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"CU= xv=OR} Q |=yQWk 4s=mLDU= w xv=OCWQO |=yQWk 3|@Uv sm =QD Qou=}@
\@=wQ w OQ=Ov=DU= Pwiv |=yV}=tR; G}=Dv R= |WQ@ Gwt CaQU u}}aD |=Q@
u} QDhwQat u=}t QO "CU= xOW xO=iDU= xk]vt \}=QW =@ Q=oR=U OwHwt |@ QHD
x@ OQ=Ov=DU= Pwiv OOa w |WQ@ Gwt CaQU u}@ |x]@=Q |xv}tR QO xm |v=kkLt
Stokoe 'Sykora 'Seed 'Goto 'Ohta 'Imai R= u=wD|t Ov=xDN=OQB j}kLD
w 5 (Vs) |WQ@ Gwt CaQU u}@ |Q=tW|@ |@ QHD \@=wQ [18�14]"OQ@ s=v Lee w
w 2 pwOH QO =yv; R= |O=OaD xm xOW x�=Q= =}vO QO 6 (SPT) OQ=Ov=DU= Pwiv uwtR;
QO l =N ẁv w =wy w ?; x@ xDU@ xOWx�=Q= \@=wQ "CU= xOW xOQw; 7 w 6 p=mW=
xk]vt u; X=N |x]@=Q R= xk]vt Qy |=Q@ O}=@ wQu}= R= &OvQ}eDt hrDNt j]=vt

"OQm xO=iDU= |WQ@ Gwt CaQU |v}@V}B Qw_vtx@

[16]"|UQ |=yl =N |=Q@ xOWx�=Q= |@ QHD |x]@=Q "6 pmW

[11]"Q}N= |xyO OvJ QO xk]vt |R}NxRQr "5 pmW

OyO|t MQ xOQwNu}J C=@ wUQ Q} R QO TQo =R |=yxrRrR QDW}@ "OvRmQtDt |QDtwr}m
[12]"OvQ=Ov OwHw ,=@} QkD |}xQ=k |xDUwB Q} R x@ \w@ Qt |=yxRQru}tR w

|rrtr=u}@ x=oWywSB \UwD xm 'xRQru}tR |@Uv Q]N |Ov@xvyB |x}=B Q@
xvyB xU u=DURwN u=DU= |xQDUo QO 'xOW x}yD xrRrR |UOvyt w |U=vWxrRrR
?wvH R= �0 3 g) O=} R w �0 25 g� \UwDt '�0 2 g� sm |@Uv Q]N =@ ?}DQDx@
xWkv u}= T=U=Q@ "CU= |}=U=vW p@=k u=DU= jQW p=tW w jQW CtUx@ ?Qe
|=v@t |ki= ?=DW w OQ=O Q=Qk \UwDt |@Uv Q]N =@ xvyB QO xar=]t OQwt |xOwOLt

"CU= xOW x}YwD 0 25 g u; |L=Q]

QyWy=t |xk]vt QO xOW s=Hv= |}=QLY C=k}kLD "2"4
|=yx}q |m}v=mt w |m} R}i C=}YwYN |UQQ@ w l =N QDj}kO xJQyCN=vW |=Q@
|xSwQB|m}vmDw�S C=ar=]t VQ=Ro j@=]t "OW QiL KQ] |xOwOLt QO xv=to 10 'u;
|oOv@UJ =@ Q=O|q TQ ?re= 'KQ] |xOwOLt l =N |Ov@x}q QyWy=t T}OQB

"BH1 |xv=to pLt QO l =N |Ov@x}q p}iwQB "1 pwOH
uwtR; |Q}tN xv=O XwYNt uRw =yx}q C=YNWt sDU}U =yO=tv jta

OQ=Ov=DU= Pwiv (gr/cm3) CN=wvm} |Ov@xk@] (m)

5 9 1 86 x=Qtyx@ h}a[ TQ
CL 3CNU xt}v xU=t

5 6 1 86 sQv Q=O|q TQ CL-ML 6 4
3 NPI 1 86 xU=t x=Qtyx@ TQ ML 7 5

3 18 1 81 xU=t x=Qtyx@ h}a[ TQ
CL 10CNU xt}v =D sQv

6 22 1 89 xU=t x=Qtyx@ h}a[ TQ
CL 12CNUxt}v =D sQv

9 13 1 9 CNU |}xU=t TQ CL 17
15 12 1 9 CNU |}xU=t TQ CL 20
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}U "Vs w SPT-N u}@ OwHwt \@=wQ R= |[a@ "2 pwOH
�=y�xOvU}wv Vs (m/s� l =N ẁv h}OQ

Ohba & Toriumi (1970) Vs=84N0 31 =yl =N s=tD 1
Imai & Tonouchi (1982) Vs=0 97N0 314 =yl =N s=tD 2

Jinan (1987) Vs=116 1(N + 0 3185)0 202 =yl =N s=tD 3
Sisman (1995) Vs=32 8N0 51 =yl =N s=tD 4
Iyisan (1996) Vs=51 5N0 516 =yl =N s=tD 5

Jafari et al., (1997) Vs=22N0 85 =yl =N s=tD 6
JICA (2000) Vs=161N0 277 =yl =N s=tD 7

Kiku et al. (2001) Vs=68 3N0 292 =yl =N s=tD 8

Hafezi (1382)

Vs=115N0 39 |UQ |=yl =N 9
Vs=88N0 46 |Dr}U |=yl =N 10
Vs=78N0 48 Q=OTQ w Cr}U xU=t 11
Vs=91N0 47 Q=OuW |xU=t |=yxDWyv 12
Vs=106N0 41 xv=OR} Q |=yxDWyv 13
Vs=75N0 5 xv=OCWQO |=yxDWyv 14

Hasancebi & Ulusay (2006)

Vs=90N0 308 =yl =N s=tD 15
Vs=90 82N0 319 |}xU=t |=yl =N 16
Vs=97 89N0 269 |UQ |=yl =N 17

|}x}L=v QO QOv@ u}= "Ovm|t C}a@D ?w]Qt w OQU Q=}U@ |=yu=DUtR w sQo Q=}U@
R=QD '?wvH w p=tW CtU x@ "CU= xOW `k=w |DiQ@; C=@ wUQ =@ ,=DOta w K]Ut
QDsm xHQO 5 R= ,=twta pLt \UwDt ?}W ,qm =t= O@=}|t V}=Ri= G} QODx@ u}tR
CaQU =@ u; |x]@=Q w SPT Q@ QF-wt pt=wa xrtHR= =wy C@ w]Q w uOw@|HQW "CU=
R= "CUq=@ =wy C@ w]Q =} QO x@ |m}ORv p}rOx@ xk]vt wO Qy QO xm CU= |WQ@ Gwt
|DiQ@; C=@ wUQ OwHw R= |m =L =yxv=to QiL w |}=QLY C=k}kLD G}=Dv Qo}O |wU
xU R}v |U=vWCN} Q u}tR x=ov R= "CU= 'QyWy=t QOv@ 'xar=]t OQwt |xk]vt QO
QO xm R=Uywm |=yOL=w pw= "CU= sm =L u=DURwN u=DU= QO 'l} SwrwiQwt xQyJ
uwt=Q}B `k=w |L=wv xm |Qwy=t xBD |=yOL=w swO "OvQ=O Q=Qk u=DU= Qw=N p=tW
|=yxvyB w |DiQ@; |=yCWO swU "OvQ=O VWwB Q} R =Q R=wy= w 'RtQyt=Q 'pwiRO
|awv w p}mWD =Q TQ=i G}rN pL=wU =D R=wy= ?wvH QO `k=w |=yu}tR xm |@q}U
RO 'uwQ=m |=yxv=NOwQ |=DrO R= u=DURwN CWO "OvDUy |DWyv |=yCN} Q u}tR

%R= CU= ?mQt w xDi=} p}mWD xNQm w
CWO CtU x@ w QDCWQO =yxwm |m}ORv QO u; Ci=@ xm '|DiQ@; |=y?wUQ "1

"OvQDR} Q |r}N
|@ Qe ?wvH CtU QO uwQ=m w xNQm |=yxv=NOwQ xm '|UQ u}ovU |=yxDWyv "2

"Ov=xDW=Po |=Hx@ R=wy=
V}=O}B ?Hwt swU u=QwO QN=w= QO ?wvH |=yCtUk QO =} QO |v}Wv?ka
CNU w xDW=@v= |�=} QO C=@ wUQ =yxBD u}= h=Q]= QO "CU= xOW R=wy= |=yxBD
|rY= |=yu=} QW xm |t}_a |=yxv=NOwQ C=@ wUQ sQ=yJ u=QwO QO "CU= xOW

�Yenisehir|rL=U QyW� x}mQD?QeQO xv}tRu}= QO xOWs=Hv=C=k}kLD R=|m}
|U=vWu}tR w |t}rk= '|}=wyw ?; \}=QW Q_v R= xm xDiQo CQwY 2006 p=U QO
u}= R= pY=L G}=Dv |xU}=kt "OQ=O Cy=@W xar=]t OQwt |xk]vt =@ |O=} R OL =D
"OyO|t u=Wv |@ wN |v=wNsy =}vO \=kv Q}=U w u=Q}= QO xOWx�=Q= \@=wQ =@ C=k}kLD
OQwt x=oDN=U |=Q@ xk]vt u}= QO pY=L |@ QHD \@=wQ R= |rw@k p@=k CkO =@ =Pr

[16]"OQm xO=iDU= u=wD|t xar=]t
|=yu=DU@=D =@ |}xv=QD}Ot |xk]vt |}=wy w ?; \}=QW R= Yenisehir QOv@

[16]"\@=wQ Q}=U =@ Q[=L j}kLD \@=wQ |xU}=kt "7 pmW
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Q@;Q
Ox=

oDN
=UC

=QF=|
xar=]

t'x}v=F 0 35 =D 0 2 u}@ ?r=e Ow} QB 'QDtwr}m 20 R= QDsm |vwv=m jta 'QDtwr}m 40 R=
CNU Q=}U@ l =N =} nvU |wQ xOWC@F Rer O=ODt= w Twmat VrUo Q=mwR=U
3 pwOH QO xO=iDU= OQwt |=yCW=ov?=DW C=YNWt [3]"CU= xOW xO=iDU=
|xt=vQ@ QO pO=at *|]N p}rLD VwQ R= CiQ@; |m}t=v}O p}rLD |=Q@ "CU= xOt;
|xv}tR QO xOWs=Hv= C=ar=]t R= xm CU= QmP x@ sRq "CU= xOW xO=iDU= EERA

Q=WDv= Q@ |v}tRQ} R ?; K]U xm O};|tQ@ u}vJ |rLt O}OWD Q@ |v}tRQ} R ?; Q}F-=D
QO xm u}= x@ xHwD =@ "CU= QF-wt P G=wt= Q@ ,=iQY w xOw@ Q}F-=D|@ SV w SH G=wt=
|ki= |xir-wt w |WQ@ G=wt= Q=WDv= ,=twta =yxR=U |L=Q] w xrRrR |UOvyt p�=Ut
QO |v}tR Q} R ?; K]U Q[=L |xSwQB QO 'CU= xHwD OQwt u}tR K]U CmQL

[24w23]"CU= xOWv ^=Lr =yCiQ@; |m}t=v}O p}rLD
�g OL=w QO 0 35 w 0 3 '0 25 '0 235 '0 2 '0 15� ?=DW K]U 6
u; |=Q@ =yCW=ov?=DW |x}rm K]U Qy QO xm 'xOW ZQi QDU@ nvU VRQr |=Q@
|=y|HwQN |Q}opOat x@ C@Uv TBU "Ov=xOt;QO T=}kt x@ ZwQit ?=DW K]U

"CU= xOW s=Ok= xrY=L *hrDNt

(PGA) u}tR K]U |xv}W}@ ?=DW T=U=Q@ |Ov@xvyB R} Q "1"5
=yxR=U |}xRQr |L=Q] QO |U=U= |=yQDt=Q=B R= |m} u}tR K]U |xv}W}@ ?=DW
K]U Qy QO =yCW=ov |x}rm uOQmT=}kt R= Oa@ xar=]t u}= QO "OwQ|t Q=tWx@
|m}t=v}O p}rLD w �g OL=w QO 0 35 w 0 3 '0 25 '0 235 '0 2 '0 15� ?=DW
xrY=L G}=Dv w xOW s=Ok= u}tR K]U ?=DW xv}W}@ |Q}opOat x@ C@Uv xv=to 10

"CU= xOW x�=Q= 4 pwOH QO
QO 'l =N |=yx}q *sm |DNU Crax@ =yxv=to QO 'OwW|t x_Lqt xm u=vJ
CQwY ��60 =D �20 OwOLQO� |}x_Lqt p@=k O}OWD\UwDt =Dh}a[ |=yxrRrR
'BH3 'BH1 |=yxv=to � =yxv=to ?re= QO xm CU= xHwD ?r=H "CU= xDiQo
?Hwt ?=DW K]U V}=Ri= '�xQDUo |@ Qe CtUk QO BH10 w BH7 'BH6
'0 30 g� q=@ VRQr Kw]U QO xm CU=vatu=O@ u}= "CU= xOW xrRrR G=wt= h}a[D
l =N G} QODx@ '|}=Q}t O}OW V}=Ri= w l =N p}iwQB *sm |DNU Crax@ �0 35 g

"OyO|t u=Wv OwN R= |]NQ}e Q=DiQ w xOW |Q}tN |=yVvQm |xOwOLt OQ=w
QO 0 35 g w 0 2 g QDU@ nvU ?=DW K]U wO |=Q@ |Ov@xvyB R} Q |=yxWkv

"CU= xOW xO=O u=Wv 10 w 9 |=ypmW

|}=tvnQR@ h}] |xvt=O |xv}W}@ T=U=Q@ |Ov@xvyB R} Q "2"5
QO u; Q_=vDt Q}O=kt x@ u}tR K]U CmQL |x} Qwi h}] Q=Okt 'Tv=mQi Qy QO Qo =
h}]� =Q xrY=L h}] 'OwW s}UkD |ovU *uwtvNQ *|OwQw CmQL |x} Qwi h}]
Q}F-=D xm CU= u; O}OWD h}] R= xO=iDU= C} Rt "Ovt=v|t |}=tvnQR@ =} �O}OWD
s}kDUt Q}F-=D Ow} QB =}Tv=mQi Qy QO w xOW hPLh}] R= |OwQw C=mQL C=YNWt
h}] |xvt=O |xv}W}@ \UwDt 5 pwOHQO "OwW|t u=}=tv |OwQw CmQL Q@ CiQ@;
u=Wv |UQQ@ OQwt |xv=to 10 QO 'QDU@ nvU VRQr hrDNt Kw]U |=Q@ O}OWD
0 2 g QDU@ nvU ?=DW K]U wO |=Q@ |Ov@xvyB R} Q |=yxWkv "CU= xOW xO=O

"CU= xOW xO=O u=Wv 12 w 11 |=ypmW QO 0 35 g w
|}xvwox@ =yx}q *sm|DNUCrax@|}=tvnQR@ |=yh}]pmW xmCU= QmPx@ sRq
Qw]u=ty "ODi=|t j=iD= �q=@ |=yOw} QB� sm |=yTv=mQi QO xv}W}@ Q}O=kt u}= xmCU=
Q}eDt VRQr hrDNt Kw]U QO |}=tvnQR@ Q}O=kt 'CU= XNWt 5 pwOH QO xm

"CU= l =N |]N Q}e Q=DiQ O} -wt u}= w CU=

?ULQ@ �1987� |Q@ wO w l}Dmw |}=Q}t w pwOt C@Uv |=y|vLvt "8 pmW
"CiQ@; |m}t=v}O p}rLD QO xO=iDU= Qw_vtx@ 'VvQm OYQO

swU u=QwO C=@ wUQ =@ w xDiQo =Qi =Q =yxBD u}= QU=QU OvwW|t ?wULt u}tRQU u}=
"Ov=xDN}t; syQO

CiQ@; |m}t=v}O p}rLD |=Q@ |}=Q}t w pwOt C@Uv |=y|vLvt "3"4
|v=UQ}tN QF= xHwDt Q=@ u}DUNv |=Q@ u=Wu=Q=mty w �1982� wWwmwm '�1987� uS
|=Q=O |=yl =N |WQ@ pwOt xm ?}DQD u}=x@ &OvOW pwOt C@Uv |vLvt pmW Q@
V}=Ri= =@ 'u}}=B |v=UQ}tN =@ |=yl =N R= QDxDUy; Q=}U@ CaQU =@ q=@ |v=UQ}tN
|a}Uw |xOwOLt x@ \w@ Qt |=yV}=tR;G}=Dv Q@ |QwQt [20w19]"O@=}|tVy=mVvQm
|xvt=O R= QF-=Dt |QDW}@ u=R}tx@ =ypwOt C@Uv *|vLvt pmW xm OQm C@=F Kr=Yt R=
|}=Q}t w pwOt C@Uv |=Q@ |}=y|vLvt 8 pmW QO [22w21]"pNrND =D CU= |Q}tN
|}=Q}t?} Q[ R= QDsm R}v q=@ |v=UQ}tN =@ |=yl =N |}=Q}t?} Q[ "CU= xOW x�=Q=
|=Q@ 'xOWO=} |xar=]t QO "CU= u=Um} |}xQwO VvQm |xvt=O QO sm |v=UQ}tN =@
xOW xO=iDU= |Q@O w l}Dmw \@=wQ R= |}=Q}t w pwOt C@Uv |=y|vLvt u}tND

"CU=

xk]vt CiQ@; |m}t=v}O |=yp}rLD G}=Dv "5
xOWC@FCW=ov?=DW 15 R= '�p}rLD QO |OwQw VRQr� u}tR |wk VRQr OQw;Q@ |=Q@
|R}NxRQr |=y|oS} w T=U=Q@ "CU= xOW xO=iDU= =}vO QU=QU hrDNt |=yxrRrR |]
QDsm |RmQtwQ |xrY=i '7 =D 5 u}@ �Mw� Qw=DWo |=oQR@ =@ |}=yxRQru}tR R= 'xk]vt
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}U "xO=iDU= OQwt |=yCW=ov?=DW C=YNWt "3 pwOH
OQwmQ QFm =OL Q}O=kt CaQU Ow} QB jta xrY=i sR}v=mt |=oQR@

xirwt xrRrR pLt w s=v|WQ@ Gwt ?r=e |vwv=m |RmQtwQ VrUo |Qw=DWo
PGD PGV PGA x=oDU}= �x}v=F� �QDtwr}m � �QDtwr}m � Mw

9 03 28 24 0 3505 659 6 0 39 5 8 20 63 Reverse 7 DAY-LN
Tabas,Iran 11978�09�16

18 96 43 78 0 5051 724 0 34 19 40 43 Reverse- 7 1 ABBAR-L
Manjil,Iran 2

Oblique 1990�06�20
0 86 5 48 0 0879 684 9 0 24 13 29 41 Reverse 6 61 FTR056 San Fernando 31971�02�09 14%00
1 1 4 58 0 1395 670 8 13 23 1 Reverse 6 61 L09021 San Fernando 41971�02�09 14%00
2 64 5 01 0 1692 684 9 0 21 13 45 86 Reverse 6 61 SAD003 San Fernando 51971�02�09 14%00
5 02 32 27 0 3186 706 2 0 26 17 5 14 41 Reverse 6 69 LA0090 Northridge-01 61994�01�17 12%31
0 58 6 41 0 1678 821 7 0 2 17 5 45 77 Reverse 6 69 MTW000 Northridge-01 71994�01�17 12%31
5 96 16 06 0 253 715 1 0 26 17 5 20 Reverse 6 69 5108�090 Northridge-01 81994�01�17 12%31
5 33 26 94 0 3341 729 0 37 17 5 28 98 Reverse- 6 93 GIL067 Loma Prieta 9

Oblique 1989�10�18 00%05
2 09 4 54 0 07 684 9 0 35 17 5 49 39 Reverse- 6 93 MCH000 Loma Prieta 10

Oblique 1989�10�18 00%05
4 02 14 36 0 1568 663 3 0 25 17 5 35 47 Reverse- 6 93 G06090 Loma Prieta 11

Oblique 1989�10�18 00%05
4 45 18 63 0 4568 714 0 34 17 5 16 34 Reverse- 6 93 LOB000 Loma Prieta 12

Oblique 1989�10�18 00%05
0 4 3 77 0 1073 874 0 26 8 11 13 Reverse 5 28 GGP010 San Francisco 131957�03�22 19%44
0 19 1 88 0 0593 617 4 0 35 9 14 47 Reverse 5 18 C-CSU000 Coalinga-04 141983�07�09 07%40
1 46 6 44 0 1045 659 6 0 2 3 7 17 53 Reverse 5 91 B-SRO000 Friuli,Italy-02 151976�09�15 03%15

"(g) u}tR K]U |xv}W}@ ?=DW \UwDt "4 pwOH
amax=0 35 amax=0 3 amax=0 25 amax=0 235 amax=0 2 amax=0 15 =yxv=to s=v

0 189 0 218 0 242 0 232 0 218 0 180 BH1
0 351 0 322 0 288 0 263 0 283 0 213 BH2
0 299 0 280 0 256 0 246 0 225 0 189 BH3
0 340 0 319 0 287 0 276 0 245 0 197 BH4
0 421 0 386 0 331 0 306 0 282 0 218 BH5
0 146 0 146 0 144 0 145 0 154 0 146 BH6
0 271 0 281 0 264 0 256 0 233 0 190 BH7
0 387 0 350 0 307 0 294 0 261 0 207 BH8
0 394 0 385 0 340 0 377 0 280 0 217 BH9
0 221 0 214 0 254 0 254 0 245 0 204 BH10
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xar=]

t"|}=tvnQR@ h}] |xvt=O xv}W}@ u}ov=}t "5 pwOH
amax=0 35 amax=0 3 amax=0 25 amax=0 235 amax=0 2 amax=0 15 s=v

=yxv=to
3 101 3 357 3 560 3 557 3 472 3 447 BH1
3 844 3 804 3 644 3 459 4 131 3 811 BH2
3 341 3 303 3 316 3 300 3 320 3 335 BH3
3 624 3 623 3 603 3 609 3 600 3 517 BH4
3 549 3 552 3 529 3 494 3 538 3 441 BH5
2 987 3 166 3 316 3 352 3 588 3 806 BH6
3 184 3 278 3 423 3 424 3 445 3 435 BH7
3 434 3 406 3 391 3 379 3 322 3 228 BH8
3 221 3 174 3 143 3 070 3 135 3 142 BH9
3 382 3 262 3 514 3 649 3 677 3 550 BH10

g QDU@ nvU ?=DW xv}W}@ &|}=tvnQR@ `@=D xv}W}@ R=QDsy |xWkv "11 pmW
"0 35

"0 2 g QDU@nvU ?=DW xv}W}@ &|}=tvnQR@ `@=D xv}W}@ R=QDsy |xWkv "12 pmW

QDU@ nvU ?=DW xv}W}@ &�g� u}tR K]U ?=DW |xv}W}@ R=QDsy |xWkv "9 pmW
"0 2 g

nvU ?=DW xv}W}@ &�g� u}tR K]U ?=DW |xv}W}@ R=QDsy |xWkv "10 pmW
"0 35 g QDU@
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}U

"KQ] |xQDUo |i}] |=y?=DW \UwDt "15 pmW

R= pY=L x=oDN=U |xS} w h}] R}v 15 pmW QO "CU=yxSwQB QO x=oDN=U |xS} w
"CU= xOW x�=Q= =yxv=to pO=at |]N p}rLD R= pY=L |=yh}] u}ov=}t

|=yQ=Ri=sQv \UwD pO=at |]N |=yp}rLD w |}xt=vu}�; |=yp}rLD |v=@t
|=v@t Q@ w x@=Wt �"""w EERA 'Proshake 'SHAKE xrtH R=� pw=ODt
|=yh}] w xOW x}yD KQ] |=yh}] hqDN= OQwtQO "OvDUyu=Um} C=}[Qi

%CU= xHwD p@=k xDmv 2 |}xt=vu}};
=Q x=oDN=U C=QF= '2800 |xt=vu}}; xrtHR= 'QY=at |=yxt=vu}�; xJQo = "1
Qo}Om} =@ =Q l =N |=yp}iwQB R= |y@=Wt |=yxwQo ,qwtat 'Ovvm|t Qw_vt
|xOwOLt =yu; |=yx}YwD xm |}xvwox@ &OvQ}o|t Q_v QO OwN |=y|Ov@xk@]QO
l} \}=QW xOW |aU ?}DQDu}O@ w xDiQoQ@ QO =Q =yl =N \}=QW R= |a}Uw
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1. equivalent-linear earthquake site response enalyses (EERA)
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3. relative density
4. consistency
5. shear wave velocity
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