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ẁvD� |v}HQwN p=YD= Ovv=t ?rYxt}v p=YD= l} ẁvDt Q=}U@ Cq=L x@ xHwD =@
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[22]"CU= u=}O=Q 0 03 =D 0 02 u}@ |v}HQwN p=YD= |}=yv VNQJ
VwHR= x]kvu}rw= u; QO xmCU=|Qovr 'p=YD= s}rUD Qovr %p=YD=s}rUD Qovr ��
u=wvax@ p=YD= s}rUD Qovr 'xOWs=Hv= C=ar=]t QO "OUQ|t s}rUDVvD x@ p=YD=
[21]"CU= xDiQo Q=Qk xO=iDU= OQwt p=YD=|L=Q]u}vJty w|@=} RQ= |=Q@|YN=W
QDW}@ QO |v}HQwN p=YD= |Q=OQ}o OYQO |x@U=Lt |=Q@ %|Q=OQ}o OYQO ��
\N |xrO=at |kqD VwQ R= 'xDiQos=Hv= |}xv=}=Q |=yp}rLD w |W}=tR; C=ar=]t
Qovr x@ |kqD Qovr C@Uv w OwW|t xO=iDU= p=YD= u=QwO � Qovr |vLvt =@ Q}D
xHwD =@ "OwW|t h} QaD p=YD= |Q=OQ}o OYQO u=wvax@ (Mfa) Q}D |Q=OQ}o
80 =D 25 u}@ |v}HQwN p=YD= |Q=OQ}o OYQO 'xOWx�=Q= C=ar=]t w G}=Dv x@
|W@v |xR=Ov= w pw] xrtH R= p=YD= C=}�RH x@ xm 'CU= xOW |v}@V}B OYQO

[6]"OQ=O |oDU@ Q}D C=YNWt w
xOWs=Hv= hrDNt |=yV}=tR; T=U=Q@ %|v}HQwN p=YD= CUmW |xwLv ��
w OwW|t R=e; p=YD= VwH R= |v}HQwN p=YD= QO CUmW 'OQ=wt QDW}@ QO
xOy=Wt VwH QO \ki CUmW '|Q=PoQ=@ |}=yv |x]kv =D |DL `k=wt QDW}@ QO
|}=yv pL=Qt QO sy u; '|W@v p=@ QO CUmW OQ=wt |NQ@ QO \ki w OwW|t
RwQ@ R= TB |v}HQwN p=YD= Cio u=wD|t ẁtHt QO "ODi=|t j=iD= |Q=PoQ=@
CQwY QO =Pr "CW=O Oy=wN |rYit Q=DiQ =y|W@v p=YD= QO lQD VQDUo w
ptLD |=Q@ sRq Ctw=kt uDW=O w uwDU x@ u}}=B |W@v p=YD= 'CUmW sOa
QO CU=|y}O@ "Ovm ptLD =Q |rkF Q=@ \ki Qovr ?PH uwO@ Ov=wD|t |rkF Q=@

[3]"OQ=O |}xRQr Q@ Q=@ sDU}U l} x@ R=}v |v}HQwN p=YD= =@ ?=k Cr=L u}=

R=}vOQwt |=yQDt=Q=B w C=YDNt "2"3
w '|@v=H w |rkF Q=@ u=tRsy Q}F-=D '|W@v pw] '|W@v |xQ=tW 'Q}D `]kt |xQ=tW

"CU= |R=UpOt |=Q@ sRq C=YDNt w C=YNWt R= VwH C}i}m
'RU}t |=yXN=W %Ovv=t |OOaDt CQ=UN |=yXN=W 'Cq=YD=|UQQ@ |=Q@
EL-Tawil xm 'OQ=O OwHw xQwLtxU w '|oDN}Uo 'pO=at |Q}tN VvQm 'Q=Wi

"CU= xOQm O=yvW}B =Q =yu;
s}rUD VvD Q@ �v RU}t VvD s}UkD R= RU}t XN=W %(MI) RU}t XN=W ��

%OwW|t h} QaD 2 |x]@=Q CQwYx@ RU}t VvD w 'O};|t CUOx@ �y
�v =

p3j2 (2)

CUOx@ 3 |x]@=Q R= xm 'CU= h=QLv=VvD QwUv=D Q}PB=vQ}}eD u}twO j2 'u; QO xm
%O};|t

j2 =

s�1
6 [�1 � �2]2 + [�1 � �3]2 + [�2 � �3]2

�
(3)

"VNQJ � Qovr |vLvt "5 pmW

'5 pmW j@=]t "CU= xOW xU}=kt [3]'1391 p=U QO xOWV}=tR; |xvwtv G}=Dv =@
s}rUD VNQJ w xOWV}=tR; |xvwtv hYv 'xOW|R=UpOt |xvwtv s}rUD u=tt
V}=tR; QO xm 'xOWxQ=W= |xDmv x@ xHwD =@ xm 'CU= xOWV}=tR; |xvwtv Q@=Q@ u;
QO "OQ=O OwHw G}=Dv u}@ |rw@k p@=k j@=]D 'OQ=O OwHw Q}D 1 |R=UpOt QO w Q}D 2

"CU= xOW u=}@ G}=Dv p}rLD QO xOWxO=iDU= s}y=it R= |NQ@ 'xt=O=

R=}vOQwt |U=U= s}y=it w h} Q=aD "1"3
|v}HQwN p=YD= |R=UpOt |=Q@ xm|}=yQDt=Q=B R=|m} %p=YD= |x}rw=|DNU ��
|vLvt ?}W� p=YD= |x}rw= |DNU 'CU= R=}vOQwt SAP Ovv=t |}=yQ=Ri=sQv QO
|x]U=w x@ uwDU w Q}D u}@ |x} w=R Q}}eD w p=YD= Q@ OQ=w Qovr u}@ |x]@=Q %M��
|DNU 'xDiQoCQwY C=ar=]t G}=Dv T=U=Q@ xm 'CU= �p=YD= |x}L=v pmWQ}}eD
"CU= Q}D `=iDQ= w xO=iDU= OQwt |W@v pw] w xR=Ov= x@ xDU@=w |v}HQwN p=YD=
Qy QO |rN=O |=ywQ}v `} RwD Q@ p=YD= |DNU Vkv |UQQ@ QO %xv=DU; |DNU ��
?Hwt p=YD= |DNU V}=Ri= xm OwW|t xOy=Wt xrRrR Q=@ w |rkF Q=@ Cr=L wO
R= Qw@a =@ C=Q}}eD u}= u=R}t "OwW|t |rN=O |wQ}v `} RwD QO |D=Q}}eD O=H}=
Q}F-=D '|DNU C=Q}}eD u; R=TB w Ovm|t p}t QiYCtU x@ |YNWt |xOwOLt
xv=DU; |DNUC}ty= "OwW|t xO}t=v xv=DU; |DNU 'QwmPt OL "OQ=Ov |UwULt
Q=DiQ u=wD|t 'OW=@ xv=DU; |DNU R= QDW}@ p=YD= |DNU xJv=vJ xm CU= u}= QO
R= p=YD= xJv=vJ u}vJty "OQm ZQi ?rY CQwYx@ '|tm ?} QkD =@ =Q p=YD=
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|W@v pw] |W@v |W@v pw] |W@v `]kt xvwtvu}}=B u}}=B q=@ q=@ Q}D
LONG10 L12 LONG10 L8 IPE18 S1
LONG10 L12 LONG10 L6 IPE18 S2
LONG10 L10 LONG10 L8 IPE18 S3
LONG10 L10 LONG10 L6 IPE18 S4
LONG20 L12 LONG10 L8 IPE18 S5
LONG10 L12 LONG10 L8 IPE18 S6
LONG20 L12 LONG10 L8 IPE18 S7
LONG10 L12 LONG10 L8 IPE22 S8
LONG10 L12 LONG10 L6 CPE16 S9
LONG10 L12 LONG10 L8 CPE1 S10

"xOW|R=UpOt |xvwtv "6 pmW

"uwDU w Q}D |RQt \}=QW "7 pmW

wO |=yQ}D uwotyQ}e w xLiY R= GQ=N |}=Hx@=H R= |Q}owrH |=Q@ "Ov=xOW
pY=wi QO 'QDt|Dv=U 10 ZQa x@ |}=yjQw \UwD =yQ}D '|v}HQwN p=YD= hQ]
=yxvwtv |R=UpOt QO "Ov=xOW pYDt Qo}Om} x@ u}}=B w q=@ R= |QDt|Dv=U 35
7 pmW j@=]t xOWp=ta= |RQt \}=QW "CU= xOW xO=iDU= |ak=w |=yxR=Ov= R=

"CU=
n xm 'CU= xDiQo CQwY Sn;L w Sn;G T=U=Q@ 1 pwOH QO =yxvwtv |iQat
|Q=PoQ=@ Qou=}@ L w |@v=H w |rkF s-=wD |Q=PoQ=@ Qou=}@ G 'xvwtv |xQ=tW Qou=}@

"CU=yvD |@v=H
T} RQDU}y |vLvt uOQw;CUOx@ w |}xNQJ Q=DiQ |UQQ@ |=Q@ 'VywSB u}= QO
hrDNt Cq=YD= |x} wv=F w x}rw= |DNU u}}aD |=Q@ VwB |vLvt sUQ w u=QwO � Qovr
xrRrR |DWoQ@ w CiQ Q=@ w xOW xO=iDU= |]NQ}e |m}D=DU= p}rLD R= 'xOW|L=Q]
R= QwO |=yxrRrR x@ \w@ Qt xOWx�=Q= |Q=PoQ=@ pmDwQB =@ Q_=vDt |}=Hx@=H CQwYx@

|m}D=DU=wQO}y VvD C@Uv u=wvax@ Q=Wi XN=W %(PI) Q=Wi XN=W ��
4 |x]@=Q j@=]t |m}D=DU=wQO}y VvD xm 'OwW|t h} QaD s}rUD VvD Q@ �m

%OwW|t h} QaD VvD QwUv=D pw= Q}PB=vQ}}eD swUl} |ivt CQwYx@
�m = ��ii

3 (4)

"CU= �3 w �2 '�1 |rY= VvD 3 `tHpY=L =@ Q@=Q@ �ii 'u; QO xm
%OwW|t h} QaD 5 |x]@=Q CQwYx@ xm %(RI) |oDN}Uo XN=W ��

RI = PEEQ
"r

(5)

R= xm 'CU= pO=at |Q}tN VvQm PEEQ '|oDN}Uo VvQm "r 'u; QO xm
%O};|t CUOx@ 6 |x]@=Q

PEEQ =

s�2
3"

p
ij"

p
ij

�
(6)

CQwYx@ =Q PEEQ u=wD|t "CU= |Q}tN VvQm |xir-wt =@ Q@=Q@ "pij 'u; QO xm
"OQm Ci=} QO Q=Ri=sQv R= |HwQN

u=}@ 7 |x]@=Q CQwYx@ xm %(PEEQI) pO=at |Q}tN VvQm XN=W ��
%OwW|t

PEEQI = PEEQ
"y

(7)

"CU= s}rUD VvQm "y 'u; QO xm
VvD pY=L s}UkD CQwYx@ xQwLtxU XN=W %(TI) xQwLtxU XN=W ��

"OwW|t h} QaD RU}t VvD Q@ l}D=DU=wQO}y
R= xO=iDU= =@ xm OvDUy |}=yXN=W 'CtUk u}= QO xOW|iQat |=yXN=W
'p=Ft u=wvax@ "OQm Q}UiD hrDNt |=y|Q=PoQ=@ CLD =Q Cq=YD= Q=DiQ u=wD|t =yu;
OwQ|t QDq=@ CUmW O=ONQ p}Uv=DB 'OW=@ |QDnQR@ OOa 'RI XN=W xJ Qy
|=yxR=U QO xD@r= "CU= xO=O MQ |oDN}Uo 'OwW|t 1 Q@=Q@ RI xm |t=ovy w
R= xO=iDU= 'pO=at |Q}tN VvQm Q}O=kt uOw@nQR@ p}rO x@ '|}xNQJ Q=@ CLD
u=wvax@ pO=at |Q}tN VvD XN=W "OwW|t O=yvW}B u} Ro}=H |=yXN=W
u; uOw@nQR@ w OwQ|t Q=mx@ |a[wt K]U QO |Q}PBpmW |Q}oxR=Ov= |=Q@ |Q=R@=
ẁkw p=tDL= V}=Ri= xH}Dv QO w xOWO=H}= |Q}tN |=yVvQm V}=Ri= |xOvyOu=Wv
xJv=vJ RU}t XN=W QO "CU= Q}PBpmW CQwYx@ xJ w OQ)D CQwYx@ xJ CUmW
'p=YD= QO xm CU= u; |xOvyOu=Wv 'OW=@ 1 R= QDnQR@ |Q=Okt 'xOt;CUO x@ OOa
"CU= QDW}@ |]NQ}e |=yVvD Qou=}=tv u; uOw@nQR@ w Ov=xOW |]NQ}e =yQ=DiQ
|=y|Q=PoQ=@ CLD Cq=YD= Q=DiQ |@Uv |xU}=kt |=Q@ QDW}@ '=yXN=W u}= xD@r=
p=YD= QOCUmW ẁkw Qou=}@ 'OQivt CQwYx@ w OvQ}o|t Q=Qk xO=iDU= OQwthrDNt

[27]"OvDU}v

Cq=YD= |xvwtv |iQat "3"3
u=tRsy |Q=PoQ=@ CLD =OD@= '1 pwOH =@ j@=]t p=YD= |xvwtv 10 'Q=DWwv u}= QO
"Ov=xDiQo Q=Qk |UQQ@ OQwt =yvD |@v=H |Q=PoQ=@ CLD Qo}O Q=@ w |@v=H w |rkF
2 pt=W w |@}rY CQwYx@ =yxvwtv 'CU= XNWt 6 pmW QO xm xvwou=ty
pYDt p@ wO uwDU l} p=YD= jQw x@ |}=y|W@v \UwD xm 'OvDUy Q}D OOa
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"x}rw= |DNU Q=Okt "8 pmW

"x}wv=F |DNU Q=Okt "9 pmW

"s}rUD u=tt Q=Okt "10 pmW

Q[=L Q=DWwv |UQQ@ OQwt hrDNt Cq=YD= |x} wv=F |DNU Q=Okt '9 pmW QO
"Ov=xOW xU}=kt Qo}Om} =@ |@v=H w |rkF u=tRsy |Q=PoQ=@ CLD

u=tRsy V}=Ri= xm OyO|t u=Wv hrDNt |=yxvwtv |=Q@ x} wv=F |DNU |UQQ@
|DNUV}=Ri= QO =Q Q}F-=D u} QDW}@ u}}=B|W@v pw]V}=Ri= =} w u}}=B w q=@|W@v pw]
|UQQ@ OQwt hrDNt Cq=YD= s}rUD u=tt Q=Okt '10 pmW QO "OQ=O p=YD= x} wv=F
"CU= xOW xU}=kt Qo}Om} =@ |@v=H w |rkF u=tRsy |Q=PoQ=@ CLD Q[=L Q=DWwv
xDiQo xH}Dv |UQQ@OQwt hrDNt Cq=YD= QO s}rUD u=tt Q}O=kt |xOy=Wt =@
V}=Ri= QO =Q Vkv u} QDW}@ 'u}}=B w q=@ |W@v pw] u=tRsy V}=Ri= xm CU= xOW

"OQ=O p=YD= s}rUD u=tt
|UQQ@ OQwt hrDNt Cq=YD= |xv}W}@ TI XN=W Q=Okt '11 pmW QO
"CU= xOW xU}=kt Qo}Om} =@ |@v=H w |rkF u=tRsy |Q=PoQ=@ CLD Q[=L Q=DWwv

|Q=PoQ=@ pmDwQB =@ Q_=vDt|DWoQ@ wCiQCr=L QO u=mtQ}}eD |=ypm}U "2 pwOH
"SAC

Number of Peak Load

cycles, n deformation Step

6 0 00375 1
6 0 005 2
6 0 0075 3
4 0 01 4
2 0 015 5
2 0 02 6
2 0 03 7

Continue with increments in of 0 01,

and perform two cycles at each step

QO xm �AISC seismic provision |y=oW}=tR; |xvwtv� SAC \UwD pUo
|RQt \}=QW \UwD [5]'�2 pwOH� CU= |ak=w |}xRQr R=}v CyH u} Ro}=H Ck}kL
h} QaD `HQt |x]kv CQwYx@ `]kt K]U QO xm Q}D |=yDv= QO|}x]kv QO|}=Hx@=H
xm OwW|t Ea=@ Q=@ p=ta= |xwLv u}= Ck}kL QO "CU= xOW p=ta= 'CU= xOW
|xv} Ro |]NQ}e \}=QW uDiQoQ_vQO |=Q@ "OwWv O=H}= Q}D |=yDv= QO |Qovr xvwoI}y
Q=@ '|rkF Q=@ uDiQoQ_vQO p}rO x@ u}vJty "CU= xOW p=ai step QO Nlgeom

2100000 |QwLt Q=@ w =yQ}D |wQ Q@ xOQDUo CQwYx@ `@ QtQDt Q@ uDw}v 210000
[28]"CU= xOW p=ta= uwDU QU |wQ Q@ `@ QtQDt Q@ uDw}v

G}=Dv Q}UiD w p}rLD "4
Qw[L Q}F-=D w |v}HQwN p=YD= Q=DiQ |xar=]t 'Q[=L VywSB hOy xm =Hv; R=
Cq=YD= hrDNt |=yxvwtv |R=UpOt =@ 'CU= p=YD= |=yxYNWt QO |rkF Q=@
Q=@ w |}xNQJ |@v=H Q=@ CLD u=QwO � Qovr |vLvt =yu; |t=tD |=Q@ '|v}HQwN
w �K� x}rw= |DNU uOQw;CUOx@ |=Q@ w xOW sUQ Qw)=VwB p}rLD CLD |rkF
uOQmpYDt R= p=YD= u=QwO � Qovr VwB |vLvt '(KS) p=YD= |x} wv=F |DNU
<=[a= QO "CU= xOW sUQ |Q=PoQ=@ |xNQJ Qy QO T} RQDU}y |xv}W}@ \=kv
VvD |xv}W}@ 'CU= xDW=O =Q pO=at |Q}tN VvQm |xv}W}@ xm |v=tr= QO 'p=YD=
VvQm |xv}W}@ w (�m)MAX l}D=DU=wQO}yVvD |xv}W}@ w (�v)MAX RU}tuwi
|W@v QO |v=QL@ |=yVwH \N w 'uwDU 'Q}D |=Q@ PEEQmax pO=at |Q}tN
|Q}tN VvQm w �TI� xQwLtxU |=yXN=W w xOW C�=Qk Q=Ri=sQv R= u}}=B w q=@
|x@U=Lt |=Q@ "CU= xOW x@U=Lt Cq=YD= |xU}=kt |=Q@ &�PEEQI� pO=at
w |}q=@ \=kv u=mtQ}}eD Cra x@ Q}D |[Qa `]kt pmWQ}}eD R= p=YD= u=QwO
|[Qa `]kt pmWQ}}eD R= w ( �1��2

Hbeam
) xOW xO=iDU= p=YD= Qw=Ht `]kt |v}}=B

|mJwm p}rO x@ p=YD= |x}L=v u}iQ] QO uwDU `]kt u=mtQ}}eD R= |W=v uwDU
OQwt hrDNt Cq=YD= |x}rw= |DNU Q=Okt '8 pmW QO "CU= xOW Q_vhQY
xU}=kt Qo}Om} =@ |@v=H w |rkF u=tRsy |Q=PoQ=@ CLD 'Q[=L Q=DWwv |UQQ@

"Ov=xOW
V}=Ri= '|UQQ@ OQwt Cq=YD= |=Q@ xOWx@U=Lt |x}rw= |DNU x@ xHwD =@
Ea=@ OQ=wt Q}=U R= V}@ |Qw@vRxvq Q}D R= xO=iDU= w u}}=B w q=@ |W@v pw] u=tRsy

"OwW|t p=YD= x}rw= |DNU V}=Ri=
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|rkF u=tRsy |Q=PoQ=@ CLD Q[=L Q=DWwv |UQQ@ OQwt hrDNt Cq=YD= |xv}W}@
"CU= xOW xU}=kt Qo}Om} =@ |@v=H w

xOy=Wt hrDNt Cq=YD= |=yQ}D QO PEEQI |oDN}Uo XN=W |UQQ@ =@
XN=W V}=Ri= QO =Q Q}F-=D u} QDW}@ u}}=B w q=@ |W@v pw] V}=Ri= xm CU= xOW

"CU= xDW=O PEEQI

hrDNt Cq=YD= QO q=@ |W@v QO PEEQI |oDN}Uo XN=W |UQQ@ =@
u} QDW}@ '|Qw@vRxvq Q}D R= xO=iDU= w u}}=B |W@v pw] V}=Ri= xm CU= xOW xOy=Wt

"CU= xDW=O PEEQI XN=W V}=Ri= QO =Q Q}F-=D
hrDNt Cq=YD= QO u}}=B |W@v QO PEEQI |oDN}Uo XN=W |UQQ@ =@
=Q Q}F-=D u} QDW}@ 'q=@ |W@v pw] V}=Ri= w Q}D `=iDQ= V}=Ri= xm CU= xOW xOy=Wt

"CU= xDW=O PEEQI XN=W V}=Ri= QO

|Q}oxH}Dv "5
KQW u}= x@ xOW|R=UpOt Cq=YD= |rm |xU}=kt w |UQQ@ R= TB pY=L G}=Dv

%CU=
`]kt pwOt V}=Ri= u}vJty w |W@v |xR=Ov= x@ |W@v pw] C@Uv V}=Ri= "1
p=YD= |Q=DiQ |=yxYNWt |wQ Q@ |rkF Q=@ Q}F-=D uOWnvQsmEa=@ Q}D u=UWm

"OwW|t �s}rUD u=tt w x} wv=F |DNU 'x}rw= |DNU�
CU= xOW xOy=Wt |UQQ@OQwt |=yxvwtv QO TI |oDN}Uo XN=W |UQQ@ =@ "2
|rw 'CU= xOW p=YD= |DNU V}=Ri= Ea=@ xJ Qo = q=@ |W@v pw] V}=Ri= xm
Qw] x@ =Q p=YD= pLt QO uwDU QO CUmW p=tDL= TI XN=W x@ xHwD =@
|yHwD p@=k Q}F-=D 'Q}D `=iDQ= V}=Ri= u}vJty "OyO|t V}=Ri= |}x_Lqt p@=k

"CU= xDW=O p=YD= pLt QO uwDU QO TI XN=W V}=Ri= QO
xOW xOy=Wt |UQQ@OQwt |=yxvwtv QO PEEQI |oDN}Uo XN=W |UQQ@ =@ "3
p@=k Q=Okt hrDNt |=yxvwtv QO 'uwDU QO PEEQI XN=W Q=Okt xm CU=

"CU}v |yHwD
'|rkF Q=@ uDiQovQ_vQO Cio u=wD|t |rmQw]x@ hrDNt |=yxvwtv |xOy=Wt =@ "4
CUmW?@U Ov=wD|t u; uDiQoxO}O=v w OQ=O =yVwH |L=Q] QO =Q Q}F-=D u} QDO@

"OwW |Q}PB=vu=Q@H CQ=UN w VwH s=ovyOwR

"xv}W}@ TI XN=W Q=Okt "11 pmW

"xv}W}@ PEEQI XN=W Q=Okt "12 pmW

xOW xOy=Wt hrDNt Cq=YD= |=yQ}DQO TI |oDN}Uo XN=W |UQQ@ QO
V}=Ri= QO =Q Q}F-=D u} QDW}@ 'u}}=B |W@v pw] V}=Ri= w Q}D `=iDQ= V}=Ri= xm CU=

"CU= xDW=O QwmPt XN=W
xOy=Wt hrDNt Cq=YD= QO q=@ |W@v QO TI |oDN}Uo XN=W |UQQ@ QO
V}=Ri= w CUq=@ w[a u}= QO |rm Qw] x@ xOWQmP XN=W Q=Okt xm CU= xOW
TI XN=W Q=Okt uDiQq=@ ?@U |Qw@vRxvq |=yQ}D R= xO=iDU= w u}}=B |W@v pw]

"CU= xOW 0 6 OOa R=
xOy=WthrDNt Cq=YD= QO u}}=B |W@v QO TI |oDN}UoXN=W |UQQ@ QO
XN=W Q=Okt V}=Ri= QO =Q Q}F-=D u} QDW}@ 'q=@ |W@v pw] V}=Ri= xm CU= xOW

CWwv=B
1. combine
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