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�OWQ= |U=vWQ� |wHWv=O� |tk |O=Qty=W =[QO}tL
sk x=oWv=O 'u=Qta xwQo '|UOvyt w |vi |xOmWv=O

|}xRQr \}=QW ?=UDL= =@ w |RQt <=RH= x=Qty x@ xtQ;uD@ |WQ@ Q=w}O |xv}y@ |L=Q]
|xwLv x@ |WQ@ Q=w}O |xv} Ry "CU= xDiQo CQwY Q[=L VywSB QO xm CU= |}xr�Ut
R= |W=v� |R} QuD@ |xv} Ry '�u; u=tO}J |xwLv w |iQYt QwD=tQ; |xQtv� |Q=PoQwD=tQ;
xOW |iQat hOy `@=D u=wvax@ xm OQ=O |oDU@ |Ov@?r=k |xv} Ry w �|WQ@ Q=w}O O=a@=

ACI318�11 |xt=vu}}; |=v@t Q@ |WQ@ Q=w}O |=yC}OwOLt w |L=Q] \@=w[ "CU=
u}=Q@=v@ "CU= xOW |U} wvpwtQi w |R=UxO=}B O}k CQwYx@ 'xS} w |Q}PBpmW |=Q@

|=v@t Q@ xv} Ry u} QDtm =D OvDUy \=@DQ= QO sy =@ |wLvx@ =yO}k w hOy `@=D |xawtHt
pY=L jr]t |xv}y@ s=v x@ |}x]kv QO '�pw@k p@=k |LQ]� Ow}k s=tD |Q=QkQ@ =@ hOy `@=D
xt=vQ@ \UwD |WQ@ Q=w}O |=ypOt xm CU= xOW xDWwv |}xvwox@ hOy `@=D xwqax@ "OwW

sD} Qwor= 'Q[=L VywSB QO "OQ}o|t CQwY xDUw}B CQwYx@ |R=Uxv}y@ w OwW|t O=H}=
|WQ@ Q=w}O |xr�Ut |R=Uxv}y@ w O=H}= �FA-PSO� C=QP s=LOR= w ?=D?W sQm |@}mQD
=y|@=} RQ= G}=Dv "CU= xOW |@=} RQ= w xDiQ}PB CQwY MATLAB Q=Ri=sQv QO u; ltm x@
��5 5 OwOL� |QDtm |xv} Ry xm OwW|t x�=Q= |}=yKQ] 'xDUw}B VwQ QO xm OyO|t u=Wv

"OvQ=O Qo}O |=yVwQ KQ] x@ C@Uv

hoseinivaez@qom.ac.ir
h.shahmoradi@stu.qom.ac.ir

w ?=D?W sQm sD} Qwor= ?}mQD '|@}mQD |xDi=}Ow@y@ sD} Qwor= %|O}rm u=oS=w
"xR=U |R=Uxv}y@ '|WQ@ |xtQ;uD@ Q=w}O 'C=QP s=LOR=

xtOkt "1
pt=mD R= xDiQos=yr= |=ysU}v=mtT=U=Q@ 'CU= xOW|iQat|=ysD} Qwor=u} QD|t}Ok
sD} Qwor= u}vJty "CU= xDiQo pmW ?=NDv= w VyH 'pFt O}rwD %Ovv=t '|m} Swrw}@
w|atH Q=DiQ R= s=yr= =@ [3]'u=oJQwt|vwrm sD} Qwor= =} w [2]'2�PSO� C=QP s=LOR=
|=ysD} Qwor= u} QDOQ@ Q=mQB R= Qo}O |NQ@ "Ov=xOW O=H}= C=v=w}L u}@ OwHwt OvtWwy
|vwrm [4]'3�HS�|vwtQ=y|wHwCUH sD} Qwor=pt=W Q}N=|=yp=U QO xOW|iQat
w [7]'4�SA� xOW|R=Ux}@W O} Q@D sD} Qwor= [6]'|Q=taDU= C@=kQ sD} Qwor= [5]'Qw@vR

"CU= [8]'5�FA� ?=D?W sQm sD} Qwor=
|=yxN=W QO Q}N= |=yp=U QO xS} wx@ |Q=mD@==Qi |=ysD} Qwor= R= xO=iDU=
pL QO |v=w=Qi |=yQ=DWwv w xDW=O |Q}osWJ OWQ u=Qta |UOvyt R= sa= hrDNt
u=wvax@ "CU= xOW x�=Q= QwmPt |=ysD} Qwor= R= xO=iDU= =@ |UOvyt uwo =vwo p�=Ut
sQm sD} Qwor= \UwD |}=B QN |=yxR=U |SwrwB wD w pmW 'xR=Ov= |R=Uxv}y@ 'xvwtv
sD} Qwor= \UwD xDUUo w xDUw}B |=yQ}eDt =@ |UOvyt p�=Ut pL [9]'?=D?W
p�=Ut pL |=Q@ u=oJQwt |vwrm |xDi=}Ow@y@ sD} Qwor= R= xO=iDU= [10]'?=D?W sQm
w [12]'CN=U |=yxSwQB QO lU} Q X}YND |@=}xv}y@ R}v w [11]'|R=Uxv}y@
s=LOR= sD} Qwor= xr}Uwx@ xtUD =@ xOWKrUt |m =N |=yQ=w}O |L=Q] |R=Uxv}y@

"CU= |Q=mD@==Qi |=ysD} Qwor= R= xO=iDU= OQ=wt xrtH R= [13]'C=QP

uDi=} |=Q@ =OD@= QO "OvQ=O uQk l} R= V}@ |DtOk '|R=Uxv}y@ |=yVwQ R= |NQ@
R= |Q=}U@ QO xm OW|t xO=iDU= |r}Uv=Qi}O C=}[=} Q R= '`@=D l} |xv}tm w xv}W}@
|Q=mD@==Qi |=ysD} Qwor= xRwQt= =t= "CW=Ov |@U=vt OQ@ Q=m |Qw�D w |@ QHD p�=Ut
|=ysD} Qwor= "OvW=@ xO}J}B |R=Uxv}y@ p�=Ut pL |=Q@ |QF-wt VwQ Ovv=wD|t
l} =@ 'xOvwWOw@y@ |=yQ=QmD |x}=B Q@ xm CU= |D=@U=Lt VwQ l} |Q=mD@==Qi
CUO xr�Ut l} jr]t |xv}y@ x@ =D CU= Q=wDU= |v}v=wk j@] Q@ w x}rw= |aU
|=]N w |aU =@ \ki w OvQ=Ov x}rw= MU=B x@ R=}v |Q=mD@==Qi |=ysD} Qwor= "O@=}
u}= =@ "OvOQo|t jr]t |xv}y@ ?=wH |wHwCUH x@ xr�Ut |=[i QO OvtiOy
R= "CU= jr]t |xv}y@ u=ty |}=yv MU=B xm OQm u}t[D `]k Qw] x@ u=wD|tv p=L
=D OvwW|t ?}mQD =} w Ow@y@ 'O=H}= xQ=wty |Q=mD@==Qi |=ysD} Qwor= xm CU= wQ u}=

"OwW KQ]t |R=Uxv}y@ |xr�Ut Qy pL |=Q@ |@U=vt sD} Qwor=
Q@ |vD@t |a}@] |=yxO}OB R= 'QwmPt |xOW|iQat |rt=mD |=ysD} Qwor= QDW}@
R= |m} xm [1]'1�GA� l}DvS sD} Qwor= xvwtv u=wvax@ "Ov=xOW xDiQo s=yr= C}atH

pw�Ut xOvU} wv �
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=Q]xv}y@ KQ] x@ =Q =t 'sD} Qwor= uOw@ xDUw}B xm OvJ Qy u}=Q@=v@ "CU= �xQ}e w QwD=tQ;
?=NDv= O}=@ |UOvyt w pwkat |LQ] x@ uO}UQ |=Q@ =t= 'Ovm|t l}ORv Q=}U@
xtQ;uD@ |=yxR=U xm =Q} R "OQ}PB CQwY pt=m |OvtWwy =@ |L=Q] Ow}k w =yQ}eDt
QO |QDW}@ |oO}J}B 'uotyQ}e C}y=t uDW=O p}rOx@ '|Oqwi |=yxR=U hqNQ@

"OvQ=O |L=Q]
OyO X=YDN= OwN x@ =Q |O=a@= Qy Ov=wD|t xtQ;uD@ KQ] l} 'Qo}O CQ=@ax@
=yu; u=tO}J |xwLv |DL w =yu; O=OaD '=yOQor}t Q]k 'R=}v ?ULQ@ w u; `@D x@ w
s=Hv= xDUw}B VwQ x@ |R=Uxv}y@ ut[ QO "OwW|t |L=Q] `]kt uwo =vwo |L=wv QO
hqNQ@� OwW xDiQo Q_v QO sD} Qwor= \UwD xOWQmP OQ=wt s=tD O}=@ w CU= xOW

"�OvDUy xO=t; =yKQ] xm xDUUo |R=Uxv}y@

hOy `@=D "1"2
h} QaD 1 |x]@=Q CQwYx@ xtQ;uD@ |WQ@ Q=w}O |@=}xv}y@ |xr�Ut '|rm Cr=L QO

%OwW|t
minCost ShearWall subject to gi � 0 (1)

xOW xDiQo Q_v QO KQ] |xv} Ry Q=Okt u=ty hOy `@=D 'Q[=L VywSB QO
u=R}t x@ =yO}k s=tD |Q=QkQ@ <=R=x@ xtQ;uD@ |WQ@ Q=w}O |xv} Ry 'Qo}O CQ=@ax@ "CU=
Oqwi uRw OL=w |xv} Ry "CU=yOQor}t |xv} Ry pt=W KQ] |xv} Ry "OUQ|t xv}tm
xv} Ry Q=Okt '
s = 7850 kg=m3 Oqwi |r=oJ ?=UDL= =@ xm CU= 0 9$=kg

hOy `@=D '2 \@=wQ |xawtHt "CU= Cs = 7065$=m3 Oqwi sHL OL=w Q@
%OvDUy xtQ;uD@ |WQ@ Q=w}O

CostShearWall = Coststeel + Costconcrete + Costformwork

Coststeel = Cs � (Asf �Hw +Nv �Asv �Hw +Nh �Ash
�lw)

Costconcrete = Ccf(tw � lw + 2bf � (tf � tw))Hwg
Costformwork = Cff4(bf + tf � 0 5tw) + 2(lw � 2bf)gHw

(2)

Q=w}O pm pw] %lw QDt=Q=B '|WQ@ Q=w}O pm `=iDQ= %Hw QDt=Q=B '�1 pmW� =yu; QO xm
'|WQ@ Q=w}O p=@ pw] %bf QDt=Q=B '|WQ@ Q=w}O u=H Ct=N[ %tw QDt=Q=B '|WQ@
s�=k |=yQwD=tQ; pm `]kt K]U %Asf QDt=Q=B '|WQ@ Q=w}O p=@ Ct=N[ %tf QDt=Q=B

"xtQ;uD@ |WQ@ Q=w}O C=}�RH "1 pmW

CkO u=ty =} |@} QkD MU=B |=]N Q=Okt QO sy =@ =ysD} Qwor= |xOta Cw=iD
-=Wvt 'xOWQmP pt=wa `k=w QO "CU= xv}y@ ?=wH x@ uO}UQ CaQU w sD} Qwor=
O}rwD xm |O}OH sD} Qwor= 'Qo}O CQ=@a x@ "OvDUy R}v O}OH |=ysD} Qwor= O}rwD
'=ysD} Qwor= ?}mQD "OQ=O =Q pt=a wO Qy =} w CaQU =} CkO Ow@y@ QO |aU OwW|t
'CU= |rLt |xv}y@ |=yMU=B R= Qw@a u=ty =} CkO V}=Ri= |=ypLx=Q R= |m}
sD} Qwor= wO Qy \UwD xr�Ut |=yQ}eDt |Oa@OvJ |=[i QO wHwCUH xm =Q} R
|O=} R u=QoWywSB p=@kDU= OQwt Q}N= |=yp=U QO xOWQmP |xO}= "OQ}o|t CQwY
sD} Qwor= ?}mQD xrtH R= |}=yQ=DWwv x@ u=wD|t xvwtv |=Q@ xm 'CU= xDiQo Q=Qk
|=yxR=U |}xRQr |L=Q] |xv}y@ OQmrta pL |=Q@ |@Ya |xm@W w ?=D?W sQm
l} R}i |xN=W QO |R=Uxv}y@ |=Q@ C=QP s=LOR= wl}DvS sD} Qwor=?}mQD [14]'|Rri
xJQwt |vwrm w pUaQw@vR |vwrm sD} Qwor= ?}mQD [16]'pkv w ptL R}v w [15]'|tD=
C=QP s=LOR= w xe=@ Qwk VyH sD} Qwor= ?}mQD [17]'|SQv= `@=vt |R=Uxv}y@ Qw_vtx@
|=Q@ l}DvS w ?=D?W sQm sD} Qwor= ?}mQD [18]'=yQwD=QvS R= |Q=Oyov w Q}taD CyH
xJQwt |vwrm w C=QP s=LOR= sD} Qwor= ?}mQD w [19]'C=U}U-=D pLt |R=Uxv}y@
'Q[=L Q=DWwv QO "OQm xQ=W= [20]'OQoxQwO |xOvWwQi `HQt |xr�Ut pL Qw_vtx@
Q=tWx@ |t=LOR= Vwy |xawtHtQ} R xm C=QP s=LOR= w ?=D?W sQm sD} Qwor= wO

"Ov=xOW xO=iDU= |WQ@ Q=w}O |xr�Ut |@=}xv}y@ Qw_vtx@ w ?}mQD sy =@ OvwQ|t

xtQ;uD@ |WQ@ Q=w}O |xr�Ut "2
xm � Q=w}O l} |=QH= |xv} Ry xm CU=vat u}= x@ xtQ;uD@ |WQ@ Q=w}O |R=Uxv}y@
u=R}t x@ �CU= |Ov@?r=k |xv} Ry w uD@ w Oqwi xrtH R= Kr=Yt |xv} Ry pt=W
\ki '|O=YDk= KQ] l} x@ uO}UQ xm CU= |QwQ[ xDmv u}= x@ xHwD "OUQ@ xv}tm
xDUO 2 x@ u=wD|t =Q \@=w[ u}= "Ovm|t =O}B swyit |L=Q] \@=w[ C}=aQ =@
C}iQ_ O=H}= x@ QHvt xm CU= |L=Q] \@=wQ u=ty 'pw= |xDUO %OQm |Ov@s}UkD
|=yC}OwOLt C}=aQ 'swO |xDUO w &OwW|t xR=U x@ xOQ=w |=yQ=@ <=R= x@ sRq
'Q[=L VywSB QO "CU= C}ty= R�=L Q=}U@ xm CU= �=yO}=@v w =yO}=@� |}xt=vu}};
xOW xDiQo Q_v QO xtQ;uD@ |WQ@ Q=w}O |L=Q] |=Q@ R}v xS} w |RQt <=RH= \@=w[

"CU=
xDUw}B w xDUUo VwQ wO x@ uwo =vwo p�=Ut |=Q@ |rm Cr=L QO |R=Uxv}y@
|vFDUt xO�=k u}= R= sy xtQ;uD@ |WQ@ Q=w}O |R=Uxv}y@ "OQ}o CQwY Ov=wD|t
xO=iDU= |WQ@ Q=w}O |R=Uxv}y@ |=Q@ xDUUo VwQ R= u=QoWywSB uwvm =D =t= 'CU}v
|iQat sD} Qwor= x@ p@k R= |[Qi KQ] u=Q=Ry 'xDUUo |@=}xv}y@ QO [22w21]"Ov=xOQm
|@=} RQ= w ?=NDv= =Q =yu; R= |m} Q=@ Qy |@=}xv}y@ Q}Ut QO sD} Qwor= w OwW|t
x}k@ =@ T=}k QO |QDtm |xv} Ry R}v w OW=@ =yO}k |woNU=B xm KQ] l} =D Ovm|t

"OwW ?=NDv= xv}y@ KQ] u=wva x@ 'OQ=O =yKQ]
'|WQ@ Q=w}O l} |=Q@ KQ] u=Q=Ry uDN=U "1 %OQ=O xOta ha[ wO Q=m u}=
u}= xm � OvW=@ pwkat xOQ=w |=ywQ}v x@ C@Uv O}=@ =yKQ] "2 w CU= Q@u=tR |Qt=
|a}Uw |xvt=O xm OvW=@ xDW=O ẁvD QOkv; =yKQ] =} w �CU= x@ QHD OvtR=}v syt
|L=Q] |=Q@ |@U=vt MU=B sD} Qwor= 'O=} R =} sm |=ywQ}v <=R= x@ =D OvyO VWwB =Q
OQ=O OQ@ Q=m X=N |Q=PoQ=@ l} |=Q@ \ki xt=vQ@ Qy CQwYu}= Q}e QO "OW=@ xDW=O
x@ xDUw}B CQwY x@ |WQ@ Q=w}O |@=}xv}y@ 'Q[=L VywSB QO "CU}v s}taD p@=k w
xm CU=vat u}= x@ xDUw}B |@=}xv}y@ "CU= xOW s=Hv= MATLAB Q=Ri=sQv ltm
|r=oJ 'pw]� |L=Q] |=yQDt=Q=B |=Q@ |k]vt Q=Okt Qy ?=NDv= x@ QO=k sD} Qwor=

76
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UOv
yt C@Uv O}=@ 'xS} w |WQ@ |=yQ=w}O |=Q@ OW=@ hw=lw � 2 xm x=oQy 'u; QO xm

"OwW xDiQo Q_v QO Q=w}O u=H |ki= |=yQwD=tQ; C@Uv R= V}@ u=H s�=k |=yQwD=tQ;
|xv}tm Q=Okt Q@=Q@ s�=k |=yQwD=tQ; C@Uv O}=@ 'OW=@ hw=lw � 2 5 Qo = xwqax@
%OvwW|t OwOLt 13 |x]@=Q j@] =yQwD=tQ; u}= u}=Q@=v@ "OwW x@U=Lt 0 0025

0 0025 � �v � 0 01 (13)

xr�Ut Ow}k "2"2
s=Om Qy %OvwW|t h} QaD CQwY u}= x@ xtQ;uD@ |WQ@ Q=w}O |L=Q] |=yC}OwOLt
|wQ}v j@] u=wD|t w Ovvm|t pta x=Dwm uwDU l} Ovv=ty |RQt |=yu=tr= R=
x@ =Q �Mu� |WtN Qovr 'CU= |WQ@ Q=w}O |rkF Q=F; s=tD pt=W xm �Pu� |QwLt
?}DQD u}= x@ "�2 pmW� OQm x} RHD Xr=N |Q=Wi w Xr=N |WWm |QwLt |wQ}v
QwmPt |=ywQ}v QD|v=QL@ Q=F; T=U=Q@ �|RQt <=RH=� |WQ@ Q=w}O |rw] |=yQwD=tQ;

[26w25'23]"OvwW|t KQ]
%OwW|t x@U=Lt 15 w14 |=yx]@=Q R= |WWm |QwLt |wQ}v

T = Mu

lw � bf �|WWm |wQ}v�
(14)

Ta = 'tAsfFy �|WWm C}iQ_�
(15)

xDiQo Q_vQO 0 9 Q@=Q@ w CU= |WWm Ctw=kt Vy=m ?} Q[ 't '=yu; QO xm
%OwW|t h} QaD 16 |x]@=Q CQwY x@ pw= O}k 'xH}Dv QO "OwW|t

g1 = T
Ta
� 1 � 0 (16)

%OwW|t h} QaD 18 w 17 \@=wQ CQwY x@ R}v |Q=Wi |QwLt |wQ}v
C = Pu + Mu

lw � bf (17)

Ca = 'cf0 85f 0c(Ag �Asf ) +AsfFyg (18)

QDt=Q=B R}v w 0 65 Q@=Q@ w |Q=Wi Ctw=kt Vy=m ?} Q[ 'c '=yu; QO xm
swO O}k xH}Dv QO "OvDUy |RQt <=RH= Xr=N=v pm `]kt K]U 'Ag = tf � bf

"Xr=N |Q=Wi w |WWm |wQ}v x@ |WQ@ Q=w}O |=ywQ}v |x} RHD "2 pmW

'|WQ@ Q=w}O u=H s�=k QwD=tQ; j=U wO `]kt K]U %Asv QDt=Q=B '|WQ@ Q=w}O p=@
"|WQ@ Q=w}O u=H |ki= QwD=tQ; j=U wO `]kt K]U %Ash QDt=Q=B

3 |x]@=Q j@] xm CU= |WQ@ Q=w}O u=H s�=k |=yQwD=tQ; O=OaD Nv QDt=Q=B
%OwW|t x@U=Lt

Nv = 2�
�
lw � 2bf
Sv

�
(3)

|xt=vu}}; j@] xm 'CU= u=H |Owta |=yQwD=tQ; |xrY=i Sv 'u; QO xm
u}= |Q=QkQ@ 'QwmPt |xrY=i |xv}W}@ |=Q@ "OwW|t x@U=Lt [23]'ACI318�11

%�4 |x]@=Q� CU= |t=Rr= \QW xU
Sv � min(3tw; lw=3; 450) (4)

5 |x]@=Q j@] xm CU= |WQ@ Q=w}O u=H |ki= |=yQwD=tQ; O=OaD Nh QDt=Q=B
%OwW|t x@U=Lt

Nh = 2� (hw
Sh

) (5)

|xt=vu}}; j@] xm CU= Q=w}O u=H |ki= |=yQwD=tQ; |xrY=i Sh 'u; QO xm
xU u}= |Q=QkQ@ 'QwmPt |xrY=i |xv}W}@ |=Q@ "OwW|t x@U=Lt ACI318�11

%�6 |x]@=Q� CU= |t=Rr= \QW
Sv � min(3tw; lw=5; 450) (6)

|xv}tm xmCU= QDy@ '|WQ@ Q=w}O OQmrta Ow@y@ w R=U wCN=U\}=QW Qw_vtx@
=Q 7 |x]@=Q u}=Q@=v@ [24]"OwW xDiQo Q_v QO QDt|r}t 200 Q=w}O u=H Ct=N[

%CW=O s}y=wN
tw � 200 (mm) (7)

Q=Wi CLD p=@ QF-wt ZQa '|RQt <=RH= QO ACI318�11 |xt=vu}}; j@]
%�8 |x]@=Q� OW=@ QDt|r}t 300 R= V}@ O}=@ �|RQt <=RH=�

tf � 300 (mm) (8)

x@ ACI318�11 |xt=vu}}; j@] |WQ@ Q=w}O u=H |Q=PoQwD=tQ; C}OwOLt
|RQt <=RH= |rw] |=yQwD=tQ; CL=Ut C@Uv R=Ht |xOwOLt [23]'CU= KQW u}=

%OwW|t h} QaD 9 |x]@=Q CQwYx@ '(�f ) |RQt <=RH= uD@ `]kt K]U x@
0 01��f � 0 06 (9)

��h w �v� |WQ@ Q=w}O u=H QO |ki= w s�=k |WQ@ |=yQwD=tQ; C@Uv |xv}tm
xmv}= xwqax@ "OwW|t OwOLt 0 0025 Q=Okt x@ '10 |x]@=Q |=QkQ@ \QW x@

%OvwW `} RwD VQ@ |xLiY s=tD QO w OvW=@ xDUw}B O}=@ |WQ@ |=yOqwi
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1. genetic algorithm
2. particle swarm optimization (PSO)
3. harmony search
4. simulated annealing
5. �re
y algorithm
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