
�13
94

u=DU
@=D�

'h}
QWu

=Qta
|U

Ovyt
�| :v

iC
W=O

O=}�
'97

�87
"X

'2/
2|

xQ=t
W'

31
�2

|xQ
wO

R
es

ea
rc

h
N

ot
eVR} QwQi QO |tQH C} RmQt R= GwQN Q}F-=D

uD@ |xk@] 3 |=yu=tDN=U QO xOvwQV}B
xrRrR Q=@ QF= CLD KrUt

�=QDmO� �u=}t} Qm x}tU
�Q=}O=DU=� sOkt OkwQU =[Qr=O@a

�Q=}O=DU=� QDw sU=kOtLt
xrRrR |UOvyt w |U=vWxrRrR |rrtr=u}@ x=oWywSB

|@=QN Q@=Q@ QO |vt}= |x}W=L |UQQ@ '|}xR=U |=ysDU}U QO syt EL=@t R= |m}
Qt= u}= w CU= |a[wt CQwYx@ ?} QND |WJ}B |=yu=tDN=U QO "CU= xOvwQV}B

3 |=yu=tDN=U QO xOvwQV}B |@=QN Qw_vt u}O@ "OwW|t xOvwQV}B ?} QND O}OWD ?@U
|=yC} RmQt R= GwQN w |rwtat |WtN ?=k =@ KrUt uD@ uQ=kDt=v w uQ=kDt |xk@]

G}=Dv "CU= xOW xU}=kt w xar=]t xrRrR Q=@ R= |W=v OYQO 25 w 15 '5 hrDNt |tQH
|tQH C} RmQt R= GwQN V}=Ri= =@ xm OyO|t u=Wv |v=tR |xJN} Q=D |=yp}rLD R= pY=L

"O@=}|t V}=Ri= =yxR=U CNU w sQv |=yx@r QO xOvwQV}B |@=QN p}Uv=DB 'u=tDN=U QO
|x@r =@ x@=Wt |Q=DiQ sQH RmQt QO xR=U |=yCi} QO xm OyO|t u=Wv =yCi} QO |UQQ@

Q=wWO |UQQ@ |=H x@ u=wD|t xOvwQV}B |@=QN |v}@V}B Qw_vt x@ u}vJty "OvQ=O CNU
"CN=OQB C=k@] |@Uv |}=H@=H |UQQ@ x@ =yu=tDN=U QO xDi=}CUmW pY=it O=OaD

s.karimiyan@iiees.ac.ir
moghadam@iiees.ac.ir
vetr@iiees.ac.ir

C} RmQt R= GwQN '|v=tR |xJN} Q=D p}rLD 'xOvwQV}B |@=QN %|O}rm u=oS=w
|x@r 'sQv |x@r 'uQ=kDt=v |=yxR=U '|rwtat KrUt uD@ |WtN ?=k '|tQH

"C=k@] |@Uv |}=H@=H 'CNU

xtOkt "1
Q=DiQ |R=Ux}@W "CU= xOW s=Hv= 2008 p=U QO |Q@}=i Q}D |=yu=tr= u}vJty w
u=tt � |QwLt |wQ}v pB wm CLD ?w=vDt Q=DiQ pt=W '|}xR=U |=yu=tr= |]NQ}e
u}@ OQwNQ@ w |OL Cq=L QO |}xR=U |=yu=tr= |W=B wQi w |WQ@ |wQ}v w |WtN

[20w19]"CU= xOw@ CUmW pw] QO |}xR=U |=yu=tr=
C=}[Qi =@ |Oa@xU |=ypOt =@ xU}=kt QO |}xLiY |=ypOt '2011 p=U QO
|O=OaD QwmPt |xar=]t QO "Ov=xOW xU}=kt w xar=]t sy =@ |R=Ux}@W QO |irDNt
|Oa@xU w |Oa@ wO |=ypOtwQm =t R= xO=iDU= =@ |Oqwi |xk@] 10 |=yu=tDN=U R=
|UQQ@ =yuwDU |v; hPL R= |W=v '|}xR=U |=ysDU}U u}= w xOW |}xRQr |L=Q]
QO |QF-wt w Q}osWJ C=QF= hkU sDU}U xm Ow@ u}= R= |m =L G}=Dv "Ov=xOW
xOvwQV}B |@=QN |@=} RQ= QO "OQ=O |Oa@xU |=ypOtwQm =t QO CUmW MU=B `} RwD
|=ypOt =@ xU}=kt QO |Oa@xU |=ypOt '=yhkU sDU}U `} RwD C=QF= p}rO x@
xOvwQV}B |@=QN sU}v=mt [21]"Ov=xOW |@=} RQ= QDxv=Q=mx_i=Lt w QDOvtWRQ= |Oa@ wO
pOt 30 |L=Q] =@ =yuwDU |v; hPL R= |W=v uQ=kDt=v w uQ=kDt |=yxR=U QO
KrUt uD@ |=yxDUy =@ Qo}O Q=@ w Ov@ Q=yt |=yxDUy =@ Q=@l} 'Gm w uQ=kDt |}xR=U
CU= xO=O u=Wv Gm |}xR=U |=ypOt R}r=v; G}=Dv "CU= xOW |@=} RQ= 2011 p=U QO
|=yuwDU u=mt x@ |oDU@ xOvwQV}B |@=QN Q@=Q@ QO Ctw=kt C}iQ_ QO C=Q}}eD xm

QHvt xm |a[wt |@=QN VQDUo w `} RwD R= CU= CQ=@a xR=U QO xOvwQV}B |@=QN
ptLD |}=v=wD |}xR=U sDU}U xm |}xvwo x@ 'OwW xR=U R= |oQR@ VN@ |@=QN x@
R= QDW}@ |r}N |}=yv |@=QN Ov}=Qi u}= QO "OW=@ xDW=Ov =Q |rkF w |@v=H |=yQ=@

[1]"CU= x}rw= |a[wt |@=QN
QHvt Ovv=wD|t xwkr=@ Qw]x@ xm OQ=O OwHw |O=aQ}e |=yQ=@ R= |Q=tW|@ O=OaD
=t}B=wy OQwNQ@ R= |W=v |x@ Q[ %Ovv=t 'OvwW =yu=tDN=U QO xOvwQV}B |@=QN x@
'|L=Q] w CN=U |=y=]N '|iO=YD |=yQ=@ xi=[= '|RwUVD; 'x}rkv \�=Uw w

[3w2]"xQ}e w l =vQ]N Kr=Yt '?t@ w R=o Q=Hiv=
xDiQo CQwY C=ar=]t R= |Q=}U@ xm CU= u; R= |m =L u}W}B C=ar=]t |UQQ@
p}=Uw OQwNQ@ =} w Q=Hiv= QF= QO uwDU hPL R= |W=v 'xOvwQV}B |@=QN EL@t QO

[18�4]"CU=t}B=wy =} w x}rkv
CQwY VJ}B w xrRrR Q=@ QF= QO xOvwQV}B |@=QN |xv}tR QO |QDtm C=ar=]t
uD@ |=y?=k w |WQ@ |=yQ=w}O QO xOvwQV}B |@=QN |OOa |R=Ux}@W "CU= xDiQo
|}x}q OvJ |}xDUwB |=yu=tr= |=Q=O |=ypOt R= xO=iDU= =@ xrRrR Q=@ CLD KrUt

pw�Ut xOvU} wv �
"1392 9 6 VQ}PB '1392 8 26 x}LqY= '1392 4 16 Ci=} QO %M} Q=D



"""V
R}Qw

QiQ
O|

tQH
C}

RmQt
R=G

wQN
Q}F- =Dxm CU= u}= QO xrRrR |Q=PoQ=@ QO xOWs=Hv= C=ar=]t Qo}O =@ xar=]t u}= Cw=iD

uO}UQ 'C=ar=]t w =yp}rLD |xtD=N lqt |}xRQr swUQt |=yp}rLD QO uwvm =D
u}= QO xm |r=L QO "CU= xOw@ CQ=UN w |@=QN |xrLQt x@ xR=U R= u=tr= u}rw=
xar=]t R}v |}xR=U |=yu=tr= Qo}O QO |@=QN `} RwD |ovwoJ w VQDUo 'xar=]t

"CU= xOW |UQQ@ w
R= GwQN xar=]t u}= QO xm � =yu=tDN=U uqB QO |vQ=kDt=v u=R}t Q}F-=D |UQQ@ ��
|=yu=tDN=U QO |@=QN CiQW}B w VQDUo |xwLv QO '�CU= |tQH C} RmQt

"|WtN ?=k
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|}=H@=H V}=Qo x@ x}@W uwDU w Q}D |xDi=}CUmW pY=it O=OaD XwYNQO

"CU= sQH Rm =Qt QO C=k@] |@Uv

,=D@Uv CNU |x@r QO |@Uv |}=H@=H V}=Ri= '|tQH C} RmQt R= GwQN V}=Ri= =@ �
"OvDUy QDW}@ sQH RmQt QO|@Uv|}=H@=HV}=Ri= R= wO Qy xmCU= sQv|x@r x@ x}@W

�References� `@=vt
1. Ellingwood, B.R. \Mitigating risk from abnormal loads

and progressive collapse", Journal of Performance of
Constructed Facilities, ASCE, 20(4), pp. 315-323 (2006).

2. Somes, N.F. \Abnormal loading on buildings and pro-
gressive collapse", Building Practices for Disaster Mit-
igation, National Bureau of Standards, NBS- BSS- 41,
Washington, DC, pp. 427- 470 (1973).

3. Burnett, E.F.P. \Abnormal loading and building safety",
SP-48, American Concrete Institute, Farmington Hills,
MI (1975a).

4. Gurley, C. \Progressive collapse and earthquake re-
sistance", Pract. Period. Struct. Des. Constr., ASCE,
13(1), pp. 19-23 (2012).

5. Helmy, H., Salem, H. and Mourad, S. \Progressive col-
lapse assessment of framed reinforced concrete struc-
tures according to UFC guidelines for alternative
path method", Engineering Structures, 42, pp. 127-141
(2012).

6. Hayes Jr., J.R., Woodson, S.C., Pekelnicky, R.G.,
Poland, C.D., Corley, W.G. and Sozen, M. \Can
strengthening for earthquake improve blast and pro-
gressive collapse resistance?", Structural Engineering,
ASCE, 131(8), pp. 1157-1177 (2012).

7. Kaewkulchai, G. and Williamson, E.B. \Beam element
formulation and solution procedure for dynamic progres-
sive collapse analysis", Computers & Structures, 82(7-8),
pp. 639-651 (2003).

8. Khandelwala, K., El-Tawila, S. and Sadekb, F. \Progres-
sive collapse analysis of seismically designed steel braced
frames", Constructional Steel Research, 65(3), pp. 699-
708 (2009).

9. Sasani, M. and Kropelnicki, J. \Progressive collapse
analysis of an RC structure", Struct. Design Tall Spec.
Build., 17(4), pp. 757-771 (2008).

10. Talaat, M. and Mosalam, K.M. \Modeling progressive
collapse in reinforced concrete buildings using direct ele-
ment removal", Earthquake Engng. Struct. Dyn., 38(5),
pp. 609-634 (2009).

11. Masoero, E., Wittel, F., Herrmann, H. and Chiaia, B.
\Progressive collapse mechanisms of brittle and ductile
framed structures", J. Eng. Mech., 136(8), pp. 987-995
(2010).

12. Khandelwal, K., El-Tawil, S., Kunnath, S. and Lew, H.S.
\Macromodel-based simulation of progressive collapse:
Steel frame structures", Structural Engineering, 134(7),
pp. 1070-1078 (2008).

13. El-Tawil, S., Khandelwal, K., Kunnath, S. and Lew, H.S.
\Macro models for progressive collapse analysis of steel
moment frame buildings", Proc., Structures Congress,
Long Beach, CA (2007).

14. Sasani, M. and Sagiroglu, S. \Progressive collapse re-
sistance of hotel San Diego", J. Structural Engineering,
134(3), pp. 478-488 (2008).

15. Sasani, M. and Sagiroglu, S. \Progressive collapse of RC
structures: A multihazard perspective", Structural Jour-
nal, 105(1), pp. 96-103 (2008).

16. Sasani, M., Bazan, M. and Sagiroglu, S. \Experimen-
tal and analytical progressive collapse evaluation of an
actual RC structure", Structural Journal, 104(6), pp.
731-739 (2007).

17. Ba�zant, Z.P. and Verdure, M. \Mechanics of progressive
collapse: Learnving from world trade center and building
demolitions", Engineering Mechanics, 133(3), pp. 308-
319 (2007).

18. Lew, H.S. \Best practices guidelines for mitigation
of building progressive collapse", National Institute of

96



sOkt
OkwQ

U=[
Qr=O@

a'u
=}t}

Qmx
}tU Standards and Technology, Gaithersburg, Maryland,

(2003).
19. Lu, X.Z., Lin, X., Ma, Y., Li, Y. and Ye, L. \Numerical

simulation for the progressive collapse of concrete build-
ing due to earthquake", Proc. the 14th World Conference
on Earthquake Engineering, Beijing, China (2008).

20. Lu, X.Z., Li, Y., Ye, L.P., Ma, Y.F. and Liang, Y. \Study
on the design methods to resist progressive collapse for
building structures", Proc., Tenth Int. Symp. On Struc-
tural Engineering for Young Experts (2008).

21. Alashker, Y., Li, H. and EL-Tawil, S. \Approximations
in progressive collapse modeling", J. Struct. Eng., 137,
pp. 914-924 (2011).

22. Kim, J. and Hong, S. \Progressive collapse performance
of irregular buildings", Journal of the Structural Design
of Tall and Special Buildings, 20(6), pp. 721-734 (2011).

23. FEMA P695, Quanti�cation of Building Seismic Perfor-
mance Factors, Prepared by Appied Technology Council,
www.ATCouncil.org (2009).

24. Ibarra, L.F., Medina, R.A. and Krawinkler, H. \Hys-
teretic models that incorporate strength and sti�ness
deterioration", J. Earthquake Eng. and Struct. Dyn.,
34(12), pp. 1489-1511 (2005).

25. Ibarra, L.F. and Krawinkler, H. \Global collapse of dete-
riorating MDOF systems", Proc. 13th World Conference
on Earthquake Engineering, Vancouver, B.C., Canada,
116 (1-6 August 2004).

26. Lignos, D.G. \Sidesway collapse of deteriorating struc-
tural systems under seismic excitations", Ph.D. thesis,
Stanford Univ. (2008).

27. Lignos, D.G., Zareian, F. and Krawinkler, H. \Reliability
of a 4-Story steel moment-resisting frame against col-
lapse due to seismic excitations", Structures Congress,
ASCE., pp. 1-10 (2008).

28. Krawinkler, H., Zareian, F., Lignos, D.G. and Ibarra,
L.F. \Prediction of collapse of structures under earth-
quake excitations", COMPDYN 2009, ECCOMAS The-
matic Conference on Computational Methods in Struc-
tural Dynamics and Earthquake Engineering, Greece
(2009).

29. Haselton, C.B., Liel, A.B. and Deierlein, G.G. \Simulat-
ing structural collapse due to earthquakes: Model ideal-
ization, model calibration and numerical solution algo-
rithms", COMPDYN2009, ECCOMAS Thematic Con-
ference on Computational Methods in Structural Dy-
namics and Earthquake Engineering, Greece (2009).

30. Ibarra, L.F. \Global collapse of frame structures under
seismic excitations", Ph.D. thesis, Stanford Univ. (2005).

31. Haselton, C.B. and Deierlein, G.G. \Assessment seismic
collapse safety of modern reinforced concrete moment
frame building", The John A. Blume Earthquake Engi-
neering Center, Stanford University (2007).

32. Haselton, C.B., Liel, A.B., Lange, S.T. and Deierlein,
G.G. \Beam-column element model calibrated for pre-
dicting exural response leading to global collapse of RC
frame buildings", PEER Report 2007/03, Paci�c Earth-
quake Engineering Research Center, College of Engineer-
ing University of California, Berkeley (2007).

33. Zareian, F., Lignos D.G. and Krawinkler, H. \Quanti�-
cation of modeling uncertainties for collapse assessment
of structural systems under seismic excitations", COMP-
DYN 2009, ECCOMAS Thematic, Conference on Com-
putational Methods in Structural Dynamics and Earth-
quake Engineering, Greece (2009).

34. Zareian, F. and Medina, R.A. \A practical method for
proper modeling of structural damping in inelastic plane
structural systems", J. Computers and Structures, Else-
vier, 88(1-2), pp. 45-53 (2010).

35. Haselton, C.B., Liel, A.B. and Deierlein, G.G. \Simulat-
ing structural collapse due to earthquakes: Model ideal-
ization, model calibration, and numerical solution algo-
rithms", COMPDYN2009, ECCOMAS Thematic, Con-
ference on Computational Methods in Structural Dy-
namics and Earthquake Engineering, Greece (2008).

36. Lignos, D. and Krawinkler, H. \Development and utiliza-
tion of structural component databases for performance-
based earthquake engineering", J. Struct. Eng., Ad-
vances in Earthquake Engineering, 139(2), pp. 1382-
1394 (2013).

97


