M ole V-1 ((1¥AF yliwo)) Foojlods FY als cConn ) duxo g oyl o (oo 4 305

A

G"g.‘a’.o sbal ) e M)Tu.y seojlw gl JTo..\gJ (SO Gbga JB

T ol Loy o sl stige pligeai & live aimg

Ol Sam 8 g ple ol8isls oyl jos  cwdigee ouSiiils 35wl )| w[_;_g,)[j‘
ssb opllyeal azles ixio olSails (fyes pwdige oSl ¢ Lutils”
39,0l ol8aily ¢yl poe  cwiige 0aSLiils o3l (g1 5SS (ggmiils ¥

QONYITY 2T a5 QONYIVY 5 pdy AN YT :2él ;o)

oS

wloas b rinn (Sl ) b Saasbion] ool o lophailo S| Sl 55 S dnsi )y S5 S pvran] Janslly 3575
($95 4585 S50 Slalllan g9l 5 rntny SLoA5 oyl Sleoon JSBT | ) ) Bolis 45 oy rtalan s ol oolitd & 4255 )
ool (o) Conslin oy S slallln (555 050 gn (538 sloalil; e 53 ool B al 455 BB oy slie (e S5 B i
el Jloye3 p (Jod BB cuodlu licebsl 51 Jlsie slaad )5 cod cslojlu i ) a5 a0 S5 4 il oatis ploul Jlgie sladl3); cod
Sl slodl i)y cou Ll o Slas 09 5 ol (53] £635 51 amy syl Ly B lalaislo oaile Bl cod,b cw)y casllas ) Bon
o3l Sl plaisla ol YA ol 2, 035 b Jobeo ol (330 Jlasl 1 ax pglite iy o 352 03, dm 5 (ool 350 (55t
2 0asl g2y & il Glishe gl (sl FASh slo i 4] S 1B sl 5 el o T (Sl sl el o
32 55 B s Wl Canglin 5 b s S ol el hngy ol slodyslios Koo Sl kol 53] 5By 5l a5 B lol (slagll
aos dalllae cpl 5l Jols zuls 4y slizwl b asb go YA+ o lasbinl 7,k al3ly o aady o oolaiwl colild o Sloe mhaw (1ol g (Jlgte sladl3];
5 sl 512 3 g S8 S |y il i lSE s oy s oy bt ol (3} £ a5 B o] pie 5 w5
(5385 ka s & 55276 ozl b 55 (555 o (slaos I 05 (2 Aozl il 55 ol sl o 4 it cogdle & ol 03,5 ol 3
Ny 00 00 yals

S WS gl st (il (Solns Juldos (g 0 o el ) ) (g B pias (o Slgunls

YY) S5 Ols e 5o VIV (5y5kesS 55 b 5 5l o doddo -

O G855 boj g Fo e e 55, i o (V0N Y ST
2048 09 5,5 slylo Ll 1 et o b ddlate o Y
WAL zge g ol g, Sol> cnl Sl am pes 5 ol slaced
P @B ele 05 b 003l 4ty yo b L
Jo) pleitle 95 (IS 5558 9 @l e 5 Bl BIF
w0y ool co (WYWAY 1) ol el ol 5o (s g ol 0k
Sl s Lol iy o Talls a5 as)l o olasle s
e DLl Bl aiiB 59,8 JelS sk 4y caingy eaid (o
GF slogloidlo & baye o IS slo o398 yiinn coad &l

Lol 0397 2085 ooy 5l (AU g g 4kl F

sl Sae b Ypens o5 slaalil g3y 5l am
Wl a5 b o) ol i 0l oo Glas! dilaie 0 (go0xie
o5 Al oo 351 (LS Lo 0 aitn ol W5 5l Shms
a3l 985 5l Jle Hlaie 4y ol oo o |y Lol &3]
slass FIV 5 710 8,50 L oal Gye 0 V¥ Lo ole ol e
oo aibaie ol 55 sam sbole (b 55 bns 03 J o YYVF
P AMA G5 L ;5o (WYAY Gels; 5 SBD) we S
Loojdom Vef wle g0 Guw B,L (Vo) e 45,08 YY) Lo
S5 0w orl po a5 ab aud ailaie (pl 00 51 Gl 6B
3 Ruiz-Garcia) coul oo # 5l iy o) ey V)
.Y+ Y\Negrete-Manriquez

SYAV-AAVAPY N D i poled 0Lods ¢ Jgius oding g™

rezadarbanian@shahroodut.ac.ir «( sl suigs .. w)beheshti@kntu.ac.ir «(,lowzws .g) mohsenian.vahid@gmail.com: .o, U.;)a'l

.(QL:JL‘).) )


mailto:beheshti@kntu.ac.ir
mailto:rezadarbanian@shahroodut.ac.ir

YE-21 .(0¥A8 b)) Fooylods FY alo oy ) bumo 9 oyl o (oo 9 s | ]y 102 g g loewxo g £\

adlas opl boaisls 13 vy 0j90 o> f odguze
O yg0 Vb Caglio b b s adgl >1,b oS Slsl 5l et
i T 51 s o 3, VU 5 g (sl 55 5 0,5 o
e gl Lol Gz b o) J o 09y s0
o8 2 s polas Liulidl ( Scoliys Jlow and cogdle .05l
oj J s e s 18 oogumme o)ly (ol 55 cos
Gl 5 o ey Sl Gblalis i b
S e wadls bl lasl culs walgs Baile o
P lzaly » 5 g e s L85 5 ey sla b))

Oezed g (YeVo 9 V++q) K 4 Hatzigeorgiou
¥. BOMWMW&AMijwJahAW
e w0y S 9 ol (25 Jalh 00l sy (e grme B
26 L, edguzme o ol 155 gs8y Sl am aS wd)S
el e e JS LEE T3 s Lo J o 152025
Sy Jolae mis8 5 GBS 09 )0 ek 5 Ol
hb o (glasbinnl ma jo a5 ol Jl> o ol gd o
O PR WA a)l.&l Lmo))Ju,u ).u| O l.mo)'L..u
baglatlo (A5)98 Jizl p ojJm plgs Do 5 (ouilS )3
1y ol &3ls £58g 5l am osal 0925 a0 ol 5 mhaw oz o
aS sas o olis o] Slallas ls sl 8 pwyp 050
bl (B398 Codyb (s 35 (5 03 el sla el
g YU plgs Sae b plooyJ o oS laigT 4 auS o )
sasdam| Hleisle (5 50 e Sl Tl (milS )8 Slgiome
P98 0 05 0m b 4z )0 dle 4 lo Lol Wiy cos
Y SSUS IR CTI WK E I B JESp 1 S TR P G aWe PR UL £ e
Syl Lol

Sz 4 &5 Sl SleiSle (ng slaptan 5| (L B
Sl i slapiaaw plu 5l Hew g 50 slagledl ilas
Il Glaploll 51 s e Sloizlos s ol )0 2058 0 S8
345 3980 o3l (ol 5 @3B )b polie plie 4 Jlns
dlogzs (nl b digd oo 32,00 plojpd ©jp0 4 dib 2
danlie ;0 0w VLAl 5 )0 Szl lesye &S (pl e
log )Ld) ) so JBlas a4y B luise o lapinaw plo b
75 4 5o Ll oVlasl 5 Lael (S )LSh )l 5l ojle asgens
b oo Sgnte (6 Sty

Jlo 50 (Mw=7.2) a> 395 g (Mw=7.4) Jl>o5 dJ3J5 90 Do
5 Glojle piaam (! Collae (loj ) o Sles S 5,0 1449

ghw GRIEL e bojdm LUlg (o) pgas
Slaptos 59) » Slalbe dapleaizle <o 55 b g ol Lz
@5l g 0ogr dgazme (oolil ax o wiz Slaptunn 5 lojle
Sles p (05 0m 5 ol Bl) Jgte sloal il Sl (o) 2
Fewly () o «(VAA ) Mahin .0gd co (bl ol gl
Gl cov a8 o3game 10 (goljl Az 0 SO piacew
OAYY ol YY) Bl d5l; o5 pm 5 ool L35 ol
e Aoy Sonnd) S S LS o) 5T 285 Az
IR s (oo 0> S0 ot 4 (ol 8 B
.J.Q)JLSA

9 olids olaws b s0Y48 L8 g0 (Y- - ¥) Foutch 4 Lee
CadS13 Jlim b g 55 g Ssias slacalss cou |, Y
addlas ol oasols 18 Jlu B om0 ¥ g Ve Y- -
0,90 b ol dd3); sl cdlo o 3 Sl o sl 4y a8 ol asie
sl ojlu ;o (rdge D90 4 glacanl (Jlo YFYO caSil,
Jlosl 5o oS od g iz 1) Ol (IS (el a5 3550
HB o5 ossdcml o3l o) d i Slsie & 35 en
5 g libs 5l golass oy 98 cge aS Blo ) ol 0 g
s ol S s coly

5 oo (lalazslo 1o owile Bl cud s 3,51
45 318 s (Ve o F) Ko 5 LUCO awgs Lol cladl 35
Sl s, 95 Lt o daslome byl o elo | b o
2 o0gaze ;0 g wied LSy Gloy Az )l (Seslus
O3S o Sealnd Ghgy b anolie jo (Ssbiwl b, ¢ ol
Sl laasle o oaile Bl cod,bs 5l ol 4t 3 5 o8
.M\)LSA

el plil ol a3l b alie slaoy J g 1 oslical
e 5 Jolao (Sol3T a0 ST s (59 (Sl (Sl
5 3y o3le sl 098 Jelod jloslitul b cod)b o
9 N pl ot g o] Gl O ylud o SV iy yas
alas cpl poo)ly Slolpl (ol (Solins by, 4
RUCSHt

L «()94Y) Kiremidjian g Sunasaka «alie oo, U
Sdg gl |y (oliio o 0 a5 (5l 05 ) g 3l oolicil
Sibwaaed Holaie 4y Ll Widged olml (egrias SlacllSS
Ot 3l stk GBS 5 ot ol Gl IS G (Sl
@y 295 0 dm g el ) Jelt 39250 SlacllSS
Oh9y &S ol lad aslllas ol ol .ase 5 Clsasl Bolal O g0
L s 2bmle 5L s dom lye o (ol slagty ) 1SS
Wjee e oYb o o

b Gged U auly Y- A) ) § Ruiz-Garcia
13 0 dim 5 sbol A3l ol onebs ctlS5 Y8 i 1 oligS



YE-21 ((0¥AF L)) Fooylods FY ulo cam ) duxo g ol o (oo 4 26 | o]y K02 gy loewnxo .9 sy

Py )3 (S g Ol DlEESS 55 e Lawg oud &)
Sl ol ule ) 55 (VWAS) o Loy CJB
93,5 Bl e ila Ve o jlgns als culses coles 5o
Voom alold 4 A oyei ozl oSl I pliomlis cox
WY 9o Sjgo @l (Jib g @3 slisl) g0 0 e ile
3 sl ai oz 55 Lo e o3 (slos Shos Lg5) 0 aolin
o lgso o by ol 3 (gl (o VY 6 b ol less Ll
IS8 Bollas ¢ o Cengliie 2al33l g (6 iy SIS (rnaly jolana o
Binney 4 Paulay) oi >lb 55 s kd sles e (V)
slasl by g canl jin le V0 b ls Cwls (VAVE
g JSWbEe YO B pae (b daskin g,lad Cwglie «slojlw
5 5o JISEe Tt 55 e slas,Shos el Canglis
oleasle poad Jloel 0u5) g 0050 byl polas ol az8 )8

Abbge (V) Jgaz 5o 7500 0 lge @illae 5

a4m @
4m
t—‘i

4m

Im

®Ow@® ©

O il
¥ ui,
Y il
1 1
Y ail BE
1 1
Y ail 11
1 1
| = L a L ™ LA Z i |

Wigns canlllao 3 y30 Ligh I sl yloas L oD -1 JSis
byly b pd 60 (651858 Khoo Wlija g b ledl Guigas

olyer (i CB L g (o s5eS G lapcn b 4l
Y+ -¥ Kalkan gBalkaya) cowl ooy Oldlay Ly jlass b
S ool ol 5l S oy Sl g (25 Slool 5
lao) Joms ol o)z pslaie 4 300 5 (025 Slalllas (35T
oy 08 ysali ol izl iS5 L oy 4l (gloojls o Shas
S5 B 5 s ol VU e Ll 4 g
aidy o (6 pdiwdd (63, Slos mhaw 0dg0me ;3 ] e
oty Olallae 5 Slaslie b Lol sl cov
28 )8 adllae ozl jo Gedod pl (VYA (liize)
1 A 0l Ly 4y eglos ) olael Colls 5 ot
A s )y o Dl 5o plie Jligs 5 (sloosle
llin 50 ol Jae 8 Sl s (st i 5] b 5 5
A 3)liasl) oyl 35 asbippm] ool yb s alaw Cow
o) 0 Shae 5 1oosJ s il 5 oailo Bl b ls (Yo
S o @l el 43S JE ) 0550 L]
slizl o osel sg2g 4 5 il zoba gl baoj Iy
5 esby 5 e s 8 () sl 5 L ws Jal) o5l
A RNV SIS NICINE I SN
Db oo pol> anlllas sloo jglcwns

axdlao 8540 s oo Wlasio -Y

5% oud )l (B B s b 3 5l caalllas el 61
a5 G 5 plate 3l O USE illae o salicl (V) UKo
ez b (TR liims) Sl oyl Lol cgr 50 52
5 Jsb o5 canlasiil Vb Ll, sloys Byme (D 31
el & arg bl e oIV g ) cy 4 plaels)]
Sl s sshie 4 olnl p3 0ol L2l (L CJB slaploisle
90 Slib sl g j553e D b abaplesle L3, 5 el
S e Ve

S>3 a5 pliiaBse g (JeSume 2ojgn (58
ailaie SB g ol o ¥ Slinh glis,) ol onds o538 ol
FA e olaibinl) olpl Ay aebow! gonaal olel
Sl 00l 48,8 L5 0¥ o5 (YN

o aslivgn] bl ail o andllae 950 slalaislo
ETABS 338l ,5 5l oolawwl L g (Y+Vf (ACI318) 1S 0l
oob iy cov ohb bl sles 5 oas b (Y+10)
i At Lol (s FVO iS5l o,90) YA« + o il
iy s Slib 4o adly laglall s ends sl sla S
550 sladae 5 03p 2zl il o Baile slaSs o
S oo 1, Ay osliial Coll 65, KLos pelas 4 aalllae



YE-21 .(0¥A8 L)) Fooylods FY alo oy ) bumo 9 oyl o (oo 9 s | ] 102 g9 (oo .9 sy

b o3game ;> Andy slajlre 5 silede bl
el o oy b b oigds S slisel (sl

3 ose ssbe i S5 - e slajlees (s5le o 5
2,08, 5l (65380 v 4 55 pete Al pophe el
L) 4 jmie wlas 155 - aaly ol o oS s
el oo oolaiwl " slans ) slagyloll 5l g o o

F
u Posmvvasny
P[4
y
Fr ................................... >
D D D D
u | r X
(Kg/em?) YYoooo=r2y ¢4:[;5.';) Joe
IV=pgmlss o po
R O

Hli8le 5 50 oud iy yxi as gl Sl LS, - Sl
(Y++# ;PERFORM-3D User Guide)

SFy Bz b o Sl eyt

9 Lael sl (Al pensd) S5 5k =) (SIS sl ¥ S
YA 5o 4y p00) s (gl52]

SeSLgl38l e 550 plias by slo s g b lgo (5l Joe
Sl Sl amio (90 L8 0l el "LS":)"' Slgs” olell
dalg3 5L 1o o VLAl daciin sl p o 051,300 o lgss
A 3l o s Slae A3 5l S B po g (o (Sadail pae
bl ge e (nl Do 8

b mé sl -F
(S &5 S9doe patie (M )3 )l oy (s p b
Y Sz 5l e b X Se 3 dapleaisle Cuglis mhaw
10 g dalllas o jg0 slolaislo [, bl ol il ]
(V) Jouzr Blhae .l a3 S )15 (o) 2 990 (b Y L],
SIS (oo 4o 3)50 (g JEKD lasge i S
2 Sl Jol e eioe dixde Jgaz (nl jo oS 45 plea
ol el iz SelS 5 039y JUiml adlge a3l lezsl g
Sl ez ) Glojle slales (laid & (g o ) 550
Bz > g3l gm0y (22! Ll 25 51 (L0

Sl oud ai8,5 Hlai )3 0uij g 030 Wyl polie -) Jgux

adgl 25k
ol Al ‘e
¥ ¥ 030 s
Vo Ye. o3 s

_ *
el @y fo p 05 5kS wly

ol 1o pol)ly (ruad ((has yul HUS) g5l Je Y
woyladl (AS yi 9

Sy sleplasle (s o s g giledoe sl
ool (Y + + V) PERFORM-3D l53 5 5 asllas

) 5 (B=My/Mydw)) sboyull b o azg b
5 e ) Lhp lalps 8, gg p (a=hy/ly
Ly @=3 Glp o8n k8, f21 Ly @23 gy €55
3,90 loojlw (Db ;0 39290 sl leys iSTaS -l 4 (B<05
SIS sl 5,5 051 sl O 5 0052 Jusbo anlllas
b lgd woyd Guali 5o Ss 5 Glatibo Dlidod 55 0 (S
b glall ol (gl ceslin canlies SLl Gl Jlis a5 (M o
i sl o hb asbinml Lales Jilas od oSl 4 e
oxigd S jally plore 4 (b el 0ad b loll albolie )
ol by glays ples g ajlons 25150 S8 ot o
32) byles sl (1) IS8 Gllae i 3 (n oS B
WS S JPES -ed Sy 4 a5 Sgaze (g3l
piY Al Gy el A 8, ) Gla s g (wload
S5 @ Yy s My Sl skaie 00 el sl el )l o a8 ol S5
9 My g 039 a)lge0 ;0 0 slml (Ld (5950 9 (e S
bl o agledl cnl Jsbo 5 )1 B rne 5 Iy

B aole slagldl g pi s olo ¢l &5 ool
ol Dglatie Lol Hlid ) 4y iy g, 0

Lol 5 sy S a5 U8 -Gin slogd 5 bl sl
OB et v 5 4 035 (oo ol (B (SoFnS Bk )
Ngdee Sl L plsie @ 6y G 9 oS
5 58, silooe sl addllas sl 43 VAT XY+ 4y 89)
(Y1F) ASCE41-13 (slaapoyi llae daplall s 8
A 5o 2l Swegliie Glie a4 Ll lade (consl (S8 Cenglie
Sl 00l 48,5

gl & ol ailes Job cos &y 4z g b sl S5 p5¥
oy ol (b Cunglio 3,51 Caz (Y 5l 2eS) alais
ool ooliiwl Bras lo s 4 bgyye Luly) 5l dajlgss o Ll
sk e L8, iledoe sl oY sloyully ple ool
@ bgre Jouz 5 (1) U8 Billae (S 1ot - )L S abal,



YE-21 ((0¥AF L)) Fooylods FY ulo cam ) duxo g ol o (oo 4 26 | o]y K02 gy loewnxo .9 134

ol 4 bl oS polde g 0o )8 bld laisle sla Ll
A oolaiwl (68 Slac o gy Sz (go> Y

i s e Se olulr Sl slaguly @l o
aib o o adly Ll gla g ayless jo oad ol sl S
polie (Kl g al cuilo p plas jo JBaile polie ol e 4
2B )5 18 S duglie ploil cge

aslim] e 5 s 3 (5 5 @) sla S5 sl
oled g o0y Soop s cll 4 blasle 6 s
b 51 VL (a3 adllas 3550 slagletSle slaglell
Hler ogdle 4 wilazs I 115 aaly o eoliiwl CubllB 60 ,Slee
WDl e cpl Cod (il asiie b S ol j0 a5 aieS
Ol St ki g py2 ST bl lp il polia
Obitle ;3 pgas 4 990 (ul el 05 jlews o Sk

Sl 3550 SoligS

10 = ol
JL YO = cuiFiloge0

(8) b ol

3 (ab)ogls by

T N

10 -
9 4
EN
*_3' 7 -
6 .
5 .
4 -
3
5 £ plnls [—O—
il Slls | =0
1 4
O {F' T T | ; T

0 1 2 3 4
Ge (o) o> 55 50 (2loml>

Sy Baib glul g plule 2Slus (2SKke -0 S
Ol 2! abipmT zyb aljl; 50 Gl 6,2

Ol A 809d o attie wdle 4y 0l Cod bl )l
o5 o losgn 55 1 s sl el

o) shodn 53 ot Jlasl o 5 oo csla ol
iy polie plos Le daplell (a0a5d (pizren 5 al o
S5 5 5 059 ezl adyl ol alis ye (s ot ath
Sk ST YL s (V) abaly Billae s (il g (S (6,105,0
e osys 5 bl LS

Q¢ =1.1(Qp + Q1) M

Mb(sa )J§.4 OJJ)' )lg aQL 909 )lg QD sd.'a.g‘) U"‘ 3

(T) @9ld yloj 9 M) JUS! Y50 oy ol ps -Y Jou
axdlao 5)50 sl Jo Slwg slaoge

M (%) aib 0 lezsle aib Ve olesle
T (Sec) T M T M
Jologe  +IVYYD . <IVEAD
P9 Sge AN \AV AR Yo/f
pgw o0 <DYFY V¥ Y S¥VAY SYIYD

Sloj az )b Jolowi —V-F

S gl bos I & gladl ) yiien 4z jo Gllail g
esias SIS 5l aS Wl a8 S geend cdslim] b
T 5 ey 00,5 oolitl Aol ik b bl
aals slagbsy 5 Sloy Slare slagiyy wszge sl
Sl oy sln dezee slagts, alexr I (S8
Bl 355 sl Lagos o5 aitd (e Stz (e yas
Gebate 039 p Baa (b ul b p bagte S s oS
OFAY gl ) Wgdso oolic] arily oo

lad & Gl clllulis (o b «Sarge Joos o
4 Bae b s b o Slie wly el § Soge ul o
Olsiss ley slad 4 sazme iS5 oS > ol ey b
o s oyl Cews 4 B el 4 F S0P b b (25>
ol oed d9diee S ool am 4 s, B Olles
s bl g (esran Do 4 A5 SIS Cda aallhe
ol 55 Al ool s a5 dilate b il g5, 5 Srgo
035 | s by o1 od S gl y (T VELYA- + s il
s ] sl o0 sy (Lo FVO oSl

2 ond (Byme sladlly ol ailhe 5l shaie ol sl
ol Gk () USE o (R JIR1) o eolizul (¥) Jsir
o) Col 00l awolie ddhie clb b b el
Sibte Joddlygins )3 oad iy a5 (63, Shes ol (VYR
2 @A e Glaie 4 OYAY X2 40 ol o)



YE-21 .(0¥A8 L)) Fooylods FY alo oy ) bumo 9 oyl o (oo 9 s | ] 102 g9 (oo .9

cod b Jae gl sl a4y aslsl jo 58l o balens Lo
sl ploiSlos j2 pl 5055 e g 4l (380 1L U]
S (pleabo IS gl e ol oy 550 (plmler Cund)
685 kae 2ol ol Lo sl 5 Lol ol 45 e
9,8 aliwl ¢ (LS) ol ol «(10) iy o oolatwl colld
2 S8l e oy jebaie dp 0l 2llls p diasw; (CP) (o3,
S5 s ol 35,0 Laplas b i 5 sl
25 e ez lo) ol 350 Jlas 51 8 plassle o ol
w35 gl il Jols cod b (e g 0b ol

55530 o 31 ol s ionin (8) 5 (M) S5 53
s ek 43 3 ol 5 el Sl 3 48 aplassla il
550 obls ailoads ools iuslad 00 yuel (slas 5 polde puien
35 9 5led iy 4y SP g W 5l jalaie o jloges ol jo aS ol
59 ol ezl gl 5 )5 iSTas i Target Drift g osgy Lol
ORISR

50 oddcuw! GlaiBle a5 wi asine Judod ol e
Congli 5 b o il oo s s, e o
<l Glsee loi b il al3IL g conl 1095 50 o8 LB
oo Gl (ol (85 5w ol (S5 g Cuaglia o

ot s 35 o b 35 Sl 85 ool 4 4
@ bolodl ey gl 23 5255 5l il 4 bl Sk
CS g oo el oS iy oy oolil Colls g3, Slas xlans
698 kes gl 4 a5l mhaw opl yo plessle 9o ya oS
S oo S8 Ol VL el )3 (5 03l Galy 0352l
Oleislo ;o ol py2 S50 e i JBale Jlade 0l &
el VOF pucly slexsle o 5 e il SNVA elisS

)
10 +
9 1 -
. E‘.‘ Al Sl s
- g _5‘{:‘, JEwle JSi pis |mmme
3 A L) slo,s |=O=
7 1 b\? o,lg0 | emfT—
5 4 ob
Y 2
4909 B
A 4
3 44 2
R
> {hb
1 ' T
0 0.002 0.004

(OL3l) $ 55 i3 2 9 (oo (e et
298 le S i 9 S pend piS 0> (S0lae —F S
b Blia o o 5 b a3 ol dlink o slaglal
addg o ooliiw! CudblB & Sloc pdas

9391 )b Julxs Y-

S e Ay Jlesl jlas o(V) Soiless IS Gillas
p8) dalllas 350 sla e 51 o 5o @ plpl aelinl (&b
@S L sl oo v onpscaml gkl )
by yo o)l Jgl oge S50 b cesliie (il L 2395
odlgl sl oy el glaglezle sl b o0
Slr S5 prz capd g 4l Sl 2eS ez cnl o (JUE 0ge
(Y pl8) wlazd 3 )18 (conl doyo VO 5l iy 55

Sl ooy Gl glaseS 4 Jodow cga wanl [SS 4y 03Y
LBale slagbe st 5 lapldl JS2pmis Glie oS

PGA=0.352g
N
B
w

el ™
// -:\\

G e 42505 ol
Vo5

o a3 Jobes Lol 53

o358 i Jelos
TR ] gl oge S5 b kit 5

(Selosd) 099381 3 Jukons oS b sy ST ylosislus Cud yb  Swie 2! yoinnl -V S5



YE-21 ((0¥AF L)) Fooylods FY ulo cam ) duxo g ol o (oo 4 26 | o]y K02 gy loewnxo .9

44

ook 435 50 el plaisle

o ezl | m— ——
W, s \\\

% i
3 _- <3 \\\
._1;' ‘o’ N\,
3 o 5 Tl
] = & ) il
| =
£y 9. & ~
3 & = |2
3 2
3

M 3,8 0.001 0.002 0.003 0.004 pbesz S s

Tb 05 Jlos 3l an 5 15 ke O plosslo Casd 5 ke dumglie A S

T Ayl 0 ednscen! plezsle

0.7 A Ml plazsly | em—
=
K =
2% a
) 151
o 20
3' 4 <
e A - = \
v ! -7 [
3 0.792K e r | IR e N |
7 0.3 A / gt = [
3 7 et N i
;" [97) T
> 0.1 4 / 1
4 T T T T
JEsbe 3,8 0.0015 0.003 0.0045 0.006 fUeT RS

ol A5 Jleel 3l am g 8 aib Ve loss bl Cod b S dus Lo -1 K2

mom (Vo) UK 0 oo (B e LS 3l pgo Ceond
il hol (350 b (bl )l ges o Slasein a5 ol glo3 )
(B2 byl Oglae Ko il @ clil Sl
CBS SlLd 79 035l90 il (Saslips Julow plonil g
Sools oL 51 wig) oo jlod 4y S 51 g0 sloal s g5 oS
o 5 s bl slacslSs s cusls  PEER ol
i 1B g5) e S5 Lyl b g ey i, VIF G5
{(F) Jgo2) 5l Sle3ea (USGS
el anglin 5 BSOS 95 0 ik by s 3l oy
odgaste ;o yi5 )5 b polie Lulul ol cunlS adlse
@ el o) dom Olse ay Sl pladle Lol )l oS58
ol Qe lo 2 ) OO 28 sl 55 9 05 s B
il b b e e Lol b)) Co oy
(OVY)) Soleds JS8) 030 ,5 Jlosl

Bl (Saolas Julowi -Y-F

Glojy) slezel Colll gy S wnd Gl
E999 5l ams Jloimat (sloo J sy v anlllas 8,90 (sl Lozl
tigai aiile LoeuslS 5l (ls YO CiSil 0,50) zyb 435
cilS a JSE gillae b solitul (Vo) JS& Lo oad @l
o lg0n 45 03l o ol 35 Ul Cand Cons] a5 ol
Sgs dalgs s
5 P @l e 9550 Ly B GlagleiSle oy
i) s Jelo SV Lo (et 5 ks SV sl
(b 3l 5l el ol e j5kiie 4 I VAF () Sen
oolaiwl il s SO 5 s (Y-F) 9 (Y-F) Lidu 90 2 50
ol 3y (egian SLCBIS G i B Sl oud
ol Sl ke & o] (slagioly o IGO0 -F) iy 5o
s gl plpie 4 dR1) 0 FSuap CASY a5l ol
s bl b



V-1 (1¥AF lawo)) ¥ oyleds FY uls (o) buxo g d')‘“‘ (WO & s | le&o.b 9 ol g (3%

B) ey Sl 4t

S

st Syl e psan Ll el )
YOV =(@) ey SLS aidn

Sl b 6 )lg0n

V oz 50 ead (Byme (rebo (slo a0 Ly

Consl prriin (Bl Ojg0 4 Al 12 sl =@)0me) LD At

(b))l

a5 Sanliy Jelond gy oo 00l 03, g 3 kol 4135 ol slocalSS o i Ve S

P (Sooliad Jukoni plonil cur bl Gl Y Jgor

ayl; sl Es8s Jlw 5 uilS ood ol ailge Ms) 5,5 PGA(9)
R1 Cape Mendocino Eureka-Myrtle & West, 1992 Q. Y <[\YAY
R2 Northridge Hollywood-Willoughby Ave, 1994 YA #IV AR
Rs3 Northridge Lake Hughes #4B-Camp Mend, 1994 Q. #Iv «/-FY_
Ra Cape Mendocino Fortuna-Fortuna Blvd, 1992 . Y AR
Rs Northridge Big Tujunga, Angeles Nat F, 1994 Yoy #IV DA
Re Landers Barstow, 1992 a-. \7hs AYOY
R~ San Fernando Pasadena-CIT Athenaeum, 1971 a- ldid NAREAY
Rs Hector Mine Hector, 1999 a- Y <IYYEY
Ry Kobe Nishi-Akashi, 1995 . £/ < /6-2Y
Rio Kocaeli Arcelik, 1999 . Yib <IYYAA
Ru Chi Chi TCU045, 1999 Q. \lid SIONY -
Riz2 Friuli Tolmezzo, 1976 . 210 SINONVY

(o TV i3l 0,59 o 35 583§ am eplail o
@ by Gloys 5 boles Gow, @ln 5l 9,50 Ll aniie
T 35 Sl 5l it Rl iz il 68 Sles zslan
sleaads ;o dajles 4 cod baly slayd ((F) Jauz) el
@ olgen ) 0p9e cnl by o0 g0,8des ol 4 650l
o (D Sylens & S Ll slo g i loj ) sl
39 i (68,8hee maw SO L bl Gl ((Bob 5l sl
o laisle o o5 0 asiie opdle 4 sl oS sails gl
LY oV Glajsme o &ly slaglll ol,5 aslllas 5,90
51y 0550 ool 00, s ST laglall s 51 5095 (V) JS)

Blo cus u)L 3 Comndd Q-.’.‘ o yles i ds,0 4 Jyu;o

005 eliie 4k 0 porde I (il (Sealins Jolos 5o

e e T R IV R P IS IEL SEREILIRLS
8, 5l (ramg o0game 3 1 05l o8l g b jlade cenlie
Cool ond aBF oy ol idy gl b el
Shge 4 el wad (Y Y LCornell § Vamvatsikos)
@ ojle fly &S laulod (29 )3 by g 305 o0 LS plate
iy dnlllas ol o 0ad g0 Clile y Canl (58959 S0
9 Lojdom Dol bl s Cua (PGA) ey Sl
a2l Olsie 4 ool slaplezslo ol 5,5 25l
b Wi 50 eascawl slaplasle Gl a5 bkl
() 5 () lo S illas Lol ol 51 Jool> slo it
59 a5 0ad o polas calols bl 4y sliwl b .conl ool oo,

(8) onsdcmml ojlw plall 10 (63 Khos gobw & Jgam (51 p3Y Wb (il -F Jgaxr

aib Ve il Joe

LS 10 LS 10 a5 5550 65 ,8kos zshas
158 -1F4 “IvY <108 Ll o,

-/aY -y VA$ -JAf P




V-1 (1¥AF lawo)) ¥ oyleds FY uls (o) buxo g d')‘“‘ (WO s [ ol Ko g ylowxo g A

‘ \ PGA=0.352¢

(Silod) 0y sl (yloislus (595 W0 gy (b33 (Sonoliyd Jukons 1) JSUis

(B) ey Pl arion
[N
[e)]

1.05

0.5 A

ulns 0002 0004  0.006
b S0 55

3 ol Kanliy Jalond 5 ol (slo onia 1Y S

Ve osyaml o3lw) (53391 5b Jukowi 1 (9155 oo Y
(i

Fragility = P[R > LS; |IM = S] M)

e Jlixl g5 ( oS sladizmie ly 5o
Ol e (Ve # (]S g Cimellaro) oS o oyla 1) & lus
ol a3y calizes glacals jo 1, ojle wly ma565 Olgi o0 b9,
g Lyll Ole Cuzr Yl Sase slagie I sl
Slojle st g Glosles i 33 ;2 5l (6 pdam] Sledl]
3o g B slo) o Slas avglie g0 colwl yleizle (o
505l 5 silepslie alize sla by, amalie 5 (55lupglie
ags ab plo o5 Gk cwb poe ol oS
g ol Vo oo S, sl (S sl gini
Rl & OlFise 5o Alise slaghy, Sl ki 9,50 2o e 4
by, ol (Y +A Hosseini 5 Khalvati) oo, o g
«Solel (275 by, el IS Sglad e g 5l le
S B 9y 9 Sl oy (2 alesl (b,
Ly hlow () 4 (Souss gla pove waddllae cnl o
oo angs otl38l  Saolos Julos 5l oolazu!

) ey L iy

ke 5 0.0015 0.003 0.0045
pbpz Sy S

9 i B (Srolia s ol 1 Jolo by Smio VY STl
B osd s 03lw) 59331 Jb Julexd 31 3 o> WY
(adudo

Sl gy 4 SWSE o gl -0
38l (Seoliyo

Sad b ogldyy (ol dalaie Soyo a5 pl s o
pae b il co 0 Slos 5l (o 4z 441 ol S astine
10,5 pad S A0 g0 4y

32 S DHyge 4 aF ses gbbcahd pac (Jol atws
[y Uas mlin dacaslad pac pgo aiws o g oo Ol )il oo
(Slesle o gig, 10 S92 g0 slallas sile igd co Jolis
o) pls (Y- Y Behnamfar ¢ Berahman ).. 5 gl o
oS el ol oy silate ( SYleixl 5,8 4 o5l o Slee Ly
gl LS; 5 o3l gy Sl R el 51 osye 155
IS S IM SR el b hadpe sos > b o Slee
&b ol G lai o yg0 o Hlaie S g 35 o Kilo sl el )b
Do o i a3 (V) alasly )0 o &) 2ok, pyd 4y Sauss



V-1 (1¥AF lawo)) ¥ oyleds FY uls (o) buxo g d')‘“‘ (W Ay el / le&o.b 9 lsswxo g £9

sk sl ((10) JS& Bllae b alil; 5 enpocal 5 ol
3 i (g 28,5 iy lolall 5 (59 Slae il
aS o3l oo aseie (M) B () Jglaz ;o oals o3l oS polie
ol pdyceml Glcwnd sl ojlps o bl Gloys
olyen (5, Shos ok & laisem) Jliol & 12 wien
- o il O ooy leislu o Conlelgss 5l i
il (o s it b Jslas) /YO8 ol iz b o3 )
Lo addy g ool Culild (65 Shoe w4 bagylol orms,
108 Sl ain b o)) s Codi g Joe fmed j0 Sl jro
vy Jloio] (ot 43y aiiey QiS5 Joles)
a5 4 03 5ali (63 Shos b 41 ol 5 Lo (sl 5
Cov i Ve sadca] Hletle 0 el dsye Vg YT
g hal) lo s e, Jliol /Y08 Qlid ain b oy lm
FS ol 4By o eolatwl Co bl (g0 ,Slas plaw 4 b gy
Ao b o)) S g Joo e (0 Gl do 0 ¥ g 4
ghe @ bjles 5 Ly Gloyd povw, Jliol o /dg Slus
019 o0 el 3oy VE g FY 5l 1iaS o 3 a 00 el (60 s
ol b ooy 5o gy 9 50 00yl sloojle S
&S oo 5l )3 daBy o oolaul Co LB (60, Slas mhaw )5 00,0l

(B) ey Pl Ay

555 i 53 e ;o ol slaoile

PSS RSP BT g e I O e Ol
6o, 8des o uly plsie 4 plady Ly slo s g lajles
NP a,29) lal Glos) il Joddlygiws j3 oal iy
ol g 0oges B Ll o o5 JLae lae 4 1, (VYAY
Gy ya3 ol giws 0 asl b gillas oS polas (gu> Y-
oy Stz (O 5 (VT GlaS) w03l Comad el o0
oz Sl e 6l ((0F) S8 Billas ((Fouss sla e
sl gmmie 59 3l Geey PLd aiian polie (g0, Ses lav)
B 0 0sd s culilsy caolidl (Selns Jlss 5l el
@39 shls Jol> polie grnb 02 )80 a5 cnl 28 1 Koo
F() Jloxo! JBa b S g Sl 5o sl il Jlo
o plgie 4 X0 sl ool (3Kl b 0o oo gl S
b -0l Jluiol JB b (poie ) o oo 5l o
v cpl 5o 4o e o sl ojle (1idS Jleas] X0
Jhezs! polie 2l Sl g asg, cpl 41,0 000 0 olis ) o |
Gl (S aiSs povn gl gl 4 e walise sloass gl
oiSen 5 Uyl i) b aalst 5 5,50 (53,Shae
> g0 50 o pzin (pl csdlas 5,90 sloojle gl . (VTAY

< _ 1 N2 /(082
g F(x)—deXP((X w*/(=28%))
4

|

L

0 F(x)

X0

3 5kos s 2 sl 58 sla 2l
Sgh (o0 dmlne

pbe Srops

gé% X0
P=f F(x)dx
9 -0

(S lod) Hhs 090 yas b jo Cull (26,98 (60 ol SO 31 0jlw (il dS Jlosis | acwlxo —VF JSCo

3 1
47 T
= -
0.8 A
0.6 A
0.4 A
0.2 A
’5
» @) ey Sl arinn

31
_ﬁ) aadg o oolazul
0.8 Sz ol [

0 < <
® o 05 s

0 <
1.5 0 0.5 1 1.5

LT TSN

0.6 {—| &busleys

@)ooy Sl iy

T

Tb Ay o e | 9w slrojle [ Suicsh by S dwolio 10 JS&
aib Ve ojlw (O i B ojlw (I



YE-21 .(0¥A8 b)) Fooylods FY alo oy ) bumo 9 oyl o (oo 9 s | ]y 102 g g loewxo g Y.

Tobw @ pllw gloisbo slagladl s, Jlosol A Jguz
33 (LS) Sl oyl 3 (10) adg o soliviw! colil g3 Slas
(%) +/0g Sl diin b Lol 4315

).EJ é)ia t_ga/&].».c C}.Ia...u IO LS
Ll, 5 a/y \/aY
dinl O o3l 22T
Slg ol F
).EJ é)ia t_ga/&].».c C}.Ia...u IO LS
Lly 25 Yo/aA YA/ 0
i ) ojle 2T
BUS \YIVE \/PY

30 i polde 35 5 (V9) 5 (V0) sl S sillae

5 ) gl gl Gl L (M) L (@) Jolo—s

U Lagladl o) Jlaisl da o] Gocs g (sdudaam]

Sy el e Gl 5 cilie (5 Shae gslan

Sl pogpie Lojld o bal) slo s 990 55 ogas

slooj o 5 ol adily an comd Ll sl a8ly )0
8500593 1 (6 i ool Jomsiliy 51l 5l o

1
aady o oolaiulk-layl, 5
iq S el 0
= aidg s osliiul g ,/
Sl b lge
0.5 A :
—m——ailb O Ll
/,
0 T - T
0 0.3 0.6 0.9 1.2

0agd camw! slojlw S IS sl Lo dus b V5 IS

soledl jo IS i 55 annlio b plgi oo 1) 31 090
58 Billae (5 L8, 28 L) ogad azg s 5 bl 55
5 5T b 51 (L) s Jsb o5 cnl 4, (1Y) Seslas
S (72) O (oo (il S i el iy (Ls) L
e ) 1 98l S e (1) Ll 5 S5 e
(tan @ =~ sin @ = 0 :oy )15 0 g0 S>55 sl IS

bly Sy IS8 5ss o5 Conl spps ol i 5o
aalys (63,8les ol b blie oS polie 4 bajlgo 5l 5og)
Sopre 5D s WS 5 ol gl)) paldl b
s IS8 5 55 Gl s 095 Ll 15 jglome slalgao
ol & s Lol el s commsl e 1 5 0 5 o
&F 0575 pegas )3 wanl S5 GLLE 085 ooyl HobisS
2l U5 i e 5 bl oy 5 ajles 0 5
5o 1, ablie asl ol 5 bl VL slosgs I wlisls
(4 o 2 slaplastle 6l pogas 4) <855 ool wls

2 skl A5 plgie @ gib Ay Heliss plessle o
Skl (63, hos mhaw 4 o lpes 5 Ll la s o, Jloio|
Loy /Y08 it ancion L booj I oo aidy o oslinul
v 53 /08 St a6l 4 (oSl 03y Sl
VE Ll e lens sl b 8l ped 00 el (60 Shes
Syle Js asly by sl s sl Jiz! ooy

A3k Slgie 2 gy Ay dlog, b 5 sl ezl
&S es mhw & Lol slo s o) Jliol Gl (Lol
IYOE DLt anci b ooy J e Cooss 4l o ooliiul Cubls
o3l eSSl el baless (61 5 ol w0 Lo i
Sy Jleaal Galsdl o /0g olis anin jo ailb o asyo
L a5 4 00l (63 o gl 0 b jlges g L) (sl o5
23,5 o °)3]ﬁ AR PRI

& oy doml ylass b by lall oy Jlaso! -0 Jguzr

S sl g (10) addg o oolaiw! CubslB (50 Shos glaw
(%) +/Ybg ol aiulin Lo g 5o (LS)

S 8550 69 ,Sles ol 10 LS
Lly 5 Ay
il D ojls 22
s
S8 50 60 Sles s 10 LS
Lly 5 AIY YIY
o Ve o)l D2
s VE A0

Tobw @l plasle g pldl youwy Jlasa! -7 Jguer
39 (LS) Slo (Sl g (10) adBg o ooliiw! cabilB (g0 Slos
(%) +/Ybg ol aiin b Lol A3

S 5550 (60 Sles ol 10 LS
L, 5 Y
il 0 ol D
s
S 5550 (60 Sles ol 10 LS
L, 5 YT VA
o Ve o3l D2
I WS 0

4 oy ] (yloss b (Ll oy Jlosil -V Jgur

S (el 9 (10) addg o solawl cobld g0 Slos Folaw
(%) +/ 08 Sbcd aduian Lo J e o (LS)

B3 50 59 Shes oo 10 LS
Ll 3 YY/IVE YIfO
dirds B o5l 2
Jgzo oA elo8
S 5550 (69 Slos ol 10 LS
Lyl 3 Y YYIY?
i Ve o3l D2
oo WYY




YE-21 .(0¥A8 b)) Fooylods FY alo oy ) bumo 9 oyl o (oo 9 s | ]y 102 g g loewxo g (A

Jae YL clid b, o, Cow 4 o> wjle gl
D9 s

5 0958 b sladids 5l Jol> mli b chalis o)l
PSS b o sy gm0l Ciillan o v
olazel yo g ok sblizle o paas 4 dal) gla s
ly ol lojlo 590 Wl oo ¢ VL (o Jleno b (sl e
slodl s o aS canl uay il lawgie gldl 5 655 Qi

dojlgs sass 5l B YL ool wgai ledl b coles jo
Syles blite 15T imran 5 SYlasl ala>de LB Jsb
3o aw o, Sles 1A g ajlgss 5 aJls yiuS il 5 ablise
g Sy B

ojle adgl b a ol (6,950 ST ) S5 Al
ub}ou 03)51).! Ls‘)" L)u){.l as ‘).‘> wyb Cawd ).u u_B)L'.uo
5 oleizle wlidsy 33w M 5,155 50 ol &l byl
Syl ool ghaiie mhaw Jlas el 0 (VYAS) (s
S s (A g Y laa) D 5l L) e s clids glojlu
a5 0gd e ablie aJgl b aslim] sl B> o
Caoglia ol 31 T Jalo g canl 5150590 polie 51 it Lo
RYVIRCAPEIPC ORI

51 pelsS plaisle (Jlgie slodlyly cod o ol o

Sygo Dllllas Ko 5 adlas opl 5l Jol> mls 4y Hlas
2955 5 (6 553k ¢ L5 B lojl s (ogeas 0 i ndy
ETEIERERE SO T N Rt P ICI U TRREY
9 pY )95 e e (b oga 0 (S g plexsle
Ll (5950

& 35 A -7

2l 0als 3Bl Dlad 8 g )y 0590 o Joe 0050 o
Srlosed b o sbplensle Gl loj ) o Slos Sy
O 3 s il sloei S 5 b U cov il
bl e

isle; azdu B Jdog gl 4y slal b
(Jlo FYD iS5k 0,90) YA« + o jlusbivl )b ay); cos @
5o &ly lalell jo als slml glo IS ot ain Lol
5003 5zl Ll o Baile glaJSUs i ey 5 g Slil
addy o oolaiwl ColilB (60 Sloc mlaws 1o canlllas 0,90 (slo Joo
I

tg(y,)=x/L, tg(y,)=x/L,, Y1+Y2=Y
Y1>Y2

ST T e o R e TR T

Luly by g ylesd jo (gloj ) b dug Lo -V Sl

5 ol lglesle Souss oo awlic
i I @595 sy G 5 (V7)) JS8) osudee]
Lo jlg00 5o o 5 4 0als oloml (6 55 (i3 7 9 (oo (8l O
108 Sbd i b ooy Sow pliiy bl lays
@ b dil; ey &5 wasee (L (V) 5 VA) laJSl)
laglall ;3 (68 ,Skas pelans il Cyanly s s sbool 3 lsie
A dalyis am sloo) S coS ()]s ogat 4) ojle
oSlae mhus 55 Laploll w35 e alisdlo 45 4 las
58 1,3 (7 <0.004 ) aidy s olizial i3

A YA« s laibenl #,b d3); Jleel 5l asm (Jow 95 2
(O 51 YL (22 00 el Db i b bnoj J g 268 o( o]
ded e Gy | (Sl (el g0 5o o 255 4
s Jsed B LS 5 olsS Slualie ol (7 <0.006)
el os ) 9 03] Jeod po (g B 2]

SIS (V5 Y slojooe) D (She sl jg7ee a5 (ol @y s
Uil o i i (S W g lnd (o
Do 5l (edan o 50 bl (nl oS oo 2Bl o 1) st
# &y slapldl o IS8 i Glise LO) 5 VA) JS2)
slojsme ;0 &ly Glagledl 4 cod (D She sl g
ol yitin (F 5 ) slojozee) (Sl

Slib o bl slays g bajlps el pladle o
S (oo 4025 1) Lo S i o i (V5 ) Slib) 5ol

Slojlees o S i (n iden G sk pleSle o
e Slab by gloys o (V) olad) joul olib
Gial33l  aS 50,8 e alimdle bl e Glisl (8 b Y olal)



YE-21 .(0¥A8 b)) Fooylods FY alo oy ) bumo 9 oyl o (oo 9 s | ]y 102 g g loewxo g Yy

Vo il

4 ai

A ail

Y ails

F ails

Oraz

fail

Yoail

Y ail

) il

0sy<l073

3

L1073 <y <@2x1073)

x
| (2x1073) <y <(3x1073)

Bx1073) <y <(@x1073)

5 ail
1 1
¥ i, FH
1 1
Y 4"',1; T
1 1
- .
\ ail ]
1 T

2108 o b oyl 3l am by Loy g Laylg20 50 oud dlml (6559 (A8 3 9 (o (il OB S (2 il VA U0

(¥ 9Y syex0)
Vo ail 1
D = lo<y<1073
4wl 3 3
1m] T | 1077 <y<(2x1077)
A ail - 3 I
' ] | (2x1073) <y <(3x1073)
Y4l . (Bx1073) <y <(@x1072)
1]
% ails
0 4il 0 4ids
- 1] 1
¥l ¥ ail
L1
Y ail Y ail
1] L1
Y il Y il
jm) T - -] T
) ail ) il
1] I - | I

108 @ b o5 o 5 ans Ll (5o 5 5 Ul 53 oo Slosl 5 53 i 37 5 o (oo o150 pandd (e 1A IS
(f g s ,9x0)

& SHoml Goad o lajles 4 e 5 W gl
Ol o as o b Lael cpl JA 5 aiw ) oo (59,5 zokaw
Sy 638es zoh 4 b e ln ojle slajlgs
Vo plezsle gly +IVEE 5 aib 0 Glasle ol </AFg)
oxge p 1y iy 655 i B slojlu 508 Glge @ (adib
a5l

Oy Jloil o3l gl o331 b eyl o G (o @
Sy30 ol bsn I3 55 50 5kat ol & o3l slaglel
Lol 555k djles o bl b 5 0 )50 10 ppa
Oy Jloil b i 0 sdscnl glaosle 51 @
aily yo aBy o oolawl ol g0 ,Slas mhaw 4y Lol glo s
i b i) )0 5 000 A5l eS¢ /VOg Qlll anin b
18 ez ol 1o lgsd (gl ansl 0 ys FY 1 a5 oo 08 ki

A3l 50 eadcaml slaglaizlo (59, 59381 b el e
il aseie YA« s ailial b
2255 9 a8 i Sl 4z )0 5 )b A3l Jlesl Slany @
Saglie 9 codyb hls plires bgleisle Bwle sla s
Jood p3linse (50 Shoe pshaw a4y lapledl o) 5 0092 (VL
2Bl 28 B (il laplSe s
B le sla) o st 5 LIS s oo glis,l ul33lL @
kel G55 Sham pletdbo (5 g Caeglite ;0 23l e i
b Gl

(sl Bl (Sealns 9 (SoiSs glaJolos mls 4 azs b
Olike bily sl 5 bajlens e, Gl oY Col gl @
Dol whaw 5l i plp ey it 63 ,Sles ol 4
RO 7 PR G COR PO AL
S s 5l g ReS (LA p Ceaglie Jb 4 L) sla s @



V-1 (1¥AF lewwo)) ¥ oylods FY uls (o ) buxo g d')‘“‘ (WO & s | le&o.b 9 ol g \Ad

Balkaya C, Kalkan E, “Seismic Vulnerability, Behavior
and Design of Tunnel Form Building Structures,
Engineering Structures”, 26(14), 2004, 2081-2099.

Berahman F, Behnamfar F, “Seismic Fragility Curves for
Un Anchored on-Grade Steel Storage Tanks:
Bayesian Approach”, Journal of Earthquake
Engineering, 11,2007, 166-192.

Cimellaro GP, Reinhorn AM, Bruneau M, Rutenberg A,
“Multi-Dimensional  Fragility —of  Structures:
Formulation and Evaluation”, Technical Report
MCEER-06-0002, 2006.

Computers and Structures Inc. (CSI), Structural and
Earthquake Engineering Software, ETABS, Extended
Three Dimensional Analysis of Building Systems
Nonlinear, Version 15.2.2, Berkeley, CA, USA, 2015.

Computers and Structures Inc. (CSI), PERFORM-3D
Nonlinear Analysis and Performance Assessment
for 3-D Structures, User Guide, Version 4, August
2006, Berkeley, CA, USA.

Computers and Structures Inc. (CSI), Structural and
Earthquake Engineering Software, PERFORM-3D
Nonlinear Analysis and Performance Assessment
for 3-D Structures, Version 4.0.3, Berkeley, CA, USA,
2007.

Faisal A, Majid TA, Hatzigeorgiou GD, “Investigation of
Story Ductility Demands of Inelastic Concrete
Frames Subjected to Repeated Earthquakes”, Soil
Dynamics and Earthquake Engineering, 44, 2013,
42-53.

Hatzigeorgiou GD, “Ductility Demand Spectra for
Multiple Near-and Far-Fault Earthquakes”, Soil
Dynamics Earthquake Engineering, 30, 2010, 170-
183.

Hatzigeorgiou GD, Beskos DE, “Inelastic Displacement
Ratios for SDOF Structures Subjected to Repeated
Earthquakes”, Engineering Structures, 31, 2009,
2744-2755.

Hatzigeorgiou GD, Liolios AA, “Nonlinear Behaviour of
RC Frames Under Repeated Strong Ground
Motions”, Soil Dynamics Earthquake Engineering,
30,2010, 1010-1025.

Khalvati AH, Hosseini M, “A New Methodology to
Evaluate The Seismic Risk of Electrical Power
Substations”, 14th World Conference on Earthquake
Engineering, Beijing, China, 12-17 October, 2008.

Lee K, Foutch DA, “Performance Evaluation of Damaged
Steel Frame Buildings Subjected to Seismic Loads”,
Journal of Structural Engineering, 130 (4), 2004,
588-599.

Li Y, Song R, Van De Lindt ], “Collapse Fragility of Steel
Structures Subjected to Earthquake Mainshock-
Aftershock Sequences”, Journal of Structural
Engineering, 140 (12), 2014, 04014095.

Luco N, Bazzurro P, Cornell CA, “Dynamic Versus Static
Computation of The Residual Capacity of Main-
Shock-Damaged Building to Withstand an After-
Shock”, Proceedings 13th World Conference on
Earthquake Engineering,Vancouver, Canada, 2004,
Paper No. 2405.

Mahin SA, “Effects of Duration and After-Shocks on
Inelastic Design Earthquakes”, Proceedings of the
Seventh World Conference on Earthquake

Lol 3oy VF 5l 5eS (PGA=0.58) ,has mlaw
cov o dapleisle ol o il b Lol szl @
osliiul culils 60 Shoe phaw 4 55 (558 Liond (slao) )
2ol sl aw Jlisl glaos J o g Lol d3; cos oyl
Sl i) iy 3 Vb b slos) s b blie

Al o
42l s (2l (6 gl Gl Jloil e 5 p
Ll azgy b 3o o)')J

&y -V

ol o5 ey sl s e mles ol 2
Se5edgss S penoiils SYlie dsgeme 5
XAV B YAY Slas VAV caigus, YO B YY)l

Hoszge slaglesle sloj) @il o Jslstiee
Jol sl ¢ gwgb (ol puai axlgs  cxis oRails ol jLas]
AFE Y AR Ll s

6‘0)') CJLA.?'LXL.A" %) )ys_iu 9 UL.A.AW O Jj‘M
—sole alme Melanel Db L L B slaojls
A=) B (F) YA oo Lo g laojles SSilSo  cimgis

VIV 855 L as 5 oy 03 eey 4 (25515 CoiS™ e 85
YoY-VAR AYAY Yo lad o) 0ye8 il bls il

F opas Mo s E-Y ey sliwly o cul ..ul: slas,gls
ohlasl Jsl Gialps ol gile saie o 5"

B = L;L:bo)‘l....; LS‘)-.’ )L‘é) o o u,....au" ) uL‘-‘*“’“’
S e i A ol S aalighly s
TR s Ko g ple olKtils a3l

elss ooy Ghs)" o Ol oo Jslsier o Ol
2 Sealnd JoloS pompe b9y sly cemilie (301
i I g B 1 glaplazsle gloj ) 18, (s
Py Byh 0 goad A pdy ey ol pee (ABg% — ole
Avar

ACI Committee 318, “Building Code Requirements for
structural concrete (ACI318-14) and commentary”,
American Concrete Institute, 2014.

ASCE, “Seismic Rehabilitation of Existing Buildings”,
ASCE/SEI41-13, American Society of Civil
Engineers, 2014.



YE-21 ((0¥AF L)) Fooylods FY ulo cam ) duxo g ol o (oo 4 26 | o]y K02 gy loewnxo .9 \'Ad

Engineering, 5, 1980, 677-9.

Paulay T, Binney JR, “Diagonally Reinforced Coupling
Beams of Shear-Walls”, ACI Special Publications, SP-
42,1974.

PEER Ground Motion Database, Pacific Earthquake
Engineering Research  Center, Web Site:
http://peer.berkeley.edu/peer_ground_motion_dat
abase.

Permanent Committee for Revising the Standard 2800,
“Iranian code of practice for seismic resistant design
of buildings”, Building and Housing Research
Center, Tehran, Iran, 2014.

Ruiz-Garcia ], Moreno JY, Maldonado, I.A., “Evaluation of
Existing Mexican Highway Bridges under Main-
Shock-After-Shock Seismic Sequences”,
Proceedings of the 14th World Conference on
Earthquake Engineering, 2008, Paper 05-02-0090.

Ruiz-Garcia |, Negrete-Manriquez ], “Evaluation of Drift
Demands In Existing Steel Frames Under As-
Recorded Far-Field and Near-Fault Mainshock-
Aftershock  Seismic Sequences”, Engineering
Structures, 33(2), 2011, 621-634.

Song R, Li Y, Van De Lindt ], “Impact of Earthquake
Ground Motion Characteristics on Collapse Risk of
Post-Mainshock Buildings Considering Aftershocks,
Engineering Structures”, 81, 2014, 349-361.

Sunasaka Y, Kiremidjian A, “A Method for Structural
Safety Evaluation under Main-Shock-After-Shock
Earthquake Sequences”, Report No. 105, the John A.
Blume Earthquake Engineering Center, 1993,
Stanford University.

Technical Criteria Codification & Earthquake Risk
Reduction Affairs Bureau, “Instruction for seismic
rehabilitation of existing buildings”, No.360,
Management and Planning Organization, Iran, 2014.

Vamvatsikos D, Cornell CA, “Incremental Dynamic
Analysis”, Earthquake Engineering Structural
Dynamics, 31(3), 2002, 491-514.

Web Site:

http://www.iiees.ac.ir/fa/1390-2011-37mw/.



K
Q Journal of Civil and Environmental Engineering
- Volume 47 (2018), Issue 4 (Winter), 61-74

University of Tabriz

EXTENDED ABSTRACT

Tunnel Form as an Ideal System for RC Constructions under Multiple
Earthquakes

Vahid Mohsenian?, S.Bahram Beheshti-Aval ", Reza Darbanian®

@ Department of Civil Engineering, University of Science & Culture, Tehran
b K. N. Toosi University of Technology, Faculty of Civil Engineering, Tehran
¢ Department of Civil Engineering, University of Shahrood, Shahrood

Received: 04 September 2016; Accepted: 12 March 2017

Keywords:
Tunnel Form System, Aftershock, Multiple Records, Incremental Dynamic Analysis, Fragility Curves

1. Introduction

In view of potential vulnerability of even exciting buildings designed based on seismic design codes under
consecutive strong earthquakes, paying attention to the use of a secure system, especially in earthquake-prone
regions is revealed. Tunnel form system is a new industrial construction system in which only the slabs and
walls are used as lateral load resisting elements (Balkaya and Kalkan, 2004). Naming this system as the tunnel
form is due to the installation of formworks in box manner (Fig. 1) (Mirghaderi et al., 2009).

Previous earthquake experience and the results of laboratory and numerical studies of lateral resistance of
tunnel form construction represent a very significant performance against strong earthquakes. So far no study
has been conducted to assess the resistance of this construction system subjected to consecutive earthquakes.
It seems that this structural system is able to retain safety against successive earthquakes. This study aims to
quantify the post-earthquake capacity of the damaged tunnel form buildings after subjecting the main shock
and also their performance assessment subjected to multiple earthquakes.

Fig. 1. Tunnel form system
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2. Methodology

The 5 and 10-storey tunnel form buildings with regular plan was first designed in accordance with ACI-318
(2014) and then controlled for requirements issued by the Building and Housing Research Center (BHRC) of
Iran (2007). The software ETABS (CSI, 2015) was utilized for linear analysis and also considered as design
tools. Modeling and nonlinear analysis was performed with software PERFORM_3D (CSI, 2007). To meet the
requirement of minimum wall percentage issued by BHRC, the walls’ thicknesses were chosen based on
minimum standards for designing section elements. Shear was considered as controlling parameter by
deformation in most walls and all spandrels. Thus, as Fig.2 for walls (except for a few ones that are considered
as flexure-controlled) and the spandrels, shear and flexure was defined as nonlinear and linear behavior,
respectively.

N — : 3 Stress
E 7 ) . .
y Elastic Modulus=230000 (kg/cm?)
H i Poisson's Ratio=0.2 T E
Shear Strain : i : :
D, D D, D, Strain
Shear Stress

Fig. 2. Nonlinear shear and linear flexural behavior defined in software (PERFORM-3D User Guide, 2006)

In the first step of continuation of analysis, an artificial seismic record obtained from wavelet transform of
the site-specific design response spectra was applied in the transverse direction of understudied buildings,
where the percentage wall was lower in longitudinal direction. The residual capacities and performances of
damaged buildings under main shock excitation were determined. After completion of the dynamic analysis,
the responses of damaged buildings used as initial conditions for performing pushover analysis and
incremental dynamic analysis for selected aftershock records (schematically shown in Fig. 3). Finally, the
fragility curves at different levels of damage states were extracted.
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Fig. 3. Pushover analysis and incremental dynamic analysis performed on main shock damaged building
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3. Results and discussion

Based on the results of the performed analyses:

The maximum deformation demand and the maximum residual deformations caused in structural elements
were negligible. The performance level of understudied constructions under design earthquake was immediate
occupancy.

After the earthquake and inducing residual displacements and deformations, damaged buildings still have
enough resistance. The earthquake intensity to achieve the walls and spandrels to the various performance
levels was even much more than the level of earthquake intensity presented in seismic Iranian standard 2800.

Due to the lower shear strength of spandrel beams with respect to those walls, the spandrels were the first
vulnerable structural elements and, always reached the specific performance levels at lower earthquake
intensity. While walls did not reach the nonlinear deformations, earthquake energy would be absorbed by these
elements.

With increasing building height, the deformation and residual displacements as well as the drop in strength
and stiffness of the building after the main shock were increased and the probability of exceeding the limit state
subjected to aftershocks was increased.

4., Conclusions

In the range of a set of understudied models, the results showed the excellent seismic performance of
reinforced concrete tunnel form structures under main shock and aftershock earthquakes. Both buildings
under design earthquake remain at immediate occupancy performance level. It has been determined that the
lateral load resisting structural elements; even under relatively strong aftershocks were not reach the
mentioned performance level. It represents the significant strength and safety of the structures exposed to the
high level of aftershock intensity in Iran.
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