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'=yuwDU w Q}D Cq=YD= ẁv Q}}eD 'O}kt � xt}v sDU}U R= xO=iDU= 'u}}=B s}rUD VvD
uOQm O=R; w �|}xLiY pN=O |oDUw}B=v O=H}=� Qw=Ht |=yxv=yO x@ Q=w}O |}=Hx@=H

"OQm xO=iDU= =yuwDU R= jQw p=YD=
|WtN OQmrta R= |Oqwi |WQ@ Q=w}O sDU}U QO =yuwDU |QwLt |wQ}v
C=ar=]t |NQ@ x@ xHwD =@ "OwW|t |W=v jQw VWm |xRwL |=yVvD w ?=k
|=yu=tDN=U |v=DLD |=yuwDU |QwLt |wQ}v R= |yHwD p@=k VN@ [23]'xOWs=Hv=
lQDWt pYi QO xS} w x@ 'jQw VWm |xRwL |=yVvD R= ��80 OwOL� x@DQtOvr@
p=YD= uOQm O=R; xm OwQ|t Q=_Dv= u}=Q@=v@ "OwW|t |W=v C=k@] |=yuwDU =@ jQw
|wQ}vVy=m QO 'QF-wt p=L u}a QO w|rta Q=my=Ql} u=wvax@ Ov=wD@ =yuwDU R= jQw
CQwY QO |DL xOWKQ]t p=YD= |wor= QO 'xwqax@ "OW=@ KQ]t =yuwDU |QwLt
x@ C=ar=]t QO xJQo =� Q=w}O |xOvvmQB jQw O=R; |=yx@r QO xOvvmCNU |v}@V}B
QDW}@ |UQQ@ OvtR=}v ẁ[wt u}= w xOWv xQ=W= |}x@r |xOvvmCNU R= xO=iDU= s=Rr=
|DL w OW=@v nQR@ `]=kt =@ xOvvmCNU R= xO=iDU= x@ |DQwQ[ ,q=tDL= '�CU=
x@ 'u}=Q@=v@ "OQm xO=iDU= xOvvmCNU u=wvax@ lJwm ,=D@Uv `]=kt =@ jQw R= u=wD@
sDU}U x@ C@Uv xOWQmP sDU}U R= xO=iDU= '|iQYt Kr=Yt sHL Vy=m p}rO
Q=w}O sDU}U Q=DiQ OQwt QO C=ar=]t "OW=@ xDW=O C}LHQ= Ov=wD|t R}v O}kt - xt}v

64



2/
1|

xQ=t
W'

34
�2

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

u=Qt
a|

UOv
yt [2]"`HQt R= xDiQoQ@ '�?=k <=[a= x@ jQw pt=m p=YD=� pt=m p=YD= =@ =} |rY= |=ypOt C=YNWt "1 pwOH

`]kt Q=w}O jQw Ct=N[ x@ xv=yO pw] C@Uv xk@] `=iDQ= xv=yO pw] pOt s=vuwDU Q}D tw �mm� (L=h) xk@] `=iDQ= h �mm� L �mm�
W14� 283 W14� 176 3 18 0 86 3500 3000 1S3L

W14� 311 W14� 193 3 18 1 14 3500 4000 1S4L

W14� 370 W14� 233 3 18 1 43 3500 5000 1S5L

W14� 455 W24� 250 3 18 1 71 3500 6000 1S6L

W14� 550 W24� 370 3 18 2 00 3500 7000 1S7L

[2]"`HQt R= xDiQoQ@ 'AISC358�05 |xt=vu}}; T=U=Q@ =yQ}D hrDNt `]=kt |=Q@ RBS p=YD= C=}�RH "2 pwOH
W24� 370 W24� 250 W14� 233 W14� 193 W14� 176 p=YD= C=}�RH

175 200 220 200 200 a �mm�
600 550 330 300 300 b �mm�
85 80 100 95 95 c �mm�

"�=yQ}D x@ jQw p=YD=� |�RH p=YD= =@ =} pYDt � xt}v |=ypOt C=YNWt "3 pwOH
2 Q}_v |rY= sDU}U �mm� jQw Ct=N[ pOt s=v

tR 1xOvvmCNU tw Q=w}O
1S3L � 3 18 P� 1S3L

1S4L � 3 18 P� 1S4L

1S5L � 3 18 P� 1S5L

1S6L � 3 18 P� 1S6L

1S7L � 3 18 P� 1S7L

1S5L � 0 00 3T1P� 1S5L

1S5L � 1 59 T2P� 1S5L

1S5L � 4 76 T4P� 1S5L

1S5L � 6 35 T5P� 1S5L

1S5L � 7 64 T6P� 1S5L

1S5L � 9 53 T7P� 1S5L

1S5L 6 3 18 R2P� 1S5L

1S5L 8 3 18 R3P� 1S5L

1S5L 10 3 18 R4P� 1S5L

1S5L 20 3 18 R6P� 1S5L

1S5L 30 3 18 R8P� 1S5L

"CU= xOW ZQi Q}D p=@ ZQa =@ Q@=Q@ w C@=F 'xOvvmCNU jQw ZQa 1

"CU= u=Um} Q}_v pYDt � xt}v |=ysDU}U QO =yuwDU w Q}D `]=kt w ?=k |xUOvy 2

"CU= lD |WtN ?=k sDU}U =@ pO=at pOt u}= 3

C=k@] `=iDQ= '1 pwOH QO GQOvt C=aq]= x@ xHwD =@ "CU= xOW s=Hv= [1]'u; stDt
|DQwY QO '(h = 3 5m) CU= xOW ZQi C@=F xOWxDiQo Q_v QO |=ypOt QO
'0 86 =@ Q@=Q@ ?}DQD x@ w Q}eDt (L=h) =ypOt `=iDQ= x@ xv=yO pw] C@Uv xm
uOQm RmQtDt Qw_vt x@ u}vJty "Ov=xOW ?=NDv= 2 00 w 1 71 '1 43 '1 14
|WtN |=[=kD uOQm OwOLt w =yQ}D |=yDv= wO QO |Q}tN pY=it p}mWD pLt
|=Q@ =yu; C=YNWt w xO=iDU= =yQ}D CtU wO QO 2 RBS p=YD= R= '=yuwDU QO

QO Q[=L VywSB QO xm ?=k <=[a= x@ jQw �pYDt � xt}v� |�RH =} w �pYDt�
Q=w}O |rY= |=ypOt 'C=ar=]t s=Hv= |=Q@ "OyO|t u=Wv =Q 'CU= xOW xDiQo Q_v
[2]'2012 p=U QO |WywSB R= �?=k <=[a= x@ jQw pt=m p=YD= =@� |Oqwi |WQ@
x�=Q= 1 pwOH QO =yu; C=YNWt xm �1S7L =D 1S3L |=ypOt� Ov=xOW T=@Dk=
T=U=Q@ |L=Q] pwY= Q@ |vD@t |Oqwi |WQ@ Q=w}O |=ysDU}U |L=Q] "CU= xOW
|=tvy=Q w [18]'=m} Qt; |}xRQr |L=Q] |xt=vu}}; |=yptar=QwDUO =@ j@=]t w C}iQ_

65



"""Q
O=y

uwDU
R=j

Qwp
=YD

=uO
QmO

=R;Q
}F=D

[28]"`HQt R= xDiQoQ@ 'Kr=Yt VvQm � VvD |=y|vLvt "2 pmW

"|OOa |R=UpOt G}=Dv Q@ |Q=PoxLY "3 pmW

"CU= xOW xU}=kt |y=oW}=tR; w |OOa |=yp}rLD G}=Dv '3 pmW QO "OW R}r=v;
Q=DiQ |v}@V}B QO |R=UpOt VwQ C}=im G}=Dv 'OwW|t xOy=Wt xm Qw]u=ty
OwOLt u=tr= pOt 'u}vJty w OyO|t u=Wv =Q |Oqwi |WQ@ Q=w}O |rm}U w Qw)=VwB
'O=Di= j=iD= |y=oW}=tR; |xvwtv QO xm =Q =yuwDU Vv=tm CU= xDUv=wD |@ wN x@

"Ovm |R=UpOt

G}=Dv |UQQ@ w EL@ "3
Qo}Om} Q=DiQ QO w OvQ=O VvmQOv= sy =@ |Oqwi |WQ@ Q=w}O sDU}U QO jQw w ?=k
QO |rY= w x}rw= Vkv jQw 'CU= xOW XNWt xm Qw]u=ty [25]"OvQ=Po|t Q}F-=D
|xv}W}@ 'xwqax@ "Ovm|t =i}= |Oqwi |WQ@ Q=w}O sDU}U |SQv= ?PH w |Q@ Q=@

x�=Q= 2 pwOH QO [27]'AISC358�05 |xt=vu}}; =@ j@=]t |rY= |=ypOt |=yQ}D
"CU= xOW

=@ pOt xawtHt xU '|RQt <=[a= x@ jQw p=YD= |wor= Q}F-=D |xar=]t |=Q@
<=[a= `]=kt w xUOvy� CU= xOW xDiQo Q_v QO ?=k <=[a= x@ jQw |�RH p=YD=
|=ypOt =@ xU}=kt QO 'pw= |xawtHt QO "�CU= Q}_v |rY= |=ypOt =@ x@=Wt ?=k
=yQ}D =@ jQw p=YD= xm |r=L QO 'CU= xOW O=R; =yuwDU x@ jQw p=YD= \ki '|rY=
Q}}eD Q}F-=D |@=} RQ= |=Q@ "�P-1S7L =D P �1S3L |=ypOt� CU= Q=QkQ@ u=vJty
swO |xawtHt QO 'pYDt � xt}v sDU}U Q=DiQ Ow@y@ ,=v=}L= w Q}}eD QO jQw Ct=N[
'1 59 '0� jQw Ct=N[ 'p=YD= |wor= Q@ xwqa '|rY= |=ypOt =@ xU}=kt QO
|=ypOt�CU= xOW ZQi Q}eDt R}v �QDt|r}t 9 53 w 7 64 '6 35 '4 76 '3 18
jQw R= xO=iDU= Q}F-=D |xar=]t Qw_vt x@ C}=yvQO "�T7P�1S7L =D T1P �1S3L

QO swU |xawtHt QO 'pYDt � xt}v |=ysDU}U Q=DiQ QO |}x@r |xOvvmCNU
C=YNWt =@ xOvvmCNU jQw R= p=YD= |wor= Q@ xwqa '|rY= |=ypOt =@ xU}=kt
=D R2P �1S5L |=ypOt� CU= xOW xO=iDU= O=R; |=yx@r QO R}v hrDNt |UOvy
"CU= xOW x�=Q= pYDt � xt}v |=ypOt C=YNWt '3 pwOH QO "�R8P�1S5L

Kr=Yt |m}v=mt C=YNWt "2"2
|=yjQw u}vJty w �=yuwDU w Q}D� |RQt |=yu=tr= QO |iQYt Kr=Yt |=Q@
s}rUD VvD =@� ASTM-A572 |xOQ Oqwi R= �=yxOvvmCNU� |}x@r |D} wkD
s}rUD VvD =@� ASTM-A36 |xOQ Oqwi R= xOvvmQB jQw |=Q@ w �385MPa

x@ |iQYt |=yOqwi uwU=wB C@Uv w |v=UWm pwOt w xO=iDU= �327 6 MPa�
� VvD |=ys=Qo =}O '2 pmW "CU= xOW ZQi 0 3 w 200GPa =@ Q@=Q@ ?}DQD
u=Wv =ypOt |]NQ}e Q=DiQ |xar=]t CyH =Q Oqwi R= xOQ Qy x@ \w@ Qt VvQm
w 3l}B wQDwR}= CQwYx@ Kr=Yt Q=DiQ '|]NQ}e |m}D=DU= |=yp}rLD QO "OyO|t
6Qov}W=@ QF= ^=Lr =@ 5l}D=tv}U CQwYx@ 4|rm}U |m}D=DU= � x@W |=yp}rLD QO

"CU= xOW xDiQo Q_v QO

G}=Dv |Q=PoxLY w |OOa |R=UpOt "3"2
[25w23'2]`H=Qt QO QDW}B |Q=PoQ=@ VwQ w |RQt \}=QW p=ta= '|R=UpOt |xwLv
w |R=UpOt Qw_vt x@ "CU= xOW xQ=W= u; x@ Q=YDN= x@ \ki =Hv}= QO w x�=Q=
OwOLt u=tr= Q=Ri=sQv R= |m}D=DU= |]NQ}e w |Wv=tm |]N |=yp}rLD s=Hv=
w 8nQR@ |=ypmWQ}}eD Q=F; '|]NQ}e |=yp}rLD QO w xO=iDU= [29]'7Twm =@;
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TQOwR s}rUD ẁkw x@ u=wD|t =Q ẁ[wt u}= Cra "O@=}|t R}v Vy=m xmr@ 'O@=}|tv
Ct=N[ |x} wQ|@ V}=Ri= R= |W=v '?=k <=[a= QO xHwD p@=k |=ypmWQ}}eD =} w
pm xH}Dv QO w jQw QO |SQv= ?PH w xOQDUo s}rUD ẁkw xm O=O C@Uv jQw
jQw Ct=N[ KqY= =@ 'G}=Dv x@ xHwD =@ "CU= xOQm xH=wt pqDN= =@ =Q sDU}U

w 22 |=ypm}U�|}=yDv= pm}U wO QO xOW?PH |SQv= u}ov=}t |xU}=kt "4 pwOH
|=yC@Uv |=Q@ pt=m p=YD= =@ Q}_v |=ysDU}U =@|�RH p=YD= =@ |=ysDU}U �23

"xk@] `=iDQ= x@ xv=yO pw] hrDNt
(L=h) xk@] `=iDQ= x@ xv=yO pw] C@Uv
2 00 1 71 1 43 1 14 0 86
0 94 0 88 0 85 0 80 0 79 ?=k jQw pm0 63 0 49 0 35 0 26 0 16
1 01 0 98 1 00 0 97 0 99

xt}v sDU}U QO ?=k |SQv= ?PH R= pYDt sDU}U QO ?=k |SQv= ?PH 'G}=Dv x@
"CU= QDW}@ |mOv= pYDt �

xk@] `=iDQ= x@ xv=yO pw] hrDNt |=yC@Uv "1"2"3
|�RH p=YD= =@ |=ysDU}U j} Q] R= xOW?PH |SQv= |=yC@Uv '4 pwOH QO
pt=m p=YD= =@ Q}_v |=ysDU}U x@ C@Uv �P�1S7L =D P�1S3L |=ypOt�
xk@] `=iDQ= x@ xv=yO pw] hrDNt |=yC@Uv |=Q@ �1S7L =D 1S3L |=ypOt�
4 pwOH QO xOWx�=Q= |=yC@Uv "CU= xOW x�=Q= (L=h = 0 86 � 2=00)

�23 w 22 |=ypm}U� |}=yDv= pm}U wO QO xOW?PH |=y|SQv= u}ov=}t T=U=Q@
`=iDQ= x@ xv=yO pw] C@Uv V}=Ri= =@ 'QwmPt pwOH j@=]t "CU= xOW x@U=Lt
O@=}|t V}=Ri= pYDt- xt}v sDU}U QO |SQv= ?PH QO jQw CmQ=Wt C@Uv 'xk@]
� xt}v w pYDt sDU}U wO QO jQw |SQv= ?PH u}@ hqDN= u=R}t R= ,=H} QOD w
C@Uv 'xk@] `=iDQ= x@ xv=yO pw] C@Uv V}=Ri= =@ '`k=w QO "OwW|t xDU=m pYDt
K]U x@ �Ovm|t CmQ=Wt |SQv= w wQ}v ?PH QO xm jQw R= |L]U� jQw QF-wt K]U
x@ pm |SQv= ?PH QO jQw CmQ=Wt xH}Dv QO '�10 pmW� O@=}|t V}=Ri= u; pm

"O@=}|t V}=Ri= |@Uv Qw]
C@Uv� ?=k |xUOvy R= pkDUt ?=k \UwD xOW?PH |SQv= 'G}=Dv x@ xHwD =@
w pYDt sDU}U wO QO ?=k <=[a= x@ jQw p=YD= ẁv w �xk@] `=iDQ= x@ xv=yO pw]
QDnQR@ |=yC@Uv |=Q@ |rm Cr=L QO u}=Q@=v@ "CU= x@=Wt ,=@} QkD Q}_v pYDt � xt}v
|=ysDU}U R= l} Qy \UwD xOW?PH pm |SQv= C@Uv 'xk@] `=iDQ= x@ xv=yO pw]
QO xOWx�=Q= G}=Dv x@ xHwD =@ "OwW|t QDl}ORv Qo}Om} x@ pYDt � xt}v w pYDt
hqDN= (L=h = 2) xk@] `=iDQ= x@ xv=yO pw] C@Uv u} QDnQR@ |=Q@ '4 pwOH

"OwW|t OwOLt �5 OwOL x@ sDU}U wO \UwD pm |SQv= ?PH QO
xOvvmQB jQw hrDNt |=yCt=N[ "2"2"3

x@ '=yuwDU R= jQw p=YD= uOQm O=R; =@ 'OW xOy=Wt u}W}B |=yVN@ QO xm Qw]u=ty
xDU=m sDU}U|SQv= ?PH R=|@Uv Qw] x@ '|SQv= ?PH QO jQwCmQ=WtVy=mp}rO
|=ysDU}U QO QwmPt |SQv= ?PH Vy=m u=Q@H u=mt= |xar=]t hOy =@ "OwW|t
Q=w}O |=ysDU}U QO jQw Ct=N[ C=Q}}eD Q}F-=D 'Q[=L VN@ QO '|�RH p=YD= =@

"CU= xOW |UQQ@ |�RH p=YD= =@ |Oqwi |WQ@
|�RH p=YD= =@ |=ysDU}U j} Q] R= xOW?PH |SQv= |=yC@Uv '5 pwOH QO
C@Uv �T7P�1S5L =D T1P�1S5L |=ypOt� hrDNt |=yjQw Ct=N[ w
l} |=Q@ �1S5L pOt� XNWt jQw Ct=N[ w pt=m p=YD= =@ Q}_v sDU}U x@
x@ "CU= xOW x�=Q= �L=h = 1 43� xk@] `=iDQ= x@ xv=yO pw] XNWt C@Uv
Qw)=VwB p}rLD R= xm � Ctw=kt |=yC@Uv G}=Dv R}v 6 pwOH QO 'QDy@ |UQQ@ CyH
|vwvmVN@ QO xOWxDiQo Q_v QO pYDt � xt}v |=ysDU}U |=Q@ �CU= xOt;CUOx@
|=y|SQv= u}ov=}t T=U=Q@ 5 pwOH QO xOWx�=Q= |=yC@Uv w xDiQo Q=Qk Q=}DN= QO

"CU= xOW x@U=Lt �23 w 22 |=ypm}U� |}=yDv= pm}U wO QO xOW?PH
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yt pm}U wO QO xOW?PH |SQv= u}ov=}t QO |}x@r |xOvvmCNU jQw Q}F-=D "7 pwOH

"L=h = 1 43 |�RH p=YD= =@ |=ysDU}U �23 w 22 |=ypm}U� |}=yDv=
�KN.m� xOW?PH |SQv= jQw Ct=N[
?=k jQw pm 1�mm� xOvvmCNU

836 1 79 1 915 2 20
808 4 124 1 932 5 6
803 7 129 5 933 2 8
795 8 137 8 933 6 10
791 0 144 4 935 4 20
783 1 154 3 937 4 30

"CU= xOW ZQi =yQ}D p=@ ZQa =@ Q@=Q@ xOvvmCNU jQw ZQa 1

"CU= |}x@r xOvvmCNU jQw Ok=i pOt u}= 2

V}=Ri= 'xOt; CUOx@ G}=Dv x@ xHwD =@ "OwW|t ?Hwt ?=k \UwD xOW?PH |SQv=
QO u}=Q@=v@ "OQ=Ov QwmPt C=Q}}eD u=R}t QO |v=OvJ Q}F-=D |}x@r C} wkD jQw Ct=N[
?PH QO |v=OvJ Q}F-=D '|}x@r C} wkD jQw R= xO=iDU= xm CiQo xH}Dv u=wD|t ẁtHt

"CW=O Oy=wNv sDU}U pm |SQv=

|Q}oxH}Dv "4
Q}D x@� pt=m p=YD= |wor= Q}F-=D 'OwOLt u=tr= VwQ R= xO=iDU= =@ 'Q[=L VywSB QO
w 'jQw w ?=k u}@ VvmQOv= QO ?=k <=[a= x@ jQw �=yQ}D x@� |�RH =} �=yuwDU w
xOW xar=]t |Oqwi |WQ@ Q=w}O sDU}U |SQv= ?PH w |rm}U |Q@ Q=@ C=}YwYN
pw] hrDNt |=yC@Uv =@ |Oqwi |WQ@ Q=w}O |=ysDU}U 'Qw_vt u}= |=Q@ "CU=
R= xO=iDU= =@ ?=k <=[a= x@ jQw|�RH =} w pt=m p=YD= |wor= =@ xk@] `=iDQ= x@ xv=yO
|SQv= ?PH C=}YwYN w jQw w ?=kVvmQOv= w p}rLD|rm}U w Qw)=VwB |=yR}r=v;
Vy=m =} V}=Ri= Q}F-=D 'u}vJty "OvOW xU}=kt p=YD= |wor= wO |=Q@ =ysDU}U QO
|xOWO=R; |=yx@r QO xOvvmCNU jQw R= xO=iDU= =} w Q=w}O |xOvvmQB jQw Ct=N[
=@ |=ysDU}U |SQv= ?PH C=}YwYN Ow@y@ ,=v=}L= =} w Q}}eD QO R}v xOvvmQB jQw

%R= Ov=CQ=@a xDUHQ@ G}=Dv "OW |@=} RQ= |�RH p=YD=
R= jQw K]U QO Xk=v s}rUD ẁkw p}rO x@ '=yuwDU R= jQw p=YD= uOQm O=R; =@ ��
Ctw=kt 'p@=kt QO "OwW|t xDU=m |Oqwi |WQ@ Q=w}O sDU}U QO jQw Ctw=kt
|mOv= V}=Ri= jQw w ?=k u}@ VvmQOv= p}rO x@ 'pYDt � xt}v sDU}U QO ?=k
sDU}U QO ?=k |x}rw= |DNU =@ xU}=kt QO u; |x}rw= |DNU um}r 'O@=}|t
' ẁtHt QO u}=Q@=v@ "OyO|t u=Wv |yHwD p@=k ,=D@Uv Vy=m 'Q}_v pYDt ,qt=m
Q}_v pYDt sDU}U =@ xU}=kt QO pYDt � xt}v sDU}U pm |DNU w Ctw=kt

"O@=}|t Vy=m
VQ@ ?PH QO jQw CmQ=Wt R= |rm Qw]x@ '=yuwDU R= jQw p=YD= uOQm O=R; =@ ��
'jQw w ?=k VvmQOv= Vy=m p}rO x@ 'Cr=L u}= QO xwqax@ "OwW|t xDU=m xk@]
hrDNt |=yR=QD QO jQw CmQ=Wt 'Q}_v pYDt sDU}U QO jQw Q=DiQ hqNQ@
x@ 'pYDt � xt}v sDU}U QO R}v ?=k Q=DiQ 'u}vJty "OwW|t l}ORv Qo}Om} x@

"OwW|t QDl}ORv lD ?=k Q=DiQ x@ jQw w ?=k u}@ VvmQOv= Vy=m p}rO

sDU}U x@ |�RH p=YD= =@ |=ysDU}U QO Ctw=kt |=yC@Uv |xU}=kt "6 pwOH
[26]"jQw hrDNt |=yCt=N[ |=Q@ pt=m p=YD= =@ Q}_v

Q=w}O jQw Ct=N[ pm jQw ?=k�mm�
10 00 0 68 0 00 1 00
1 59 0 77 0 25 1 03
23 18 0 85 0 51 1 04
4 76 0 93 0 75 1 04
6 35 1 01 0 95 1 04
7 64 1 08 1 10 1 07
9 53 1 16 1 22 1 13

"CU= =yvD |WtN ?=k sDU}U =@ pO=at 1

"jQw |x}rw= Ct=N[ 2

|@Uv Vy=m 'QDt|r}t 6 35 OwOL x@ QDt|r}t 3 18 R= pYDt � xt}v sDU}U QO
=@ "OwW|t u=Q@H pYDt � xt}v sDU}U pm |SQv= ?PH w jQw |SQv= ?PH QO
xOWKqY= Ct=N[ |=Q@ xm OwW|t xOy=Wt 6 pwOH QO xOWx�=Q= G}=Dv x@ xHwD
R}v sDU}U pm w jQw Ctw=kt |@Uv Ci= '|SQv= ?PH Q@ xwqa '�QDt|r}t 6 35�

"OwW|t u=Q@H |�RH p=YD= =@ sDU}U QO
xt}v sDU}U QO Ctw=kt |@Uv Ci= u=Q@H |=Q@ xm OwW|t xOy=Wt u}vJty
|@Uv Ci= =@ ,=@} QkD O}=@ �Q@=Q@ 2� sDU}U QO jQw Ct=N[ |@Uv V}=Ri= 'pYDt �
?U=vDt jQw Ct=N[V}=Ri= =@ 'Qo}O u=}@ x@ "OW=@?U=vDt �0 51� jQw Ctw=kt
'Ctw=kt |@Uv Vy=m \ki xv 'pYDt � xt}v sDU}U QO jQw Ctw=kt Ci= =@
C=ar=]t G}=Dv "OQm u=Q@H u=wD|t R}v =Q sDU}U |SQv= ?PH |@Uv Vy=m xmr@
QO =Q xOWQmP ?r]t CLY [26]'Q[=L VywSB =@ |R=wt VywSB QO xOWs=Hv=
pw] C@Uv w lR=v jQw =@ |Oqwi |WQ@ Q=w}O |=ysDU}U Q}=U |=Q@ |rm Cr=L

"Ovm|t O}}-=D hrDNt `=iDQ= x@
hrDNt C=YNWt =@ |}x@r |xOvvmCNU jQw "3"2"3

|xOvvmQB jQw O=R; |=yx@r QO |D} wkD u=tr= Qw[L '|rm Cr=L QO w |Q_v ^=Lr x@
[22]'sDU}U pm Ctw=kt QO V}=Ri= =@ Ov=wD|t pYDt � xt}v |Oqwi |WQ@ Q=w}O
|=yx@r QO ,qwtat xm � jQw |xLiY Q@ Owta |=ypmWQ}}eD |xv}W}@ Vy=m =} w
|SQv= ?PH V}=Ri= x@ u; |Wv=tm C}iQ_ V}=Ri= =} [26]'�ODi=|t j=iD= jQw O=R;

"Ovm ltm pYDt � xt}v sDU}U QO
xt}v |Oqwi |WQ@ Q=w}O R= pOt Qy |=Q@ '|vwvm VN@ QO C=ar=]t s=Hv= |=Q@
xOvvmCNU jQw ZQa� C@=F ZQa =@ |}x@r |xOvvmCNU jQw wO R= 'pYDt �
|=yx@r CtU wO QO Q}eDt Ct=N[ w �CU= xOW ZQi xk@] Q}D p=@ ZQa =@ Q@=Q@
QO "CU= xOW xO=iDU= Q=w}O |xLiY Q@ Owta CyH QO w Q=w}O |xOvvmQB jQw O=R;
QO �23 w 22 |=ypm}U� |}=yDv= pm}U wO QO xOW?PH |SQv= u}ov=}t '7 pwOH
hrDNt C=YNWt =@ |}x@r |xOvvmCNU jQw pt=W w |�RH p=YD= =@ |=ysDU}U
|}x@r |xOvvmCNU jQw uwO@ =} w �R8P�1S5L =D R2P�1S5L |=ysDU}U�
|x}rm QO 'xOWxDiQo Q_v QO |=ypOt x@ xHwD =@ "CU= xOW x�=Q= �P�1S5L sDU}U�
xOW Qw_vt 1 43 =@ Q@=Q@ w C@=F (L=h) xk@] `=iDQ= x@ xv=yO pw] C@Uv =ypOt
|xOvvmCNU jQw R= xO=iDU= 'OwW|t xOy=Wt 7 pwOH QO xm Qw]u=ty "CU=
|OL =D =Q jQw \UwD xOW?PH |SQv= 'u; |UOvy C=YNWt R= Q_vhQY |}x@r
QO =Q |mOv= Vy=m 'jQw w ?=k VvmQOv= p}rO x@ 'p@=kt QO w OyO|t V}=Ri=
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}F=D� xt}v sDU}U QO ?=k =@ lD ?=k T} RQDU}y |=y|vLvt u}@ 'pYDt � xt}v

"pYDt ,qt=m sDU}U QO ?=k =D OQ=O OwHw |QDW}@ ,=D@Uv |ovy=ty pYDt
Ci= =@ ?U=vDt jQw Ct=N[ �V}=Ri=� KqY= =@ 'pYDt � xt}v sDU}U QO ��
?PH |@Uv Vy=m xmr@ 'Ctw=kt |@Uv Vy=m \ki xv 'u; Ctw=kt |@Uv

"OQm u=Q@H u=wD|t R}v =Q |SQv=
jQw |xOWO=R; |=yx@r QO xOvvmCNU jQw R= xO=iDU= C@Ft Q}F-=D seQ|ra ��
C} Rt 'Q=w}O |Wv=tm |=ypmWQ}}eD Vy=m QO pYDt � xt}v |=ysDU}U QO
"OWv xOy=Wt sDU}U |SQv= ?PH V}=Ri= CyH QO u; R= xO=iDU= |=Q@ |Y=N

QO |SQv= ?PH '|Oqwi |WQ@ Q=w}O |=yuwDU R= jQw p=YD= uOQm R=@ =@ ��
sDU}U |SQv= ?PH QO Vy=m u}= "O@=}|t Vy=m |Oqwi |WQ@ Q=w}O sDU}U
|oOWnvD |xO}OB V}=Ri= |OL =D w sDU}U Ctw=kt Vy=m R= |W=v ,=DOta R}v
?PH w Ctw=kt xmv}= x@ xHwD =@ "CU= sDU}U Q=DiQ T} RQDU}y |=y|vLvt QO
Cra 'CU= u=Um} ,=@} QkD pYDt � xt}v w pYDt sDU}U wO QO ?=k |SQv=
Vy=m x@ u=wD|t =Q pYDt � xt}v sDU}U QO |SQv= ?PH |@Uv Vy=m |rY=

"O=O C@Uv jQw \UwD |SQv= ?PH w Ctw=kt |@Uv
|Oqwi |WQ@ Q=w}O sDU}U QO jQw w ?=k VvmQOv= Vy=m p}rO x@ '|rm Qw]x@ ��

=yCWwv=B
1. steel plate shear wall (SPSW)
2. reduced beam section
3. isotropic
4. quasi-static cyclic
5. kinematic
6. bauschinger
7. Abaqus
8. large deformation
9. geometrical nonlinearity
10. drift
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