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Abstract

Coseismic velocity reduction has been considered to be mediated by perturbations of
stress and strain conditions in the crust and/or increased permeability/porosity of fractured
rocks within the quake-damaged zones. To investigate potential changes and causes in
crustal strains and rock properties of areas impacted by the earthquake ruptures of the two
recent large events, Jiasian and Nantou, (Mw > 6 and focal depth > 20 km) occurring in the
south Central Range of Taiwan, we construct empirical Green’s functions (EGFs) from
cross-correlation functions (CCFs) of continuous ambient noise between available station
pairs near the epicenters from the short-period Central Weather Bureau Seismic Network
(CWBSN) and the Broadband Array in Taiwan for Seismology (BATS). The temporal
variations in seismic velocity perturbations are estimated by measuring the relative time
shifts of late-arriving coda waves between short-term and long-term stacked EGFs.

The resulting EGFs at 0.1-0.9 Hz show the statistically significant coseismic velocity
reduction immediately after both the events. The velocity drop is detected most
pronouncedly from the pairs with the interstation paths traversing through the hanging-wall
block of the ruptured fault. The sensitivity of surface wave coda arrivals to shear wave
speed in the dominant period range of 3-5 s is confined within the depth of 10 km, where
the crust mostly experienced the coseismic dilatational strain change induced by the slip
distribution from the finite-fault models. Compared with the coseismic slip distribution
from GPS data and finite-fault inversion, peak ground velocity, and slip-induced
volumetric strain, we suggest the coseismic velocity reduction associated with these two
events is plausibly caused by the induced dilatational strain in the shallow part of the crust
above the blind thrust ruptures.

Key words: noise, cross-correlation, coseismic slip, static volumetric strain
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3% (mode) #7 ¥t & i S e (eigenfunctions) ;5 w,, & H # #c & 47 5 (eigenfrequencies)

B B HPEE - SpeAsT FE RS
v(r,t) = Y Uy (1) (@, c0S8Wpt — by Sinwp,t) . (2.1.2 %)
5 Bh2 B cfe kS AR F 2 frg s 3 B — v e (impulse) % rp 8 B a2 % ik B

VAT

11



G(raTp,t) = Ty D sin(w,,0) H(D), (213 3)
H ¥ H(t) % F#$ SB(Heaviside function) » 4 BFRF 2 f FE B 20 R A EFEL
R - s v (9 R AR s
GO (1,15, t) = Y U (T2 U (1) cos(wpt) H(D). (2.1.4 %)
Fehod ANBaRlabd i BAFEGFIIAAMEL TP Gkt kdficdk w2
C (1) = (W(re, Ov(re,t +1)), (2.1.5 )
Hod () N4 T 3% (ensemble average) - #- (2.1.2 54) & r (21535%) KB E
ERCNY S LR
Ci5 @ = Znm tn () um (') X
{{apam)coswytcoswy (t + 1) — (@ by, )cosw,tsinw, (t + 1) —
(bnay)sinw, tcosw, (t + T) + (b, b, )sinw,tsinw,,(t + 1)} =
F? (@) Yo U (T U (TB) cos(wp,T), (2.1.6 34)
H7¢ F(w) 743 3% R (power density) »

— By B304 B FCA ST 0 L mode ¥t e B R IRAE R 5 T

F_‘-

Bt m AR M R G

(anQpm) = F28,m 7 (byby) = F?8,,, 7 {(anby) = 0.
Wb B (21655 T
(1) = F2{GW (rp,15,7) + 6P (1,15 —1)}, (2.1.7 )
B t A AT APM B E OB B AR A A A4 R o
T>0FAE AALGT B BIIcFr B T<O0RARS BES 4 AZEE T -
TREEHR I R 2P R A Y DR B eI AN S

i@ g > AR AR S L AEF I AN EELRE > 24 T
12



(Interference) »cfl > ¢ & 3 RERXPF H> P REY LS e Rz

0° 2 180° *fig >~ )T%‘u{?i:a‘_ii‘ S RREARS I R B A R W & Rk

Wik A A il B &8 BBy [Snieder and Wapenaar, 2010] (%] 2-1)

H

|
o~ — —$_—
z Z.95 f
tl)-l o
2 Z
(333 w H
&2 &z ¢
& £ 00 i
= & ’
(=) (=)
z z
= = 05
10
RECONSTRUCTED
SIGNAL

Bl2-1s Az @l i T Rl ApM SRR, TG EM BT B
(@cBsmEhLs G MEE g E > QO k7 0 Xyfe Xp 5 FBfTiplzk o
D) XpfrXp2 B2 72 I ApMEL SRR REFE S &b %> $¢ RRATFHE
T A REREF R (I AP £0.65 P RSk RikSadEk T A G
IR SRR S B G(ry, g, t) M E f R SRR S B G(ry, 15, —t) [P
Snieder and Wapenaar, 2010] -

212 kg F i

PR OE R - e G4 T LA TR A R i B o d ST
PR RSN AT EEAT B 0 @ TR A TP e B ) ()
2-2) - Snieder et al. [2002] &7 f £ T &R R TR FIREREA DS £4¢
B BB AR RO o g I E ) IR R (50°C) vHR R K (45°C) T
Pk EaL > B0 REFATH PR AR A R A LA hFA) (B 2-3) - Aki and

Chouet [1975] 1 * %3+ R A B RIFZ F B ahk il (Q) ¥ > &E- HiF

13



oY B OF A 495 o Jin and AKi [1986] BRI E B ) # Bk gk R 5 BAE R
e » FR 1976 £ A LA B2 1075 E4 8K B2 © fd s 58

o,
FOME o 2 {8

FIFL S I A R RGERNT PIITE AR SR e

-l

fe SR IREDN L iR PR XL R F 4p enfi i o Lauterborn etal. [1995] % 4 1
FHRNF K TR R DS EACH S R GRIE I E AP T 0k ehF
WHPTHRAFARG pRFH R CFRAF X P FEFIP ATIEREEL - LR
A L RH S s RIARY NEREEAT M RCA LT R B
g it & [Poupient et al., 1984; Grét et al., 2005; Snieder et al., 2002;
Brenguier et al., 2011; Rivet et al., 2014] - 2 ™ 4245 Snieder et al. [2002] 4% & 4 +
WP EREFAEI| RO REFES N HE

Bk AL b Pk 5 Uy, M ¥TF TR BES P FE SRS (Feynman
path summation) &n#k % 7+

Uunp (t) = Xp ApS(t — tp), (218 3%)

B P8 BRATEEE- E I AHE S tp s SERE P I Ap 2 AREE
ety 5 S(t) R ERAPM A H L £ - (21.85%) I 7F 4 ik 7R T Tt R
AR War R AT P oA B ol e cnii o g o

BACH RN R R R P gt Ok BT R T EERE ) T o

B ie (mean free path) B > R A @ JFA0E 405 % R TG 7 AL Lvg > & Rt A)

uper(t) = ZP APS(t —tp— TP) . (2-1-9 «’7\:)

F_*-
i
e
i

SRR R AR ) Tk SRR ST E S

14



T ’ ’ ’
RED (t,) = ftt—+T Uunp (t )uper(t' +t5)dt (2.1.10 5%)

\/ff_ZT U2 €t [T wper 2Nt

HP a5 o RS e F AR B N pE ¢ 5 ¢ 0 3K A 18 A 4
B FER i A T R R R F R W 2T R Rt RIS AR RS
Po ok F B FRER o (2185%) 2 (2195%) A r o RED AT REIER I AP
B e 4 4o (double summation), Yppr o F & 7 FEEFE AN FAL G N A - K
BT en2 4p B4 & 508 (diagonal terms) (P = P')» 2241 & 3038 2 3 PRSI 3
Ap BE 438 (crossterms) (P # P')- Bk # RS en2 3 4p M t£ 5 3 — 3 (incoherent)
1o Hfg o TIOLHENT & ?’r‘};L AL o (2110 V) e E 5

1) ~ Ype) ApC(Tp—ts) N
R (tS) Zp(t‘T)AIZ;C(O) ’ (2111 X )

B9 Yper REATF EAARRAGER AR HAFT LT IFFT I M S
Heehifo o C(1) 5 BiRABLhp pM o lie > 47 5
Cm= [T St +0)StHdt'. (2.1.12 %)
FRFBFHR T [ MR B Pl REPF T USROG BER S
(second-order Taylor expansion) # 7 C(t) = C(0)(1 — —wzrz) He @? R4 BT
PI)iE PG FeS AR aHE S5 E o Fpt (2111 5T FHE S
RED(t) =1 —~@%(T — t) %)), (2.1.13 1)

Bo () en P ETF BRI FREFEAFTT P FRGE-T,t+T) T35

o F t= (D P RED(E) 7 pld+ @5
Ry = 1 —-@%?, (2.1.14 )
27 of 5 PIpFEE g R R (variance) o Flt T U FEd s Al kX T

15



PEIg R cnTIoEIIE R o
FEKPE DS TIORTE RILT eR B TR RS (T) ) =0 X3 H

is s{kf‘]'—évl“' B vif%lli“l‘g ’}’7‘&}?'11;;1‘_6 257 0n & s{ﬂr‘]‘—qﬂmﬁi 1] vt P ) i

l 3 SNt

KOG Y FR e o | S SO B SRR PIDIEIE S R B R T LT 5] 4

T -

B
L (2.1.15 3*)

Bl LAHEBF @i Tap d BT (transport mean free path) » % % B yEE 2

de a3 BIRILE S h TSRS ¥ (21148) 2 (21155) f AT @

2
=

max

52 =(1- R(”)) (2.1.16 5%)

AR B AP 7 R A B g A R B G - ¥ e Svo
PLt ik en TIPS (1) = — () 0 RS TIFF C Mo 2 s L

PR AT PR RSP o =00 R R8T AP S Bl i D] ek S

e ST

v_ @ .
~Z = ——h, (2117 5¢)

16



2> Strong multiple scattering

gbo ® o Os
d % o OOOOQ Op
0.02 0.04 0.06 0.08 0.10
t(s)

Bl 2-2~ Bk S EAUBIRT AR o Bl = F
B % ABERLAER, 2 AR AR E @é?ﬁﬁ@ﬁﬁw@%&@ﬁ@
425 [P~ Snieder et al., 2002] -

1.5 ¥ -

0.5

2.0

-1.5 ; : ' :

0.0 0.5 1.0
Time (ms)

Bl 23 ¥EFRREFRPEATEHLABEAPERRN o nd BES AUk L

BB 7 50°C e 45°C ek e+ A Bl N2 EER R+ T 2 B
HAA PR L RE LAP R P EFIFG AP RL RS .

3V —JF% L

[~ f Snieder et al., 2002] -
17



22 FTHfch AL

221 RFLBHAT

FTAHIMALHT U BRI P RANEY RLFEE0 2P > d Pk g%k
T pF LR ¢ CWBSN (Central Weather Bureau Seismic Network) &% #p 3+ & i (Short
Period Seismometer) £ > % % 4F & 2 4% BATS (Broadband Array in Taiwan for
Seismology) % #f# & & (Broadband Seismometers) #7ieékenid T4 (B 2-4)
(221 H?¢ i ik * SI3 BARBE > #3001 Hz 2T e 5L 7
SR R R R STS-1-STS2 ¥R B E > AR FEMTRT > R EPhic
(B 2-5)o B4R 2L 5 5 £ 100 Bho A wl i # 5 E 5 BPFR % (48— & TR

PSR BRI T A LA 22 £ 230

222 EBxmfibadki

FARLET AR PRLETTH > CEBLFER AL SDTIOE AR
B2 R E PR ] A i e

SO ETRIS I W RTRE S BE X hd TR 600 §) 5 H - B
#5200 f) 4 Wl B A BE ] ART BT fM S8 (R 2:6) -

B is#-F BALT NCHK PRI B IOV FHE 5 - p a3 4pM Sl A

ETIRN

FRIMMELRF > 50 Prdle RS SR T REDPE iS85
TR A BALE OEGE A F R IR MG (White spectrum) o #U i 7 e AR iR L R
it (whitening) o ™ 2 & pFRE I E - X Gk AR iR £ > BT 1.2 B

AT H L R F FHEEPHE M AR A 24
T



223 $FEARFRISEKLR
Pk A R FSEBMB DR R AR LA F S

FRAPIREF Henier 2 18> 1% LI MEE g - RRESRSE
P BB RAERIUEL A R BAR RAER Y S AL E AT BlERAE
iR o T ZESRFE SR S F R G e D LR - R
PSR -

AT T AR e SRk S A R TF R F R R TG AT
# A& i %4 f 4R35 dic (Reference Green’s Function, RGF)» % % 7 it { 48 Zeip]
Fep PR dficilc] 81 AP Edied X B CCF 22 L pF il fp 4o i
1 RGF cp b i (B 2-7) 0 AR B 347 R 2 BT g § chdpde < Hic o
B fs NP EFE e 30 % fs 2 (8 kBRIl L 4k S B (Current Green’s

Function, CGF) (] 2-8) -

2200 T g e RFEE AN TR o

EQ Network Instrument Sampling Rate Time

CWBSN S13 100 sps 2009-9/2010-6
BATS BB 100 sps 2013-1/2013/10
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F2-2~ T ihg R PIHEEFR

£ R (°E) ¥R (°N) £ & §e(km)  * #&
ALS 120.8133 23.5082 2413.4 60.4974 358
SGS 120.5906 23.0804 2775 17.2891 367
SSD 120.6401 22.7443 148.3 25.9879 284
STY 120.7657 23.1607 639.7 21.8631 254
WTP 120.6223 23.2436 560.3 31.5844 343
CHN1 120.5284 23.185 360 30.12 368
CHN4 120.5939 23.3512 205 43.8318 350
TWG 121.0799 22.8176 195 41.51 365
TWL 120.5022 23.2638 590 38.8576 333
ELD 121.0251 23.187 1040 40.224 347

%23~ PP RBPIHETEFTH

%2 CN) £ 2 g (km)
SSLB 120.9540 23.7876 516 15.8229 312
TDCB 1211583 242527  1308.4 40.5646 289
WUSB 1211175 239919  1522.4 12.2732 298
YULB 1212971 233925  376.1 56.9386 313
VWDT 1211412 23.7537 2559 18.6674 309
CHGB 121.1740 24.0602 1846.5 21.7604 294
HGSD 1214239 234921 104 59.0841 318

DPDB 120.9262 24.0335 650 19.4154 148

20



120°00' 120°30' 121°00 121°30'
24°30'

24°00'

23°30

23°00'

22°30'

Bl 2-4~ Fm5 i n pleb e Bis- B AREATE o R d BIRES = 4354w
RAT B g R Pl ¢ AR ES FIBAAS RS RL BITRE -

BorPNenp BAam;, %d B RAREZE

21



a

Ap@1.000 Hz = 1.41425082529637 A,@1.000 Hz = 383127838.263678

100 3 1024
10-1_ { { { { L 101_
@ @
-g 102 g 10°9
- +—
Q 1094 L o 1071
= £,
< 104 i I I I = < 104
-3
10° 10
. . : : L ; ; : :
103 102 107 100 10! 108 102 102 107 100 10! 1
180 : 180 . . ; ;
120 120
@ 80 ® B0
2] 7]
_CCU 0 © 0
da
o o | | | | o o
120 | | | | 420
-180 ' ' ' . -180 : : . :
103 102 107 100 10 10% 102 102 10" 100 10!
Frequency (Hz) Frequency (Hz)

BI25 -SIB3RBEE () #STS-1p R (+) T A RELDRE -+ B :&F
.j‘«

FRT B 5 - S13 p RAE S 5 1Hz ;s STS-1 p #X45 5 5 0.0028 Hz -

22
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F T T T T T T } T T T ] T T T | T
T 1-day continuous record I v }
- . FEB' 24 [(055), 2013
T windowl 00:0000.000° |
w ~? overlap
S M 600s
>< -4 L 1 1 ‘ | 1 1 | | 1 1 | 1 I ] | L
0 2 4 6 8
X 10+4
15 ! | ' I ! [ | [ ! [ ! | ! [ ‘ [ f
1-day cross- ioh function (CCF)

-10

( 10-4

i

| SSLB
l

T
i

-100 -40

Py
-20

B 2-6- 1 Fl:¥paddrps it

7 LF o F RALE 2 600 455 B E - =

#6200 BT I AMEL o TRIGE P ATFART I APB Sl 4 T 91
o
100 1 L L L 1 L 100 L " L L L L L
0.95 £ 095
5 0.90 3 0.90
Q 085 © 0854
E 0.80 —E 0.80
S 0751 e 075
g 070 | g 0704
S 0657 F5 0654
T 060 & 0.60
£ 055 £ 055 ]
=] o <]
© 050 A F© 050
0.45 A [ 045
0.40 T T T T T T T T T 0.40 : : - - ; ; - -
0 5 10 15 20 256 30 35 40 45 50 55 0 5 10 15 20 25 30 35 40 45 50 55
length of stacked window (day) length of stacked window (day)
B 2-7~ dp4eh b % R Hhadkc (COF) 2 E P frde2 4% fath o #kc (RGF)

AR B TR BBl TR o
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D-WTP.2010.0274.cof ZZ.owh.nd.d —
C-WTP.rgf.cof 7Z.owhnd i

\*ﬁv

Fl2-8+ e 30 p i fo ot (i) #E PR des £ ftkade (8) 7

B -

224~ 2% RSB b o

EQ Type Window Overlap  Threshold Whitening Frequency
Jiasian CCF 600 s 67% S.D.(1.2) Yes 0.1-0.9 Hz
Nantou CCF 600 s 67% S.D.(1.2) Yes 0.1-0.8 Hz

224 EpAERTOER
B AR bR BT RS Y AT k0 R R R

ELFAFT AL o b T EHY LMD | B REHR RS T

N

FrEEd e g d - BERARFEINFESAGFER > Sd TEREDEARTT L
BFER > M- FrE ek lEBERER T OB R o BEE TP R
BAAHBEOFERTEST AT GEREL > BT EDNHLE TP m
Mk g EFE (B 2-9) -

B il 24345 Wegler et al. [2009] 1 * &+ HE R P & M,6.6 375
BERRCEINNEHREAPTTER 100 £/ 2 i8R * hERER o d 3 a ik
pREY R TIELAFEEFIRS 95 9023 96 2022 50 K4 B

Bk nd FEfh  GEBEABRERS G BIEL SR AP Y 15001
24



SARARERT FERZEABEE (5022 0 5 8045 1T 604)) (H2-10) -

BB R Ae R 2-5 0
Input wiRdow length.

1.0
0.8
1
i 0.6
1.0 e N —
0.8 i ¢ Use the coda window — RGF
0.6 oo ) - — CGF
04l : ¢ with the highest c.c. value.

1.0

0 10420 30 40 50 60 70 80 90 100110‘12&]30140150160170180190200

] : A
| Time Moved by 1 s.
Start : First arrival with max amplitude
after the direct surface wave.

B 29 EPEAFFE>ZTLR - TR ZES L H 4 RGF & CGF
Ephit = jd 2y P RN MFALEAWRET R P FRFRELSE
AP 975 CGF &2 RGF AP e crps 7 & 4p M T2 e

4 T T T T T T
[ I

? SSLB-WUSB.symm.sac _|
4 0
=27 40+
< T T T T T |

1 SSLB-YULB.symm.soc —

0_ '
i .
- 5 40
>< 1 | 1 | | I | I \ 1 I 1 ‘ L { | I |

0 20 40 60 &0 100 120 740 160 180 200

Bl 2-10~ EPEARETT R AT LB o F B SSLB-WUSB #Fie5 5 28 22 »
# 60 f kPR E LA T B SSLB-YULB =% 5 56 22 - # % KR
80 #J -

25
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225 B4R ERY RAREET 2R E o
PrITTS)

E g (A=)

AP M i

Bl BE

CHGB-HGSD

CHGB-SSLB

CHGB-TDCB

CHGB-WUSB

CHGB-YULB

HGSD-SSLB

HGSD-TDCB

HGSD-WUSB

SSLB-TDCB

SSLB-WUSB

SSLB-YULB

TDCB-WUSB

TDCB-YULB

WUSB-YULB

CHGB-VWDT

HGSD-VWDT

SSLB-VWDT

TDCB-VWDT

VWDT-WUSB

VWDT-YULB

85.71

34.1

19.83

17.62

38.13

59.38

T1.17

40.68

22.37

19.14

22.96

23.56

46.42

31.38

20.94

28.32

13.94

31.33

21.22

18.89

165.71

94.7

79.83

71.62

118.13

139.38

157.17

120.68

102.37

79.14

102.96

83.56

126.42

111.38

80.94

88.32

73.94

111.33

87.22

78.89

26

0.7331206

0.8879341

0.9231488

0.8639932

0.8029519

0.8998209

0.7284148

0.8522858

0.9239273

0.9177147

0.9180021

0.8967490

0.8524396

0.9459124

0.9123160

0.8675210

0.9292399

0.8612059

0.8865389

0.9093367

70.36800385

37.58110428

21.29185867

9.49539471

74.97919464

62.37511826

90.54434204

06.55834198

55.45619202

28.08648682

56.02643967

29.08964348

96.19794464

68.84201322

34.09152222

44.80438232

19.43283081

55.18714142

26.47696877

43.04622650



2.3 BRI HIFRS D E

BR#AENFTERAESFE ( )ha 4 % (homogeneous) » 4§ ¥ & F 7 5 RS A% £
AR E (6r) ﬁﬁ,éﬁ—’x o4 %}K&,ﬁkfg‘%ig“ FIPEF SR Se B
Appsesrrgagr o @ S —(‘1—") (GER 2.1.2 &) -

Ed XTI LBNEAFFFERS =Y » EREFF S RGF e
CGF thE 4 il 4 & » £ 1345k b & £ cnF|PF T ML ® fF 4 47 7 # 33 &

BSEPER S bl t4 o

BRI AV AEAAH AL AL EYRY D225 T ApH R
(Cross-correlation) » 4+ = 2 f 3 5L/ b A% Kk £ A F 3L hdp AR R
(Similarity) » 58 7 $7ec 2 ¢ 2 — SRUBLIGA P 570 k3B A ¥ k) dn i i
# (Correlation coefficient) o % 4p b % #cE D&~ & > H 4 THRBI DR S PFFER TS
WHAPFL c AP R BERT I IGEHFZEPRE D QLT EERRER RS
SR s AT ARAL
231 BEART LR HHE

Poupinet et al. [1984] #& &1 # & 3 ¥ < = #g3# /2 (Moving Window Cross

Spectral Method, 12 ® f§ £ MWCSM) - * %3+ 5 €453 BRI & 2l chd Pk £

Mﬂ

(

HEH L e BRI R R

_L,N:L

CINETE

Bk x(t) & y(t) » % % & CGF fv RGF #1if B~pF fF § ek L2050 > B4R $ 1
PR 2 2 3 4p M ¥ (Cross-Correlation Function, CCF) % :

Cry(67) = [x(®)y(t + S1)dt. (2.3.15%)

Bx(t) & y(t) &I E w3 2% (Fourier Transform) 3 #7 & 3 2 47 3% A v

27



X)) EY(f) %7 0 Bl R HEH (cross-spectrum) &
Sxy(F) =X(OHY*(f). (2.3.25%)
T Sy (f) teds AT 5 fiendn o p; L AR 4 o S P A OT B (AT AT A
p; = 2n(5T)f;, (2.3.3 5%)
ey 4t f; T LB R B DB ST AR §F R el 8 2m St R G
BB AR AP RS ST At A KR B RAEF T A - RS
FRFLFRE &n RERE DA L(R 2-11a) - Flt diw fFA PG F
A A, A R F f; T - 3k 1 (Coherency) Wi TR AR L E @ TEE W
[Brenguier et al., 2008a] :

_ |Sxy(fi)|ci2
P — 1-C? )
i

(2.3.4 5%)

_ ISxy(Fol v

Sy ()| 22 5 F B AR 0T 2 42 (Auto spectrum) vt E o @ SUBLA P i 5 o

WA
E (4’1 afi 0)? e
Es; = \/ = ;‘{\1‘1 izfi , (2.3.5 7%)
He gk S BF R TORGHAR o ¥ S fi M TR E AL S 2m(6T) S M 5 Mfriw

BF P il JE T
MWCSM E_r# # 4L % ch= 5 k £p) CGF & RGF chip 4 pF h# > 124
(233 )L B FEL b FBHBEART P RO PFRLE ST L RFBH
AT TR R APRLERT BEE By B TR G REF LG T B AR
&
T

&g

k'

)
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Ap T d AEHE D (W 2-11b) - 3 AR BmFL By b

2
_ 5 2 _yN 2 _dr

E(ST/‘E — 3N 1TT2 » O5p = i=1(6Ti - 67:1) /N, 6‘[1 o X T,

= l

Hod NSBERT Bl o5 5 APFHS ST RN L > 6T, 8 67, A B[R A5 [ B
BERT AP RS R RS TR E > BEL S A KT LR TS
T2 4T o
2.3.2 P5kE

.38 7% (Stretch Method) % 8 %) » i & 4f & BRI PNES SRR
JRSGEPE T b1t #c % RGF L) 15 » 82 P [ % CGF £ 3 4p B e »

IS FENERREMLR 4 f]&{#ﬁ B 2 #ck < @ [Sens Schonfelder and
Wegler, 2006] (@] 2-12) -

ERIET o P R TS, LY T35 RGF A& A Tk RS

N2 ot , 2 4 ~ ~ - . ~ ~ X 2 g2 2, 2 8
ok RSB gL y(t) A5 AR AF A M) iR 71] ’

B AEPE T CGF kit x(t) A h# g e enk ¥ 128 & [Duputel etal,,
2009] :
x© = y(c(1+2)). (236 1)
Fi AR L1 PE A ik RN COF 4n 4 RGF i fRps F i de £ 5 & 2
i A M o CGF P I i R &5 o
d RRILE & 2 RAGUEL B3t B K & B 45 RGF {v CGF ehip B i diepf &

EATRBFTALE R F - ARG B PFF BE- R o F RGF FIpF 5 7; (k%

@RS A AF RS DA By = ,(1+2) » Rl E & B4 RGF
AR H T BRIRGY L AP A B+ 1) (BEAES fr
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Tjp1) TEHI IR IS P 4 B
x(t) = yj + je1 — ¥/ 6tz (1 + %) -7]. (2.3.7 5%)
B St LEBEBETRFE (0.01s) & - 23502 0.001% 5 ¥ = > fe| scspend
sv

B Th#é_it‘%é&‘{ﬁxé it 252 17 600 = E E o P2 RS RS

—-03%~03% -

a
( )w | S |
% | G| g
gz = i
] v
2 "2
S ] |
] | | | I I I I
1 1 1 L
— 2
] L w;
& y £
= e~
b
_§ 2
aal = =1 . e . ._
® o 0 o *
] 1 I 1 I I I l
02 0.4 06 08 nd z - 08
frequency(Hz) ' ?r'equency(H'z) '
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-28 =26 -24 -22 -20 -18 =16 -14 -12 12 14 16 18 20 22 24 26 28
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0326, SSLB-WUSB, 17-81, length= 10
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0531, TDCB-WUSB, 21-85, length= 10
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HGSD-VWDT 0.01975 0.0369374
SSLB-VWDT 0.0988571 0.0402591
TDCB-VWDT -0.126784 0.0103501
VWDT-WUSB -0.0703214 0.0684984
VWDT-YULB -0.101571 0.0181475
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232 a6V HRHE- B THERLE B AT A 3L
Station pair 6/2 2% Stretch
CHGB-HGSD -0.0084655 0.0011657
CHGB-SSLB -0.0525081 -0.0768394
CHGB-TDCB -0.0947399 0.0071586
CHGB-WUSB -0.105849 -0.0563934
CHGB-YULB -0.0071096 -0.0529416
HGSD-SSLB -0.105197 -0.0354938
HGSD-TDCB 0.0987167 0.0251006
HGSD-WUSB -0.0672937 0.0565608
SSLB-TDCB -0.142974 -0.0966332
SSLB-WUSB 0.0504221 0.0693382
SSLB-YULB -0.0379187 -0.0079663
TDCB-WUSB -0.100843 -0.0801996
TDCB-YULB -0.0230357 -0.0436727
WUSB-YULB -0.123905 0.0096455
CHGB-VWDT -0.115433 -0.0436062
HGSD-VWDT -0.0480501 0.0147716
SSLB-VWDT 0.022271 -0.0918826
TDCB-VWDT 0.14725 0.0875215
VWDT-WUSB 0.0525428 0.0186751
VWDT-YULB -0.0489408 -0.0571834
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%33 a3 T E6IHRERNE-BIPLEZTIHERLE VR - B 5=

5
AU L 3T B PR R S A A 31 EE 3D RNART SRS

Fu s R E

Station pair 3/27 %% Stretch 6/2 %% Stretch Distance (km)
-0.0074298 -0.0084655
CHGB-SSLB 0.0277007 -0.0525081 37.58110428
CHGB-TDCB -0.140036 -0.0947399 21.29185867
CHGB-WUSB -0.0495791 -0.105849 9.49539471
CHGB-YULB 0.0153978 -0.0071096 74.97919464
HGSD-SSLB 0.0138929 -0.105197 62.37511826
HGSD-TDCB -0.14925 0.0987167 90.54434204
HGSD-WUSB -0.087899 -0.0672937 66.55834198
SSLB-TDCB 0.211572 -0.142974 55.45619202
SSLB-WUSB -0.143528 0.0504221 28.08648682
SSLB-YULB 0.175683 -0.0379187 56.02643967
TDCB-WUSB -0.15025 -0.100843 29.08964348
TDCB-YULB -0.0246069 -0.0230357 96.19794464
WUSB-YULB -0.0586141 -0.123905 68.84261322
CHGB-VWDT -0.0211428 -0.115433 34.09152222
HGSD-VWDT 0.01975 -0.0480501 44.80438232
SSLB-VWDT 0.0988571 0.022271 19.43283081
TDCB-VWDT -0.126784 0.14725 55.18714142
VWDT-WUSB -0.0703214 0.0525428 26.47696877
VWDT-YULB -0.101571 -0.0489408 43.04622650
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FEC ST S R TR AT R LIR A B R A g AR Aot
PR EENEUE ERE o M B2 S AT R MR RIS AR S
XS BRE L R Ak B4zt 4 4 7 et [e.g., Takagi and Okada,
2012] 5 3 BUTAR B BB F e BAM R A A H L B SRS R ET K
# [Nakata and Snieder, 2012] ; o R #5142 Rl i #F LR R R HHoR 5 & A
LA g R R0 2 BT ok =+ A [Yuand Hung, 2012 & 288 F]E - 5 @4
PEATERITIP RER B PG APFETRY DA e L LRI A&
REPEFFEFPHARERT A R R AT Rt R L DT RF

Bool Rk R aih A B A G P EFRAFLHUARREERR D3

B4 Tl e PP & B~ 3= & 4vid B (Peak Ground Acceleration, PGA) 12 %
GPS P R¥F 2B EF RPEEPI TR XL FHFHr R H B HEE N T

Lo

41 FEAPEER

0B RlaE RERSCEHNFRRR PFERER > AP R Y Kimetal
[2005] 1935 F 3 & R en P 4o S L BIpF g e o7 K17 chf 47 & oz i BT 0 4
FHET U g HE R RBICR e TR - E R o Bd 3 kR ERRE
BRitme AP EF AR okfikd#icd ? A4 34 (Fundamental-mode
Surface Wave) z_fsea g » FIpt AP A d o A2 P ipdE B ohB i 1T 4

REREAFRES - [PlEd TLa AR AHT I RER - BaospR A
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B 47 (Sensitivity Kernel) » ki i kgt B pFer g B 10 L 0 BT 4 @ B ar @i
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31042 B » Flpt AP E 3454 ~TH 2 1044 ¢ e B &
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F,x R Rt 421 ivsrmde o B AR RS 3 7 AT RS AS F
#% 1% 2 BT R HIT A B AR EETTR [Yu and Hung, 2012] © & 0 3R E BT A
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421 BEMFRPRER LN
T 4395 Rivet et al. [2014] B3k s T o B A T HRE RS RAE
B2 MBI EERE -

SHpkE B LTS Iy BR penddic 720
H .
b= |p. (4.2.15%)

B(421:N) 2+ B p RHELE TR L
inp = (3) (np — np). (422 %)
B A AL PR BB 0 B A ST T
L2 (4.2.3 3)

BAAE A FTP o MW R SRR L ant Gl R R R ] S 4

Bl B R RE LB GT AT S
g:_:—a—p:——, (4.2.4 %)
AR LA AR AR o] oA AR B R kR A
el ’mj—%p s P EBRA v AMA D K 5 WA s (bulk modulus) 5 & 4 g d
FOHRA Y RSB RS 8L T
5P = —K¢& . (4.253%)

BRAFTER ¥ T4 GRS 2B AR AT ORBPET LT G

=38 % 57 [Goes et al., 2000] :

B _Hsp, (4.2.6 5*)
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A0 =2 (423 5) (424 %) & (A25F) B r (42650) 0 B4 pE R

10T 4 SR S ke

%t -e, 4.2.7 5

3 5 .
B=flr-£]. (4.2.8 %)
A 33 Ry p FEH 122 /B [Goes et al,, 2000] » sk ¥ FR AL
PR B2 4T PIFEIARE AT ERLCEWF IR TN R

%~ ¢, (4.2.9 3%)
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