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3 Shear Wave Front
4 Backward Directivity
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! Directivity Effect
2 Forward Directivity
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1992 Landers Earthquake - FN Components

LUC JSH
114 cm/s

175 cm

10 sec

YaA

S Slattal p 5g0e S0 yts g e o Sloj dzsu )b adlge LUC g JSH o] ;o ey &8 1 0 & sloo 165, -F S

o IVFl wis o oy 2ol s sso JuS
L sl sl 5o Jlo sl ooy (Sl 00 s
A8 &gty 5 sl ol odalive o slal jo S
Sloy 43,6 50 b g B it (Slej Az b s
2 8 GHll) sla )5 358 o0 ol Cae
Slp g vgdoe oad [ olaiel L (silee slinl,
AL S slaal  ogee gl )0 Gl gloJus

IYA YY) sg8 o
0,90 Yoors Sl a8 Ll a5 a0 o olis Slasli
S o Ll e ls (g pdslisly (b 4y cas 5olieS gl
Sl gbp oS, Sl amas g oS ol
S8des p ime;

B azg g sy dy0 FpS odig)ie (s pdslinl,

S L anlis o blasls

O dS 5 g Glalb o B3l sledlydy ol as s
2 e (Si5ulS cdeay (rej B aile slo S s
L Jué JuS &5 Sl lagbd g baglesle o Slee
2,5 Sy 1y it o 4 Seap b g anS e alad
GBS yss a5 Conl az s BB Sloj 2Up a5 D5
axio 59, Syp GhH Sder oo il Gl (SEeSS

A2 Fy S
FoS L ilge sloadlie ool cud slaoyes, O S
VAR Jlo o a5 Cansl il (o ey g 50yt
w255 b s e siales |, YPT 5 SKR slealfins o

2 Fling Effect
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1999 Izmit, Turkey Earthquake - FP Components
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! Hanging Wall Effect
2 Surface or Interface P-wave

3 Surface vs. buried faulting
* Type of rupture: Shear dislocation vs. crack
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p p

a() = < (v(v)

4f
for (t, _%) <t<(t, +%), v(t) = —A><(—p)4 X

/4
y =1

Otherwise v(t) =0
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(t—to)z—(%f} x COS(27f ,t +v)
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4f
/4 /4 P4
for (t, — ———) <t < (t, + ——), a(t) = —A(—%) [— 2
4f 4f, y °

p

Otherwise, a(t)=0

((t—to)z —(ﬁ)z

0.0002332(m*)

0.000133(m?*)

0.0003255(m*)

0.000675({m*)

0.0008738(m*}

e V= SlEDL eLlA )

0.0003808(m*)

0.001251(m*)

o P = ailas Jab

0.000675({m*)

0.001738{m*)

0.001251{m*}

0.002133(m*)

0.001738(m*}

0.002593{m*)

0.002593(m*?}

0.003417{m?)

0.0003808 [m*)

0.003123(m")

0.004424({m*)

6‘}[%—‘ QL&? 9 ‘!‘.“9‘5&-'“’

]sin(Zﬂfpt +v) —4(t, —t)cos@af t + v)]

)]

0.001251{m*) 0.003731(m*) 0.005208({m*}
0.001738(m*) 0.004424{m*} 0.006093(m*)
0.002133({m*) 0.005208(m?) 0.007626(m*)
0.003417{m*) 0.007626(m*) 0.0108(m*}
0.0008738(m*"} 0.001738(m*} 0.002133({m*)
ail ¥ FrRRL 4 PFRERY.Y

adllas )50 Sl dwain -7 SS

elis ) araly o 10 5 VY 8 ol cilisee Slinl sl
S8 ablygn o # s o ailns Jobo g 5o ¥ aisl
b o4 5 AL ol oo OB sy o (P
35 yeie oy Dygody o> Cpl el 0uls ools plaisl
25 ol Olee alil j2 50 098 0 (25 Aib e o
oSy 4l ol sloggie ouynl ples b aib ]
odd pasie B o (g9, bowsil ples (nl ilos
b 5 oy o Soew (s polie (258 (I b Eandl
Py 0 ojle 8y U wonds ools plaisl semay

2 U o ey 0,5 0 I3 Sl slab

VA8 5l B oled oozl Jlo

Jaa.‘?) JJLM ) g_;l...m ‘CA.C).....» d&]}.@ Ls‘)" IR djb‘ .Ia;b)
p% 6Ll [A] 5:5 5Lk 5 Gmaospsle Lawss ouls 1)
Tian lawg ool al)) Jow crizmed il oo (g Soolu
Aol s glaiwg p,8 Gl VooV Jlo jo ) Sen
Las o)l |y Cose ol eolorinn Jow a5 Jl> 5o VY]
LSS sbaddse ple SLol, ate )
wled gile Jowe

6|o)’l.w le.bJ«.\.o -0

LS Spsp 5 Joles sl ) sl
iz slaglas 1L ailes SO oty sied pylie slal8
5 dley SO glyls eolainl 0,50 OB Wlovds Sl

eiiter )3 (Silese ale



w3l oolaiul b eyl cied lacls jo 5 Slel lyg iSTas aads ARR

Dedien @iy akb o )0 Jolae (lr oy D jgons
Glae e Dlalb o Ll glegys ol @)
obolyy aslizsl )50 (glosls il o YA« - anbisn
b yes ;500 O)le 4 aload Jow (558 5o hnd gt
Sy i a5 wlad oo sk g s
13 Bogi 5 e &) b slol 5o baid Kol
Lol o Sama¥lé polss aiilay 3l Szl el
90 el 00l (g3lw oo Sy slaVe) 5l eolawl b
Sy Jolie cnl @b Slik aes slays sl
iy 5 bl el G ile g o3l o gl e aien
@lre omile &5 09l o0 (558 by, (nl O ed o

Lol (G 5 52 G Sl (S S O g0

Glhe Sl slal ol ol lezsle gl )| slacsl
B oo olid ) OIS @z b
30 Sy e 0 s il oo @
Dgd obul dals o
Wih;
F. = (V —F,) —vili
1 ( t) ]p=1Wihi
oSy oy adaly bl ojle ol Golis 0,90 @
A8k
3
T, = 0.07H/4
O 5l e leas il o ¥ V) ol S

ojle glas,l 0 Wby gom Wb by pulud Cuglie

Ju8 Soo3 OlS o Slasin -) Jgux

RASeey
PGD PGV PGA ) (Mw) Sy L™ Slasgy 0yl
(cm) | (cm/sec) | (9) | *(km) alols
Pacoima Dam San
YeAY | WD V/FY VA 4 (Upper left abut) 14y Fermando )
A OV/D AT Y NN Gilroy Array #6 Yava | Coyote Lake Y
. Aeropuerto Imperial
Vo/f \a7Al lAvd AN 710 Mexicali Vava Valley-06 Y
. Imperial
€ . .
VF/A OYIf AR Y 710 Agrarias Vyava Valley-06 s
WAY | vys -8V ¥ #1) North Palm Springs | VaAs | - Palm 5
Springs
Yoo |ovn NG B/ $IV LA Dam Vaq¥ Nortgrl'dge' 5
YA/A VEVIY AV ”; sy Rinaldi Receiving Vaqf Northridge- y
Sta 01
BeId | VeFIA | eIeY \ 510 Parachute Test Site | VaAy | Superstition |,
Hills-02
alr basf - 1OY VEIY #IY TCUO076 1444 Ch'._Chl‘ q
Taiwan
YYD ARRVIA «IYA \ 44 Bam ARRAY Bam ).
YA \YYV/F < IAD Y0 YI¥ Tab ARAZN Tab AR

VA5 5l B¢ o lads qeoly Jlo

i 3 (55l Joe Ao



ey

o 5 sl 5By wishise ) Kbl Jolis
Sl o3l (Slol wglisos 51 6 5L glie g0 a5 (ol
JUUEC R RV DY R Woav) | Bt | ESR VPR OE i It
elplo wils gloslasl 51 s Cuoglae aojle (60150
) i e ek il ol ol one 5o (555
Slyme a5 (a8ly 9,95, P ;5 ol By S)b
Sz ol aS 39, g0 JUaLl e 15 8 51y (VL (il
ot 8 2l ol ST polie calply 09l
SrndSs YL sl sl (Aly 3,55, Lawgi oud
Ailoads sgaze ol Cuoglin awgi (g2 cily oo Lol
Ohes (st 0 @V 2l Gl S 4 axg L
slisey3 8,5 o b ol Gl 3 o s Lo
555 G b (s 5) il e o0 ol
5 Slab slaw il b atdl el awslie LB 28l
5855 ol $lr o ol Bl Gmibe b S
43,5 ole S5 cnl Bl e | ol SIS 098 o0 (3285 55
SR L el e > sl ol bl

Wb oo 58 (T1) o3l Lol gliso g0
leyss gl ;o a5 VY BV Gl Sh @ azg L
Lol 85 sl o0 438,505 10 Cymsly 00 ol
lo S (nl 5o 09d oo oalive X ol (S 5o
By 0465, codi b g oleasl iSTlas Cond (3B 9ore
o0 o5l osliioygs S8l e Jolao oL &
Siyp bt ail e 10,55, ploi 5 boojle ples ol
polae 4 azgi b o lis |y e il polas
ghaw aw sl ballas Glie 9250 Slad )55, (610 aile
RWIURYANP WW-S0 G 1 gRUSIC IC PV g S RIP-JER Rg LW
s B ol o5 5 ol olise oalpl 3k e

Db e o3l Fnly (Sm e 4,008

VWAP 50l e ojled eyl Jlo

&bl Gl g dacly g

s—mom 5 Jobae slaudly (bl -F
o5k gl

2 ) ) Jolee sloWdly obs)l & ise cpl o
213 2055 Gl b ol amalie 5 ojlo gl (o
3550 laold ase (59, 2 Sloj az b 5T 3l o0
oS K05 By slasysS, 5 S e sl el
aB S Ojg0 0,58, (I b bl sla b 5 ) Jgo
ool (SAP2000) 4ol s Ly 540UT oloxil g (65l Jobe s
o9, 5l ole azse b BT by plowl ol el o
Sy o8 L (B=14 y=1.2) S logs lawge Slis

el 00 oolaiwl 3,65, b cewlite

Oligd SN (Cawiin 5o (Wl (2L, V-7
Lol 5o b i (ool

Olss S S o) (b 2Ulg Cwed nl o
S oo )l Bl (oaBly sle,65 ) b Loy sle]
ohsd 5 Omaxrec) &0t (a8l5 055, 51 (L2090
sols lzs ( Omaxp) &ypeds Jolae Wb 5l Jol>
oI slegely G awlie ALY oS sd e
la S cnl o amo oo (Las 1) (oaBly slas 5, 4 Jolas
wslio,ss Gl jsme 5 Omrec/Omp) @B 5
agte LSS (pl owyn b oadbioe ond oplley
ojbe shol wolioygo ar Gy gl g0 (B9 magd oo
A Jolee Gy (it il S G151k Soo3
S oad oplle i slacglioss sln S sbar ool
wbohr SLols Gl 5 Cas 3835 Gl Gt oS
ol & el cnl el cal Jo o0 e 1) (5 a5
oy Sy &S (peey D, (VL (S8 lgime i
Slp oS (Brre Wl e |y wdlige Canb o Sl
ot S Ol (6 IS sk Sl Lol e
bosboo (malS Jolae Gy g (28ly 9,55, bwgs by
5V ) rdSE gl 4w gl baojle &Sl 4 axg
sSlas ot ¥ 5 ¥ b g0 cly 5 wload Jos ¥
(Sg 0ud 05lle 3 gl g0 by JBlie) (Ssliwl slag i

iten )3 (55l Je ala



3l oolail b dey T sded ol o 15 Sl g0 iSTas aass

Y-f

12
Q
11 -
10 A\ =1
9
o
8
x
E \
- \
T 6
2 \
% 5
©
s 4 \
3
2 3 g
1 ? ™\ Y
0 [ i
0 0.2 0.4 0.6 0.8
T1/Tp
2
=2
o
xX
£
=4 A
o1l
2 ‘c\og—‘igv‘\o/
=
£
[«+]
0 ,
0 0.2 0.4 0.6 0.8
T1/Tp
2
M=
o
=
£
(<]
El O\\o.é‘%——-(%*&/o
%
£
D
0
0 0.2 0.4 0.6 0.8
T1/Tp

Al 7 OB (gl bl Jolao Gudly ay (2Blg 055, o b 5 slel oly99 S -V JSC0

WWAF 5ol B olads (ol Jlo

eier )3 (Silese ale



Y-0

5
4 -
S
3
€3
(<]
~
1*)
o
X2
£
[«»]
1 \ ¥ g O
0 ‘
0 0.2 0.4 0.6 0.8 1.2
T1/Tp
2
o
x
£
% 1 C)\ & -
x
©
£
[«~]
0
0 0.2 0.4 0.6 0.8 1.2
T1/Tp
2

Omax,rec/0max,p
[

0.4

0.6
T1/Tp

0.8

1.2

Al VY O sl bl Jolea by 4 oadly 0,65, o bn s (slesl g0 S -A S5

WWAF ol B o)lads oyl Jlo

ke 50 (3l e alme



w3 olial b e Tt ied ol o 15 Sl olygo STas aeds

0

5
4 Q
o
€3
[«>]
~
o
o \
X2
£
[<»]
1
0 -
0 0.4 0.8 1.2 1.6
T1/Tp
2
2
x
©
£
[«»]
g 1 Ml e N
%
©
£
(«>]
0
0 0.4 0.8 1.2 1.6
T1/Tp
2
3
xX
©
&
31 / ﬂ\‘f:)v
.
©
£
D
0
0 0.4 0.8 1.2 1.6
T1/Tp

e ) Sl alome



YoV
b
° 1
4
a
X
£ 3 @
o
o
D o)
X2 %6 median
Pl
i DRl A
R e
0
0 0.5 i 1.5
T1/Tp
(median = 1.043) Joles Ludb a0 28ly 0,65, o 15 slasl )fy90 S =Y+ IS0
3
% 2 o
m©
£
J 3
g | © 0
E 1 @an 2R~ 00Mm median
o 00° O
0
0 0.5 1.5
T1/Tp

(median = 1.02) Jolee Sulb 4 (2815 5,65, o 5 slol 90 ST s =V IS

VWAF 5ol B o)lads (ool Jlo

eiter )3 (55l e ala



w3l oolazwl b Mﬂ&:.g sios slaol o 5 SLal e iSlas pess

YA

2
u=4
@)

: & % ©
£
%1>_OQO _MQ,O\@,O a0 ~ S N
] e N v il -
%‘ é%ky% &OOO % Q O median
&

0

0 0.5 1 1.5

T1/Tp

median = 0.997) Jolee b 4 xdly 0,55, by sloil g0 5iSTam i -V Y S

S S8 gl 95 slp bl (e S92 50 slas 5,
RV EPIRWIRIRY) SPIKWSCR S0 (A SR SE P SPR g
GBSl 50 odal Casas @l g SIS ) 4 azgi b
i GOl mul Soin o oleiiny 4k,
Sl b S Sy Sl e o 4l
ol Crlple el osg 3390 odig) A il
44295 b g o)S (Hly 0,05, (iRl g |y Jolae
03,05 3929 (523lg 9,55, AgS an Sblio (pan ;0 45 )l
9 Ll 1y o5z 90 slaojlo 5 ooliinl (solesiny ala,
2S5 b

VWAF 5ol B o)lads (ool Jlo

S5 Azl -V

5 A5l D> (Aly o Sley Az b geeS
Sz L loged (3508 pg3) wslojl 5T slolis
Slply oS e 4655 by DB > (g5ludnnd g 0y
S ol @Ay bl Olml ghb s
oly (S5 parde hlo solein abul; ol
Sy Lasi po &3l S5 @ Lot 1) T lgi o0 028l o0
alllas 4 o0l g Gy (Sloj 4z b 5l eslinl L g
S0y JuS S0 48 by U > 4 Laojl el
el loojl o Shee 231y (b Sk S5k
S rlpbe wBlge (e (Soolins 5 lUT a3l
Lajlg, ol 5l eolaiul (golpainn adasly 0,157 Lol 5 )lse
U1 50 358 Gy 5 > (sl gile Az b oy 5o
Sl Do 4 leojle gul adlas 5 lojle

dlbge JouS S
baolio po 1) oy slesil olhgs Sl Jolee (b
b Gt 05 o0 it @95 By 0585
@ ol oglioyge ead Soop g wlib sl il
mobn GaddSs (Rl g ojle (Lol oglio o

@ly aibo polie ay azgi b 0gd g0 FE80 ojlu uly

ewite )3 (Silese alee



&zl A
[1] Benioff H (1955),“Mechanism and Strain Characteristics of the White Wolf Fault as Indicated by the

Aftershock Sequence, Earthquakes in Kern County,California,During1955(G.B.Oakeshotte, ed.)”,
California Division of Mines Bulletin, 171: 199-202.

[2] Liao WI, Loh CH and Wan S (2001), “Earthquake Responses of RC Moment Frames Subjected to Near-fault
Ground Motions”, Struct. Design Tall Buildings, Vol.10: 219-229.

[3] El Sheikh A (2003), “Response of structures to near-fault ground motion”, Fourth International Conference of
Earthquake Engineering and Seismology12-14 May 2003 Tehran, Islamic Republic of Iran.

[4] Haeri, A., Fadace, M.J. (2011). “Near-source ground motions effect on seismic reliability of reinforced
concrete framed buildings”. 6th National Congress on Civil Engineering, April 26-27, Semnan, Iran.

[5] Hall, J.F., Heaton, T.H., Halling, M.W., Wald, D.J., (1995) “Near source ground motion and its effects on
flexible buildings”, Earthquake Spect., Vol.11, pp. 569-606.

[6] Twan, W.D., (1997) “Drift spectrum: measure of demand for earthquake ground motions”, J. Struct. Eng.
ASCE 123, pp. 397-404.

[7] Makris, N., (1997) “Rigidity-plasticity-viscosity: can electrorheological dampers protect base-isolated
structures from near-source ground motions?”, Earthquake Eng. Struct. Dyn., Vol. 26, pp. 571-591.

[8] Anderson, J.C., Bertero, V.V., Bertero, R.D., (1999) “Performance improvement of long period building
structures subjected to severe pulse-type ground motions”, PEER Report 1999/09, Berkeley, California.

[9] Malhotra, P.K., (1999) “Response of buildings to near-field pulse-like ground motions”, Earthquake Eng.
Struct. Dyn., Vol. 28, pp. 1309-1326.

[10] Alavi, P., Krawinkler, H., (2001) “Effects of near-fault ground motion on building structures”, CUREE-
Kajima Joint Research Program Report, Richmond, California.

[11] Alavi, B., & Krawinkler, H., (2004) “Behavior of moemnt-resisting frame structures subjected to near-fault
ground motions”, Earthquake Engng Struct. Dyn , Vol. 33, pp. 687-706.

[12] Mavroeidis, G.P., Papageorgiou, A.S., (2003) “A mathematical representation of near-fault ground motions”,
Bulletin of the Seismological Society of America, VVol. 93, No. 3, pp. 1099-1131.

[13] Tian, Y j., Yang, Q.sh., Lu, M.q., (2007) “Simulation method of near-fault pulse-type ground motion”, Acta
Seismologica Sinica, Vol. 20, No. 1, pp. 80-87.

[14] Yang, D., & Zhou, J. (2015) “A stochastic model and synthesis for near-fault impulsive ground motions”,
Earthquake Engineering & Structural Dynamics, Vol. 44, No. 2, 243-264.

[15] Fu, Q., Menun, Ch., (2004) “Seismic environment based simulation of near fault ground motion”, 13th World
Conference on Earthquake Engineering, Vancouver, B.C., Canada.

[16] Li, X.L., and Zhu, X., (2004) “Study on equivalent velocity pulse of near fault ground motions”, Acta
Seismologica Sinica, Vol. 17, pp. 697-706.

[17] Makris, N., Black, C.J., (2004) “Evaluation of peak ground velocity as a ‘“‘Good”’ intensity measure for near-
source ground motions”, J. Eng. Mech., Vol. 130, No. 9, pp. 1032-1045.

[18] Xie, L., Xu, L., Rodriguez-Marek, A., (2005) “Representation of near-fault pulse-type ground motions”,
Earthquake Engineering and Engineering Vibration, Vol. 4, No. 2, pp. 191-199.

[19] Baker, J., (2007) “Quantitative classification of near-fault ground motions using wavelet analysis”, Bulletin
of the Seismological Society of America, VVol. 97, No. 5, pp. 1486-1501.

[20] Baker, J., (2008) “Identification of near-fault velocity pulses and prediction of resulting response spectra”,
Proceedings, Geotechnical Earthquake Engineering and Structural Dynamics IV, Sacramento, CA.

[21] Yaghmaei-Sabegh, S., (2010) “Detection of pulse-like ground motions based on continues wavelet
transform”, Journal of Seismology, Vol. 14, No. 4, pp. 715-726.

[22] Papageorgiou, A. S., (1998) “The character of near-source ground motions and realted seismic design issues”,
Proc. of the Strucutral Engineers World Congress , San Franciso, California.

VWA 5l B0 oleds ezl Jlo it 5 6bs e alns



w3l eolaal b eyl oy cted ool jo 15 bl olyge iSTas pess Yy

[23] Abrahamson N., (1998), “Seismological Aspects of Near-Fault Ground Motions,” 5th Caltrans Seismic
Research Workshop, Sacramento, California.

[24] Somerville, P.G., (1997) “Engineering characteristics of near fault ground motions”, SMIP97 Seminar
Proceedings, Seminar on Utilization of Strong Ground Motion Data, Pasadena, CA, pp. 9-28.

[25] Aagaard BT, Hall JF, , Heaton TH., (2004), “Effects of Fault Dip and Slip Rake Angles on Near-source
Ground Motions: Why Rupture Directivity was Minimal in the 1999 Chi-Chi, Taiwan, Earthquake,”
Bulletin of the Seismological Society of America, Vol. 94, No. 1, pp.155-170.

[26] Papageorgiou AS (2009), “Near-Fault Ground Motions: Outstanding Problems,” Presentation, University of
Patras.

[27] Somerville PG (2003), “Magnitude Scaling of the Near Fault Rupture Directivity Pulse”, Physics of the Earth
and Planetary Interiors, Vol. 137, pp.201-212.

[28] Mavroeidis GP and Papageorgiou AS (2002), “Near-source Strong Ground Motion: Characteristics and
Design Issues,” Proceedings of the Seventh U.S. National Conf. on Earthquake Engineering (7NCEE),
Boston, Massachusetts.

[29] Bray JD and Rodriguez-Marek A (2004), “Characterization of Forward-Directivity Ground Motions in the
Near-Fault Region,” Soil Dynamics and Earthquake Engineering, Vol. 24, pp. 815-828.

[30] Hoseini Vaez S.R, Sharbatdar M.K, Ghodrati Amiri G, Naderpour H and Kheyroddin A, (2013), “Dominant
pulse simulation of near fault ground motions”, Earthq Eng & Eng Vib ,Vol. 12, pp. 267-278.

[31] Gabor, D. , (1946) “Theory of communication. I. The analysis of information”, IEEE 93, pp. 429-441.

VAP 50k B0 ojleds qpaozily Jlo g 50 (65lw Joe ale





