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|v=kwi Q=D QO u; Q}_v |m}v=mt pOt QO wQ u}= R= "Ov=xDiQo Q=Qk Q=Wi QO |v=DLD Q=D
xO=iDU= |Q=Wi |xYNWt =@ |Qvi R= |v=DLD Q=D QO w |WWm |xYNWt =@ |Qvi R=
xO=iDU= |WQ@ |xYNWt =@ |Qvi R= R}v |WQ@ |x}L=v |R=UpOt CyH "CU= xOW
OwHw |} wQ}v p=kDv= sR}v=mt s=Om 'p=YD= QO xm ẁ[wt u}= x@ xHwD =@ "CU= xOW
x@ xHwD =@ 'p=YD= |x}rw= |DNU "Ov=xOW ?=NDv= ?U=vt |DNU =@ =yQvi 'OQ=O
QO [40]"OwW|t u}}aD p=YD= |xOvyOp}mWD <=RH= R= l} Qy |x}rw= |DNU Q=Okt
=ysR}v=mt u}= x@ '|v=kwi w |v=DLD |=yjQw =@ uwDU x@ Q}D p=YD= QO 'Q=DWwv u}=

%CU= xOW xHwD
&VQ@ QO uwDU u=H "1
&Q=Wi QO uwDU u=H "2

"VWm QO uwDU u=H "3
|=ypmWQ}}eD xm CU= u}= Q@ ZQi xOvyOp}mWD <=RH= pOt R= xO=iDU= QO
|x@U=Lt QO 'VWm QO Q}D u=H u}vJty w Q=Wi QO Q}D u=H w p=@ Q}_v |}=ysR}v=mt
p=YD= |Q}PBpmW u}}aD QO 'u}=Q@=v@ &CU= xOW ^=Lr VtN CLD Q}D u=mtQ}}eD
R= l} Qy |=Q@ 'OwW|t xOy=Wt 1 pmW QO xm Qw]u=ty "CW=O Ovy=wNv |Wkv
x@ xm 'CU= xOW xO=iDU= ?U=vDt |DNU =@ |Qvi 'xOWQmP |=yR}v=mt w C=a]k

"CU= xOW xDN=OQB =yu; R= l} Qy |m}v=mt |xYNWt KQW

"|v=DLD w |v=kwi jQw =@ |]wk uwDU x@ I Q}D p=YD= "1 pmW
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t
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Mc

My
= 1 59( h

tw
)�0 0689 � ( bf2tf )�0 053 � ( b

t
)0 018
tp � ( b

t
)�0 02
bp

(15)

�p = 46 74( h
tw

)�1 525 � ( bf2tf )�0 448 � (L
d

)�0 364 � ( d
280 )�0 4

(16)

�pc =8129 33( h
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)�1 997 � ( d
280 )0 675 � ( b

t
)�0 483
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� ( b
t
)�0 771
bp � (Fy;pl240 )�0 868 (17)

�c = �y + �p (18)

Mr = 0 4Mc (19)

�u = 0 06 (20)

Mc 'QF-wt |WtN Ctw=kt My 'xOW|v}@V}B |WtN Ctw=kt Mp '=yu; QO xm
(Ld ) 'Q}D u=H x@ `=iDQ= C@Uv ( h

tw
) 'Ov=tUB Ctw=kt Mr 'xv}W}@ Ctw=kt

( bt )bp '|v=kwi jQw Ct=N[ x@ ZQa C@Uv ( bt )tp 'Q}D |xv=yO x@ pw] C@Uv
C@Uv ( bf2tf ) 'jQw s}rUD VvD Fy;pl '|v=DLD jQw Ct=N[ x@ ZQa C@Uv
R= V}B |Q}tN u=QwO �p 's}rUD u=QwO �y 'Q}D p=@ Ct=N[ x@ ZQa hYv
�u w 'xv}W}@ u=QwO �c 'xv}W}@ u=QwO R= TB |Q}tN u=QwO �pc 'xv}W}@ |x]kv
p=YD= |xvwtv 3 |=Q@ xOt;CUOx@ G}=Dv 'CQwYu}= QO "CU= |}=yv |v=QwO C}iQ_
4 pwOH KQWx@ |v=DLD w |v=kwi jQw =@ p=YD= |=Q@ nQR@ w '\UwDt 'lJwm

"OvDUy

|y=oW}=tR; |=yxvwtv |iQat "4
V}=tR; |=yxvwtv |y=oW}=tR; G}=Dv R= 'xDiQoCQwY |R=UpOt |HvUCLY |=Q@
uqB =@ pw=ODt |xk@] 12 u=tDN=U l} |=Q@ xm [43]'u=Q=mty w =}v|a}vY |xOW
'xOW |L=Q] =yuwDU |=Q@ |]wk w =yQ}D |=Q@ jQwQ}D `]=kt =@ QDt 25 � 15
|xwLv '3 pmW w uwDU w Q}D O=a@= x@ \w@ Qt C=}�RH '2 pmW "CU= xOW xO=iDU=
T=}kts=tD CQwYx@ xOWs=Hv= |=yV}=tR; "OyO|t u=Wv =Q V}=tR; |Ov@ Qm}B
w (M) \UwDt '(S) l@U Cq=YD= |xDUO 3 QO =yxvwtv w xOW xDN=U
|}xNQJ |Q=PoQ=@ |wor= "Ov=xDiQo Q=Qk |}xNQJ |Q=PoQ=@ CLD (L) u}ovU
C=YNWt '1 pwOH QO Kr=Yt C=YNWt "CU= xOWp=ta= =yxvwtv x@ [44]'SAC

x�=Q= 3 pwOH QO |y=oW}=tR; |=yxvwtv O=a@= w '2 pwOH QO =yxOvvmCNU
"Ov=xOW

'l@U Cq=YD= |=Q@ xOWs=Hv= |=yV}=tR; R= pY=L M � � |=y|vLvt
'QwmPt |=yV}=tR; QO Cq=YD= "Ov=xOW x�=Q= 4 pmW QO u}ovU w '\UwDt
=yu; uOW\}=QW OH=w |xOvyOu=Wv xm 'Ov=xOQm x@ QHD =Q �6 RQt =D |}=yu=QwO

"CU= |WtN Q}D w |WtN |xS} w ?=k QO Cq=YD= |=Q@

'xOvvmCNU Ct=N[ ts 'xOvvmCNU OwHw R= |W=v QF-wt ZQa beff;s 'u; QO xm
"CU= uwDU p=@ Ct=N[ tf w 'uwDU p=@ x@ xOvvmCNU VwH QF-wt ZQa a

u=H� uwDU |WWm x}L=v QO Q_=vDt |DNU w C}iQ_ u}}aD "3"3
�VWm QO uwDU

Cr=L u} QD|v=QL@ x@ xHwD =@ |Q=Wi C}iQ_ Ovv=ty |WWm C}iQ_ 'Cr=L u}= QO
%OwW|t x@U=Lt 9 |x]@=Q R=
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M5 (9)
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R= xO=iDU= =@ p=YD= |x}rw= |DNU u}vJty w p=YD= sw=kt Qovr Qw_vt u}O@ "CU=

[40]%OwW|t pY=L 13 w 12 \@=wQ

MRd = min (FRd � z) (12)

Sini = E:z2P 1
ki
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?}W =} x}rw= |DNU Sini w 's}rUD Qovr =} |L=Q] sw=kt Qovr MRd '=yu; QO xm
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p=wR |=yQDt=Q=B u}}aD "4"3
[41]Qrmv} w=Qm � =Q=@}= p=wR pOt R= 'xOvyOp}mWD <=RH= VwQ x@ |R=UpOt |xt=O= QO
Cq=YD= uOQmpOt |=Q@ ,=Q}N= "CU= xOW xO=iDU= |DNU p=wR CtUk |x�=Q= |=Q@
|UQQ@ |=Q@ Q=DWwv u}= QO "CU= xDiQo CQwY |D=ar=]t 'pmW|]wk uwDU x@ I Q}D
xm '|t} Qm \@=wQ R= |]NQ}e Q=DiQ R= |a}Uw |xOwOLt QO p=YD= Q=DiQ `t=H
xO=iDU= [42]'Ovm|t x�=Q= p=YD= u}= x@=Wt |WtN Cq=YD= |=Q@ =Q p=wR |=yQDt=Q=B
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[43]"V}=tR; |Ov@ Qm}B |xwLv "3 pmW

[43]"xOvvmCNU jQw C=YNWt "2 pwOH
|y=oW}=tR; |=yxvwtv

(mm) jQw O=a@=
L M S

438 348 258 xOvvmCNU ZQa
30 30 30 xOvvmCNU |v=kwi jQw Ct=N[
25 25 25 xOvvmCNU |v=DLD jQw Ct=N[

[43]"xOWV}=tR; `]kt O=a@= x=Qtyx@ xk@] 12 u=tDN=U ?=k w uqB "2 pmW

[43]"|iQYt Kr=Yt C=YNWt "1 pwOH
|y=oW}=tR; |=yxvwtv

(MPa) C}tm
L M S

259 1 252 9 267 7 uwDU jQw s}rUD VvD
240 240 240 =yjQw s}rUD VvD
210 210 210 |v=UWm pwOt

[43]"|y=oW}=tR; |=yxvwtv O=a@= C=YNWt "3 pwOH
uwDU O=a@= Q}D

(mm) O=a@=
L M S L M S

500 400 300 uwDU u=H ZQa 240 240 160 Q}D p=@ ZQa
500 400 300 uwDU p=@ ZQa 20 15 15 Q}D p=@ Ct=N[
25 20 15 uwDU u=H Ct=N[ 380 330 330 Q}D jta

|v=DLD jQw |v=kwi jQw
300 280 260 jQw ZQa 280 240 180 jQw ZQa
25 20 15 jQw Ct=N[ 35 30 30 jQw Ct=N[
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|=yu=tr= w|]NQ}e|=yQvi R= xO=iDU= 'CU= xOWK} QWD swUVN@ QO xm Qw]u=ty
pOt p=wR |=yQDt=Q=B R= xO=iDU= u}vJty w OwHwt \@=wQ R= xO=iDU= =@ "CU= ?rY
|xU}=kt "CU= xOW s}UQD p=YD= M � � |vLvt 'xOWKqY= Qrmv} w=Qm � =Q=@}=
<=RH= VwQ |q=@ |};Q=m xOvyOu=Wv 'x=oW}=tR; R= pY=L G}=Dv =@ |R=UpOt G}=Dv
|DNU ,=YwYN Cq=YD= |m}v=mt X=wN |v}@V}B w u}}aD QO xOvyOp}mWD
|=yVvD OwHw x@ u=wD|t =Q lOv= hqDN= u=R}t Cra "CU= p=YD= C}iQ_ w x}rw=
G}=Dv QO |}=RUx@ Q}F-=D Ovv=wD|t xm CUv=O |y=oW}=tR; C=}rta R= |W=v Ov=tUB
|=Q@ p=wR |=yQDt=Q=B R= xO=iDU= =@ =Q M � � |=y|vLvt '5 pmW "OvW=@ xDW=O

"OyO|t u=Wv u}ovU w '\UwDt 'l@U Cq=YD=
xOt;CUOx@ M � � |vLvt |=yQDt=Q=B u}}aD QO =]N OYQO u=R}t '5 pwOH
u=Wv |y=oW}=tR; G}=Dv x@ C@Uv \UwDt w l@U p=YD= wO |=Q@ =Q |R=UpOt R=
|=]N OYQO 'l@U p=YD= |R=UpOt G}=Dv 'OwW|t xOy=Wt xm Qw]u=ty "OyO|t

"u}ovU w '\UwDt 'l@U Cq=YD= |=Q@ M � � |=y|vLvt "5 pmW

"|v=DLD w |v=kwi jQw p=YD= |=Q@ p=wR |=yQDt=Q=B "4 pwOH
|R=UpOt |=yxvwtv

L M S

875 36 569 42 356 36 My (kN-m)

0 0111 0 0114 0 0092 �y (rad)

964 04 627 11 392 46 Mc (kN-m)

0 0288 0 0357 0 0413 �c (rad)

385 62 250 84 156 98 Mr (kN-m)

0 0600 0 0600 0 0600 �u (rad�

[43]"p=YD= ẁv 3 Qy |=Q@ M � � |vLvt "4 pmW
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=]N OYQO |R=UpOt G}=Dv |y=oW}=tR; G}=Dv
M S M S M S

�3 68 3 53 569 42 356 36 549 2 369 4 My (kN-m)

5 78 4 16 0 0113 0 0092 0 012 0 0096 �y (rad)

�4 75 4 28 627 11 392 46 598 62 412 03 Mc (kN-m)

6 05 �6 15 0 0357 0 0413 0 038 0 039 �c (rad)
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w xOWv |]NQ}e |xOwOLt OQ=w xvwtv �1 OwOL QO xk@] |@Uv u=mtQ}}eD |x} w=R
u}ovU w \UwDt |xvwtv 'p=YD= u}= uOWQDu}ovU =@ "CU= |]N u=UWm u; Q=DiQ
xHwD =@ "OvwW|t |]NQ}e |xOwOLt OQ=w |QDnQR@ |@Uv u=mtQ}}eD |x} w=R QO
QDOwR u}ovU p=YD= '6 pmW QO xOWs}UQD |vLvt |]NQ}e |x}L=v ?}W x@
CaQU =@ l@U p=YD= QO Ov}=Qi u}= xm |r=L QO 'OUQ|t OwN p=wR |xrLQt x@
=D |]N u=UWm |xOwOLt QO 'QwmPt |vLvt G}=Dv |xU}=kt "OyO|t MQ |QDtm
|y=oW}=tR; G}=Dv =@ |rw@k p@=k Ck@=]t '�4 OwOL QO xk@] |@Uv u=mtQ}}eD
"CU= xOvyOp}mWD <=RH= VwQ ?U=vt CkO w |Ot;Q=m Qou=}@ xm 'CU= xDW=O

xOvyOp}mWD <=RH=VwQ x@|R=UpOt R=pY=LVNQJ� Qovr|vLvt '7pmW
s=Qo =}O l} QO =Q OwOLt <=RH= VwQ x@ |OOa G}=Dv w |y=oW}=tR; G}=Dv x=Qtyx@
|DNU Q_v R= xO=iDU= OQwt |m}v=mt pOt xm OvyO|t u=Wv G}=Dv "OyO|t u=Wv
G}=Dv =@ |}=yv |Q@ Q=@ u}vJty w xvwtv uOW|]NQ}e ẁQW w |]N |xOwOLt QO
� Qovr |vLvt 'OwW|t xOy=Wt xm Qw]u=ty "OQ=O |@U=vt j=@]v= |y=oW}=tR;
uwRi=Q=@ |vLvt =@ =Q Ck@=]t u} QDW}@ 'l@U p=YD= |=Q@ |m}v=mt pOt VNQJ
|WtN C}iQ_ w x}rw= |DNU l}ORv G}=Dv "OQ=O |y=oW}=tR; G}=Dv R= pY=L
<=RH= |OOa pOt w xOvyOp}mWD <=RH= VwQ R= xO=iDU= =@ xOt;CUOx@ Cq=YD=
QO hqDN= OwHw "CU= xOvyOp}mWD <=RH= VwQ |Ot;Q=m |xOvyOu=Wv 'OwOLt
|x@U=Lt QO =yC}a]k sOa R= |W=v Ov=wD|t |y=oW}=tR; w |R=UpOt G}=Dv

"u}ovU w '\UwDt 'l@U p=YD= ẁv 3 Qy |=Q@ P-Drift |vLvt "6 pmW
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G}=Dv =@ u; R= pY=L G}=Dv w s}UQD xOvyOp}mWD <=RH= VwQ R= xO=iDU= =@ |v=DLD
p=wR |=yQDt=Q=B R= =y|vLvt u}= s}UQD QO "CU= xOW |HvUCLY |y=oW}=tR;
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|y=oW}=tR; G}=Dv |xU}=kt 'xOWx�=Q= VwQ |oO=U uDiQoQ_vQO =@ "OQ}o Q=Qk |UQQ@
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R= pY=L VNQJ � Qovr |=y|vLvt 'CU= xOW xOy=Wt xm Qw]u=ty
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"OwW|t x}YwD |OOa |=y|R=UpOt w "|R=UpOt w |y=oW}=tR; G}=Dv R= pY=L P-Drift |vLvt |xU}=kt "8 pmW
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1. Ibarra-Krawinkler
2. Concrete Filled Tube
3. component method
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