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JATC-635T MRS MELL IR N B =KL :
— RIGME A& ( Far-field records, R > 10 km )

— AIg B4 &% ( Near-field records, R <= 10 km )

- BEEE K& (with velocity pulse) ¢m EsREEE

« FEREAKE (without velocity pulse)
EREERBHEEEEIRENERECEES !
— EfBIRZE S Ot (Directivity)
s ZREIKEREREERERERIKIVAIER
— H'E (Baker, 2007)
* If asite is located near an asperity in the fault rupture, the
waves caused by that asperity may produce a pulse at the site.
* Constructive interference of seismic waves passing through a
complicated earth structure such as the edge of a geologic
basin might also result in velocity pulses.
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1979 Imperial Valley-06, Brawley Airport
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-50
50 1999 Chi-Chi, Taiwan-03, TCU122
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Bulletin of the Seismological Society of America, Vol. 97, No. 3, pp. 1486-1501, October 2007, doi: 10.1785/0120060255
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s B2 Shahi and Baker £
B EREETHR
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R BUAIEHEALRESS

LFIERVERIS

‘||

— REIKETS1Z ( Pulse Indicator, PI ) [EEEAXHR0

— REIKEE

u ;ELZH,F“EH:E
FZ B 7 Fi% X 2R

Amplitude

(EABNEL 1A
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|Gaussian wavelet
of o‘rder 1 .
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1,.'; a

d (c)

C, = / Mdm <
=00

iy

Daubechies Wavelet o
order 4

Y A/NVRB R E]
C(a,b) &/ ViR 14 E]

Morlet wavelet
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Velocity [cm/s]

200 (a) Original ground motion
Largest wavelet coefficient
0
-200 1 | 1 1
200~ ) Residual after 1st coefficient is removed
2nd-largest wavelet coefficient
O \ ’ v \‘V -
-200 L I | 1
2001 (€)
Final pulse using ten coefficients
or > 7
ARG AREH
_200 1 1 | 1
2001 (d)
Final residual ground motion
=200 - | L 1 | L 1 | 1 | [
0 2 4 6 8 10 12 14 16 18 20

Time [s]
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( Shahi and Baker, 2014 )

— PI=0.938(0.76 — PC — 0.0616PGV)(PC + 6.914 x 10~* — 1.072) — 6.179

M ,=\I::I

— PC = 0.63PGV,4tig + 0.777E atic 200 — ,

180 . Non pulse.-like I
- IDGVratio = I:)Gvresidual / I:)Gvoriginal 160 —— Glassification boundaty . ‘l
140} o TN
- Eratio = Eresidual / Eoriginal % 100| *
£ v
. FIEFXER FERN
— PI > 0: EEEIE &l
40}
— PI < 0: AEEE 20—
00 . : 1 . 15

Bulletin of the Seismological Society of America,

NGA West 2 Database, 242 Pulse-Like Records

Pulse-like ‘

Principal Component (PC)
Vol. 101, No. 2, pp. 742755, Apnl 2011, doi: 10.1735/0120100090
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— Mavroeidis and Papageorgiou, 2003: ¥ FH 8B K BI2KE] &

— Shahi and Baker, 2014: ¥ /) B} R ELRV P/ OMB R RG] &

— DIREREEENEL ERBERE] E

157

14

0.5 ¢

Amplitude

Time

Shahi and Baker, 2014

150 a
o, ] _[27fe 5 ‘
floy = A 3 1 + cos —1 cos(2xfpt + ).
100} /
N
_ LR
% 50 /N
= | [
o AN / \
2> 0F&” \ ] \ -
s W N
o \ /
L 50f \ !."
\-J‘ Record
-100+}
— = Model
«++ Gabor
: -150 ‘ - -
5 6 7 2 4 6 8 10
Time (s)

Mavroeidis and Papageorgiou, 2003

12



= [E k&= ER

@s

Z ~

=S

HAYEEER

e IR {ERE

R [E k@ aviE
HiATEE |_.|
iR iR B [z FERE
I {5 /Y 28 HA

R [E Rk iERYE
Hﬂjtﬁﬂ ) B3
B EEIEE
EI’J 715 HY 22 K

Bulletin of the Seismological Society of America, Vol. 97, No. 5. pp. 1486-1501, October 2007, doi: 10.1785/0120060255

T, from wavelet pseudo-period

20

10

0.1

O @) <P g
C O O @ %/D/
O O O p
o 86,?
O s
O ééx
o o~
O , 7O
&e
C &,

%f

&

~

O
0 e
-
~
-
-~
/
P 91 near fault record with velocity pulse
Pl L L P T L L L PR R |
0.1 1 10 20
T, from peak of velocity spectrum

13



EE Ik EAYIEE

1 £ 3ih B2 7R AR Y e 1%

o HERIEBA
o] gE 5| BLRY LR

R

s KEBDHEVEE
EEHERER K

Al

N

JE Bk &1 EL {5 8H

R0.6F0

Ty (s)

10

0.3

O  Observed pulse period
Fitted function
— = Tp=0.6sec

o Shahi and Baker, 2011
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s Shahi and Baker, 2011
TR

SS Plan View

.. epicenter

P(pulse) =
1+exp(0.642+0.167r - 0.075s)
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s Shahi and Baker, 2011
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DS Side View
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. hypocenter

P(pulse) =

1+exp(0.128+0.055r - 0.061d + 0.036 1)
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0.7 r
a = 0 : fault parallel

o =90 : fault normal

0.65

0.6
0.55
05}
780 0.45 -

0.4}

P(pulse at o | pulse)

0.35 &
" O  Data(SS)

03t Fitted function (SS)
)e(?ﬁf%c’g“ X Data (NSS)

0.25 - — — — Fitted function (NSS)

270 D,E 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 60 70 80 90
Fault parallel

o (degrees)

Chi-Chi Earthquake, TCUQ75 Station
Bulletin of the Seismological Society of Amenica, Vol. 101, No. 2, pp. 742-755, Apnl 2011, do1: 10.1785/0120 100090
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1992 Landers, Yermo Fire Station. ground motion.

Original ground motion
100 Original ground motion 120 = = = Extracted pulse
0 Residual ground motion
100 [
=100 ! ' ' ! ! —
£ 80
g 100 Extracted pulse 9, :
= % :
S VA 3 oo [
g > : :
< = : R 1 T from wavelet
= -100 E a0 b E 1 analysis
100 ¢ Residual ground motion "z
20 :
-z
o . ! gfpﬁfomspm‘mi velocity
_1 ] 1 1 1 1 1 1 ] ] 1 ] ] L 1 1 ]
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Bulletin of the Seismological Society of America, Vol. 97, No. 5. pp. 1486-1501, October 2007, doi: 10.1785/0120060255
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— Shahi and Baker (2011)

— Shahi and Baker (2013)

— Bayless and Somerville (2013)
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oee P4 [z FE L SR 22 1% 21 — Shahi and Baker, 2011

|
~—

* P 4% JE ik &7 AY
12E:EJE'|_' 152=18 T e gromne molon s

esidual ground motion (Sy)
12 Hoo EE E,J ,b 1E ;K ----- Ground motion model prediction
AT SB[ FERE
i 2= (% ZUAS

10 ¢

Original ground motion (Sa,pulse )

In Sy puise = ln(S“;’;Sf’ Y
RS2
[z &L 5 4E

0.1+t

= In(Af - S7).

Spectral Acceleration (g)

= InAf + InS7.

%E’J%’”" L S
/9 InSgpuse = INAS + 105, g \
0.01 - R BN
0.1 1 Tp =4.05 sec 10
Period (s)
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2 fEGE R 22 {% 21 — Shahi and Baker, 2011

5E 14

| |
~—

= Shahi and Baker, 2011

1.131exp(-3.11(In(T / T,)+0.127)*)+0.058 if T <0.88T,
Hass = 0.924exp (-2.11(In(T /T,)+0.127)*)+0.255 if T > 0.887,

Individual records (only SN shown) {b) w01 < 30) degrees

{EI.:] 10} ===Ddean amplification of all records 10l m w30 <= o< 60 degrees
. = =Fitted function - o = 60 LiEJ_-rees
g 3
4 & &8 5
= s 4
= 3 = 3
= e = & .
= £ -
Z < 9t

a =0 : fault parallel
a =90 : fault normal

025 04 06 D81 2 3 4 025 04 06 081 2 3 4

.J.”.]‘I /T,

» AEILEIRYEEREERZGHUARERAKRER
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nE8 M iz FERE 5 ¥ {% 21 — Shahi and Baker, 2013

*RAXREZEENEBIREL MRt EE)EER (Campbell
and Bozorgnia, 2014 ) BIc S ZEE Ik E IR RETHEE
[ fERE R ZE (% B Amp

InSa;; = f(M;, R;, T, Vs30,, o,.. )+ Liirectivity - (NAMpP(T,T,) + 1; + €;;

. 2
InAmp(T',T,) = boexp (bl ([n (Tz) — bg) )
P

by = 0.72,b, = —1.10,b, = —0.19.

‘m
Y A

B ey HOE 20811 - SadRFIROtDSOM M i 5
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Amplification Factor

= Shahi and Baker, 2011
= Shahi and Baker, 2013

T/Tp
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— Bayless and Somerville, 2013

[ 1E|N§AWest§'|‘%5|E%FE'|z”zﬁﬁﬁﬁ 2 A [E Ryt E E)
VT L B 5 TE R B S I e s s Z{% 20 (exp(fy))

In (Sag;) =In(Sa) + [,

fo = (Co + Cy * fyeom) * Tep * Tay, * Tyy
Hh

— Sagyi: BREHFEHEREINEE

— Sa: RAERWHGEHRIEINZEE (RotD50, FN, FP)
— fp: BRI O HFREE

— Cpand C: EHAABREREEUMAE

— fyeom: BURERET

— Tep: EERERZERF

— Ty REBERAREREF

— T, FUARAZEET
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Strike-Slip Rupture

HESHBHARSVHNEEERTE

Down-Dip Rupture

Strike-Slip Dip-Slip
RotD50 FN FP RotD50 FN FP
Period Period
(sec) Co C1 Co C1 Co C1 (sec) co C1 Cco C1 Cco C1
0.5 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 0.5 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
0.75 | 0.000 | 0.000 | -0.080 ] 0.055 | 0.000 | 0.000 0.75 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
1 -0.120 | 0.075 | -0.225 | 0.110 | 0.015 | 0.000 1 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
1.5 |-0.175 | 0.090 | -0.300 | 0.135 | 0.030 | -0.025 1.5 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
2 -0.210 | 0.095 | -0.325| 0.160 [ 0.050 | -0.040 [ 2 [ 0.000 | 0.034 | 0.000 | 0.056 | 0.000 | 0.030 |
3 -0.235 1 0.099 | -0.365 | 0.185 | 0.070 | -0.045 -0.033 | 0.093 | -0.034 | 0.120 | -0.034 | 0.080
4 -0.255 1 0.103 | -0.390 | 0.205 | 0.080 | -0.050 4 -0.089 | 0.128 | -0.092 | 0.142 | -0.110 | 0.120
5 -0.275 1 0.108 | -0.410 | 0.215 [ 0.090 | -0.060 5 -0.133 | 0.150 | -0.115| 0.160 | -0.175 | 0.150
75 |[-0.290 | 0.112 | -0.420 | 0.220 | 0.100 | -0.070 75 1-0.160 | 0.165 | -0.122 | 0.165 | -0.195 | 0.170
10 | -0.300 | 0.115 | -0.425] 0.225 | 0.108 | -0.071 10 |-0.176 | 0.179 | -0.125 | 0.170 | -0.200 | 0.175

FN: 2 ELERT)& TR FP: ~F-7TH )& /717 RotD50: 275 Y E
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Strike-Slip Rupture

fgeom (S, 9)

= log,.(s) * (0.5 cos(26) + 0.5)

Y/ N

Strike Slip
4 Eail
|1
L1
‘o e
:% 2 /”/
E e
//
0=0 3 3 B kb b okhommpE ...:2
10 10 10
s (km)
1 =
0.5
O- b b
0 0.5 1 15
(260)
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Down-Dip Rupture

Dip Slip
4. :
fgeom(dr RX) ///
— log.(d) * cos (R, /W) O 1)
= ///
o 10 10
d (km)
117 : ;
g s / \
<
% 0
0.5

05 0 05 1 15
Rx/W

—
o T
—
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Strike-Slip Rupture

Tup

Tep(Rrup, L) = 1 for——<05

=1 — (Ryup/L —0.5) /0.5 for0.5 < Ryq,/L <1

=0 for Ry, /L > 1.0

Down-Dip Rupture

Tep (Rrupy W) =1 for Ry, /W < 1.5
=1 — (Ryup/W — 1.5)/0.5 for 1.5 < R,/ W < 2.0

=0 for Ry, /W > 2.0
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Strike-Slip Rupture

TMW(MW) =1
=0

=1-(65-M,)/15
Down-Dip Rupture

TMW(MW) =1
—1—(65—M,) /15

=0

for M,, > 6.5
for M, <5.0

for50< M, <6.5

forM,, > 6.5
for50< M, <6.5

forM,, <5.0
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TCD (Rrup: L)

TMW (Mw)

Strike Slip
1
0.5
0
0 0.5 1 15
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rup
Strike Slip
’
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0
4 4.5 5 5.5 6.5

Dip Slip
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§ 05
E
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=~ 0
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fp = StrikeWeight*(fp serike) + DipWeight*(fp aip)
DipWeight = Q1Rake/90
StrikeWeight = 1 — DipWeight

-
]

sec, Mw 7.5, Oblique Fault, Lr 90.1571 km, Wr 24.5471 km, Dip 60 deg. 15

-
1]

sec, Mw 7.5, Oblique Fault, Lr 90.1571 km, Wr 24.5471 km, Dip 60 deg.

8

8

15
8o} | 14 ol % _ Epicenter
L 1 13 L
Ty ' 1 112 s| 1 112
20| 1 {11 200 1 :
c ol e ol - |, c ol T | |,
20| | {09 20l | {09
4o} 1 | os 40t - 08
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N/S (k)

100
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-01
0
=0
-50

lllustration of the calculation of Bayless and Somerville directivity for a

multi-segment dip-slip fault, FN component, T=5s. Large red star is the
-100 real hypocenter; smaller red star is the pseudo-hypocenter. Each
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