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Fig. 1. Building plane with bracing in middle span
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2 Life Safety
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Member Storey Case
c, First 1
C; First 2

Az 30, First 3
¢ Middle 4

C Middle 5
A3 3G, Middle 6
Cy Last 7
C; Last 8
Az 96 Last 9

Table 3. Removal cases in building with bracing in lateral span
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Table 4. emoval cases in building with moment frame system
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Llge 5 05 Olejpr o —Y-V-F
Gl 6 by oS b Ve 50 cladis Gl Yl
son bl dsl il 5 A lge 5 C2 05 Olesen
Lo edalie sliyy e gl Sl eDle S50 2l
Lbl e sdalin 55 s ol 1 Gl s Lyl pas
b 0 Jhe oy 4kl A dulee 5 C2 05 Sl
o 350 o0 odaline A J&i); LY au'jf;)l».a Qcd>)

Loopomen aby Sl G5l A2 dlee b b oo Lol



SR P Gt 5o A oA

e 63Y 55 ladlastla s Shas 53,500 03 0 Laslee 50 )

A5 Gl oV s aib Ve 50 cla Jue & A abimda
ooy s oAl Y Gl s b oalie als s
u:.\.ﬁd‘)}b&uﬁ J)).:JC)Y[:- Lfi‘ DL e)ng:,\-‘lfQ‘j:

\;wo:.d r}l.iac.l.'n_})

i lge 3 05 Olojon 3o —¥-Y-F
laailes 53 tles (5,553 LGB Wil 55 OBl o
e s dol Dlib 5o oplgs 5 Ot Olejen Sl LSl
ol L edaline (N FGi= ) i) s 50 sladie,s
Dlespn Sl b Lol ol sl isy g ol b ablis o
CI) aib 0 e ST aib s A2 wules 5C2 O
G 338 0 odalie (V) S 55 &8 4550k (A4
Oramen 4y SIE G AL Al e b ow Lo
Sy Jrrde 50 B L lays 53 oS 250 0 4l
> Shas o 5 Sty Joolia ol olad o o oS3
@u@uw,ﬁgm.wmﬁﬂ@aujﬁw;aw
sdalie (V) o 55 &5 480k 4zl Vv B4 Gl
4 Camd oligy Gh 2l b ablie 5o sl Cundy 050 s
Sl L oS IS w08 My s o5 aib 0 LB
Cod DB slael 5l el 53 Lyles 5 O Olajen
Slass 3l S s bbb 503 S5l Sl b a Lol
st 51515 o Shes mhaw b (Sl fade Ly
Wile 55 Il nl 53 bl b bl ool gz 0 2558
GBSl sisy i ol osle 5o aib 0 OB 4 Gl Sl

Al e

Ll 5 Ot Olajer Gl 5l g b 0 OBV S

i

s 16\ 29\
| o ao1s)
&) \| @ (Ls-cp)
a <10

. | m>Cp

Fig. 11.View of 5 stories frame after column and brace
removal

243

ik 0 Je Jsl ik €7 Ot VL o 8 plralr iy 6 )0 S50
(oS alas 5 kysles)

Time (s)

Maximum Displacement

1.37 em

Displacement (cm)

Fig. 10. Node displacement history of column C;
(First storey in 5 storey model and brace in lateral span)
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Fig. 14. Node displacement history of column C;in moment
frame
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Table 5. Hinge Condition in moment frame
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Abstract:

Structural safety in the design of civil engineering projects has always been significantly important for
engineers. One of the failure mechanisms of structures which is recently attended is progressive collapse.
Progressive collapse of structures during earthquakes and even explosions near the construction has become
a major challenge, creating problems for structures, and may even lead to the destruction of the entire
structure. Progressive collapse is defined as extension of primary local failure from an element to another
element that finally collapses the entire structure or a major part of it. Potential hazards that cause
progressive collapse are fires, gas explosions, accidents, bombs etc. the purpose of this paper is to investigate
progressive collapse in steel structures with centrically braced frames, and the influence of parameters such
as height, bracing arrangement and type of structural system. In this study, the progressive collapse due to
column removal in steel centrically braced frames that are designed seismically according to Iranian
guidelines is analyzed using alternate path method and nonlinear dynamic analysis. Also, the progressive
collapse due to column and brace removal is simultaneously analyzed in steel centrically braced frames. The
analysis of the progressive collapse in moment frame and the comparison of it with centrically braced frames
will also be carried out. For this purpose, two five- and ten-story structures with braces in the middle spans,
and also two five- and ten-story structures with braces in lateral spans were analyzed using ETABS program.
One of the five-story structures was with system of moment frames and the other one with a combinational
system of moment frames centrically braced. Thereafter, the progressive collapse was modeled in SAP2000
program for one of the structures with outside frames. Results showed that the removal of a single column
only when there is no brace beside the removed column, and also simultaneous removal of columns and
braces only in the last floor cause progressive collapse of the structure. Also, the probability of progressive
collapse with simultaneous removal of columns and braces will increase when the height of the frames
centrically braced increases, and will decrease when the height of the frames laterally braced increases. Also
the comparison of centrically braced frames with moment frames showed that centrically braced frames are
more resistant to the progressive collapse than the moment frames. However, combinational system of
moment frames and centrically braced ones in comparison with the other analyzed systems is the most
resistant system to progressive collapse.

Keywords: Progressive collapse, Nonlinear dynamic procedure, Eccentric brace, Moment frame, Alternate
path method
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