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Qw=DWo V}=Ri= =@ "CU= |]N w u=UWm xR=U MU=B '�M < Mcr� x}rw= pL=Qt
Vy=m u}= xm OwW|t `]kt |WtN C}@rY Vy=m ?@U uD@ |oOQwNlQD 'xOQ=w
|WWm Oqwi �B |x]kv� '|Q=PoQ=@ QDq=@ Kw]U QO "OQ=O Oqwi Q=Okt x@ |oDU@

pw�Ut xOvU} wv �
"1390 9 5 VQ}PB '1390 6 22 x}LqY= '1390 2 18 Ci=} QO %M} Q=D



"""C
LDx

tQ;u
D@|

=yu
wDU

|Q}
tN

pY
itp

w]
u}}a

D

[2]%OQm h} QaD 3 |x]@=Q CQwYx@ u=wD|t =Q �lp� pO=at

lp = 1
(�u � �y)

lyZ
0

[�(x)� �y] dx (3)

=@ |DL=Q x@ u=wD|t =Q |}=yv |xrLQt QO ��p� |Q}tN pYit u=QwO Q=Okt u}=Q@=v@
%OQw; CUOx@ 4 |xrO=at R= xO=iDU=

�p = (�u � �y) lp = �p:lp = �0�ply (4)

pYit pO=at pw] lp w OvDUy s}rUD w|}=yv Q=@ QO =vLv=?}DQD x@�y w�u 'u; QO xm
��p = �u � �y� |Q}tN |=vLv= OwW|t ZQi xm CU= |}xrY=i QO |Q}tN
|ak=w |Q}tN |=vLv= `} RwD =@ x@=Wt |DL=Ut x@ QHvt 4 |xrO=at "OW=@ C@=F
2pmW?} Q[ '��0� Oa@ uwO@ QDt=Q=B "OwW|t �G2 pmW QO xOQwNQwW=y |x}L=v�
"CU= 1 R= QDtm Q=Okt =@ x=ox}mD l}ORv =vLv= s=Qo =}O |=Q@ =vLv= `} RwD ?} Q[ =}
Oqwi xm |rw] QO s}rUD pw] Vy=m ?} Q[ s=v x@ u=wD|t =Q ?} Q[ u}= u}vJty

"�0ly = lp %u}=Q@=v@ &O}t=v 'OwW|t |Q=H

C=k}kLD |xJN} Q=D "2
pY=L |@v=H |=yu=mtQ}}eD QF= CLD |rkF |=yQ=@ pt=L uwDU l} xm |t=ovy
xv}W}@ |=yQw=DWo QF= CLD |L=wv QO |O}OW |=yCQ=UN 'OQ}o|t Q=Qk xrRrR R=
xm OvwW|t xOv=wN |Q}tN pY=it s=v x@ ,qwtat |L=wv u}= "OwW|t xOy=Wt
|=yQDt=Q=B x@ |Q}tN pYitl} pw] "Ovvm|t x@ QHD =Q |oQR@ u=UWmQ}e |=y=vLv=
|x}L=v QO |WQ@VvD K]U 'Qw=DWo u=}O=Qo '|QwLt Q=@ K]U "OQ=O |oDU@ |O=} R
w uD@ Ctw=kt '|[Qa w |rw] |=yQwD=tQ; |m}v=mt C=}YwYN '|Q}tN pYit
CLD =Q |Q}tN pYit pw] xm Ov=|tyt |=yQDt=Q=B xrtH R= |oOWQwYLt u=R}t

"OvyO|t Q=Qk Q}F-=D
hrDNt |=yVwQ '|}=yv |OL Cr=L h} QaD QO |U=U= |=yCw=iD ?@U x@
'|vD@ w[a |wQ Q@ Q=@ p=ta= VwQ w |Q=PoQ=@|xLiY w xvwtv O=a@= 'V}=tR;
R= xO=iDU= xJQo = "OvDUy |}x_Lqt p@=k |oOvm =QB |=Q=O lp |=Q@ =yV}=tR; G}=Dv
CU= G}=Q ,=@} QkD |v=QL@ `]=kt QO �|v=QL@ `]kt� w �|Q}tN pYit� |=yCQ=@a
C=}YwYN |ak=w Qw]x@ |Q}tN pYit C=}YwYN =t= 'OvwQ|t Q=mx@ |DL=Qx@ w
hrDNt u=QoWywSB |O=yvW}B |=yxrO=at u}@ |xU}=kt [3]"CU}v |v=QL@ `]=kt
xOW xO=O u=Wv 1 pwOH w 4 w 3 |=ypmW QO |Q}tN pYit pw] XwYNQO
|=yxrO=at u}@ QO |O=} R |oOvm =QB w C=Q}}eD xm OvyO|t u=Wv =ypmW u}= "CU=
|NQ@ |O=yvW}B |=yxrO=at RH x@ xm CU= |Qw;O=} x@ sRq "OQ=O OwHw |O=yvW}B
"OvQ}o|tv Q_v QO QDt=Q=B l} |xrRvtx@ =Q |QwLt Q=@ =yxrO=at QDW}@ [5w4]'u=QoWywSB
|=yQ}D Q=DiQ |wQ Q@ |rY= RmQtD '|Q}tN pYit |wQ Q@ x}rw= C=k}kLD QO =Q} R
|vD@ |=yuwDU Q=DiQ |wQ Q@ u=QoWywSB |rY= RmQtD Q}N= |=yp=U QO =t= w |vD@

"CU= xOw@
\UwD |vD@ |=yuwDU |Q}tN pYit pw] |wQ Q@ |QwLt Q=@ Q}F-=D xJQo =
"OvDUy Zk=vD |=Q=O xOWx�=Q= |=yVQ=Ro =t= 'CU= xOW VQ=Ro |O=} R u=QoWywSB
CUOx@ xH}Dv u}= u=QoWywSB|NQ@ |=yV}=tR; T=U=Q@ 'OWEL@,q@k xm Qw]u=ty
xJv; hqNQ@ [17w9]"CU}v T=UL |QwLt Q=@ K]U x@ |Q}tN pYit pw] xm Ot;
|x}L=v pw] =} |Q}tN Cr=L VQDUo xm Ov=xOQm VQ=Ro R}v |v=QoWywSB 'OW xDio

[18]"O@=}|t V}=Ri= |QwLt Q=@ K]U V}=Ri= =@ x=Qty 'xO}OCQ=UN

"=vLv=� Qovr |W}=tv |vLvt "1 pmW

"|}=yv Q=@ |xrLQt QO uwDU |=DU=Q QO =vLv= |W}=tv `} RwD "2 pmW

|R=Up=xO}= �|Q}tN� u=UWmQ}e w u=UWm |L=wv CQwYx@ u=wD|t =Q |}=yv Q=@
|=yu=QwO x@ u=wD|t =Q uwDU |=DU=Q QO ��t� pm u=QwO u}=Q@=v@ "�G2 pmW� OQm
�Oqwi s}rUD u=tR =D� ��e� u=UWm u=QwO "OQm s}UkD ��p� |Q}tN w '��e� u=UWm
"�1 |xrO=at� OQw; CUOx@ s}rUD s=ovy QO =vLv= Q=Okt R= xO=iDU= =@ u=wD|t =Q
CQwYx@ u=wD|t =Q |v=QL@ `]kt R= hQ] Qy QO |Q}tN u=QwO '1 |xrO=at j@]

[2]%OQw; CUOx@ 2 |x]@=Q

�p =

lyZ
0

[�(x)� �y] dx (2)

Q=@ |xrLQt QO |v=QL@ `]kt R= x |xrY=i QO =vLv= Q=Okt �(x) 'x]@=Q u}= QO
R= xv}W}@ Qw=DWo u; QO xm CU= uwDU R= |rw] '�ly� s}rUD pw] "CU= |}=yv
CU= |D}akwt w |v=QL@ `]kt u}@ |xrY=i =} w Ovm|t Rw=HD �My� s}rUD Qw=DWo
pmW QO xOQwNQwW=y |x}L=v "�2 pmW� OwW|t |Q=H |WWm Oqwi u}rw= xm
|Q}tN pYit |x}L=v QO u=UWm u=QwO Q@xwqa xm CU= ��p� |Q}tN u=QwO 'G2
|x@U=Lt =@ =} u=wD|t =Q |Q}tN pYit u=QwO "OyO|t MQ |}=yv Q=@ |xrLQt QO w
��u��y� `=iDQ= ?Q[pY=L |x@U=Lt =@ =} w OQw;CUOx@ xOQwNQwW=y |x}L=v
|Q}tN pYit pw] '2 |xrO=at R= xO=iDU= =@ "pO=at p}]DUt l} �lp� ZQa QO

20



|Q}
t=|

DQOk
=[Q

tqe
w|

}=[
DQt

=[Q
}ra hrDNt Q}O=kt |=Q@ lp |r}rLD Q=Okt xm OyO|t u=Wv 4 pmW u}vJty

|=Q@ OwN |r@k VwQ QO R}v Qm}@ "CU}v C@=F �q� |WWm Oqwi XN=W
xOR u}tND =Q QDt|r}t 194 5 =@ Q@=Q@ lp R= |D@=F Q=Okt q hrDNt Q}O=kt
=@ |]N Qw]x@lp [5]'w= |Oa@ |O=yvW}B |xrO=at QO xm|DQwY QO [4]&CU=
uwO@ u=QoWywSB R= Qo}O |NQ@ |=y|Qw�D QO "CU= xDi=} V}=Ri= c=d C@Uv
QDt|r}t 215 4 Q@=Q@ ?}DQD x@ |D@=F Q}O=kt '|WWm Oqwi XN=W x@ xHwD
xOW x�=Q= |Q}tN pYit pw] |=Q@ �0 78d� QDt|r}t 196 9 w �0 85d�

[8w7]"CU=
xOW O=yvW}B |Q}tN pYit pw] |x@U=Lt CyH |irDNt |=yVwQ xJQo =
u=UWmQ}e Q=DiQ |=yxYNWt |wQ Q@ |rm j=@]v= w |Q=oR=U I}y =t= 'CU=
R= 'u}W}B |=yVywSB QDW}@ QO Qo}O |} wU R= "OQ=Ov OwHw xtQ;uD@ |=yuwDU
Q=Qk |UQQ@ OQwt |Q}tN pYit pw] u}}aD QO |vD@ |=yQ}D Q=DiQ xm|}=Hv;
w Ca}@] "CU= xOW Crie lP Q=Okt QO |QwLt Q=@ Q=Okt Q}F-=D R= &CU= xDiQo
Qw_vtx@ xm CU= |}xR=Ov= x@ XwYN u}= QO EL@ OQwt p�=Ut |=y|oO}J}B
|m} R}i C=YNWt 'xrRrR C=YNWt Ovv=t hrDNt |=yQ}eDt Q}F-=D uOWuWwQ
QO =Pr "CU= QDW}@ C=k}kLD x@ R=}v Oqwi C@Uv w '|QwLt Q=@ K]U 'w[a
'�H=h� uwDU `]kt |=vyB x@ `=iDQ= |=yQ}eDt C=Q}F-=D |UQQ@ |=Q@ w =DU=Q u}=
xrRrR C=YNWt w �� = As=Ag� |iQYt Oqwi OYQO '�p=p0� |QwLt Q=@
O=} R =D \UwDt |QwLt Q=@ QF= CLD xtQ;uD@ |=yuwDU '|Q}tN pYit pw] Q@
|=RH= p}rLD |xt=vQ@ R= xO=iDU= =@ |@=DQB QF= |w=L l}ORv |xRwL |=yxrRrR w
p}rLD |Q}tN pYit pw] w s}rUD pw] u}}aD |=Q@ '�ANSYS� |]NQ}e OwOLt
w |UQQ@ xtQ;uD@ |=yuwDU |}=yv |=ypmWQ}}eD QO =yQ}eDt u}= Q}F-=D "Ov=xOW
pw] |x@U=Lt QO hrDNt |=yQ}eDt Q}F-=D uDiQoQ_vQO Qw_vtx@ |O}OH |xrO=at
xOW xO=O xaUwD |@=DQB QF= |w=L l}ORv |xRwL |=yxrRrR CLD |Q}tN pYit

"CU=

|r}rLD |=ypOt CLY w CkO |UQQ@ "3
|xvwtv |R=UpOt pt=W OwOLt |=RH= VwQ CLY |UQQ@ |=Q@ |v=QoWywSB
uwDU |xvwtv 5 'XNWt C=}YwYN w O=a@= =@ T=RoD x=oWv=O QO xOWV}=tR;
u}= [19]"Ov=xO=O Q=Qk V}=tR; OQwt T=RoD x=oWv=O QO |ak=w T=}kt QO =Q xtQ;uD@
|@ w=vD |=yQ=@ QF= CLD 'OvOQm|t ptLD =Q C@=F |QwLt |=yQ=@ xm|r=L QO =yuwDU
uwDU V}=tR;OQwt |=yxvwtv 'CU= XNWt 5 pmW QO xm Qw]u=ty "OvDiQo Q=Qk
"Ov=xOW xDiQo Q_v QO OQ=O Q=Qk |}=vLv= wO VtN QO xm |vwDU R= |}xt}v |xrRvtx@
CLY |UQQ@ |=Q@ xm CU= |rQDvm uwDU |xrRvtx@ =yuwDU u}= R= OOa l}
300 Q@=Q@ uwDU u}= `=iDQ= "O=O Q=Qk xO=iDU= OQwt =Q u; u=wD|t OwOLt <=RH= pOt

"|W}=tR; |=yuwDU |R=UpOt "5 pmW

pYit pw] |=Q@ hrDNt u=QoWywSB |O=yvW}B |=yxrO=at |xU}=kt "3 pmW
"|Q}tN

"|Q}tN pYit pw] |=Q@ hrDNt u=QoWywSB |=ypwtQi |xU}=kt "4 pmW

"|Q}tN pYit pw] |=Q@ OwHwt \@=wQ |xU}=kt "1 pwOH
|Ov@pwtQi `HQt

lp = k1k2k3
� z
d
�0 25 d [4]

lp = 0 8k1k3
� z
d
�
c [5]

lp= d
2
h1 +

�1 14q z
d� 1�n1�� q�q0q b

�q
d

16 2
oi

[6]

lp = 0 5d+ 0 2pd � zd � [7]

lp = 0 5d+ 0 05z [8]

lp = 0 42h [9]

lp = 0 08L+ 6db [10]

lp = 0 08L+ 0 15dbfy (fyin ksi)

lp = 0 08L+ 0 022dbfy (fyinMPa)
[11]

lp = h [12]

lp = h [13]

lp = h [14]

lp = D [15]

lp
h = 0 9 h1 + 0 5 P

P0

i
k1
�
L
h

�0 25
[16]

21



"""C
LDx

tQ;u
D@|

=yu
wDU

|Q}
tN

pY
itp

w]
u}}a

D"|rQDvm uwDU C=}�RH "2 pwOH
P
P0

|[Qa |=yQwD=tQ; |rw] |=yQwD=tQ;
f 0c `]kt O=a@= xvwtvfys � Cwt=N s=o Q]k fy � Q]k

(MPa) (mm�mm)
(MPa) ��� (mm) (mm) (MPa) ��� (mm)

0 5 440 1 28 100 10 580 1 25 22 30 600�600 S24-1UT

OwOLt |=RH= p}rLD xt=vQ@ QO uwDU |R=UrOt xwLv "7 pmW

"uwDU |@v=H pmWQ}}eD� |WQ@ |wQ}v Ov=tUB |vLvt "8 pmW

u}tND |@ wNx@ =Q |SQv= hqD= u=R}t w '|oOQwNlQD |DNU 'Q=oOv=t |=yu=mtQ}}eD
=D w |oOWl} Q=@ u=R}t '|r}rLD w |y=oW}=tR; Q=DiQ u}@ hqDN= OQwt l} "OvR
QO |Q=PoQ=@ hrDNt Kw]U OOHt |Q=PoQ=@ QO |DNU u}}=B OL u}tND |OL
=Q |@v=H Ctw=kt 'OwOLt <=RH= p}rLD 'u}= OwHw =@ "CU= OwOLt <=RH= p}rLD
|xv}W}@ '|y=oW}=tR; |=yQ=m |=Q@ "Ovm|t x@U=Lt |y=oW}=tR; Q}O=kt x@=Wt
xm |r=L QO 'OW VQ=Ro QDt|r}t 14 14 u=mtQ}}eD QO uDw}vwr}m 193 12 Q=@
|@v=H u=mtQ}}eD QO uDw}vwr}m 185 42 Q=@ |xv}W}@ OwOLt <=RH= p}rLD |=Q@
j=@]v= 'CU= XNWt pmW u}= QO xm |Qw]u=ty "Ot; CUOx@ QDt|r}t 14 05
OyO|t u=Wv j@=]D u}= "OQ=O OwHw |y=oW}=tR; w |r}rLD G}=Dv u}@ |@ wN
Q=mx@ xtQ;uD@ |=yxR=U p}rLD QO u=v}t]= =@ u=wD|t =Q ANSYS |xt=vQ@ xm

[21]"OQ@
?=k '|OOa |R=UpOt CLY w CkO R= u=v}t]= Qw_vt x@ w Qo}O |@=} RQ= QO
R= |m =L R}v u; G}=Dv xm [22]'CiQo Q=Qk |UQQ@ w EL@ OQwt |Qo}O |xOWV}=tR;

[1]"Ow@ |y=oW}=tR; w |r}rLD G}=Dv |k]vt j=@]v=

"V}=tR; OQwt |xvwtv |Q=PoOqwi w O=a@= "6 pmW

|=yOqwi w '22 |xQtv QwD=tQ; OOa 12 xO=iDU= OQwt |rw] |=yOqwi 'QDt|Dv=U
u=Wv 6 pmW QO =yu; C=}�RH xm &OvDUy QDt|r}t 10 Q]k =@ |=yQwD=tQ; R}v |WQ@

"�2 pwOH� CU= xOW xO=O
xvwtv 'u; p=@vO x@ w OW OQ=w uwDU x@ C@=F |QwLt Q=@ 'V}=tR; ẁQW QO
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Abstract
In a strong earthquake, a standard reinforced concrete
column may develop plastic deformations in regions of-
ten termed; plastic hinge regions. The formation of a
plastic hinge in an RC column; in regions that experi-
ence inelastic action; depends on the characteristics of
the earthquake; as well as column details.
Recent earthquakes in Turkey (1999), Taiwan (1999), In-
dia (2001), Iran (2003), China (2008) and Japan (2011)
have caused considerable loss of life and extensive dam-
age to structures. The damage observed during the re-
cent earthquakes proved the engineer's hypothesis that
structures located within the near-fault area su�er more

137

severe damage than structures located outside this zone.
The near-fault of an earthquake can be de�ned as the
area in the close vicinity of the fault rupture surface.
Besides strong shaking, the characteristics of near-fault
ground motion are linked to the fault geometry and the
orientation of the travelling seismic. Vertical strike-slip
faults can produce a directivity e�ect, and dip-slip faults
can produce directivity e�ects, as well as hanging wall
e�ects.
Although experimental tests of RC members provide
valuable information about their behavior, these are nor-
mally expensive, time-consuming and require consider-
able human and physical resources. By using dynamic
nonlinear �nite element analysis, it is possible, at com-
paratively lower cost and e�ort, to predict the response
of RC structures and members: e.g. plastic hinge length.
Using the wealth of recent ground motion data, in the

present paper, 462 inelastic time-history analyses have
been performed to predict the nonlinear behavior of RC
columns under near-fault earthquakes having a 
ing step.
The e�ects of axial load and height over depth ratio, as
well as the di�erent characteristics of earthquakes, are
evaluated by �nite element methods and results are com-
pared with corresponding experimental data.
Analytical models for columns analyzed under high axial
loads exhibit longer plastic hinges than those analyzed
under low axial loads. Based on the results, a simple
expression is proposed that can be used to estimate the
plastic hinge length of RC columns subjected to earth-
quakes. The results also show that potential lp speci�ed
by ICC is not satisfactory for columns supporting high
axial loads, and can even be non-conservative in some
cases. It is suggested that the length of the region, in
which closely-spaced ties are used, should be increased
from 1.0h to 1.5h from the joint face.

Key Words: Plastic hinge length; near-fault ground mo-
tions; 
ing step; nonlinear behaviour; dynamic analysis.




