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Sectio Typ  Flange  Flange Web Flange

n e thicknes  width(c height(c  width(c
s(cm) m) m) m)
A I 28 30 2 1

Table 2. Section properties of Girder “A”
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Fig. 3. Equivalent compression-concentric strut model for
masonry infill panels
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Fig. 1. Selected frame for finite element modeling

Soldde (sl o oalizad LB wblis N PRES

Floor Beam Column
Girder A Box 30%30%2 8
Girder A Box 30%30%2 7
Girder A Box 30*30%2 6
Girder A Box 35%35+2 5
Girder A Box 35%35%2 4
Girder A Box 35%35%2 3
Girder A gox 40%40%2 2
Girder A~ Box 40%40%2 1

Table 1. Sections used in frame for modeling
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Table 3. Width of the equivalent strut model for the infill

panels with thickness of 20 and 25 cm
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Scenario URM Removed Removed Strut
Thickness URM Column
(cm)
A1-20-N 20 11 Al No
Al1-25-N 25 11 Al No
B1-20-N 20 11&21 B1 No
B1-25-N 25 11&21 B1 No
A1-20-1 20 11 Al Yes
Al1-25-1 25 11 Al Yes
B1-20-1 20 11&21 B1 Yes
B1-25-1 25 11&21 B1 Yes

Table 4. column removal scenarios and infill properties
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Fig. 6. Frame status after column removal (scenario: Al-

25-N)
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Scenario Considered DCR
Beam

Al-25-N Al-25-N 11

Al-25-1 Al-25-1 11

Table. 5. Comparing DCR of the critical beam momentum
between scenarios A1-25-N and A1-25- |
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sl D5
Scenario 224 DORMWI - 5eg with stuts
Al-20-N 0.37 0.89 0.884
Al-25-N 0.34 0.888 0.879
B1-20-N 0.34 0.84 0.839
B1-25-N 0.3 0.826 0.816

Table. 6 equivalent Load factor for axial load of critical
column

5 et S gl dabes sl b S 5 s Sl Y g

Sl
Scenari  Load DCRwith Load  DCR with
0 Factor factor struts
Al-20-N 111 0.966 0.969
Al-25-N 103 +/0.981 0.980
B1-20-N 1.6 0.946 0.953
B1-25-N  1.09 0.967 0.965

Table. 7. equivalent Load factor for momentum of critical
beam

sy S8 GOl Dalee 6l 5L oS 5 e Jlde —A g

Sl
. Load DCR with Load .
Scenario Factor factor DCR with struts
A1-20-N 0.37 1.22 1.22
A1-25-N 0.35 1.28 1.27
B1-20-N 0.34 0.837 0.834
B1-25-N 0.3 0.82 0.828

Table. 8 equivalent Load factor for ductility of critical
beam
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Abstract:
When one or more vertical elements of a structure fail due to defects in construction stages or over loading
or etc., load distribution path of the structure changes and local failure arises in the damaged area. This kind
of damage is not considered by engineers and can cause local collapse. The local collapse can spread
vertically or horizontally to the other areas of the building if no alternate path exists to redistribute the loads.
Therefore, limiting the local collapse in the damaged area is major idea to mitigate progressive collapse in
buildings.
Nowadays, analyzing the structures which are designed based on the current standards, against progressive
collapse and offering ways to improve and strengthen them is leading to part of the designing stages of the
special buildings. Thus, some standards and codes in this field are being produced or updated. The most
common method to analyze the structure against progressive collapse is the alternate path method. In this
direct design method, the critical columns are removed immediately and stability of the remaining structure
is investigated. However, there is no reference on the effect of lateral resistance of the infill panels. This is
one of the simplifier assumptions which are used in numerical studies of progressive collapse in structures,
indicating inconsistency between the numerical and experimental full-scale results. Unlike numerical studies,
experimental studies showed that the structure remain stable even if more than one column is removed.
In this research, a steel structure with 8 stories with moment resistant frame is analyzes as a case study, and
designed considering the effect of unreinforced masonry infill panels (URM). URM infill panels in full
contact with the frame elements on all four sides shall be considered as primary elements of a lateral force-
resisting system. Recognizing this behavior, the stiffness contribution of the infill is represented with an
equivalent compression strut connecting windward upper and leeward lower corners of the in-filled frames.
Thus, analytical macro-model based on the equivalent strut approach is used to simulate the effective infill
panels. Progressive collapse potential of one of the peripheral frames is evaluated with the Opensees
program based on the nonlinear dynamic analysis. Researchers found that linear static analysis might result
in non-conservative results since it cannot reflect the dynamic effect caused by sudden removal of columns.
So, time-history analysis should be applied to seek dynamic response of the structure.
Results indicate that considering infill panels may increase axial force of the columns and decrease bending
moment of the beams and nodes displacements. So results are closer to the experimental studies and prove
stability of the structure after column removal and increase resistance of building against progressive
collapse.
As it is distinct, modeling the infill panels in the analysis is complex and time-consuming, so in this research,
the coefficients are proposed to apply to the load combinations instead of modeling the infill panels in order
to make the results closer. The proposed coefficients are larger than one for columns forces and smaller than
one for the beams forces.

Keywords: progressive collapse; steel moment resistant frame; masonry infill panels; nonlinear dynamic
analysis; alternate path method.
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