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|WQ@ u=} QH qi 'xWQa `]kt R= pwrU l} u}ov=}t `]kt K]U A0 u; QO xm
|va} xWQa `]kt Kr=Yt |WQ@ pwOt G w pwrU |xQ=w}O Ct=N[ t 's=i pwrUQO
xWQa `]kt O=OaD w CU= |}x@aH p=tL |=yQ}D pt=W xWQa xm =Hv; R= "CU= uD@
\@=wQ x@ xHwD =@ `]kt |WJ}B C@=F Q=Okt u}}aD |=Q@ 'CU= pwrU Ciy pt=W
O@=}|t CQwQ[ pwyHt Ciy w xrO=at Ciy CqO=at x=oDUO l} pL '7 w 6
^iL |=Q@ [7]"O}; CUO x@ Js Q=Okt T=G� C@Uv u}}aD =@ w j} Q] u}= R= =D
x]kv xU QO |rw] Q}D wO xv=yO Q=yJ Qy QO 'pOt QO xWQa |oJQ=Bm} OQmrta
|=yDv= wO u}@ xWQa pO=at sQH u}vJty &Ov=xOW xDU@ sy x@ ?rY p=YD= =@ w
uOQm^=Lr |=Q@ 'Qo}O |wU R= "CU= xOW `} RwD |rw] |=yQ}D |wQ w =yp=YD= u}=
=yuwDU |v=kwi |=yDv= 'pOt QO =yuwDU x@ uwDUQU |=yQ}D p=YD= C}@rY QF=
xDiQo Q_v QO ?rY �QDt 1 036 |va}� xWQa `]kt K]U RmQt `=iDQ= |xR=Ov=x@
"CU= xOW xO=O u=Wv 5 pmW QO xOW xDiQ Q=mx@ pOt |rm C=YNWt "CU= xOW
CUO x@ QDt 5 198 =@ Q@=Q@ 1 |x]@=Q R= xO=iDU= =@ ?5 pmW QO S |xrY=i
xDiQ Q=mx@ |R=UpOt u}= QO pB R= OwHwt `@=vt |=v@t Q@ xm |rY= C=}[Qi "O};|t

[7�5]%R= CU= CQ=@a
xHwD =@ ZQi u}= "�4 w 3 '2 '1 |=yxQo � |Q=vm |=yx=ox}mD uOw@ |mDre �hr=
VQ=Ro u}= QO "CU= x}HwD p@=k [1]pB |@=QN VQ=Ro QO xOW QmP C=aq]= x@
VNQJ =@ x=Qty pB |xWQa QO QDt|Dv=U 7 62 OwOL QO |Q=oOv=t |}=Hx@=H
|=yx=ox}mD QO xm CU=O}B u}=Q@=v@ "xOW QmP ?QwD |x} w=R V}=Ri= |=DU=Q QO
w xDiQ u}@ R= xrRrR ẁkw QF=Q@ xm xDW=O OwHw lJwm |ki= |Q=OQ}o l} |Q=vm

"Ov=xDW=O s�=k ptar= Tma \ki xRQru}tR pw] QO |Q=vm |=yx=ox}mD
"�=yxrwm � |Q=vm |=yx=ox}mD QO |rw] QwLt pwL xWQa VNQJ uOw@xDU@ �?
"swU w pw= |=yx}=B QO =yuwDU |DNU Q@ |Q=vm p}=L |=yQ=w}O Q}F-=D sOa �G

"swO |x}=B QO =yv; |Q=OQ}o w swU w pw= |=yx}=B QO =yuwDU |=B uOw@|rYit �O
xm |Qw]x@ OwW|t ^=Lr `@=vt QO OwHwt |}=QH= |=yxWkv |=v@tQ@ ZQi u}=
C@Uv =yv; |xJQ=Bl} |L]U |B x@ swO |x}=B QO =yuwDU |=B |Q=OQ}o Cra

"CU= xOW xO=O

|OOa pOt "3
u; |=yC}r@=k w OpenSees Q=Ri=sQv |iQat "1"3

|=Q@ OwOLt <=RH= Q=Ri=sQv l} |rmQ@ x=oWv=O QO �PEER� Q}B |D=k}kLD RmQt
x�=Q= xrRrR Q=@ QF= CLD |m}vmDw�S w |}xR=U |=ysDU}U |R=Ux}@W w |R=UpOt
OpenSeess=vx@ xRwQt= OW|t jq]= G3 u; x@ ,q@k xm Q=Ri=sQv u}= "CU= xO=O
|Q}oQ=mx@ s=ovyx@ "CU= xOW |Q=Pos=v �xrRrR |UOvyt |R=Ux}@W |=Q@ R=@ sDU}U�
=Q u=mt= u}= Q@ Q=m x@ |]=@DQ= p=v=m l} u=wvax@ CvQDv}= R= xO=iDU= 'Q=Ri=sQv u}=
|R=UpOt QO xOt; OwHw x@ CqmWt pL |=Q@ ?U=vt |=yVwQ R= xm OyO|t
u=@ R l} xm CU= C++ Q=Ri=sQv u}= QO xDiQ Q=mx@ |U} wvxt=vQ@ u=@ R "Ovm xO=iDU=
x@ R=}v uwO@ xm Ov=xDi=} =Q u=mt= u}= u=Q@ Q=m ,=Q}N= xD@r= "CU=Qo|W |U} wvxt=vQ@
Tcl |U} wv xt=vQ@ u=@ R R= xO=iDU= =@ =yvD w C++ u=@ R R= pt=m |y=o ; w CN=vW

[10]"Ovvm Q=QkQ@ \=@DQ= OpenSees |xt=vQ@ =@
C=QwDUO u}vJty w |OQ@ Q=m w ẁvDt <=RH= w Kr=Yt R= |}xawtHt OwHw
|R=Ux}@W |=Q@ QF-wt w OvtCQOk |Q=Ri=sQv x@ =Q OpenSees '?U=vt |r}rLD
Q=Ri=sQv u}= "CU= xDN=U pO@ |m}vmDw�S w |}xR=U |]NQ}e |=ysDU}U |OOa
'|]NQ}e w |]N |=} wB '|]NQ}e w |]N |=DU}= |=yp}rLD |=QH= C}r@=k R=
u}= QO 'T=U= u}= Q@ [11]"CU= Q=OQwNQ@ |y=ox}mDOvJ w CN=wvm} l} QLD R}v w

"CU= xOW xO=iDU= |R=UpOt |=Q@ OwOLt <=RH= Q=Ri=sQv u}= R= xar=]t

pOt K} QWD "2"3
|oO=U ^iL Crax@ '=ypB |}xRQr Q=DiQ |wQ xDiQoCQwY |=y|R=UpOt ?re= QO
Q}DlD l} =@ xWQa u; QO xm |Qw]x@ OwW|t xO=iDU= |}xN=W pOt R= pwtat Qw]x@
|W=aDQ= Q=DiQ Q@ ?r=e Owt uwJ '?Qwt |=ypB OQwt QO "OwW|t |R=UpO=at
C}r@=k Q}DlD |}xN=W pOt CU= �VNQJ =@ x=Qty xWQa p=kDv=� =ypB ẁv u}=
^iL w pmWt u}= `iQ |=Q@ wQ u}= R= "CW=O Oy=wNv =Q CmQL ẁv u}= |Q}oxR=Ov=
xWQa u; QO xm xOW xO=iDU= Q}DCiH |}xN=W pOt l} R= xar=]t u}= QO '|oO=U
�� =yv; `]kt |UOvy |=y|oS} w w sQH ẁtHt w xOW |R=UpO=at |rw] Q}D wO =@
C@=F w `]kt s�=k w |ki= |=yQwLt pwL |tQH |UQv}= u=tt '`]kt K]U |va}
C@Uv R}v Q}D wO |ki= |xrY=i w |rY= |xWQa `]kt pO=at �� `]kt |WJ}B
pwL `]kt |tQH |UQv}= u=tt |R=UpO=at T=U=Q@ xWQa |RmQt |rw] QwLt x@
|=yQ}D |=Q=O |xWQa |=Q@ pO=at |ki= Q}D wO |xrY=i "OwW|t pQDvm s�=k QwLt

[7]%OwW|t u}}aD 1 |x]@=Q R= 7|}x@aH p=tL

S1 =

vuut 2X
i=1

Mi

12M (L2 cos2 � +W 2
i )

S2 = cos �

vuut nwX
j=1

Mj

M

 
L2
12 +

d2
j

cos2 �

!
S3 = L

2p3 cos �

S =
q
S21 + S22 � S23 (1)

|x} w=R � 'xWQa |RmQt |rw] QwLt x@ C@Uv Q}D wO |ki= |xrY=i S u; QO xm
Wi 'xWQa |v}}=B =} |}q=@ p=@ sQH Mi 'xWQa sQH M 'xWQa pw] L 'pB ?QwD
u=H sQH Mj 'xWQa `]kt |=yu=H O=OaD nw 'xWQa |v}}=B =} |}q=@ p=@ ZQa
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u=}O
Ht=

uU
Lt

w|
QDvq

mu
}Wi

= "=yuwDU |vD@ Kr=Yt C=YNWt "1 pwOH
P �kg/m3� Ec (GPa) "u fu (MPa) "c fc (MPa) QDt=Q=B

2400 21 689
0 00759 12 815 0 00219 22 05 �hr=� 1 |x}=B
0 00759 12 923 0 00219 22 05 �hr=� 2 |x}=B
0 00759 12 923 0 00219 22 05 �hr=� 3 |x}=B
0 004 0 0 0 00175 21 0 �?�

"=yQwD=tQ; |wQ VWwB uD@ �?� &xDUy uD@ �hr=�

wQ u}= R= [7�5]"CU= xDW=O u=UWm Q=DiQ xm OwW|t XNWt 'xOv=t |k=@ ?}U;
R}v 9uwDUQU |=yQ}D u}vJty "OvwW|t pOt u=UWm xar=]t u}= QO |rw] |=yQ}D
u=UWm R}v =yv; =Pr w xOv=t |k=@ u=UWm xRQru}tR pw] QO x@=Wt \}=QW p}rOx@

"OvwW|t pOt
10u=UWm uwDUQ}D R= u=UWm|=yu=tr= |R=UpOt|=Q@OpenSees Q=Ri=sQv QO
xRQru}tR pw] QO =yuwDU QO xOWxOy=Wt |=y|@=QN x@ xHwD =@ "OwW|t xO=iDU=
u}= QO wQ u}= R= w Ov=xO=O u=Wv OwN R= |]N Q}e Q=DiQ <=[a= u}= '�2 pmW�
pOt |]NQ}e CQwYx@ 'pB R= |QD|ak=w Q=DiQ uDiQo Q_v QO |=Q@ |R=UpOt
u; QO xm CU= 11|}=Hx@=H Q@ |vD@t uwDUQ}D xDiQ Q=mx@ |]NQ}e u=tr= "OvwW|t

"OwW|t ZQi xOQDUo CQwYx@ u=tr= pw] QO |Q}tN |L=wv `} RwD
|ar[CWy =yuwDU `]kt xm xOW xOy=Wt 'OwHwt|}=QH= |=yxWkv x@ xHwD =@
Q]k u}ov=}t |Q]k =@ |}xQ}=O `]kt R= |R=UpOt QO |oO=U |=Q@ w &CU= s_Dvt
|rm C=YNWt "CU= xOW xO=iDU= QDt 1 269 =@ Q@=Q@ |]}Lt w |]=Lt |xQ}=O
C=t}UkD O=OaD u}vJty w 3 pwOH QO uwDUQU |=yQ}D w pO=at |rw] |=yQ}D
QO =yQwD=tQ; |Q}oQ=Qk C}akwt w �=yQ@}=i |va}� =yuwDU `]kt |vD@ VWwB w xDUy

"CU= xOW xO=O u=Wv 6 pmW

"=yuwDU |rw] |=yQwD=tQ; C=YNWt "2 pwOH

Es (GPa)
b = EPost Y ield

fy (MPa) QDt=Q=B
=EPre Y ield

199 947 0 01 270 |rw] |=yQwD=tQ;

"uwDUQU |=yQ}D w xWQa pO=at |rw] |=yQ}D C=YNWt "3 pwOH
J (m4) Iz (m4) Iy (m4) A (m2) QDt=Q=B
8 099 0 012 2 531 4 019 |rw] |=yQ}D
1 130 0 557 0 972 2 971 uwDUQU |=yQ}D

"=yQ@}=i |Ov@s}UkD w |rw] |=yQwD=tQ; |Q}oQ=Qk C}akwt "6 pmW

pOt Kr=Yt |R=Ux}@W "3"3
xOW xO=iDU= 2 ẁv uD@ R= =yuwDU QO |vD@ Kr=Yt |R=UpOt |=Q@ xar=]t u}= QO
R}v u; |WWm |oOWsQv w OwW|t xDiQo Q_v QO |WWm Ctw=kt uD@ |=Q@ 'u; QO xm
=yuwDU QO =yQwD=tQ; |Oqwi Kr=Yt |R=UpOt |=Q@ u}vJty "OwW|t ZQi |]N

[11]"CU= xOW xO=iDU= �|]NwO |Q=DiQ |vLvt� 2 ẁv uy; R=
VWwB w xDUy |vD@ Kr=Yt |}=yv w |Q=Wi Ctw=kt =@ Q_=vDt VvQm w VvD
x@ xOWvQwYLt w xOWQwYLt uD@ |=Q@ ?}DQDx@ 8QOvt |x} Q_v |=v@tQ@ =yQwD=tQ;
|Q=HD |Q=Ri=sQv |=yxDU@ QO xDiQ Q=mx@ |=yVwQ |=v@t x} Q_v u}= "O};|t CUO
|=yQDt=Q=B C=YNWt [12]"CU= KrUt uD@ Kr=Yt Q=DiQ |R=Ux}@W |=Q@ |}xR=U
u=Wv 2 w 1 |=ypwOH QO ?}DQDx@ =yuwDU |Oqwi w |vD@ Kr=Yt |xOvvmh} QaD

"CU= xOW xO=O

pOt |}xR=U |=yu=tr= |R=Ux}@W "4"3
|rw] Q}D OOa wO \UwD pB |xWQa 'OW xO=O K}[wD "2"3 VN@ QO xm Qw]u=ty
uwO@ xRQru}tR pw] QO nQR@ O=a@= Crax@ xWQa uwJ "CU= xOW |R=UpOt pO=at

QO p}yCwi ?Qwt pB OwOLt <=RH= pOt |rw] `]kt w |Oa@xU |=tv "5 pmW
"OpenSees Q=Ri=sQv
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|=y

pB|
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Q}e
Q=DiQu=Wv 7 pmW QO =yv; �5 MU=B h}] =@ x=Qty =yCW=ov?=DW u}= [7]"CU= xOW

"Ov=xOW xO=O

|OOa G}=Dv "4
O=R; V=aDQ= p}rLD "1"4

?Qwt pB |=} wB V=aDQ= |=yOwt pmW w |a}@] ?w=vD |xQwO u}}aD Qw_vtx@
?w=vD |xQwO |xU}=kt |=Q@ "OwW|t s=Hv= u; |wQ O=R; V=aDQ= p}rLD p}yCwi
pmW QO u; =@ Q_=vDt *s}kDUt *pB w pB u}= 'swU w swO 'pw= |=yOwt pmW w |a}@]
|xR=U |=yOwt pmW u}}aD C}r@=k OpenSees Q=Ri=sQv "CU= xOW xO=O u=Wv 8
OSP |@v=H Q=Ri=sQv R= =yOwt pmW u}= u}}aD |=Q@ w OQ=Ov =Q xOW |R=Ux}@W
CmQL pw= Owt QO 'OwW|t x_Lqt 8 pmW QO xm u=vJ [14]"CU= xOW xO=iDU=

pOt |OwQw l} QLD "5"3
wOv=vQiu=U |xRQru}tR RmQt x@ p}yCwi Q=wr@ QPoQ} R x=oDN=U |m}ORv x@ xHwD =@
,=D@Uv QPoQ} R u}= xm Cio u=wD|t u; QO xOWxOy=Wt |@=QN x@ xHwD=@ R}v w �1971�
?Qwt pB p}rLD |=Q@ xar=]t u}= QO "CU= xDiQo Q=Qk |O}OW |=yu=mD QF= CLD
12=t} wm =B OU x=oDU}= QO xOWC@F |=yCW=ov?=DW R= 'QPoQ} R u}= |kQW ?wvH

[13]"CU=xOW xO=iDU=
|=yCW=ov?=DW'C@F x=oDU}= =DpB x=oDN=U|xrY=i Q}F-=DuDiQo Q_v QO Qw_vtx@
K}LYD x@ xHwD =@ xar=]t u}= QO 'T=U= u}=Q@ [7]"Ov=xOW K}LYD Q_v OQwt
QwLt� |rw] |=DU=Q QO 1 076 g ?=DW xv}W}@ =@ S74�W |xir-wt 'xDiQoCQwY
w '�Y QwLt� |[Qa|=DU=Q QO 1 170 g ?=DW xv}W}@ =@ S16�E |xir-wt '�X
xO=O QF= pB Q@ �Z QwLt� s�=k |=DU=Q QO 0 710 g ?=DW xv}W}@ =@ s�=k |xir-wt

"�5 ?=DW MU=B h}] =@ x=Qty wOv=vQiu=U |xRQru}tR s�=k w |[Qa '|rw] |=yxir-wt |xOWKqY= |=yCW=ov?=DW "7 pmW

8

www.SID.ir

www.SID.ir


Arc
hive

 of
 S

ID

u=}O
Ht=

uU
Lt

w|
QDvq

mu
}Wi

= ?Qwt pB |=Q@ xar=]t u}= QO xOt; CUO x@ |=y?w=vD |xQwO |xU}=kt "4 pwOH
"`@=vt Qo}O =@ p}yCwi

swU swO pw= Owt xQ=tW
0 426 0 537 0 662 xar=]t u}=
0 390 0 430 0 530 pw= pOt

[5]

0 320 0 340 0 460 swO pOt
0 385 0 429 0 588 pw= pOt

[6]0 335 0 340 0 496 swO pOt
0 361 0 366 0 552 swU pOt
0 375 0 414 0 607 [7]

|=ypB hqNQ@ xWQa |r=kDv= |=yCmQL ?Qwt |=ypB QO xm CiQo xH}Dv u}vJ
CU= Cr=L wO u}= R= |@}mQD xmr@ CU}v xWQa |[Qa =} |rw] |=DU=Q QO s}kDUt
CLY |UQQ@ Qw_vtx@ "Ow@ Oy=wN =yx}=B =@ |R=wt =} =yx}=B Q@ Owta |=DU=Q QO w
x@ G}=Dv =@ pOt u}= |]N p}rLD G}=Dv 'xar=]t u}= QO xOWx�=Q= OwOLt <=RH= pOt
xU}=kt [15]?Qwt |=ypB |]N p}rLD |=Q@ xOW x�=Q= |@} QkD VwQ R= xOt; CUO
C}=aQ |=Q@ Q=DWwv u}= QO "OQ=O OwOLt <=RH= pOt CLY R= u=Wv xm CU= xOW
QDW}@ C=aq]= xJ Qo = OwW|t R}yQB xU}=kt u}= R= pY=L G}=Dv QmP R= Q=YDN=
xOt;CUOx@ |=y?w=vD |xQwO |xU}=kt x@ =yvD =Hv}= QO [17w16]"CU= TQDUO p@=k
xOWx�=Q= |=ypOt Q}=U =@ Q=DWwv u}= QO p}yCwi ?Qwt pB |=Q@ xOWx�=Q= pOt R=
pwOH� xU}=kt u}= R= pY=L G}=Dv "OwW|t =iDm = [7�5]`@=vt Qo}O QO pB u}ty |=Q@

"CU= Q=DWwv u}= QO xOWx�=Q= pOt ?wN CkO R= |m =L '�4

|]NQ}e |v=tR xJN} Q=D p}rLD "2"4
xWQa |xWwo \=kv |[Qa w |rw] |}=Hx@=H "1"2"4

x�=Q= 2 xQo |[Qa w |rw] |}=Hx@=H |v=tR xJN} Q=D |vLvt 10 w 9 |=ypmW QO
xOWv xO=O u=Wv xWwo |=yxQo Q}=U |}=Hx@=H 'Q=YDN= C}=aQ |=Q@ xD@r= xm xOW

"s}kDUt w ?Qwt pB QO xWQa 2 xQ=tW xWwo xQo |rw] |}=Hx@=H "9 pmW

p}rOx@ w CU= sm =L s}kDUt w ?Qwt pB wO Qy |=} wB V=aDQ= Q@ xWQa |WNQJ
|OwOL =D R}v xWQa |xLiY pN=O |WtN |=ypmW Q}}eD 'xWQa |Q}PBh=]av=
|=DU=Q QO xWQa |r=kDv= CmQL ?Qwt pB QO 'swO Owt QO "OwW|t xO}O Owt u}= QO
xLiY pN=O VtN =@ x=Qty CU}v xWQa |rw] |=DU=Q Q@ j@]vt xm =yx}=B Q@ Owta
x=Qty |[Qa |=DU=Q QO xWQa |r=kDv= CmQL s}kDUt pB QO =t= CU= sm =L xWQa
|=yCmQL ?Qwt pB QO 'swU Owt QO "CU= sm =L xWQa xLiY pN=O VtN =@
x=Qty xWQa |rw] |=DU=Q QO w =yx}=B =@ |R=wt |=DU=Q QO xWQa |r=kDv= |xDU@ty
xWQa |r=kDv= CmQL s}kDUt pB QO =t= 'CU= sm =L xWQa |xLiY pN=O VtN =@
u=wD|t |rm Qw]x@ xOt; CUOx@ |=yOwt pmW R= "CU= sm =L |rw] |=DU=Q QO

pB w p}yCwi QPoQ} R |kQW ?wvH ?Qwt pB |=yOwt pmW |xU}=kt "8 pmW
"u; =@ Q_=vDt s}kDUt
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Q=DiQ|13xO=L |xWwo QO `k=w |=yxQo |[Qa |}=Hx@=H Q=Okt xm OwW|t xOy=Wt

C}a[w w CU= s}kDUt pB R= V}@ �?Qwt pB QO 4 w 2 xQ=tW |=yxQo � xWQa
TmaQ@ 3 w 1 xQ=tW |=yxQo |va} xWQa |14xHQivt |xWwo QO `k=w |=yxQo |=Q@
QO xWQa X=N |UOvy pmW w =yx}=B |Q}oQ=Qk |xwLv p}rOx@ |rm Qw]x@ "CU=
|=yxWwo R= V}@ xO=L |=yxWwo x@ l}ORv \=kv |[Qa |}=Hx@=H '?Qwt |=ypB

"CU= QDW}@ =yxWwo u}= QO xrwm |wQ R= xWQa |oO=Di= u=mt= w CU= xHQivt
=yuwDU |QwLt |wQ}v "2"2"4

|v=}t |x}=B 5 |xQ=tW uwDU |QwLt |wQ}v |v=tR xJN} Q=D |vLvt 12 pmW QO
|QwLt |wQ}v xv}W}@ Q}O=kt R}v 13 pmW QO "CU= xOW xO=O u=Wv xvwtv |=Q@
xm Qw]u=ty "CU= xOW |rm |xU}=kt s}kDUt pB w ?Qwt pB Cr=L wO Qy |=Q@
Q=Okt l} R= |QwLt |wQ}v |v=tR xJN} Q=D |vLvt 'OwW|t xOy=Wt 12 pmW QO
R= |W=v C@=F Q=Okt u}= &OOQo|tR=@ u; x@ xQ=@ wO =yDv= QO w xOW ẁQW x}rw= C@=F
|QwLt |wQ}v xv}W}@ Q}O=kt xm 13 pmW x@ xHwD =@ "CU= xWQa uRw |rkF |wQ}v
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"s}kDUt w ?Qwt pB QO swO x}=B 5 xQ=tW uwDU |QwLt |wQ}v "12 pmW
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ptLD |WtN Qovr swO |x}=B |=yuwDU |=B QO \ki xm |Qw] &CU= xOW pOt
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QO "OW xOy=Wt xLiY pN=O VtN =@ x=Qty Owt wO u}= R= l} Qy QO ?}DQDx@ w
Q_=vDt s}kDUt pB R= QDW}@ ?Qwt pB |=yOwt Ow} QB xm OW |Q}oxH}Dv u}vJ C}=yv

"CU= xOw@ u; =@
'|rw] |xir-wt xU QF= CLD |]NQ}e |v=tR xJN} Q=D p}rLD |Oa@ s=o QO
?Qwt pB |xWQa |[Qa |}=Hx@=H xv}W}@ wCiQo CQwY xRQru}tR s�=k w |[Qa
xOW QmP Q=Okt =@ u; Q=Okt xm OW x_Lqt &Ot; CUO x@ pOt 2 xQ=tW xWwo QO
|=yuwDU |QwLt |wQ}v xm OW xOy=Wt u}vJty "OQ=O Ck@=]t |@ wNx@ `H=Qt QO
R= V}@ Ov=xOW ptLDt |xHwD p@=k ?}U; xRQru}tR QO xm ?Qwt pB QO swU |x}=B
|wQ}v swU |x}=B QO =yuwDU |=B |Q=OQ}o Crax@ w xOw@ s}kDUt pB Q_=vDt Q}O=kt
=Pr w xOw@ Qo}O |x}=B wO R= V}@ s}kDUt w ?Qwt pB |=Q@ |WtN Qovr w |WQ@
"CU= xOw@ |@=QN OaDUt R}v |WtN Qovr w |WQ@ |wQ}v QF= Q_v R= |v=}t |x}=B
V}@ ?Qwt pB QO swU |x}=B |=yuwDU |=B |WJ}B Qovr xm OW xOy=Wt u}vJty
w ?Qwt pB R= xOt; CUO x@ |=yMU=B x@ xHwD =@ "CU= xOw@ Q_=vDt s}kDUt pB R=
w ?Qwt pB QO sy swU |x}=B |=yuwDU QO xm OwW|t |Q}oxH}Dv u}vJ s}kDUt
x@ C@Uv |WJ}B w |WtN |=yQovr w |WQ@ w |QwLt |=ywQ}v s}kDUt pB QO sy
|=DU=Q h=QLv= Crax@ ?Qwt pB QO =t= xOw@ QDW}@ sQ=yJ w swO |x}=B |=yuwDU
x@ C@Uv 'xWQa X=N |UOvy pmW Crax@ xWQa |rkF Q=@ `} RwD |xwLv w =yx}=B
=yv; u=t-=wD QF= w xOw@ QDW}@ |WJ}B Qovr w |QwLt |wQ}v Q}F-=D xWQa |rw] |=DU=Q
"CU= xOW swU |x}=B |=yuwDU uO}O?}U; Ea=@ |WQ@ |wQ}v w |WtN Qovr =@

V}=Ri= Q@ pB ?QwD Q}F-=D |@ wNx@ 's}kDUt w ?Qwt pB QO swO |x}=B |=yuwDU |=B
OwW|t xOy=Wt pmW u}= QO "OQm xOy=Wt u=wD|t =Q =yuwDU |=B |WJ}B Qovr
xm |Qw]x@ CU= s}kDUt pB R= QDW}@ ?Qwt pB QO |WJ}B Qovr xv}W}@ Q=Okt xm
?}DQDx@ s}kDUt pB x@ ?Qwt pB QO 8 w 7 '6 '5 xQ=tW |=yuwDU |=Q@ u; C@Uv

"CU= xOw@ 1 6 w 2 4 '2 1 '1 3

|Q}oxH}Dv "5
Qw]x@ 'Qw_vtu}O@ "CU= xOw@ ?Qwt |=ypB |}xRQr Q=DiQ *|UQQ@ Q=DWwv u}= hOy
xm p}yCwi Q=wr@ QPoQ} R |kQW ?wvH ?Qwt pB |}xRQr MU=B |xar=]t x@ |OQwt
xDN=OQB xOW ptLDt =Q |O=} R CQ=UN �1971 x} Qwi 9� wOv=vQiu=U |xRQru}tR QO
=@ Q_=vDt s}kDUt pB =@ pB u}= MU=B |xU}=kt =@ u; |=yx}=B |=DU=Q ?QwD Q}F-=D w OW
OpenSees Q=Ri=sQv QO pB u}= R= |Oa@xU |OOa pOt "CiQo Q=Qk |UQQ@ OQwt u;
u}= "CU= xOW |R=UpO=at |rw] Q}D OOa wO \UwD pB |xWQa u; QO xm xOW x}yD
�� xWQa ?rY CmQL Owt xm OQ=O =Q C}r@=k u}= Q}DmD |}xN=W pOt hqNQ@ pOt
QO xO=iDU= OQwt syt C=}[Qi "OyO u=Wv QDy@ =Q �� VNQJ =@ x=Qty p=kDv= |va}
xWQa VNQJ uOw@xDU@ '=yxrwm QO |Q=vm |=yx=ox}mD uOw@|mDre |R=UpOt u}=
uOw@|rYit w '|Q=vm p}=L |=yQ=w}O Q}F-=D sOa '=yx=ox}mD u}= QO |rw] QwLt pwL
u}= QO "CU= swO |x}=B QO =yv; |Q=OQ}o w swU w pw= |=yx}=B QO =yuwDU |=B
|=yQ}D w 'xWQa pO=at |rw] |=yQ}D w |]NQ}e |=yu=tr= =@ =yuwDU |R=UpOt
u; R= |m =L O=R; V=aDQ= p}rLD G}=Dv "Ov=xOW pOt u=UWm |=yu=tr= =@ uwDUQU

CWwv=B
1. sngle-beam stick model
2. dual-beam stick model
3. open system for earthquake engineering simulation (opensees)
4. skewed bridge
5. straight bridge
6. retaining wall
7. box girder
8. Mander
9. cap beam
10. elastic beam column
11. displacement based beam column
12. Pacoima
13. acute angle
14. obtuse angle
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