PSHA Report k——

‘ Brief Regulator on Hazard Assessment l(—

suonelaidiaiu] siqisusiaq Ajlealuyasl jo sbuey pue Apog ‘18us) sy ainyden
uoue;uéwnao(j pUE SILUSLWISSaSSY JO saseq |é:>guq:)a_|_ '$$8201d DYHSS 10 Malray

SSHAC Level 3 Procedure

Two working groups: SSC & GMC

. SSC: seismic source characterization
.  GMC: ground motion characterization
Procedure

. Evaluation

. Hazard significant issues

. Data gathering and databases
compilation

.- Integration
- Preliminary SSC and GMC models

- Hazard sensitivity analysis

. Documentation

Review of SSHAC process, technical bases
of assessments and documentation by
Participatory Peer Review Panel (PPRP)

http://sshac.ncree.org.tw
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Listric Fault in Northern Taiwan

SSC Issue: branching & complexity in fault geometry of the Shachiao fault (listric fault)

GMC Issue: ground motion estimation from the Shanchiao fault at the target sites

121.3 121.4 121.5 121.6 121.7 121.79

25.35

25.3
253

Strongly curved

252
252

',High-éng_lé._i'ault' \

251

from The Geo Models
https://geomodelsvt.wordpress.com/2018/03/15/pulling-apart

§ (TEM, 2017) Bruce. Shyu Strongly curved
1;.27 12‘1.3 - 12I1.4 ‘ . 1;1.6 122"}“ T
Surface Trace of the Shanchiao Fault Shape of Listric Fault

in Northern Taiwan
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Application of GMPE to Listric Fault

How can we input a proper DIPPING ANGLE to GMPE for predicting GM?

Simplification of Listric Fault Possible Inputs of Dipping Angle to GMPE

A ( )

Ref. case Case A1 Case A2

Dipl

Turning Depth

Dip2

Strongly curved

=
° - Dip1+Dip2 Dip1¥¢” R, 'R,
m e e

(]

2

% Hypocenter A Site

.. Listric ctirvature. =

= : Strongly curved
.. Low-angle fault

= ABESEADPRIFEREMNT =—
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The idea for the Ground Motion Simulation of Listric Fault

Approaches of Dipping Angle to GMPE

GM Estimation by GMPE

Comparisons of Spectral Acceleration

Ref. case Case A1 Case A2 o | =— GMPE(Approachl) == GMPE(Approach3) . .
& A DipT-* Ry -"R, E = GMPL(Approach2) == GMPL(Approach4) Ratio at Each Period
& S
(=] \\ Dip2 -E
A D
L% [
—— —— o — ==== GMPE(Approachl)/GMPE_Ref.
» = s 0 === GMPE(Approach2)/GMPE_Ref.
gx 3 Dien+Dip2 ""’\k Ry 'Rz 5 % -==- GMPE(Approach3)/GMPE_Ref,
W & — GMPE Ref. A e=== GMPE(Approach4)/GMPE_Ref.
N Ul
# Hypocenter A site 485 Period (Sec) 1e)
E ________________ —h-"s“
i EmrE T T A Y T
— _\'_ 5NN
(a) D =
Surface c
Dy || W= Smation & < | ---- simulationl/simulation_ref
£ vy
=
k]
ot 2
(¥a]
- A v Period (sec)
gY :
= o o — simulation Ref.
o N - H oL
8 o
s Period (sec)
Distancomm, “ GM Estimation by Simulation
Settings of GM Simulation
(Resulting GMs are treated as REALISTIC GMs)
= gl @i ADRTRREMT =
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Simulation Model defined - M(Dip1, Dip2, Depth

o

Depth(km)

0

Depth(km)
-20

-10 0 -30
| |

Depth(km)
-20

-30
]

-10
I

=20
!

{

M(70,25,10)

-10
|

N

M(70,25,15)

\

M(70,25,

20)

Depth(km)

Depth(km)

Depth(km)

o

-10
|

-20 -10 0 -20
| | |

-30
I

—?0 —‘!0
/4[>

-30
]

seis)

/<5>

M(60,25,10)

/4>

M(60,25,15)
|

M(60,25,20)
|
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Ground Motion Simulation Using EXSIM

4

1. White noise 2. Windowed noise Modeling of finite-fault effect using EXSIM
e Each subfault is considered as a point source
 Energy release of each subfault is triggered by
rupture front (=rupture delay time)
e Seismic waveforms at a specific station is
o e . e obtained by summing responses of all subfaults
t c) Fourier amplitude d) normalized spectral . . .
[ of windowed noise amplitudes ﬁf In time doma|n
100 1k
] —/ ] -/ e Accounting for GM variations by randomizing slip
: A distribution '
- | *o.01 o Ml -"_| oA
3. FFT 4. Normalization R I'I'F.III III'I"'."I.*_"'“'
Dbl.clbm D.dm D:I f TD 100 O'O%Er:lml 0}}1 0‘.1 i 1‘0 100 !
Freq (Hz) Freq (Hz) a Recording site
10000 _gag:at)ec:ﬂgir;i spect 400 f) acceleration (cm/s/s) f.:. L h_ "H I_11 s
z 1or a“ﬁ{ 200 F
g / 0
E IU“- a0k
5. Reshaping 6. IFFT
'%‘:001 0.01 OI.:I {H|]| 10 100 _4000 5 _:_0 {15; 20 25
req (Hz ime (sec

Point-Source Synthetic

Finite-Fault Synthetic

HIBEADR iz AR =
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Ground Motion Simulation of Listric Fault

* Preserved total moment of two segments is same as reference case
 Hypocenter is located at the center of each plane
e SIM1: rupture propagates from the shallow to the deep segment (30 simulations)
e SIM2: rupture propagates from the deep to the shallow segment (30 simulations)
* Mean response spectra (SA) are averaged from all simulated spectra

‘_\\
@ _ (b)
Dip=70° Surface
100 1 BTN
G
3
c
®
= 1075
€ -
= L D70D255GZ15
=
€3 Listric < m s
5 Ref. Case Fault E
= & -
[ £ ° 210*2 164 ul)" 10!
e
= ' Period(sec)
—20 o

Distanc@(km) =0

Simulated Spectral Acceleration
Schematic Plot of the Ref. Case & the Listric Fault Case Response Spectra & mean spectra
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Ground Motion Simulation of Listric Fault

o coevnd vl = IR BRI BRI
% & Ref. case Case A1 Case A2
5 CASEAT | $ CASE A2 %_ T D,pw.\m\\
o = G =1 = g
L ) Dip2
o o
L o i p—
Z R Y SN
i | i o
ﬁ — — -\‘_ :5-,: — o -\‘_ Case A3 — Case D ‘
£ 7] - = 2 = g »*" [Dipt+Dip2 Dlpk Ry /R,
= . = - - a eugnes —
£ - - £ - - R
T - - T A -
o v

T TTIO T T 1 rrom BEEELLL N L L ¥ Hypocenter A Site
— covend vl — Covnwd v ol
e N
ot o
= CASE A3 5 CASED
wy (4]
8 § ® SIM1
= 1%
= = ® ASK14
woIof i — woof ] e
2 -2 O BSSA14
= d L2 [ @ CBl14
& Ji [ 5 7 - @ CY14

T T o LIELLLL I L) I L

1072 1G] 100 10 1077 107! ) 107 107
Period{sec) Period(sec)

M(70,25,15)

Comparisons of Spectral Acceleration Ratio at Each Period
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A suggestion model to Listric Fault

Then we can choose a proper input of DIP ANGLE to GMPE for predicting
GM & even hazard calculation!

Dip 1
Dip1 ] M

GMPEs
InY (..., dip,.....)

[

ave Dip b

03 02 01 0 01 02 03 04 05 06 0.7
Magnitude Difference
(Mshallow- MDeep)

Dip 2 :

= ABESEADPRIFEREMNT =—

E—J SINOTECH ENGINEERING CONSULTANTS, INC.

44



Source model and zonation GIS Data base Strong ground motion attenuation
i . Sa(T
+ Active fault Strong motion data Site classes (T Sa(Tw)
* Area sources + Crustal earthquakes & A Period T A .
* Subduction fir| m) Bouguer anomaly Subductionzone earthquakes ) ! Period Ty
Zone 7  Response spectrum attenuation ;
relationship for period (T,~Ty)
: Note : Sa(T)) is the acceleration
response spectrum of period Ti;.
BUI DEM m~myis earthquake magnitude.
Earthquake Catalog
Source parameter Exponential Model Characteristic Earthquake Earthquake catalog analysis Period T
model + Adopt My, magnitude ° probability P(Z>z|mir)
+ Source geometry 2 ‘ £ Calculate the probability of o
» Remove foreshock and :
. Fault slip-rate = . . ground motion Sa(T) exceed z, z-
= § after shaock : using  reponse  spectrum
+ Eartheauke 21 @ + Test for Poisson Model: attqmcliatl{_m Te‘?““gimh'p a&
Occurrence rate AN « Test for completeness &= & & w ggtl;nce - magnitude m; an
» Max. Earthquake i of catalog !

Deaggregation
« Examine the contribution of every source to hazard

Structural period T

Total median
hazard

Annual Probability of Exceedance
Annual Probability of Exceedance

e »
Spectral acceleration Spectral acceleration
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" A scenario earthquake on
the Shanchiao fault .
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A pilot project on the Shanchiao Fault

Central Disaster Prevention and Response
Council, Executive Yuan

Combine ' scenario simulation 1 * T loss
estimation, * Tresponse plan.

f & 8

Ministry of Science and Technology

Qe P o

NCOIR

TAIWAN .
v s LA
RAHER R

@CWEEEWt
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Strong Motion Simulation for the Shanchiao fault

Fault parameters
(length ~ strike and dip angle ~
segmentation etc.)

\7

Scaling relation
of source parameters

\7

C p— e —
Okm 10km 20km 30km

Characterized source model
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Scenario earthquake — south segment

1217 122

® Taipel
metropolitan

® Seismogenic
structure from
Taiwan

BEE
[m]

Earthquake
Model

® Executable
case, not a
extreme case
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Scenario earthquake - south segment

« Velocity Structure (Kuo-Chen et a/, 2012) and Topography Model

« High Performance Computing, HPC

= HESADBRITiERAM T ==
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An animation of ground motions for Shanchiao Fault
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Parameters for loss estimation

Bedrock (Vs = 760 m/s)

254° 254° 25.4° . ;
Intensity l’:-:;; (:'i; ::)
PGA PGV : SA0.3 sec
Vil
252° 25.2° 25.°
25° 25° : 25°
121.2° 121.4° 121.6° 121.8° 1212 121.4° 121.6° 1218 121.2° 121.4° 1216 121.8°
25.4° , . 254° 254° . .
Tntensity SA
.7* Int n .t ® SAl.O SeC
m ensity
..e.ﬁ
O-
D5+
25.2° | Ef" = 25.2° 25.2°
4
\ i
\3 ]
%??\ f’w‘ : i !1 o
25" (S 5 I 25° 25°
tkm—=-="’j
0% 10 :
= i i o — ¥ . —
- 212 1214° 1216 121 gw— (2] 2° 121.4° 121.6° 121 ge— (212" 2L e 1206 e 121
' =) SINOTECH ENGINEERING CONSULTANTS, INC, "=

52



Loss Estimation

National Center for Research on Earthquake
Engineering (NCREE)

(Taiwan Earthquake Loss Estimation System, TELES)

National Science and Technology Center for Disaster
Reduction (NCDR)

(Taiwan Earthquake impact Research and Information
Application platform, TERIA)

B S AR TR RARR T =
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Building damage

Road and Bridge damag

Emergency Rescue Road (width > 20 m)

Risk of road closure
Medium
High

Risk of bridge closure

Medium
High

Water
&

Power supply

= HESADBRITiERAM T ==
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Response Plan

National Fire agency, Ministry of the interior

QOERERE [T

Earthquake drills conducted
around Taipeil on National
Disaster Prevention Day
(2018/09/21)

_ '.:'i'ih-Li.zlﬂ" W |
W Jmiwz- e N 4
B

h_-h
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Building

damage

Retrofit
Building Damage
Inspection
continuity
management of
school
continuity
management of
government
Insurance
payment

Key items

Casualties Evacuation Lifelines
Rapid damage e safe evacuation * electricity and
assessment space water supply
Search and  shelters(operating,
rescue diSpatCh, o e|ectricity and
Emergency arrangement...) water backup
medical care * Volunteer
The provision of management
emergency  public order

shelter for victims

Preparedness — Emergency response -Recovery

= BB ADR Tig BT =—
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ShakeOut Earthquake Scenario (2008)

Earth Engineering:w (Sucial Science:j (Pnlicy:

Science: Estimate Estimate impact Actions that
Design physical on social could reduce
earthquake damage J systems losses

I magnituce ((M]DW @aﬂﬂ&]&@ Of | Ear’;h Sciepce in the ShakeOut
thefsolithienniSanyAndeasiFauilt - cenario

e The EarthquakeSource

* Ground Motions

e Fault Offsets

* Secondary Hazards

e Aftershocks

Engineering in the ShakeOut Scenario

e Buildings

e Non-structural and contents damage
e Utilities, Lifelines, and Infrastructure
e Fire Following Earthquake

Social Science in the ShakeOut Scenario
* Emergency Services

Mortality and Morbidity

Business Interruption

e  Movement of Goods

= BB ADR Tig BT =—
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125°W 120°W

CASCADIA \

The M9 project

e Tradition is a single idealized

— Willapa Bay scenario for an M9 earthquake.

e We’ll make multiple realizations
for a scenario, framed
probabilistically.

“Salmon River

Tl ikely length of
subduction zone ° Engineering, SOCiaI, Behavioral,

ruptured in 1700 ] ]
and ECOn0m|C, Sciences.
| Crescent City
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PJapanese :?_NIED

>>>]-SHIS Japan Seismic Hazard Information

Averaged |
Hazard

psHMby || cPe || sEsM || site Amp.

EQ Cat.

PSHM

Subsurface || Exposed Pop.
Structure

Seismic Activity Model -Average Case-, 2017 ||
[

| Miura-hanto fault group (Main part/Kinugasa

b I [Kitatake fault zone}
Magnitude 6.7(Mw)
Probabilistic Model BPT
Mean Recurrence Interval[Years] | 3400.0
The Latest Event[Years ago] 1417.0
Probability of Occurrence in 30 0.01
years[%] 2
Probability of Occurrence in 50 s.01
years[%]

Fault Parameter Display 30 faults

EarthQuakes whose Traces are Hardly
Recognized (EQTHR) from surface evidences

102
102
g
3 10
_E Ty .
RIS .
=
=
106
107
6.0 85 7.0 7.5
Magnitwde
3 B -
Jorunder 4 SLower SUpper Glower GUpper 7 (LMA

Only -Mainr Active Fault Zones are selectable in SESM

=HFEEMBEEES Miura Peninsula.Faults(main:part)
}X5% - JLEHTEE Kinugasa/Kitatake fault Zone

=S N B e
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CURRENT FUTURE

empirical simulation
s 3 ; =]
index _\ - -)
di'stance
} attenuation relation
tsunami
| damage | f
inaax ’
fragility curve In=EF = disaster
estimation

(Hori et al., 2018)
scientific rationality | 2
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Earthquake Disaster Simulation of Civil Infrastructures

=y
=

SHAEHHI

(Lu and Guan, 2017)
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Needs for use of ground motion simulations for
engineering application
* Validation : Quantitative evaluation of the accuracy of the
simulation methods
* Robustness : Similar results using different simulation methods

* Transparency : Someone other than the author can run the
simulation

* Reproducible Results : Fixed versions of simulation software
that are readily available

» Easy operation for professional experts : Efficiency and
universality in practical applications

(Extended from Abrahamson in the 15" WCEE, 2012)
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What else ?

Model development

- Fault, Site and Path

Combination of methods

- Efficient and Systematic

Speculation or Regular guide

- A standard to be followed

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
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Summary

e Ground motion simulation can be a powerfully alternative
way to help to figure out what trend of ground motion
and variation pattern.

e Scenario earthquake simulation for future events is
helpful for revealing shaking level and for hazard
mitigation and prepareness.

e Ground motion simulation will play an creative role in
engineering application in the future.
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Thank you for your attention
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Thanks all coworkers and collaborators involved
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