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Load Pattern Value (kg/m?)
Dead Load 530
Partition Load 150
Live Load 200
Roof Live Load 150
Snow Load 150
Perimeter Wall Load 240
Parapet Wall Load 345

Table 1. Gravity load values
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Fig. 2. Plastic hinges developed in 7-story intermediate moment frame under various column removal scenarios
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Fig. 3. Loads and Load Locations for Column Removal [14]
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Load

I Description Load combination Load increase factor
combination ID
G Gravity loads G = 1.2D+(0.5L or 0.25)
Increased gravity loads for _
Gip deformation-controlled actions Gup = Qup[1.2D+(0.5L or Qp=1.2m;z+0.80

for Linear Static Analysis

0.29)]

Increased gravity loads for
Gir force-controlled actions for
Linear Static analysis

Gir= QLF[12D+(O5L or

0.2)] Q=2

Table 2. Gravity load combinations required for linear analysis and alternate path method
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Fig. 5. Required rebar area in two ends of corner beams (mm?)
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Fig. 7. Required rebar area in two ends of middle beams (mm?)

165



S Ses A des 5 g S ol

J‘L;.uba.bj)ﬂJ‘J}C};jdtwtﬂjé‘wbwj\w)j

g Sl 5 SBgejie 3 a3 s Sle 5 LS @S
Aw A 3 LA:;{L.:« Js J:ils.a aalsl 53 .ol sdel s
0% 5okl aule Sl 5 SBgd o de 95 A 5 5 5 S
) s 63l QL:,.: (/\) J&&
JS J:i;lf'.a ‘(/\) J&& DL ol eJ\) QL&.: @L‘b Jdl’w‘f
58 ol Cond (gl aib 03 ol s O
b elnsin Gl sl b s ey Sl s,
sde b awslie 3 a8 ol odal oy VY e (gloj )
cian sboB Gl VYL 5 aib an sl gl YA
JA>L7 Lg‘_)” )L:.: )90 &L&JJQ:A O Q)Lﬂj 40)"...« CL&Z;)\
S esS sk Gln 5k e sl S 5 les ) slasl

il Al JalS asy sy el e ol 2

b ol Jas s Jldy wyg -0
UFC-4-023-03 4olicgw T b o
b Jes e s ol Jeols il ganslie Sua L
Glaob ks, [14] UFC-4-023-03 wbopol ot &
S eslizal b st ot lod il ol ek b
4,5 515 o 2o webioml nl et s Ll s
Gl Co ks b glaol Sl gl o
b (Gl 5 @S wisS glosn) Osw Dl il
Slp Glosle lasl Colis 5 ol Mo ot 8 O 50
el 43S 5 ey 3y s e & lasl J)
53 Jeolis S5 Gl 55 4 0 B ) e JS s
Lilgs L ook >lb b Ve o5 VX ot
o psY il sl esls il [14] UFC-4-023-03 ey f
238 oS Kledd iy 25 65k Lael (e ol il S5
53 edd i m Sl slaslae Sl s SOL CP e
() S 55 el )l slal s dalys 5 Sde asloul
Lo s 2l sl g5y 51 8 S0 8 L bl

]

166

Sl 3 Sl e 3 She ol alie 4 bl o
el ol antls 5 Il E s o )
ol s b sl 3 L s 3 She %
[14] UFC-4-023-03 s s Ll 55
CL s 3 D 3 BL s 380
Lot g e
- CST RIS IFEFS PR N W
oI S s
CL s 3 D 3 L s 380
b e g B n ol b B gt e
350 Comlus 5 Sls (Gamlia oV G 0) sla IS8 s
Sl E sl Gle 5 LS wd S sla s s by S 5L
el 0 03,51 Se
L ssde Sl (V 5 0) (gla S5 55 o5 sboles
A3 5 0, o 53 i g b Glesle e i
e e g 3 5L s 3 S sl e ) sla el
ol b gla 5 a8 55l e es (Ko bl dled e
lp [14] UFC-4-023-03 asbipwl s oll 5
Wb VT Lol s el iy o s 5l oS s
Sl Kl s 2050 Sl NS SAST S
534S s e edalie Lad sy il 3 5 Sl AL
S Masgme e OB e Sl eslital &) 5
slos ) b s ekt ol b @B on S
O SNl sl pli ) Gl Ll dal g s
why ady gl mb s el ol S BB
235 o o akb Vsl S Gl Ul Jals
Th S s sl S Mg et OB
S b sl Sk e sl S S Gt gl )
el el s 055
lie o sl gLl Bl 3 s skt
L oalshe 2 Sl b 0 b L s s S

L;LA:J,.(L:‘:% aw a5 gley) b s slie s



\YaA JL,:/Y‘ a)l.w.f:/r.b.))'};o)}.)

oot Ol jes wdige lagh — ode doee

Glos ) b ey i ol sl b 5o ey 5L s sse 3 Sl cmlis ol S o Sile A S

3.00

286

@ IMF Output
SMF Output
O IMF+ISW Output
Average

2.50

2.00

1.50

1.00

0.50

&\

(@) 3-story frames

0.00

1.40

1.80

@ IMF Output
1.60 SMF Output 1.50
4o || PIME+ISW Output 1.43 -
} Average \
120 1.10

1.00

0.80

0.60

0.40

0.20

et

(b) 7-story frames

0.00

@ [MF Output

SMF Output

O IMF+ISW Output
B Average

1.20
1.10

1.00

0.89

0.80

0.60

0.40

0.20

0.00

(c) 10-story frames
Fig. 8. Ratio of beams rebar area in the progressive collapse design to seismic design (Total average)
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(a) corner column removal

(b) side column removal

(c) middle column removal

Fig. 9. Plastic hinges developed in 3-story frame designed using UFC provisions under various column removal scenarios
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(a) corner column removal

(b) side column removal

(c) middle column removal

Fig. 10. Plastic hinges developed in 7-story frame designed using UFC provisions under various column removal scenarios
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@) corner column removal

(b) side column removal

(c) mlddle column removal

Fig. 11. Plastic hinges developed in 10-story frame designed using UFC provisions under various column removal scenarios
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Abstract:

Progressive collapse is a particular phenomenon in structures in which all or a part of the structure is collapsed due to a
local damage or fracture in a limited part of the structure. This phenomenon is often triggered by an accident such as an
explosion in the structure and then progresses for reasons other than the proper redistribution of forces between other
members of the structure. In this phenomenon, failure is often triggered by an accident such as an explosion in the
structure and then progressed to other parts of the structure due to some reasons such as inappropriate redistribution of
forces between the other structural members. In recent years, study on progressive collapse in structures has been
increasingly taken into account and a number of different researches have been conducted on this topic. One of the
issues discussed in this regard is the impact of structural systems on the potential for progressive collapse in buildings.
One of the most common types of building structures is reinforced concrete buildings that are also widely used in Iran.
In these buildings, various types of structural systems such as “moment-resisting frames systems”, “bearing wall
systems”, “dual systems include moment-resisting frames and shear wall”, etc. are used. Choosing an appropriate
system to have more safety against a premature failure requires knowledge of the behavior of these systems against this
phenomenon. Proposing and choosing an appropriate structural system to have more safety against the progressive
collapse, taking account economic considerations, requires having sufficient knowledge of the behavior of these
systems against this phenomenon. In this paper, an attempt has been made to compare the behavior of various structural
systems of reinforced concrete structures against the progressive collapse. In this regard, after literature review on the
researches and existing standards/codes provisions related to this issue, nine reinforced concrete frames different in
structural systems or number of stories have been modeled and the behavior of these frames has been investigated.
These frames consist of 3, 7, and 10-story frames, as well as three structural systems: “Intermediate reinforced concrete
moment frame”, “special reinforced concrete moment frame” and “Intermediate reinforced concrete moment frame +
Intermediate reinforced concrete shear walls”. The loading and design of these frames is done in two ways: taking into
account the criteria for progressive collapse, without taking into account these criteria. In the design of the structures
with the aim of preventing a progressive collapse, the UFC-4-023-03 regulations have been used and these structures
have been evaluated under different column removal scenarios. Finally, the provisions for linear and nonlinear analysis
presented in this code are also compared. The results show that in terms of the ability to withstand the loads on the
structure after column removal and also economic considerations, “Intermediate reinforced concrete moment frame”
have better behavior than other structural systems studied in this paper. Moreover, in the studied structures, it is
determined that the UFC-4-023-03 regulations, in the nonlinear analysis method, has been provided more conservative
criteria compared with linear analysis.

Keywords: Progressive collapse, Reinforced concrete buildings, Load-resisting system, Column removal.
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