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TiEERA L ZinEE SR KRR EH?

o X AMIZRIGRE (peak ground acceleration, PGA )

¢

o S AMZFIRE (peak ground velocity, PGV)

x

o ZE (Intensity) (22PGATHEE)

e [ 2FER PR EHRFEEE v S FEFE (response spectrum)
( SA0.3/XSA1.0)

o th S N 3% B IS
b
(ground acceleration time-history)
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DSHA & PSHA

EEZMEREES

Deterministic Seismic Hazard Analysis
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Probabilistic Seismic Hazard Analysis
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. B85 ) + Path |

Building +Site =

Seismic
Statlon

e H!#l!!!!ﬂll! ..

« Amplificaiton function
o Non-linearity

2. -

« Fault size,slip vector
« Fault type
o Rupture character

Earthquake Source

Wave Path

o Crustal velocity structure
% « Attenuation facor
N

Asperity = SMGA
(Strong Motion Generation Area)

Hypocenter
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MEEIR -> BE-> Fit -> BIIEKEALH
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(Retrieved from pubs.usgs.gov)

1 5 Y9 m iz mpa




[ 2 T 32 ] _E 2 &5 8 & 93 o (Source model or Slip distribution)
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Waveform Inversion

y ChiChi 19990921 (M7.7)
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Dec. 26 12:26 earthquake

Station distribution and waveform used 16 stations
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Method — theoretical waveform

e Green’s functions calculate according to the Generalized Ray Method
(Langston and Helmberger, 1975)

e Passband 0.01~ 0.5 Hz

e Sampling rate 4 Hz (0.25 sec)

~\N

Station
A source time function |
5km —
— 1s
2|
Velocity Structure >3 Il s R I s
Vp (kmisec) Vs (kmisec) Density (glcm3) Thickness (km) *
4.19 274 240 9.00 *
6.28 363 210 21.00 ° *
1.98 4.61 330 80.00 °
+ Modified form Wu et al., 2007 °

The sketch of finite fault dimension
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Method — Inversion

()
o

X . — G : Green’s functions

\
0
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i i S : smoothing constrain

b : observed data
S o] | | ] s M | A: weighting value
~ G, Gy Gy X2 Slip on Subfault 2 5: 1?2
S X : slip of the subfault
Hl s é i : time point
| j : the subfault number
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Dowondip Direction (km)
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o L L L

Dec. 26 12:26 earthquake

Slip distribution and waveform fitting

bill 0.652 fitz 0.548
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. L cola 0.860 casy 0.527
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0 ¥, ' 2 pats 1.476 grfo 0.604
- %0 £ 23.7 " 232 \ .
= i "a \ <& - \ /
e - 60 ® WLETTRG, Y
70 i o dzm 1.102 hgn 0.582
- 70 A 18.9 Y < s
80 - . 16.2 /Ay \ - : f \ i
- 8l \ ” = \\ /
90 , snzo 0.924 tly 0.634
100 90 ,\ 275 oS et
=1 - 15.1 - . A \ /
o - 100 N\~ A S
110 T 9 T T T 1 T T T T T » 1 “I
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, - o 205 ', » 236 i o
I T T 1 1 - o
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L 1 | L | ) | L I0 1 | ]
_ 26 _ 0 20 40 0 2 40
Mo = 2.7 x 10%° dyne-cm (Mw =6.9) Time (8e6)
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Surface Projection
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The data in Taiwan region

The number of earthquakes
.
|

4 5 6 7 8
My

Total event number : 19
M=7

Fault type num. eq. @
. M=6
Strike 8 7 @
. |Reverse (13) S
Dip 14 12 ]
Normal (1)

M

H

7.75 x 105 Nm M, (4.6)
~3.79 x 102 Nm M,,(7.7)

Background Seismicity M, >3 (1990-2007)
(Yen and Ma, 2011) % %E;Hug_:_ﬁﬁﬁpﬂﬁi




Characterizing of slip model dimension

N

Z(Dui XWs)

f :Bu — =1
() _

u: theorder of grids along
strike direction

D : theslip of each grid

N : the number of grids
along dip direction

W, : subfault length

W : fault width from slip models

(Bracewell, 1986; Mai and Beroza, 2000)

De — I\/IO /(IULeWe)

f*f :j“; f(u)- f(u — X)du

L=, f* fdi(f*f[,.0)

ChiChi 19990921 (M7.7)
Along Strike (km)
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" (Maetal_, 2001)

A% 343 AR AL




The scaling properties

A slope of near 1/2 for relation
between the dimensions (L., W,)
and seismic moment (M,).

A constant trend for relation
between mean slip (D,) and
seismic moment (M,).

The regression of Mai&Beroza(2000)
has less predicted width.

Roughly, mean slip follows the
regression of Mai&Beroza(2000).

log(We) (km) log(Le) (km)

log(De) (cm)

1

A Dip-slip

& Strike-slip

slope = 0.47

log(M,) (Nm)

=

5]

&
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Seismogenic zone

Seismic Bedrock

(A)Unspecified fault (3 km/sec)

A

|
Short < length of active fault < Long

S

.
‘o s

Seismogenic

| Earthqua L' %! Earthquake | #|
| « 3 : zone

Y Y
Bland fault (B)Specified fault

The bottom of
seismogenic zone
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« Amplificaiton function
o Non-linearity

[[R:3

« Fault size,slip vector
« Fault type
o Rupture character

Earthquake Source

Wave Path

o Crustal velocity structure
% « Attenuation facor
Na

Asperity = SMGA

Hypotenter (Strong Motion Generation Area)
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Representation Therom
ui(t) = X G(t) * Di(t)

Source (Fault Rupture)

J

I
) e
|/ /)

s % Gi;(t)

kinematic source

Path (Wave Propagation)
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Amplitude,

(5

BRI RS - R R

STRIKE-SLIP SYNTHETIC P-WAVE FORMS STRIKE-SLIP SYNTHETIC SH-WAVE FORMS
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2 2
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: *Source ] j\_-_ J\ﬁ k 61& J\ /\ J\/
LodgP | | I 1 NGO 09 M /\ 0o k J\[ N /\?

Reduced travel time, sec.
058 026 14 || 057 8 | oF 2 .
e e '“'Ju\\/ NN
(HEImberger, 1974) N 0.57 ?026 /\!_3 ?0.55 14JN T 069 N f 18
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L7770\ ——
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STATION DISTANCE = 100 km

03cm 10 crr;%e:.

I ::‘--...,___ \"“‘-\____-
T-50sec | ] Wﬂ“ﬁwo Boswe [ T '“AJL?“E?*' """ % sec
Vez0.983 Z | N\)?L = e 7 wﬁr s
P ] 1 P

(Hartzell et al, 1978)
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Source parameters for model 20L2 =21U2

Sierra Madre Fault
Strike 290"
Dip 54°
Rake 75°
Moment (x|028 dyne -cm) 0.7
Rupture Velocity (km/sec) 2.8
Hypocentral Depth {km) 130
Time Lag (sec} -
Model 20L2-21U2
T T T T T T T T
Sierra Madre Fault ~Depth 3 ke
i N )
25 15050

¢

4 km Depth 16km

i i L L 1

First
Hypooanter

L [ 1

(Heaton, 1982)

San Fernando Faul
285°
4590
90°
I.C
2.8
8.0
4.0

H ERith =R RS - BT R R SR

Saon Fernando

Foult r Pacoima

Sierra Madre Fau't

M-

Depth (km)

2

45° N\ / 54°
\

Second
Hypocenter

T T
012345
km

Original
Hypocenter

Mo (%1028, dyne cm)

L2l TRI

e —
I

A
074  naT 1.20
. M\\L_ J\ f paa—

San Fernando Vertical
066 P Waveforms 20L2 -21U2

Nodal Planes

o) ag {

& 54° 45°
A 76° 90° |
§-70° -75° ‘
063 WAL L14

-/\;J/\_ ]

v

-50 sec ——
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- Ground Motion Simulation -

Finite-Fault | 0.38 [sec]

Simulation
Z-component

- 3-D Finite-fault wave
proposed rupture mod e

- 3-D velocity model (Kuo-

- ETOPOL1 topography

- Waveform simulation is done%

cluster (IES)

= ch-I-?lffﬂﬁﬂ:fi


topo_wave.avi
movie/topo_wave_ff_800x600.gif

IRm A VIR BERVAREL - |

Finite element method ~— ———————— Spectral elements method
Finite difference method | — Finite volume method

Modal summation method \
Ray-theory methods

Semi-analytical methods

Hybrid numerical methods

Group-velocity
dispersion curve method
e Hybrid
Empirical empirical-stochastic method
ground-motion Physics-based stochastic method
models Physics-based

extended stochastic method

Detail of the scenario modelled

MNon-stationary
black box methods

Empirical Green's functions
Representative accelerograms

/ (stochastic)
Stationary black box methods ——

\ Empirical Green's functions (standard)

ARMA methods

Macroseismic-intensity correlations
Spectrum-matching methods

1930s 1940s 1950s 19605 1970s 19805 1890s 2000s

(Douglas and Aochi, 2008)
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Waveform Simulation Method in Various Frequency Bands

Low frequency

Direct Solution Method (DSM)
Normal Mode Summation

~103Hz 1-D Earth
Model (Global)

Frequency-Wavenumber (FK)

~10'Hz 1-D Structure
Model
(Regional)

Finite-Difference Method (FDM)

~10" to 10'Hz SIS < Spectral-Element Method (SEM)
Model

(Regional to
Local)

* Empirical Green’s Function (EGF)

e Stochastic Method

Model
Independent

Empirically full
frequency content

High frequency
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Seismology
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+ Path = §
+Site = —op— * <
a
uD =
Bridge Seismic ‘. T
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« Non-linearity

P

!
?\;

s l=
=]
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« Fault size,slip vector

« Fault type
« Rupture character {
rthquake Source
R Wave Path
« Crustal velocity structure
« Attenuation facor
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p=111

B 304

= o —

A - ZBERR I E

Former seismic guide I New seismic guide |

"Earthquake ground motion evaluation
based on the response spectra”
(Empirical evaluation by point sources)
+

“Earihquake ground motion evaluation by fault models’ |

"Earthquake ground motion evaluation
based on the response spectra”
(Empirical evaluation by point sources)
(Reference, as appropriate, to evaluations by fault models)
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Flow of Seismic Reevaluation - 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
to the types of earthquakes source
I ¥ .
Ground motion Ground motion (blind faults)
evaluation by response evaluation using source Observed ground
spectrum (empirical) model (numerical) motion on rock site
_ y _ ~
Design basis ground | refer | Probability of
motion Ss ) ] exceedance

C. Evaluation of seismic safety of facilities

Evaluation of seismic Stability evaluation of basemat

safety of important
structures

y N
\ 4

Items to be
— reflected to
seismic safety
reevaluation
based on the
findings from
the 2007
Chuuetsu-oki
Earthquake

Evaluation of

Accompanying events
(Stability of surrounding slope)

A
A

important comp-
onents and piping

2oueyjodwi
JO uoinedlyisse|n

Accompanying events
(Safety against Tsunami)

A

37
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(1) Monitoring of Seismic Activity (2) Observation of Strong
Ground Motion

and Field Survey of Active Faults

(3) Exploration of
Velocity Structures

Predictability of Earthquakes

Inversion of Rupture Process

Imaging of 3-D Structures

Muacroscopic Microscopic
{Outer) {Inner)

Rupture directivity

Characterized
Source Model

Modeling of Earthquake Source Faults
(Outer source parameters)
(Inner source parameters)

(Extra fault parameters)

Empirical approach

~ Theoretical
Stochastic

Hybrid

Estimation of Green's Functions
{Theoretical Green's functions)
{Empirical Green's functions)
{Stochastic Green's functions)

(Hybrid Green's functions)

Simulation of Ground Motions

Validation by (Ground motion time histories)
Historical Records of @ (PGA. PGV)
Past Earthquakes (Response spectra)
(Seismic intensity)

| Seismic Hazard

GMPEs
Study

Estimation of Structural and Geotechnical Damage
Estimation of Social Impacts and Losses

(Irikura and Miyake, 2010)
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Fig.01 Surface trace of the Kego fault (red line) in Kyushu Island

The procedure
of HERP

Table 01 Source parameters.
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Fig 17 PGV distribution on engineering bed rock calculated by Hybrid simulation.
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ShakeOut Earthquake Scenario (2008)

Earth Engineering:w (

Science: Estimate
Design physical
earthquake damage J

A maghituce (([Mj)) -\‘?o\éé}‘[?&[h@@@ O
the southern San Andrsas Fault
\_'\ N -;'5‘3:"“.;
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Los Angeles . .
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PR Springs

Social Science: 7 (Pnlicy:
Estimate impact

on social could reduce
losses

Actions that

systems

Earth Science in the ShakeOut

* Scenario

* The EarthquakeSource

* Ground Motions

* Fault Offsets

* Secondary Hazards

* Aftershocks

Engineering in the ShakeOut Scenario

e Buildings

* Non-structural and contents damage
» Utilities, Lifelines, and Infrastructure

* Fire Following Earthquake

Social Science in the ShakeOut Scenario
* Emergency Services

Mortality and Morbidity

Business Interruption

* Movement of Goods
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CASCADIA

f W~
5

The M9 project

* Tradition is a single idealized

— Willapa Bay scenario for an M9 earthquake.

* We’ll make multiple realizations
for a scenario, framed

“Salmon River

probabilistically.
T~ Likely length of
subduction zone * Engineering, Social, Behavioral,
ruptured in 1700 . .
and Economic, Sciences.
T Crescent City
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® Traction-Imaging Method (Zhang & Chen, 2006)

» Non-uniform grid (coordinate mapping)

» Modeling internal interfaces and topography
» Requiring less computational resources

4+ Curve-linear Coordinate 4 Cartesian Coordinate

Topography

physical-space computational-space

(Zhang & Chen, 2006)
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Fourier amplitude

Fourier amplitude (cm/s)
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Sub-faults
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Finite-fault HF synthetic

E
E Low frequency range
g 01 . Finite Difference Method
ks Matching filter
é 101 g B ‘|\J\
o0t E Low High o \,“ quf \/\/\,_,/ﬁﬁ_nw-r
r frequency frequency \
0.001 range range \q\,‘l
0.001 0.01 0.1 1 10 100 0.001 0.01 0.1 1 10 100 10°E \/ 227[1igh frequency range
Freq (Hz) Freq (Hz) E Stochasti¢ Green’s function method
10000 e) model and 400 f) acceleration (cm/s/s) 5 |
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Point-source HF synthetic Hybrid method for evaluation of ground motion

Boore, 2003 Fujiwara & Morikawa, ESG5, 2016
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Finite-Difference Method

- Efficiency Benchmark for Traction
Imaging Method FDM-

Grid spacing:
 Horizontal: 200 m
e Vertical: 200-500 m

* Time increment: 0.02 sec

* Resolving frequency up to <1 Hz

* Total grids (x,y,z): (640,416,131)
 Numbers of processor (x,y,z): (8,8,1)

* Total time step: 2500
(for 50 sec duration)

e Total ~2.5Hr for each simulation

Stochastic Method
- Efficiency Benchmark for EXSIM-

Grid spacing:

Horizontal: 500 m
Time increment: 0.005 sec
Resolving frequency: 1-10 Hz
Total grids: 13,216
Numbers of processor: 64
Total 20 min for each simulation
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SRIENE - RIRERLLMIERZ B8t E TIRIRESR . & TKiEsfh. /NEKE
SEMEER AL (Taiwan Earthquake Model, TEM)
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