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&3 w '2 '1 ẁv l =N |wQ xOWC@F |=yOQwmQ "6

=yu; QDr}i Q=Po |xOwOLt |xv}tm 'R} wv hPL w KqY= s=ovy QO xm |}=yOQwmQ "7
"CU= xOw@ RDQy 20 =D 0 33 u}@

Gwt CaQU [7]'=}vO RwQ |=yOQ=Ov=DU= QO 'l =N |Ov@xk@] QO |rY= pt=a
Gwt CaQU V}=tR; G}=Dv u=tR u}= =D "CU= l =N |v=kwi |x}q QDt 30 QO |WQ@
u}= QO '=Pr &CU= CUO QO u=Q}= |xrRrR C@F |=yx=oDU}= R= |tm O=OaD |=Q@ |WQ@
H/V |i}] C@Uv VwQ R= xO=iDU= =@ [8]l =N TvH x@ \w@ Qt C=aq]= R= Q=DWwv
|xir-wt �x} Qwi p}O@D� |i}] C@Uv T=U=Q@ 'VwQ u}= QO "CU= xOW xO=iDU=
'�l =N |wQ� x=oDU}= QO xOWC@F |xrRrR OQwmQ �V� s�=k |xir-wt x@ �H� |ki=
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3 552 0 00033 R = 2
2 791 0 00495 R = 3
2 63 0 00999 R = 4
2 486 0 01671 R = 5
2 433 0 02096 R = 6
2 379 0 02526 R = 7
2 373 0 02675 R = 8

'OwW|t xO}O 3 pmW QO xmQw]u=ty "CU= xU w wO 'l} |=yl =N QO 'CR
u=mtQ}}eD |xv}W}@� l} R= QDnQR@ |OOa lJwm |=y?w=vDu=tR QO C@Uv u}=
nQR@ |=y?w=vDu=tR |=Q@ w �|v=UWm u=mtQ}}eD |xv}W}@ R= QDnQR@ |v=UWmQ}e
u=mtQ}}eD |xv}W}@ Q@=Q@ ,=@} QkD|v=UWmQ}e u=mtQ}}eD |xv}W}@�l} x@l}ORv |OOa
C@Uv '�x}v=F l} R= QDlJwm ,=@} QkD� lJwm |=y?w=vD u=tR |=Q@ "CU= �|v=UWm
x}L=v u}= QO "CU= Ctw=kt Vy=m ?} Q[ w xR=U ?w=vD |xQwO x@ xDU@=w CR
"O@=}|t V}=Ri= '?w=vDu=tR Vy=m w Ctw=kt Vy=m ?} Q[ V}=Ri= =@ CR C@Uv
p}t QiY CtU x@ ?w=vDu=tR xm |v=tR 'pt=m |Q}tNu=UWm |=ysDU}U |=Q@
CU= u}= Qou=}@ xr�Ut u}= w Ovm|t p}t C}=yv|@ CtU x@ CR ?} Q[ 'Ovm|t
C=m} QLD QF= QO sm |@v=H Ctw=kt w lJwm |r}N |=y?w=vDu=tR =@ |=yxR=U xm
p@=k xD@r= "OvwW|t ptLDt =Q |oQR@ |r}N |v=UWmQ}e |=yu=mtQ}}eD 'xrRrR O}OW
'CU= xOWv xDiQo Q_vQO xR=U l =N |WvmQOv= C=QF= xar=]t u}= QO xm CU= xHwD
'lJwm ?w=vD u=tR =@ |=yxR=U Q@ xR=U l =N VvmQOv= QF= C}ak=w QO xm|r=LQO
xrRrR C=m} QLD QF= QO 3 pmW QO GQOvt |v=UWmQ}e |=yu=mtQ}}eD Vy=m Ea=@

"OwW|t
?} Q[ =@ CtUk l} 'Ovm|t s}UkD CtUk wO x@ =Q Q=Owtv xm |@ w=vDu=tR
xDU@=w |OH Qw]x@ 'l} Q@=Q@ ,=@} QkD CR ?} Q[ Qo}O CtUk w l} R= QDnQR@ CR
Vy=m ?} Q[ |=R= x@ 'l} l =N QO xm|Qw]x@ 'CU= Ctw=kt Vy=m ?} Q[ x@
?} Q[ |=Q@ w x}v=F 0 3 ,=@} QkD Q@=Q@ 'CtUk wO |xOvvm =OH ?w=vD u=tR 2 Ctw=kt
"CU= x}v=F 1 5 ,=@} QkD pO=at 'x}L=v wO |xOvvm =OH ?w=vD u=tR '8 Ctw=kt Vy=m
Vy=m ?} Q[ V}=Ri= =@ 'x}L=v wO x@ Q=Owtv |xOvvms}UkD ?w=vD u=tR 'u}=Q@=v@

"O@=}|t V}=Ri= Ctw=kt

|]NQ}e uw}UQoQ p}rLD
Q@=Q@ QO =yxR=U |R=Uy@ u}vJty w OQmrta |=v@t Q@ xrRrR Q@=Q@ QO sw=kt |L=Q] |=Q@
OQ=w |v=UWmQ}e u=mtQ}}eD |xv}W}@ u}tND |=Q@ |}xO=U \@=wQ CU= sRq 'xrRrR
Q=}DN=QO pO=at O=R; xHQO l} sDU}U |v=UWm u=mtQ}}eD |xv}W}@ |wQ R= xR=U x@
|xv}W}@ C@Uv u}tND |=Q@ |irDNt |=yx]@=Q '|vi C=}@O= QO "s}W=@ xDW=O
u}= um}r &CU= xOW QWDvt CR |v=UWm u=mtQ}}eD x@ |v=UWmQ}e u=mtQ}}eD
CUOx@ |@ Qe |=m} Qt; C}=U |=yOQwmQ R= pY=L G}=Dv T=U=Q@ ,=twta \@=wQ
u=Q}= |=yxrRrR R= pY=L |=yOQwmQ |=v@t Q@ |}x]@=Q Q=DWwv u}= QO 'CU= xOt;

"CU= xOW O=yvW}B
Vy=m ?} Q[ w ?w=vDu=tR C=Q}}eD x@ C@Uv CR ?} Q[ G}=Dv |x_Lqt =@
Qy |=R= x@ 'Ovm p}t QiY CtU x@ ?w=vDu=tR Qo = xm OwW|t xOy=Wt Ctw=kt
s�=k ?v=Ht w Ovm|t p}t C}=yv|@ CtU x@ CR ?} Q[ 'Ctw=kt Vy=m ?} Q[
|=R= x@ 'C}=yv|@ CtU x@ ?w=vDu=tR p}t =@ u}vJty "OwW|t x_Lqt T = 0
|ki= ?v=Ht w Ovm|t p}t l} CtU x@ CR ?} Q[ 'Ctw=kt Vy=m ?} Q[ Qy
'C@=F Ctw=kt Vy=m ?} Q[ |=R= x@ K}[wD u}= =@ "OwW|t Q=O}OB CR = 1

%CU= 3 |x]@=Q CQwYx@ T w CR u}@ ?U=vD |rm |=tW
~CR / ( 1

T
+ 1) (3)

R Ctw=kt Vy=m ?} Q[ C=Q}}eD x@ C@Uv CR ?} Q[ C=Q}}eD xm|DQwYQO
QO pw@kp@=k CkO ^iL |=Q@ |}xO}J}B ,=D@Uv |x]@=Q x@ 'OwW ^=Lr x]@=Q QO sy
j}kO |x]@=Q uOQw;CUOx@ =t hOy xm =Hv; R= w s}OvtR=}v CR ?} Q[ |x@U=Lt

142



"""w
|tW

=y|
v}U

LM
Qy@

'u=}
�=UQ

=B|
Oyt

O}U %CU= xOW h} QaD8><>:1 0 Te � Ts
1+ (R�1)Ts

Te
R Te < Ts

(5)

|m}D=DU= VwQ VN@ x@ \w@ Qt C1 ?} Q[ Q}O=kt R= QDnQR@ O}=@v ?} Q[ u}= xD@r=
%OW=@v sy l} R= QDlJwm u}vJty w OW=@ 6 |x]@=Q =@ j@=]t |]N8<:1 5 Te � 0 1 sec

1 0 Te � Ts
(6)

|x]@=Q QO "OwW|t xO=iDU= |]N |@=}uwQO R= Ts w x}v=F 0 1 u}@ T Q}O=kt |=Q@
|@ w=vDu=tR hQat Ts w pO=at O=R; xHQO l} sDU}U ?w=vDu=tR hQat Te '4
w Ovm|t s}UkD C@=F CaQU w C@=F ?=DW CtUk wO x@ =Q |v=UWm h}] xm CU=
0 7 w 0 5 '0 4 Q@=Q@ 2800 OQ=Ov=DU= T=U=Q@ xU w wO 'l} ẁv |=yl =N |=Q@
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x@ l} ẁv l =N QO "OUQ@ Ts x@ =D Ovm|t pwRv TBU w OUQ@ OwN |xv}W}@ x@

144



"""w
|tW

=y|
v}U

LM
Qy@

'u=}
�=UQ

=B|
Oyt

O}U

C1 ?} Q[ x@ 'ASCE41-06 OQ=Ov=DU= QO GQOvt C1 ?} Q[ C@Uv "7 pmW
"|O=yvW}B |x]@=Q R= pY=L

xR=@ u}= QO "OQ=O |O=yvW}B |x]@=Q x@ C@Uv ASCE41-06 OQ=Ov=DU= |q=@CUO
QO "OwW|tl}ORv 1CtU x@ w O@=}|tVy=m x]@=Q wOC@Uv '?w=vD u=tRV}=Ri= =@
'|O=yvW}B |x]@=Q =@ xU}=kt QO ASCE41-06 OQ=Ov=DU= R= xO=iDU=l} ẁv l =N
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Abstract
In recent years, performance based design and assess-
ment methods are commonly used. Structural and non-
structural earthquake damage is mainly due to imposed
lateral displacements. Therefore, in recent methods, de-
sign criteria are based on displacement instead of force,
as used in old methods. In fact, in these methods, dis-
placement presents the performance of structures sub-
jected to earthquakes. On the other hand, using perfor-
mance based methods, in practical cases, needs simpli-
�ed procedures to estimate the inelastic displacement of
structures subjected to earthquakes. In general, nonlin-
ear time history analysis presents an appropriate esti-
mation of the imposed displacement of a structure sub-
jected to a speci�c acceleration time history, but, results
of this dynamic analysis are very sensitive to chosen ac-
celeration time history. Thus, more reliable and practi-
cal methods are needed for the seismic evaluation and
rehabilitation of existing buildings. One of the most
practical methods is estimating maximum inelastic dis-
placement from maximum linear elastic displacement.

Recent codes for the evaluation and rehabilitation of ex-
isting buildings are suah as FEMA273 (1997), FEMA356
(2000), FEMA440 (2005), ASCE-41-06(2006).
Code360 introduced a simpli�ed analytical method called
the coe�cient method for estimating the inelastic dis-
placement of structures from equivalent SDOF systems.
In the coe�cient method, maximum inelastic displace-
ment of a structure is calculated from maximum elastic
displacement, using 4 coe�cients. FEMA 440 proposed
new coe�cients in the coe�cient method based on 100
California earthquake records. These new coe�cients
are used in the latest code of the rehabilitation of exist-
ing buildings, ASCE41-06. The goal of this paper is a
presentation of the statistical study of the inelastic dis-
placement ratio for elastic perfectly plastic SDOF sys-
tems (according to the C1 factor of coe�cient method),
based on Iranian earthquake records. Results of this
study are restricted to �rm soils. In this paper, results
of the statistical study of inelastic displacement ratios
related to the C1 factor in the target displacement equa-
tion of seismic rehabilitation methods, based on Iranian
earthquake ground motions, are presented. These ratios
are calculated for single degree of freedom systems with
an elastic perfectly plastic behavior model and various
strength reduction factors subjected to 204 earthquake
ground motion records. Earthquake records are selected
recorded on soil condition types 1, 2 and 3, based on the
spectral ratio H/V method. Using nonlinear regression
analysis, a simpli�ed equation based on mean results is
calculated. Finally, the proposed equation is compared
with the C1 factor in Code360 and the ASCE41-06 stan-
dard, and it is realized that this factor should be revised
and changed in Code360.

Key Words: single degree of freedom, elastic perfectly
plastic behavior model, target displacement, C1 factor.
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