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1- Redundancy

2- Pushdown

3- Uniform pushdown

4- Bay pushdown

5- Incremental dynamic pushdown
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1- Demand capacity ratio
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1. Introduction

Progressive collapse means gradual destruction of a part of a structure resulting from uncommon damage and
expansion of this destruction to other parts of the structure. The damage can be caused by an explosion, earthquake,
being hit by a vehicle or a sudden collapse etc. The damage is often applied to the structure dynamically and during
a short time period. After the destruction of Ronand’s Building and engineers’ focus on progressive collapse, a wave
of research on protective methods or reducing the structure’s potential against progressive collapse started. In the
beginning the result was in the form of some changes in codes; however, after a few years when a couple of similar
happenings occurred, separate codes were set to reduce or protect destruction. Two of these codes which deal with
progressive collapse separately are Department of Defense (DOD) [1] and General Service Administration (GSA)
[2].

Kim and Kim [3] have studied the performance of steel moment resisting frame (SMRF) against progressive
collapse. In this paper which has been conducted on three steel moment resisting frame the performance of the
structures has been an evaluated using DOD2005 and GSA2003 codes. Also, structures have been analyzed using
these three analyses: Linear Static (LS), Linear Dynamic (LD), and Nonlinear Dynamic (ND). The results of the
survey are the indicative of the fact that the condition of corner columns compared to similar columns is very week
and enjoys a high potential to expand destruction.

2. Analysis methods of progressive collapse

In order to study the building’s structure against progressive collapse using the alternative path method in DOD
code, there are three analyses (LS, NS, and ND) to control the behavior of main members such as beams and
columns which are destroyed suddenly.

2.1. Linear static approach

In this method which is considered the simplest one, to check the members against progressive collapse, to
rectify the effects resulting from member geometry and dynamic load in gravity loading of upper members of
removed column a factor called myr is applied. Regarding the type of structure whether steel, concrete etc., and also
the kind of joints, a factor called magnifying coefficient (m) is extracted. It is necessary to mention that m - is the
smallest magnifying coefficient (m) of elements which are joined to the beam. In the current research, the amount of
m has been taken into account regarding the improved rigid joint. The loading coefficient () is calculated
concerning the myg.
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2.2. Nonlinear static approach

In Nonlinear Static Method (NS) the factor which results from dynamic loading effect is added to the gravity
loading of the removed column’s upper members. This coefficient is calculated and extracted based on the defined
tables in code regarding the type of structure as well as the type of joints.

2.3. Nonlinear dynamic approach

In Nonlinear Dynamic Method to evaluate members, first the existing interior forces in the node of the removed
column are calculated. Then the mentioned column is removed from the numerical modeling and analogous
reactions in the mentioned node are applied. To calculate displacement and specifying the condition of plastic joints
of the members’ elements, the incoming reactions are removed from the structure in a form of an impact load. It is
necessary to mention that the time period of removing the load is time history algorithm.

3. Research method

In this paper, different scenarios of removing the column are based on the introduced locations in codes which
behaviorally speaking are divided into three groups: Middle Column (MC), Edge Column (EC) and Corner Column
(CC).

4. The studied models

In this paper, 24 structural models in ordinary MRF with following specifications have been studied: number of
stories: 3, 5, 7 and 10, number of spans: 3 and 5, various span length, 4, 5 and 6 meters.

5. Discussion

After analyzing the fore mentioned structures for each of (ND), (NS) and (LS) analyses, besides calculation of
subsidence, vibration period, study of DCR’s, etc., also comparison of structure’s response to each other, we can
assess the steel moment resisting frame against Progressive Collapse.

5.1. Situation of beams

After analyzing the structures’ response in three modes [Nonlinear Dynamic (ND), Nonlinear Static (NS) and
Linear Static (LS)], the results indicates that in all the models, including 3, 5, 7 and 10-story buildings, the beams
which have been located on the highest floor do not have a suitable performance because they become unstable
quickly when the column is removed, which can due to unclear redundancy in the last beam, particularly lack of
upper column. In addition, all the studied areas’ beams are capable of bridging over other members, except for the
beams located on the highest floor that have been tested with Nonlinear Dynamic (ND), Nonlinear Static (NS)
method. It is necessary to mention that the results of Linear Static (NS) analysis concerning the floor beams shows
the percentage of destroyed beams compared to total number of upper beams in the removed column area (Ny/Ny;)
increases as the proportion of span length (L) to beam’s height (d) goes up. Ny is the number of destroyed beams in
the upper area of removed column and Ny is the total number of upper beams in the removed column area.
Generally speaking, if the proportion of L/d does not exceed 9 (L/d<9) the destruction potential in linear static
method will be zero. In Fig. 1, the average percentage of destroyed beams has been checked in different positions.
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Fig. 1. Situation of beam’s destruction to the total number of beams in the removed column area in proportion of length to
beam’s height
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5.2. Situation of columns

After checking the models in different destruction modes and type of analysis, it got clear that in all the
controlled areas (MC, EC and CC) with nonlinear dynamic (ND), nonlinear static (NS) methods the columns have
the capability of transferring loads over other elements.

6. Conclusions

Regarding the carried out research on steel structures designed based on Iranian codes as well as their
evaluations against progressive collapse with alternative path approach suggested by DOD, the following results
were achieved:

Concerning the performed studies, it was made clear that in SMRF buildings designed based on Iranian code, the
last floor’s beam are not capable of bridging over other members and are prone to progressive collapse.

The introduced linear static approach in DOD code is approximately 40% more conservative than nonlinear
dynamic method.

In analyzing the structures designed based on nonlinear static approach the amount of Ans is approximately 30%
more Anp.
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