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|wU x@ u=QoWywSB |=yVqD 'xrRrR |UOvyt w |U=vWu}tR EL=@t QO pY=L
C=mQL R= =y|v}@V}B Rwvy |rw &CU= xOw@ xrRrR Q@=Q@ QO xR=U Vvm =w p}rLD
u}=Q@=v@ "OQ=Ov |WN@C}=[Q K]U '|}xRQr |=yxO}OB |=y|oO}J}B p}rOx@ u}tR
=yC}a]k sOa R= |Q=}U@ =@ xR=U u=L=Q] 'xrRrR Q@=Q@ QO sw=kt |=yxR=U |L=Q] QO
Q_vQO =@ xrRrR ẁkw `k=wt QO xR=U ?U=vt Q=DiQ R= uDi=} u=v}t]= =Pr "OvDUy xH=wt
|=Q@ "CU= |}=yv OL w |v=H |vt}= '|v=UQCtON %|OQmrta K]U xU uDiQo
C=t=Rr= R= xR=U Q@ xOW p=ta= |=yC}OwOLt ,qwtat |}=OD@= OQmrta K]U wO
QO Zwa QO =t= "OQ=Ov OwHw |Y=N pmWt 'x@vH u}= R= w CU= QDW}@ |L=Q]
|W=B wQi =} |}=yv C}a[w x@ xR=U Q=DiQ xm |Dkw 'O}OW |=yxRQru}tR ẁkw s=ovy
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OvyO|t u=Wv =yQ=Owtv "CU= xOW sUQ |@Uv u=mtQ}}eD p@=kt QO 'x=ox}mD Q@ QO
Q=DiQ QO xOvvmCNU R= xO=iDU= CQwY QO |QwWvtQ}e CtUk u}= pw] Q}F-=D xm

"CU= R}J=v xvwtv |rm

|@ QHD |xar=]t "4
V}=tR; OQwt |xvwtv "1"4

Q}D =@ |DNQO � uwDU |=yp=YD= Q=DiQ |xU}=kt |=Q@ |y=oW}=tR; |xar=]t l}
x@ C@Uv u; QO w s=Hv= '|UQQ@ OQwt |OOa w |@} QkD |=yxvwtv =@ |QwWvtQ}e
"CU= xOW s=Ok= |ak=w |xU}=kt QO N300� L1 2(2st� v) |xvwtv CN=U
QO GQOvt C=YNWt j@=]t st37 ẁv R= 'Q}N= |xvwtv CN=U |=Q@ |iQYt Oqwi
|oty� 250 � 6 � 150 � 10 O=a@= x@ I pmW x@ |rY= Q}D "CU= 2 pwOH

"=yxOvvmCNU R= xO=iDU= V}=Q; "15 pmW

"OvyO|t u=Wv OwN R= |rwtat pOt x@C@Uv |QDW}@ u=UWmQ}eCtw=kt w u=UWm
l} R= TB |O=a Cr=L QO |QwWvtQ}e CtUk QO pw] w `=iDQ= V}=Ri= u}= xD@r=
Ci= =@ �3 |@Uv |}=Hx@=H R= Oa@ xm CW=O Oy=wN |Uwmat G}=Dv 'X=N Q=Okt
CtUk wO Ovw}B pLt QO u=H |oO}yr ẁkw Qov=Wv xm CU= xOW xH=wt Ctw=kt
|=yp=YD= R= |Q=}U@ xm =Hv; R= CU= QmP x@ sRq "CU= |QwWvt w |QwWvtQ}e
|Q}tN OwOLt |=yCr=L QO TQOwR |=y?}U; Q=JO xrRrR s=ovy QO |WtN
MU=B uOQm XNWt |=Q@ �0 5 |@v=H u=mtQ}}eD |x} w=R wQ u}= R= 'OvwW|t
p}Uv=DB |@=} RQ= Qw_vt x@ "CU= xOW ?=NDv= u=UWm |xOwOLt QO =ypOt <=RH=
ẁkw x@ xv}W}@ |rY= |=yVvD pLt QO =ylQD ,=@r=e xmv}= x@ xHwD =@ w OQD CUmW

u=Wv =yxOy=Wt "OvwW|t XNWt =ypOt QO QwmPt |=yVvD pLt 'OvOvw}B|t
u} QDW}@ 'CU= xOW s=Hv= pt=m |Pwiv VwH xm |rLt QO w Q}D p=@ QO OvyO|t
XNWt =Q u; Q=Okt 'VvD Q=OQ@ |xR=Ov= "OQ=O OwHw |WtN p=YD= QO VvD
�Q}D Kr=Yt s}rUD VvD Q=Okt =@ xOW p=tQv� |rY= VvD Q=Okt u} QDnQR@ 'Ovm|t
|=Q@ Q=Okt u}= xm |r=L QO 'CU= xOt; CUO x@ 1 127 |w=Ut UN |xvwtv QO
Qy QO VvD Q=Okt u} QDW}@ "CU= 1 122 |tm hqDN= =@ N300�L1 2 pOt
'|QwWvtQ}e |=yp=YD= |}xNQJ Q=DiQ |UQQ@ "CU= xO=O MQ =yx@r QO Cr=L wO
|}=Hx@=H QO O}OW |=yCi= RwQ@ "CU= u; QO |}=yha[ OwHw |xOvyO u=Wv
|QwWvtQ}e |=yp=YD= R= xO=iDU= xH}Dv QO xm CU= OwyWt ,qt=m �2 |q=@ |@Uv
umttQ}e 'xS} w w \UwDt |Q}PBpmW =@ |WtN |=y?=k |=Q@ Q[=L pmW x@ =Q
|=yxOvvmCNU R= xO=iDU= '|QwWvtQ}e p=YD= Q=DiQ KqY= CyH =Pr "OR=U|t

"OUQ|t Q_v x@ ?U=vt s�=k w |ki=
Q=DiQ Ow@y@ QO =yu; |WN@ QF= |UQQ@ w hrDNt |=yxOvvmCNU R= xO=iDU= =@
1 5Bf |xrY=i x@ s�=k |xOvvmCNU CiH wO R= xO=iDU= '|QwWvtQ}e p=YD=
`]kt |a=iDQ= 1

3 |xrY=i x@ |ki= |xOvvmCNU CiH wO w �Q}D p=@ ZQa =@ Q@=Q@�
|x}rm 'xOW QmP |=yxOvvmCNU R= xO=iDU= QO "OvDW=O x=Qty x@ =Q |@ wr]t G}=Dv
"CU= xOW C}=aQ |a[wt |=y|Q=O}=B=v ẁkw R= |Q}owrH xrtH R= xt=vu}}; \@=w[
"OwW|t xOy=Wt |ki= w s�=k Cr=L wO QO =yu; |x}@aD |=yCr=L '15 pmW QO
|=yp=YD= QO |Q}tN pYit p}mWD w `]kt uOW |Q}tN OvwQ |xOy=Wt |=Q@
hrDNt |=ys=o QO 23pO=at |Q}tN VvQm R= |irDNt |=y`} RwD '|QwWvtQ}e
VvQm QwDv=mV}=Ri= "CU= xOW xO=O u=Wv 16 pmW QO N300�L1 pOt |Q=PoQ=@
xm CU= u}= |xOvyOu=Wv �5 w �1 5 '�1 24 Ci} QO |=}=wR QO pO=at |Q}tN
|}xk]vt QO w OyO|tv MQ Q}D p=@ |Q=}W VwH QO pO=at |Q}tN VvQm u} QDW}@
CtUk p=YD= |x]kv QO pLt u}= "OQ}o|t pmW |Q}tN pYit 'uwDU Q@ R= QDQwO
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"OwOLt u=tr= p}rLD w V}=tR; |xH}Dv |xU}=kt w |@=QN Ot "20 pmW

st-� |xvwtv |=Q@ V}=tR; R= pY=L u=QwO � Qovr |xOWp=tQv Q=Owtv "21 pmW
"N300�L1 2�2v

=@ |}xNQJ |=yQ=@ CLD =ypOt OwHwt |Q}PBpmW C}iQ_ |x@U=Lt "3 pwOH
"s}rUD \w]N |Qw�D R= xO=iDU=

�rc
�r Vv=tm �p pOt s=vxLiY uwQ@ xLiY uwQO �u=}O=Q�

0 053 0 072 0 165 0 0106 N300-L1�2st-v�
0 057 0 073 0 163 0 0109 N300-L0 8�2st-v�
0 061 0 074 0 167 0 0098 N300-L1 2�2st-v�

CU= xOW p=ta= |D@=F |QwLt |wQ}v =yuwDU x@ Qo}O lH l} =@ |ak=w \}=QW
"�18 pmW�

V}=tR; G}=Dv |UQQ@ "3"4
|QwWvtQ}e Q}D p=@ |=yx@r QO s}rUD ẁQW OwOLt u=tr= R}r=v; R= pY=L G}=Dv Ovv=ty
|=yu=mtQ}}eD 'OUQ|t �3 R= V}@ x@ u=QwO |x} w=R xm |Dkw "CU= xO=Di= j=iD=
�4 x@ x} w=R uO}UQ =@ "OwW|t xOy=Wt |rY= Q}D x@ uwDU p=YD= pLt QO nQR@
pLt "OwW|t R=e; Q}D |QwWvtQ}e CtUk |v=DLD p=@ QO |Q}tN Vv=tm ẁkw

"OwW|t xOy=Wt 20 pmW QO 26|rLt |Q}tN Vv=tm ẁkw w s}rUD
x@ p=YD= CQOk w V}=Ri= p=@ Vv=tm u=R}t '�5 x@ u=QwO |x} w=R uO}UQ =@
w OwOLt u=tr= p}rLD R= xOt; CUO x@ G}=Dv j@=]t "Ovm|t =O}B Vy=m QwQt
x@ Q}D p=YD= pLt R= |QDQwO |xrY=i QO |Q}tN pYit s}rUD \w]N |Qw�D

"xvwtv CN=U QO xOW xO=iDU= |iQYt Oqwi C=YNWt "2 pwOH
�p=mU=B=ot� Ctw=kt Oqwi ẁv uBwm |x}yD pLt w[a|}=yv s}rUD VWm V}=tR; CyH

420 295 st37 Q}D p=@ Q}D425 310 st37 Q}D u=H
438 300 st37 uwDU p=@ uwDU

"V}=tR; OQwt |xvwtv Q}wYD "18 pmW

|Q=PoQ=@ pmDwQB "19 pmW

w p=@ Ct=N[ w 'p=@ ZQa 'u=H Ct=N[ 'u=H `=iDQ= ?}DQD x@ xm �QDt|r}t x@
QO �QDt|r}t x@ |oty� 300� 300� 15� 15 O=a@= x@ |}x@aH `]kt R= uwDU
|rY= Q}D w pt=m |Pwiv VwH =@ uwDU x@ |QwWvtQ}e Q}D p=YD= |xOW QmP |xvwtv
|xr}Uw x@ QwmPt p=YD= ,qta OvJ Qy "CU= xOw@ |Pwiv VwH =@ |QwWvt Q}D x@
VRer xvwoQy R= |Q}owrH CyH Q[=L V}=tR; QO |rw 'OwW|t s=Hv= |J}B Gvri

"CU= xOW xO=iDU= VwH R= 'p=YD= Q=DiQ QO u; Q=F; w

V}=tR; |Q=PoQ=@ w 25C=t}_vD "2"4
\}=QW w 'C=YNWt 'C=t}_vD 'V}=tR; OQwt |xvwtv R= |Q} wYD '18 pmW QO
OQ=w Q}D |=yDv= x@ lH l} \UwD |@v=H |wQ}v "CU= xOW xO=O u=Wv |y=ox}mD
|UQQ@ |=Q@ [13] AISC341�16 |xt=vu}}; j@] Q@ R}v |Q=PoQ=@ pmDwQB "OwW|t

"CU= xOW xDiQo Q_v QO |}xNQJ Cr=L
w xOW ẁQW �0 375 Ci} QO |x} w=R R= 19 pmW =@ j@=]t |Q=PoQ=@ u}=
u}t-=D CyH 'V}=tR; s=Hv= pw] QO ,=vt[ "CU= xOQm =O}B xt=O= �5 |x} w=R =D
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?Hwt |QwWvtQ}eCtUk pO=aDt=vCr=L w Q}D `]kt QO |Q}tNVv=tm ẁkw
`} QUVy=mEa=@ xm ODi=}@ j=iD= O}OW uQ=kD sOal}|}xNQJ Q=DiQ QOCU= xOW
|ki= |=yxOvvmCNU |Q}oQ=mx@ KQ] 'xY}kv u}= u=Q@H |=Q@ =Pr "OwW|t Ctw=kt
"OvOw@ |QDy@ G}=Dv |w=L s�=k |=yxOvvmCNU u=}t u}= R= xm 'OW |UQQ@ s�=k w
w "ODi=|t j=iD= uwDU |xLiY R= QDQwO |}x]kv QO =yxvwtv |x}rm |Q}tN pYit

"CU= AISC341�16 |xt=vu}}; |}xRQr C=t=Rr= |xOvvmu}t-=D ?}DQD u}O@
|}xNQJ Q=DiQ QO =yxvwtv Ctw=kt w |Q=O}=B R= u=Wv T} RQDU}y |=yxkrL
Vv=tm ẁkw R= |W=v 'OwW|t xOy=Wt =yxNQJ R= |NQ@ QO xm |Dtw=kt Ci= "OvQ=O
|=yxOvvmCNU =@ xOWC} wkD |=yxvwtv|t=tD "CU= Q}D u=H w p=@ QO|rLt |Q}tN
|@ wN x@ OwN R= =Q u=}O=Q �5Ci} QO |x} w=R =D =Q u=UWmQ}e Q=DiQ ptLDC}r@=k 's�=k
OYQO 4 9 =D 4 Ci} QO |xOwOLt QO |Q}tN VNQJ u} QDW}@ "OvyO|t u=Wv
p=YD= AISC2016 |xt=vu}}; QO GQOvt \@=w[ =@ j@=]t "ODi=|t j=iD= u=}O=Q
�4 Ci} QO |x} w=R QO uwDU xHw QO Qovr Q=Okt xm OQ}o|t Q=Qk VQ}PBOQwt |Dkw
u=QwO � Qovr |vLvt QO xm Qw]u=ty "OW=@v QDtm Q}D |Q}tN Qovr �80 R= u=}O=Q
�4 u=QwO |x} w=R QO uwDU xHw QO Qovr Q=Okt =ypOt |t=tD QO 'OwW|t xOy=Wt

"CU= QDW}@ 0 8 (Mp) R=
xm OyO|t u=Wv s}rUD \w]N |Qw�D VwQ R= xO=iDU= =@ |Q}PBpmW |UQQ@
xOt;CUOx@ G}=Dv w CU= sm =L |xLiY R= GQ=N Vv=tm Cr=L =ypOt |t=tD QO
OwOLt u=tr= VwQ R= pY=L |=y|Q}PBpmW =@ |@U=vt j}@]D pm QO Q}N= VwQ R=
|QwWvtQ}e |x}L=v =@ Q}D R= x}rw=|y=oW}=tR; |xar=]t w|UQQ@l} 'xt=O= QO "OQ=O
xOW|v}@V}B sU}v=mt ?U=vt j}@]D R= |m =L 'pY=L G}=Dv xm 'CU= xOW s=Hv=

"CU= |@ QHD w OwOLt u=tr= |=yVwQ =@ |Q}tN p}rLD VwQ QO

"CU= p=YD= u=UWmQ}e Q=DiQ |xOvvmu}t[D OwN u}= xm 'CU= xDi=} p}mWD uwDU
x@ Q}D p=YD= pLt QO |@=QN w CUmW R= |}xv=Wv xvwoI}y R}v V}=tR; u=}=B QO
Qovr |x@U=Lt w V}=tR; R= pY=L G}=Dv R= xO=iDU= =@ "CU= xOWv xOy=Wt uwDU
27T} RQDU}y |xNQJ Q=Owtv 'xOt; CUOx@ |=y|}=Hx@=H w p=YD= Q@ xOQ=w |}=yv
xOy=Wt 21 pmW QO N� 300L1 2(2st� v) |xvwtv |=Q@ u=QwO � Qovr
|@U=vt j@=]D R}v OwOLt u=tr= R}r=v; R= pY=L G}=Dv =@ Q=Owtv u}= "OwW|t

"OQ=O
Q=DiQ l} 'T} RQDU}y |=yxkrL 'OwW|t xOy=Wt 21 pmW QO xm xvwou=ty
|=yDv= QO pY=L |H} QOD Vy=m "OvyO|t u=Wv OwN R= =Q O=tDa= p@=k |}xNQJ
"CU= xO=O MQ |QwWvtQ}e CtUk p=@ QO |Q}tN Vv=tm ẁkw p}rO x@ R}v xNQJ
u; �4 9 =D �4 R= xm '�5 u=QwO |x} w=R =D CU= xDUv=wD V}=tR; OQwt |xvwtv
u}= R= pY=L G}=Dv u=wD|t CQwY u}= QO xm OQw=}@ ?=D =Q 'CU= |Q}tN VNQJ
|=Q=O |=ypOt |=Q@ OwHwt |Q}PBpmW C}iQ_ 'C}=yvQO "CUv=O pw@k p@=k =Q Q_v
"CU= xOW x�=Q= 3 pwOH QO w x@U=Lt |}xNQJ |=yQ=@ CLD s�=k |xOvvmCNU

|Q}oxH}Dv "5
|}xNQJ Q=DiQ R= |D=tOkt C=ar=]t 'OwOLt u=tr= C=ar=]t R= pY=L G}=Dv j@] Q@
OyO|t u=Wv |DNQO � uwDU |WtN ?=k |=Q@ |O=yvW}B |QwWvtQ}e |=yp=YD=
R= QDQwO |}x]kv QO |Q}tN pYit p}mWD R= '|}xRQr xOQWi `]=kt R= |Q}oxQy@ =@ xm
"OwW|t pY=L u=v}t]= �|QwWvtQ}e w |QwWvt CtUk wO p=YD= pLt� uwDU Q@
|O=a |Q}PBpmW =@ |WtN |=y?=k QO xO=iDU= C}r@=k '|O=a Cr=L QO =yp=YD=
|O=a Cr=L QO xOWQmP |QwWvtQ}ep=YD= 'pY=L G}=Dv j@] Q@ =t= "OvQ=O =Q

=yCWwv=B
1. ductility
2. resistant frames steel moment (SMRF)
3. Gioncu
4. Mazzolani
5. in-plan buckling
6. out-plan buckling
7. standard beam
8. Fem
9. Approximate
10. Empirical
11. monotonic loads
12. in-plane buckling
13. strain hardening
14. out-plane buckling
15. the rigid plastic analysis
16. potential energy
17. rotation capacity
18. cyclic loads
19. �nite element analysis
20. Abaqus
21. Von Mises

22. lateral displacement angle
23. PEEQ
24. Drift
25. setup
26. local buckling
27. Hysteresis loops
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