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Nonlinear shallow crustal effect
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Performance of tall buildings




Earthquake Hazards &
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(GEOMETRIC MEAN)

PEAK GROUND ACCELERATION
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M7 scenarios (Tokyo)

-- Earthquake Planning Scenario --

for Cascadia Megathrust - whole CSZ Characteristic largest M branch - Median ground motio

Scenario Date: May 24, 2017 12:58:20 PM MDT M 9.3 N45.06 W124.42 Depth: 21.4km

-135°

-130°

-125°

-120°
PLANNING SCENARIO ONLY - Map Version 1 Processed 2017-05-24 01:42:50 PM MDT

-115°

PERCEIVED | Notfelt| Weak | Lignt Stong |Very strong| Severe | Violent | Extreme
POTENTIAL | none | none | none |Verylight| Light | Moderate |Mod.Heavy| Heavy |Very Heavy
PEAKACCA%g) | <005 | 03 [ 28 62 12 22 40 75 >139
PEAK VEL(cw's) | <0.02 | 0.1 | 1.4 47 9.6 20 41 86
INSTRUMENTAL I - v v vi )
INTENSITY &
wpon o]

M9 scenario (Cascadia subduction zone)



2. Hazard curves

1. Hazard map l

5. Seismograms

l <
] h

3. Hazard
disaggregation

6 2

%Contribution

4. Rupture modelj

The CyberShake Platform: physics-based PSHA (courtesy of Jordan et al. 2014)




Ground Motion Simulation

- Foreign Cases, USA-——

= Seismic band >
low-order free crustal waves strongly scattered waves
oscillations  mantle waves basin waves

1000 s 100 s 10s 1s 0.1s  period

| | | | | 5

1 I 1 I I -
.001 Hz .01 Hz 1 Hz 1 Hz 10 Hz frequency

tall buildings houses  stiff structures

Earthquake engineering band o

. SCE{_: physics-based deterministic
simulations e e e e e e e, _—————- >
2014 CyberShake empirical
0.5Hz stochastic
High-F fault roughness
modeling | near-fault plasticity
must frequency-dependent attenuation
validate topography
new small-scale near-surface heterogeneity
physics near-surface nonlinearity
. SCE? physics-based deterministic S Hz
simulations pm——————>
2018 physics-based empirical
stochastic stochastic

High-F Project (courtesy of Jordan et al. 2014)



Ground Motion Simulation
- Foreign Cases, Japan-— —
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Probability of occurrence. magnitude, location
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Strong-motion, underground structure
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130 135 1ar s sl

Probabilistic Seismic Hazard Maps

*Showing the strong-motion
intensity with a given
probability, or the probability
with a given intensity.

*Considering all possible
earthquakes.

Scenario Earthquake Shaking Maps

Earthquakes in ltoigawa-Shizucka
Tectonic line fault zone

*Showing the strong-motion
intensity around the fault
for a specified earthquake.

Recipe for strong
motion prediction

= NIED

National seismic hazard maps for Japan (courtesy of Fujiwara & Morikawa, ESG5, 2016)



Ground Motion Simulation
- - Recipe-

ZEHIE Z 45 /E L /= D id &) 74
% (Recipe)

Source 3-D Structural

Observation

Inversion Model

Empirical approach

* Predicting strong ground motions
* From earthquake-source physics to
earthquake engineering

Macroscopic Microscopic

(Outer) (Inner) Stochastie Theoretical

Rupture directivity
LF & HF
Systematic Source Green’s Functions

Models e.g. theoretical,
empirical, stochastic

* Re-evaluation of seismic safety of nuclear
power plants in Japan

* Scenario shaking maps of major active

faults by NIED in Japan
L. Ground Motion
Validation

* A hybrid ground motion simulation (by past events) Simulation
scheme based on Recipe has been e.g. PGA, PGV, SA, SV, intensity
established and applied to practical
cases in Taiwan

Hazard & Risk Assessments

(Irikura & Miyake, 2009)




Earthquake Source

Surface rupture

4

Fault

P

Downdip Width [km]

0 5 10 15 20 25 30 35
Alongstrike Distance [km]

Curtesy of Mai & Ampuero (2006)

Seismic source studies
* Source imaging: infer the kinematic properties of earthquake rupture

* Dynamic rupture modeling: the physics of nucleation, propagation and arrest of
earthquake rupture

» Earthquake scaling: from small to large, from nucleation to arrest

* Ground-motions and seismic hazard: high-frequency radiation due to earthquake source
complexity



lation Methods in Various Frequency Bands—

Low frequency
* Direct Solution Method (DSM)
~103Hz » Normal Mode Summation
Model (Global)
* Frequency-Wavenumber (FK
~101Hz 1-D Structure a Y ( ) J
Model
Regional
* Finite-Difference Method (FDM)
~101to 10'Hz StrﬁétDu(:éijg | © Spectral-Element Method (SEM)
(Regional to
Local)
e Empirical Green’s Function (EGF)
Empirically full e e Stochastic Method
frequency content Model

Independent

High frequency




- Long-Frequency Time History
B —=Finite-Difference Method -

* Governing equations

ov
pa =V.o+f (Equation of Motion)

1 .
8_0' —C: > [VV+(VV)']-m (Constitutive Law)

ot
* FDM of Zhang & Chen (2006)

 Straightforward mesh generation
* DRP/opt MacCormack scheme
* Local operators (easily to be parallelized)

* Traction-image method for free-surface
topography

i_
<
=
<
=]

3-D Velocity Model
(Kuo-Chen et al., 2012)



-Frequency Time History
= Finite-Difference Method -

\_

* Traction-image FDM (Zhang & Chen, 2006)
* Non-uniform grid (coordinate mapping) Topography (ETOPOT)
* Modeling internal interfaces and topography
* Requiring less computational resources

Curvilinear Coordinate Cartesian Coordinate

T

Topography

o

_4— ——L——

Y
Y

§ Topography: ETOPO1
. Released by NOAA

Zh tal., 2012
(Zhanget al., ) *  1-minute resolution (~1.85km)




_— High-Frequency Time History.
— - Stochastic Method =

(Ol ]
. il A,
“rerly n'." *Ilh‘l\{“-,‘“ |t

1. White noise 2. Windowed noise

A Recording site

Sub-faults

M \'v' o b
vl ’) L-'n‘“'ﬁ"“""*‘
. 1 1 1 1 1 1 1 1
0 5 o 15 20 2 o 5 10 15 20 25
Time (sec) Time (sec)
1000 10 TN .
c¢) Fourier amplitude d) normalized spectral Flnlte FaU|t H F Synthetlc
of windowed noise amplitudes
o 100 . E
o o
2 2
'?;1 § 14 Low frequency range
5 10 & 01f . Finite Difference Method
& B Matching filter [
5 5 | ‘u\
s 1 "0'0 o1k 10t , i e I\, e
! F Low High 0 — ) N
- \ "U S
3. FFT 4. Normalization [ frequency frequency N
o1 . L . x 0.001 ¢ L range range \
0.001 0.01 0.1 1 0 100 "ot 001 04 T 0 100 100 \[ 2 High frequency range
Freq (Hz) Freq (Hz) g Stochasti¢ Green’s function method
10000 400 - L
| €) model and f) acceleration (cm/s/s) g [
shaped-noise spectra E 107 |l‘p,ﬁ|‘| ooy
7 100 | 2
£ F .
s L 3 Superposition
El 102} 21+
a o
£
s 001
g
3 0
w 40 103 L PERSTRTE (A L L
. 10 10° 101
5. Reshaping 6. IFFT Hz
-400 ““ | | |

-6
Q001 o1 o1 3 10 100 0 5 10 15 20 25 Leiis ey
Freq (Hz) Time (sec) deterministic Stochastic 0 10 sec 20 30

Point-source HF Synthetic Hybrid Method for Evaluation of Ground Motion
Boore (2003) Fujiwara & Morikawa (ESG5, 2016)




Numerical simulation — computational resources are required

TCuos2

(a) Observed strong TCUO7S
motion data — J"‘"— -q'--—~— TCUO0ES Acoraretien
WA e ~ +— (cmis’)
-

s — -t foeie  Velocity
(cmvs)

2 . 'Cm\ { Displement
TCU129 . = v (em)
- (@ ( \ £

(b) Three-dimens|
source model
TCuo78

PP
N
[ w———— 0.8
] 40 80
Time (sec) (c) Three-dimens|
Shoim) velocity mode

(d) Parallel computing
and PC cluster

(e) Forward 3D wave

N
propagation simulation . "n“m Y
iy

Ground Motion Simulation Framework
Courtesy of Lee et al. (2007)

Computation

Figure 1. Cluster Configuration T

Diskless Clients To Intemet

pcl

PC2

PC3

PC4 §
PC5 §
PC6

4 PCNFS: NFS and NFS root server
PC7 B

i, SennnERee
-

pcg |

Py 8 Storage

pPC10

ety Local Ethernet O

Cluster Configuration
(http://projl.sinica.edu.tw/~statphys/computer/buildPara.html)




ngh Performance Computation (HPC) for
nd Motion Simulation——

Numerical simulation — computational resources are required

Rmax Rpeak Power
Rank System Cores (TFlop/s] (TFlop/s] (kW]

1 Sunway TaihuLight - Sunway MPP, Sunway SW24010 260C 1.45GHz, 10,649,600 93,014.6 125,435.9 15371
Sunway , NRCPC
Mational Supercomputing Center in Wuxi
China

2 Tianhe-2 [MilkyWay-2] - TH-IVB-FEP Cluster, Intel Xeon E5-2692 12C 3,120,000 33,8627 54,9024 17,808
2.200GHz, TH Express-2, Intel Xeon Phi 3151P , NUDT
Mational Super Computer Center in Guangzhou
China

3 Piz Daint - Cray XC50, Xeon E5-2690v3 12C 2.6GHz, Aries interconnect , 361,760 19,590.0 253263 2272
NVIDIA Tesla P 00, Cray Inc.
Swiss National Supercomputing Centre (CSCS)
Switzerland

4 Gyoukou - ZettaScaler-2.2 HPC system, Xeon D-1571 16C 1.3GHz, 19,860,000 19,1358 28,192.0 1,350
Infiniband EDR, PEZY-SC2 700Mhz , ExaScaler
Japan Agency for Marine-Earth Science and Technology
Japan

5 Titan - Cray XK7, Opteron 6274 16C 2.200GHz, Cray Gemini interconnect, 560,640 17,590.0 27,1125 8,209
NVIDIA K20x, Cray Inc.
DOE/SC/Oak Ridge National Laboratory
United States

The World’s Top 5 Super Computers in 2017

JE 78 HPC (6 PFlops)

\ 4 N
iPhone X

X 5,400, OOO The World’s Top 1 Super Computer

) HEL X525 (93 PFlops)
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(Taiwan Earthquake Model, TEM)
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Ground Motion Simulation

121° 122° 123°
Geophys. J. Int. (2012) 191, 126-146 doi: 10.1111/1.1365-246X.2012.05589.x
SRR R Ll
- 100 km
The 1909 Taipei earthquake—implication for seismic hazard in Taipei
NPP1

Kanamori et al. (2012)

PP2 Hiroo Kanamari 1 William H K 1 EEZ and Knn-Eung nh,‘w&
' Seismological Laboratory, California Institute of Technology, Pasadena, CA 91125, USA. E-mail: hiroo@gps.caltech.edu
Taihoku 936) 2US. Geological Survey, Menlo Park, CA 94025, USA
s *Institute of Geophysics, National Central University, Chung-Li, Taiwan
25 *Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan

Hsu (1971)

Accepted 2012 June 24. Received 2012 May 25; in original form 2012 March 5

SUMMARY
The 1909 April 14 Taiwan earthquake caused significant damage in Taipei. Most of the infor-
<o mation on this earthquake available until now is from the written reports on its macro-seismic
effects and from seismic station bulletins. In view of the importance of this event for assessing
the shaking hazard in the present-day Taipei, we collected historical seismograms and station
bulletins of this event and investigated them in conjunction with other seismological data. We
compared the observed seismograms with those from recent earthquakes in similar tectonic
environments to characterize the 1909 earthquake. Despite the inevitably large uncertainties
1 o associated with old data, we conclude that the 1909 Taipei earthquake is a relatively deep
24 (50100 km) intraplate earthquake that occurred within the subducting Philippine Sea Plate
Gutenberg & Richter (1954) beneath Taipei with an estimated My of 7 = 0.3. Some intraplate events elsewhere in the world
are enriched in high-frequency energy and the resulting ground motions can be very strong.
Thus, despite its relatively large depth and a moderately large magnitude, it would be prudent
to review the safety of the existing structures in Taipei against large intraplate earthquakes like

24°

-~ the 1909 Taipei earthquake.
. Key words: Earthquake dynamics: Earthquake ground motions; Earthquake source obser-
121° 122° 123° vations; Seismicity and tectonics: Site effects.

Relocation of the 1909 Taipei Earthquake

* M, 7%0.3 intraplate earthquake
e Seismic hazard
* 9deaths, 51 injuries
* 122 collapsed, 252 partially destroyed

If it happens again in the Taipei Metropolitan Area??



Ground Motion Simulation

——— -source Scaling Relationship——

Magnitude vs. moment (energy) — fault dimension — asperity

dimension — slips on asperity & background areas

Fault area from seismic moment (m,) (Wells & Coppersmith, 1994)

A=4.24x10" xm °

Fault length (L) = 2 x fault width (W) (Geller, 1976)

Summed area of two asperities is 0.22 of full fault area (Somerville et al., 1999)

Area of major asperity : Area of 2" asperity = 16:6 (Irikura & Miyake, 2001)

Amount of slip (D): D gperit,=2 X Dpackgrouna (S0mMerville et al., 1999; Ishii et al., 2000)

For 1909 Taipei earthquake (M,, 7.3, extreme case)
e =54 km, W=27 km
*D =4.32m, Dp,y=2.16 m

asperity



Ground Motion Simulation

\égurce Rupture Parametrization——

Hypocenter and moment magnitude from Kanamori et al. (2012)
* Hypocenter: 121.52°E / 25.28°N / 75.0 km
* Magnitude: M, 7.3 (extreme case)

Bootstrap scheme for possible source ruptures
* Fault orientations and mechanisms

S

 Locations of major and secondary asperities (anamor et al. (2012) NPF:PZ'
: , 02
* Two-asperity approach from Recipe o e
* Possible rupture speeds (Vi p) >

* 3.5km/s (1.0 V), 2.8 km/s (0.8 V.), 2.1 km/s (0.6 V) /

Gutenberg & Richter (1



Ground Motion Simulation

istics Source Model——

Strike =270 deg

* Characteristic source model (CSM) An Example of CSM — >

Distance [km]

* Focal mechanism
* Asperity distribution
* Rupture speed

Depth [km]

Macroscopic Parameters

Longitude: 121.52°E

Location Latitude: 25.28°N oo
Depth: 75 km 0 : 2 . * 5
Magnitude (M,,,) 7.3 Microscopic Parameters
Moment (Nt-m) 1.1x102%0 Background
Dimension (km) Length: 54; width: 27 Rupture speed (km/s) (1) 3.5(2)2.8(3) 2.1
Fault Area (km?) 1458 Slip (m) ~2.16

A total of 432 rupture scenarios for ground motion simulation

Fault Plane and (2)270/70/-90 ) ]
. I (Major) Il (Minor)
Focal Mechanism (°) (3)29/33/128
(described by strike/dip/rake in deg.) Area (km?) ~225 ~81
Subfault Dimension (km)  Length: 1.0; width: 1.0 Slip (m) ~4.32 ~4.32

No. of Subfault Along strike: 54; down-dip: 27 Source Time Function  1-Hz Gaussian  1-Hz Gaussian




Straln Green Tensor (SGT) Database for

nthetic Calculations——

u(rg,t;rg) =M [VG(rs,t; 1)l

* Seismic wavefield:

2RI POEM

Taiwan Earthquake Research Center Newsletter

&t RN B LaEH

TECEHA | E—8| F—&

- BEEMNRBRERR

RS TES  BEENEENESATEEUAERRTAHBRMOE 5 B5ED
SLUEBHERSERERESENEE 2R ENEEENsCER TR HES F5 . BBEY
BRI RS ZE - EEEIMKGENEREI=#REERNMTHR)E  WTR HiFsTEEE
SERHERNTEUEERREARPHEESRRE - TN EBHEEETREN ETERYE
EEEAENMMRESE RS R ENENFZ - S5 -

S FE BRI EB EE T E(seismic hazard assessment)F ¢« SAE 7S

I2EE F22EEEIEENEEEMREE  RAILEEERER

BERAEZENESHENNEES  EEENEEERERED
S

EriE K ZEF 25 (physics-based seismic hazard assessment)g]E—2]

B E DS (SCEC)H TZ E8CyberShakesT = » FIEERBE—F =

—EEBRUS( HBEEE  EURBErEMnS BB I UETE (Graves et al., 2011) - (A+RAXRRMBNERRFEERRIES)
II"(I',I) =M,.I.<7I'G"i(r,l;r',l') SETE

()

« Strain Green tensors are calculated by traction-image finite-difference method
(Zhang & Chen, 2006; Zhang et al., 2012)

* 3-D velocity model (Kuo-Chen et al., 2012)

« ETOPO1 topography (NOAA) Physics-based




Strain Green Tensor (SGT) Database for
“S====-- Rapid Synthetic Calculations——

SGT Database Construction for Taiwan —

o ' 3
- 2286 surface grid points as receivers e
- ~500k source nodes i ," 7
- 3-D velocity model |
- ETOPO1 topography :
Capability of SGT database
- Synthetic seismograms at 2286 surface
locations from any source grid points within | 7
a second on a laptop PC
‘ ‘ 2 < ]
_‘ | | |
: 12‘0“ ‘ I2IIw I IZIZ‘ 120° ‘ 121° I 122°
2286 receiver nodes ~500K source nodes
on the surface to 60-km depth
(4-km spacing) (2.4-km spacing)

Topography (Hsieh et al., 2014)
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Using SGT (accounting for 3-D velocity structure & topography):
u(ry,t;rg) =M H(rg,t;ry)
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Ground Motions
* The PGA distribution from a total of 432 CSM at
NPPs

* NPP1
* Max. PGV 14.65 cm/s

* Mean PGV 3.77 cm/s (£2.52)
* NPP2

* Max. PGV 20.11 cm/s

* Mean PGV 4.37 cm/s (£3.38)

NPP1

__Ground Motion Simulation Result

25 ,

I ]
$090_D020 ! $270_DO70 $029_D033 ! S166_D065

Scenario ID

121° 121.5° 195"
EVT1909 o
h=75km, M,,=7.3
25.5°t Fabel]25.5°
2 20 1215 122° ¥
An example of the CSM for the 1909 Taipei
earthquake
NPP2
30 | 1

1
S090_D020 | $270_D070

$029_D033

S166_D065

Scenario ID
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12(2"E 121“’ E 122.'E

0 50
——— kM
1: Shanchiao fault
2: Shuanglienpo structure
3: Yangmei structure
z 4: Hukou fault z
o] 5 Fengshan River strike-slip structure =
o~ 6: Hsinchu fault N
7: Hsincheng fault
8: Hsinchu frontal structure
9: Touhuanping structure
10: Miaoli frontal structure
11: Tunglo structure
12: East Miaoli structure
13: Shihtan fault
14: Sanyi fault
15: Tuntzuchiao fault
16: Changhua fault
17: Chelungpu fault
z ; Z z
& 3 3
z z
?&:‘ 18: Tamaopu - Shuangtung fault ':(3
19: Chiuchiungkeng fault
20: Meishan fault
21: Chiayi frontal structure
22: Muchiliao - Liuchia fault
23: ('l:mgchou structure
24: Hsinhua fault
25: Houchiali fault
26: Chishan fault
27: Hsiaokangshan fault
28: Kaoping River structure
29: Chaochou fault
30: Hengchun fault
31: Hengchun offshore structure
32: Milun fault
z ] z
ﬁ 33: Longitudinal Valley fault f:j
34: Central Range structure
35: Luyeh fault
36: Taimali coastline structure
37: Northern Ilan structure
38: Southern Ilan structure
T T T
120°E 121°E 122°E

38 seismogenic structures

(TEM, 2015; Shyu et al., 2016)

Earthquake

Model

TAIWAN ﬂ

v

B 38 % (9)

08 1.2

G EA A X BT R A S5 £ LB R AR R R (PGA) KR B R IR $) 5% 2 (Sal. 3) » A
PR A R 8 38 (Sal. 0) » fES0F M AS A F10% 2 7T fe iR By 38 R 5 H 8 -

475-yr-return-period seismic hazard maps (TEM, 2015)




23 F

-based Hybrid Grou_nd Mojcig_[\,Simul_&;_iga:

Source generator: Recipe (Irikura & Miyake 2011)
Low-frequency synthetics: 3D+Topo SGT by FDM (Zhao & Chen, 2006; Zhang et al., 2012)

High-frequency synthetics: Stochastic method of ExSIM (Motazedian & Atkinson, 2005)
Duration: Lee et al., 2015
Site amplification: Class B Atkinson & Boore, 2006; TW-C, D, E Huang et al., 2007

MTN155
slip (cm(
90 o B = -4
A CHY051 10 km
80
70
60
50 wo
40 ACHY118 i HF
30 0_7,.«.‘«”.‘\»\.‘;-.{,,-‘I«J-,‘h;‘ U ’»\F“ W yuﬂ “‘x l.i \Mia 'f ~A * “r m, e ~
T:: 4CHY131 ACHY062 50— B
0 AMIIN155 T T T T T T T T T T T T T T T T T T T | T T T T T T T T
50— «
- Hybrid -
0 W v
A CHY064 \ - L
KAU068 -50— =t
30 B
* T T T T T T T T T T T T T T I T T ] T T T
SiteAmp-
A KAU009
L
120.5°
Validation: | | | | |

2016-02-06 Meinong Earthquake o s 101 20 2 30



. L B A |
Low-Frequency Synthetic
(3-D SGT)

~40 gal —

High-Frequency Synthetic
(Stochastic)

~250 gal ]

T I T T T l T T T I
Full-Frequency Synthetic

23°00'

~300 gal ]

Site Amplification Correction —

| ~600 gal .
30 40 50 60

Time (sec)

One rupture scenario of Chungchou Structure Synthetic seismograms at a specific site
(Class D, V430~200 m/sec)



10° ~= Seismogenic Structures (TEM)
= All Sources
i 5(h & 95|h
10!
102
\,
\.
________ S s e, 5 Pt TRl it . e

107

A number of rupture scenarios for
hybrid ground motion simulations

107E _ Min, med, and max PGA

Annual Probability of Exceedance

: \ -
: from hybrid simulation ‘\ :
105 | i i EN L 3
0.02 0.05 0.1 0.5 1.0 2.0
PGA (g) Scenario & physics-based

Hazard curves at the specific site PSHA
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- WEBREE (REBLE)
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WEZ 8 - BB ES &7 (asperity distribution)
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BRSH- =
S— ’ MEIRIRZS

EfiERZ

HERIBRIE, M, 6.6 EREH
HERHE (Nt-m) 0.83 x 101 WESRE (km/s) 24
ETZRE (km) R:16 813 B%E (m) 1.13
ETEEA (km?) 208 BRI R NS 1-Hz SHTERE
ETEELREEREMEE (©) EE:24; B/ 65 1BBA 1 -90 Asperity

ZfR (km) 6.82

121 | ____122 E& (km?) 46.60
e BIBE (m) 1.97
EIRIFRE NS 1-Hz SHTERE
o IR k] ®it

S 10 15

B @& [km]

25°

BBE [m]

121° 122° 0 ! 2
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= BT HA i B 3 [E #8175 (Kuo-Chen et al., 2012) B2 E1E ith 2 (ETOPO1)1&= U
AN ERAT DA 200 AR

=X BEFTE (High Performance Computing, HPC)

BRI E RS BIRRERE
ESA1EHE + SIRTREE - RIAMERENERE ~ 10 Hz




el i 2 SO AR 1

\ﬁiﬁﬁﬁszﬁi_ﬁi (SR

Shear wave velocity (B) 3.6 km/s
Density (p) 2.8 gm/cm?3
High frequency attenuation (k) 0.05 sec
b=1.0(1-50 km)
Geometric spreading 1/RP 0.0 (50-170 km)
0.5 (>170 km)

Zone Sallow Taiwan ; 80f9-2
Quality factor (Q) Zone Shallow Offshore : 12008

Zone Deep Taiwan : 60f10

PEHE TS EY (Sokolov et al., 2006; 2009; Huang et al., 2017)

[E3AMESE + BIAERE = BIAMEINERE ~ 10 Hz
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e SA1.0 sec
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Q&A

THANK YOU!

Contact Info

0 https://dptrc.sinotech.org.tw

% if ¢ I8 x % FAR] AL O 0287919198 ext 316

@ mchsieh@sinotech.org.tw



For source study

‘What we want”  ‘What we need’ ‘What we have’ ‘What we have’
Source Structure  Instrument Seismogram
X(t) q(t) i(t) u(t)

Representation Theorem (simplified form)

M:[VG(rg,t,r5)]=u(rg trg) | £
Source Structure a
Moment tensor Green’s function
Distance (km)
M,. G are knoV\{nf fmd u — Forward simulation HHE> What is G ?
G is known, minimize Res(u,,., u) - Inverse problem




Loma Prieta recorded

at KEV {Kevo, Finland)
— I e e e e

T
KEV LHZ b
0CT 18 (291), 1989

00:04:15.240 .

200— —

Ground Displacement (microns)

T T T - T T T
—
—_—

P S
200 .
l Surlface waves
s '1'0'"'1'5""z'lé"l"zls""lslo' 35
¥ 1042
Time (Seconds from 00:04:15 UT)
Source Structure  Instrument Seismogram

X(t) q(t) ift) u(t)

[EIeN .

Stein & Wysession (2003)




displacement

nit
1ol Displacement
u(rs t)

L[

t

Depth (km)

‘s Function <> Wave Propagation —
Source-side —H"’—f\f\w

Receiver-side

u(rg & rs)

displacement

40
Distance (km)

* Green’s function: the response from a unit displacement at receiver side

* Path effect (wave propagation)

* Velocity structure (Vp, Vs)

* Density (p)
* Attenuation (Qp, Qs)

* The calculation of Green’s function, G, is necessary for source inversion

— Green’s function can be calculated by waveform simulation techniques
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arameters (Shanchiao Fault) ——

Fault type
Length (km)

Fault dip ()

Depth (km)

Area (km2)

Mw

Normal
54.1

Upper segm.: 60 = 10
Middle segm.: 45+ 10
Lower segm.: 30 £ 10

Upper segm.: 0-7 (£0.5)

Middle segm.: 7 (£ 0.5)—10 (£ 1)
Lower segm.: 10(+1)-13.76 (£ 2)
(Geothermal)

727.1-1764.2

6.85 — 7.24 (W&C)
6.86 — 7.30 (Y&M)

RS RIRIR M

CGS
Normal
30, 53, 83

50 (weighting 0.2)
65 (weighting 0.6)
80 (weighting 0.2)

10 (weighting 0.2)
12 (weighting 0.6)
15 (weighting 0.2)

414 — 1145 (EE R {H)

6.3—7.3 (W&C)
6.6—7.1 (Y&M)



121.3 121.4 121.5 121.6 121.7 121.79

253

25.2

The Shanchiao Fault Traces

251

\ ) . : : i

10y | g
¢| (TEM,2017) =~~~ fRIGERIZIREH
1;1.27 12'1.3 12I1.4 ) “ 121.5 12|1.6 12|1.7

&

£

A B C
(CGS, 2016) (0.2) (0.4) (0.4)

25.35

253

25.2

251

25



LLI el i B = 0 A fk
AR RERE R

Shear wave velocity (B) 3.6 km/s

Density (p) 2.8gm/cm’

Geometric spreading ;153 b = 1.0 (1-50 km)
0.0(50-170 km)
0.5(>170 km)

Quality factor (Q) Zone ST: 80f°°
Zone SO: 120f%®
Zone DT: 60f'°

High frequency 0.05s

attenuation ()
Crust amplification factor  Transfer function of ENA site A

(ENA-A)
Magnitude transform M,; =0.961Mw +0.338 + —0.256, M; < 6.0
equation Mg =5.115 % (In(Mw))-3.131 + —-0.379, M, = 6.0
Stress drop (bar) 60, Mw < 5.5;

80,5.5=Mw<6.5
90, 6.5 £ Mw, including 1999 Chi-Chi Mw 7.6
earthquake

Stochastic Model Used by Huang et al. (2017)
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Mvarson 3% B AING6S 87%
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Mwezx I M ART.O 38%
03 15

Mw 6.0 2%

04 3 O B

Mw 6.8 3%

05 BlL KA G B BHE
Mw 6.7 1%

06 4 47 i A
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07 i i A
Mw66 5%

08 # 44 AT 4tk i
Mwéd 9%

09 < Hi ik %
Mw 6.5 1%

10 3 R AT ki i
Mwe7  10%

11 40 5Bk 1%
Mw 6.0 5%

12 R0 R
Mw 6.2 7%

13 5% W7 %
Mw66  <1%

14 = % Wi &
Mw 7.0 4%

15 & 7 RPET R
Mw6E6s  <1%

16 LB R
Mw 7.6 4%

17 L ET R
Mw7.6  <1%

18 R F3 4 A BTR

Mw 7.0 4% W7 A B AR F
19 Ju H BT
Mw 6.9 15% 0 20 40
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R A E S EMARMZ P B 58 -

F EA%13,15,16,17,20,22,24,32,334% A A7 A i £2 85 P 4L A
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Mw 6.6 2%

29 i# H B &
Mw 7.0 4%

30 {2 A BT R
Mw 6.8 15%

3 AR A AR
Mw 6.2 15%

32 K 4 Wi R

Mw6.4  28%
33 1L RYLB TR
Mw 7.5 1%

34 ¢k LAk
Mw 7.4 10%

35 R 2T Wi A
Mw62  24%

36 K Ji B A kit
Mw 6.7 18%

37 3b T A A

Mw 6.8 9%

38 ) A M

Mw 6.4 23%
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REB201551818

ARNFEEREHRBEZRERREE

&
O1 WLy Bep i &
02 A% 3 1 i
93 03 45k
P 5 be's . 04 3 Wik
10 % % 37 #eh it 05 Jloli & A& ) 3 A5 1 ik
11 43Rk 06 #7477 &
12 304 R 07 #7387 &
13 %5 Wik 08 B 4% AT 4t it
lg ZHETR 09 b pFAlis
15 & wpii & 37 st M
ig ;ﬂ?zfm 38 b E A
L ¥
18 & ¥ AW ;%%mms 29%
20 1B RAER#6T 16%

REA#6S 25% RMABERHTO 4%
RBARGT 11%

REBARTO 7%

REM
2 % HHR
3 RO
e 344 5 Db
19 % bk 35 RIER

36 KRR E 54 i

MERI6S 34%
ABA6.T 34%
ABARTO 20%

21 EBA AR

22 KRR F-XFER
23 P

24 $ACET A

25 %YT 2ZER

26 AL BT A

27 o LA R

28 & Bk

29 M B7 &

30 ‘&M

31 EAE AR
AEANGS 64%
ABEANGT 62%

RABARTO 13%

W g 2 AR

0 20 40

B AE L ERA AR R B S8 -
2 EMEE13,15,16,17,20,22,24,32,33 4% A A7 BA i 42 05 R AL A
(BPT) » £ #2% B+ 48 A 8 #4274 (Poission)f& & »

AEB2015481818




FrKERMAESE
TE :
BHEL AT S ZEBh RUBE ELA SR -

1 ZERE - IIRKERUAS 17IRE3IER
"MTHREFRE/KEMNEREERIAR . - AR
KEP RS 2 T IS (R HEER K EE

8% - HRXEMHBEREE R A FEMEEHRES -

aE | KIREMEBIRERARR 2R KRE
PREL . whERIBIRIE BT S R SR EI B

1. BERUSMARIMEEDR RIFIRERER
2. EERAMERRERERRKER RS
ok ERIBIREREEZERBHKER
1. BudEXKERZMEREEREE

2. WERXEEBBEEZEZEHANHE
3. MEKEEBBRERETREER BB

4. WEBKERRNFEZEBEERM

fﬁj%)—,, e

b‘é Vipsy
HEE

eeeeeeeeeeee




— HXEREN(eE)

20154 th R B FE R B B KR T A KA MR S B KRR R
E,  BAREHELEZARARNSE  ARFES - [§) +roram

(—)tENER R EEE SN
- BEESHAKRMEAMBEHAEMRER  BUMERZEES ABEWE R T L
ERBEASH - TESMIKBIBEMETEEN 2HH N
KK B REREAHZMEXLZEREE - R%ZHRE

BETRERMAT :
- BESEMEREEEN OHRRINRREHBBEER .

T A4 T ARG MRS B -
. BUERANG T SHEESE - SAERNENESEE

5l 2 5 -
P i RIRHR % No.l13
- eI A AMERB ZEZEMEZRER - 104 % 4 A

- BEOMRERR - HEEXRMEAIIEEVSEZIMERSH -




—  ERBEEE

2015F3H18HH FR187 BB X EH A IS#ESKEIH - IR " 56
—EEREKEE ) PEBSEBISFNEIKEKREE— 2015-
2030 il &Rl K 4 9B 1 (Sendai  Framework for Disaster Risk
Reduction, SFDRR ) °

(£EK)

MAREEFEHEEIEE :

1. AR S E E bR

2. MREXZEARAEREE K EER
3. IRE R K LAF K O MY SKBE

4. BB BELGREEE TE - UREZBRETE
A TEMKRVER , ZBR -

2015-2030 flli & iRk S< 4 <8

Sendai Framework for Disaster Risk Reduction 2015-2030

\ d
A A A A4

UN World Conference on
Disaster R|sk Reducnon
2015 ndai Japa




3 R R R A 0 SR ST AR 2 B
S mhREEESEER

{B1E 2 Vs30=760 m/s 55 H

{B1E 2 Vs30=1500 m/s E 88 H

e . R . ey v
| without ESC, corrected to Vs=1500 m/s ; | . without ESC, corrected to Vs=760 m/s
100 1 10°
= | s |
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o, oy
10 10
Rupt di tivit
10-2 L L Ll PR ) AN 10-2 L L Ll L O il S5 1
107 10° 10’ 102 107 10° 10’ 102
Distance (km)

Distance (km)

GMPE: Lin et al. (2009)
Red lines (solid and dashed): Vs30=1500 m/s
Blue lines (solid and dashed): Vs30=760 m/s



