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Abstract - The progressive collapse of building structures is
initiated when one or more vertical load carrying members
are removed. In the present dissertation work is carried out on
reinforced concrete six story framed structure, to study the
collapse , typical columns are removed one at a time and
analyzed. Here many such columns are removed one at a time
and the demand capacity ratio is evaluated as per general
service administration (GSA) guidelines. The pushover curve
and performance of the structure are studied using non-linear
static analysis. Also estimate the different results such as story
displacement, story shear, story drifts and ductility ratios for
different cases of analysis are calculated. The DCR values for
all the columns are safe after eliminating the critical column.
The DCR values for the flexure and shear in beams are unsafe,
since the values are exceeding 2. The story displacement is
gradually increasing from lower story to higher story.
Maximum story displacement is shown in model 2 (corner
column removed) in both the directions. The story shear goes
on decreasing from story 1 to story 6 in both the directions for
all the cases of structure. The story drifts increases as the story
height increases up to certain story and then decreases for all
the cases of structure in both the directions. Ductility ratio is
maximum for the model without eliminating the column.

Key Words: Progressive Collapse, DCR ratio, GSA, ETABS,
Nonlinear static Analysis.

1. INTRODUCTION

The progressive collapse is a consequence of alocal failure of
a structural component that leads to the entire failure of the
structure or to a significant part of it. The term “Progressive
collapse” is described as the condition where load failure of
the major structural component leading to the failure of the
adjacent members, which in turn leads to additional collapse.
Progressive collapse is also known as disproportionate
collapse. The failure of a primary vertical support might
occur due to extreme loadings such as bomb explosion in a
terrorist attack, gas explosion and huge impact of a carin the
parking area.

The robustness of the structure is the ability of the structure
to withstand local damages that may arise due events like
fire, explosions, impact or the consequences of human error,
without being damaged to an extent disproportionate to the
original cause.

In general, buildings are designed to resist the normal
anticipated loads like gravity, occupancy, wind and seismic.
However, some structures occasionally are being exposed to
unforeseen loads due to natural, man-made, intentional or
unintentional reasons. These unexpected loads induce
progressive collapse event.

The collapse of the Ronan Point apartment could be
considered as the first well-known and the most publicized
example of progressive collapse. The Ronan Point tower was
a multi-story residential building consisted of 22 stories
located in Newham, East London, United Kingdom
constructed between July, 1966 and March, 1968. The
overall dimensions of the plan were 24.4m by 18.3m and the
total height of the apartment was 64m. It was easy to be built
since the structural flat plate floor system contained precast
concrete for the walls, floors and staircases. The walls and
floors were bolted together and the connections were filled
with dry packed mortar. This means that the floors did not
have a high potential to withstand bending, especially if over
hanged, so that each floor was supported directly by the
walls in the lower story.

| S |

Fig -1: Ronan Point building after collapse, London 1968.
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1.1 GSA Guidelines

General Service Administration (GSA) investigation
includes elimination of one column at a pointin time from the
story 1 above the ground floor. GSA provides criterion for
column removal for static analysis case. According to that a
column is removed below for representative structures.

1. Corner column of the building.

2. Outer middle column of the building in longer
direction.

3. Outer middle column of the building in shorter
direction.

4. Interior (Centre) column of the building.

1.2 Objectives

1. Toevaluate the progressive collapse potential of an
existing Reinforced Concrete structure using Non-
linear static analysis.

2. To assess the Demand Capacity Ratios for flexure,
shear and axial forces of the member forces.

3. To study the Pushover Curve and its Performance
point.

4. To estimate the different results such as story
displacement, story shear and story drifts from the
pushover analysis.

1.3 Methodology

1. ETABS software is used for the modelling & analysis
of the structure.

2. Non-linear static analysis is carried out as per
General Service Administration (GSA) guidelines.

3. The sudden column loss technique will be used for
simulating the abnormal loading event that causes
localized structural failure

4. The demand capacity ratio for flexure, shear and
axial forces at all storeys is calculated for different
cases of column failure.

5. Storydisplacement, story shear, story drifts and the
ductility ratio are estimated from the pushover
analysis.

2. MODELING OF STRUCTURE

A typical six storey reinforced concrete framed structure is
considered for the study. Typical floor heightis 3.2 m and itis
1.5m for the bottom story.

Table -1: General building details considered

Number of story’s G+5
Building type RC framed
Seismic Zone Zone V

Soil type Medium soil (type 2)
Story height 3.2
Response reduction factor 3
Importance factor 1

Table -2: Structural members of buildings

Thickness of slab 125mm
Beam size 300X450mm
Column size 300X450mm

Table -3: Material properties of building

Grade of concrete M30
Grade of steel Fe415
Density of concrete 25kN/m?
Young’s modulus of concrete 273386.13 MPa
Poisons ratio of concrete 0.2

Table -4: Assumed load intensities

Loads Roof Floor
Live load 3kN/m? 3kN/m?
Super dead 1.5kN/m?
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Fig -2: Plan view of building considered
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Fig -3: 3D view of building considered

2.1 Analysis of structure

Nonlinear static analysis is carried out as per General Service
Administration (GSA) guidelines. A nonlinear analysis is
an analysis where a nonlinear relation holds between applied
forces and displacements. Incremental application of loads
until the maximum loads attained. Gravity loads are not
applied in one step. Nonlinear static analysis is also known as
pushover analysis.

The sudden column loss technique will be used for simulating
the abnormal loading event that causes localized structural
failure, and which could give rise to progressive collapse. The
building considered for the study is an existing 6 storey
reinforced concrete framed structure serving the purpose of
residential quarters. Linear and non-linear static analysis is
carried out using ETABS 16 conferring to the U.S. General
Services Administration (GSA) guidelines.

Demand capacity ratio for flexture at all storeys is calculated
for different cases of column failure. The columns 35, 32,
21and 18 are eliminated one at a time and evaluated. From
the analysis results, the demand at critical positions is
obtained and from the original seismically designed section
the capacity of the member is determined. The DCR in each
structural member is carried out. If the DCR of the member go
beyond the acceptance conditions, the member is considered
failed. The DCR value is calculated for flexture, axial and shear
is calculated.

2.2 Analysis Loading

For static analysis purposes the following vertical load shall
be applied downward to the structure under investigation:
Load = 2(DL + 0.25LL)

Where,

DL =dead load and LL = live load

2.2 Acceptance Criteria

Acceptance criteria for the primary and secondary structural
components shall be determined as:

DCR = Qup/Qce

Qup = Acting force (demand) determined in component or
connection/joint (moment, axial force, shear, and possible
combined forces)

Qce = Expected ultimate, un-factored capacity of the
component and/or connection/joint (moment, axial force,
shear and possible combined forces)

Using the DCR criteria of the linear elastic approach,
structural elements and connections that have DCR values
that exceed the following allowable values are considered to
be severely damaged or collapsed.

The allowable DCR values for major and minor structural
components are:

DCR < 2.0 for typical structural arrangements
DCR < 1.5 for atypical structural arrangements

3. RESULTS
3.1 Demand - Capacity Ratio

After getting all the DCR values for all cases of column
removal, for all cases graph is plotted DCR vs Story’s
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Fig -4: Showing the Demand Capacity Ratio flexure (DCR)
for model 2
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Fig -5: Showing the Demand Capacity Ratio flexure (DCR) Fig -8: Showing the Demand Capacity Ratio Shear (DCR)
for model 3 for model 2
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Fig -6: Showing the Demand Capacity Ratio flexure (DCR) Fig -9: Showing the Demand Capacity Ratio Shear (DCR)
for model 4 for model 3
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Fig -10: Showing the Demand Capacity Ratio Shear (DCR)

Fig -7: Showing the Demand Capacity Ratio flexure (DCR)

for model 5

for model 4
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Fig -11: Showing the Demand Capacity Ratio Shear (DCR)

Fig -14: Showing the Demand Capacity Ratio Axial forces

for model 5 (DCR) for model 4
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Fig -12: Showing the Demand Capacity Ratio Axial forces

(DCR) for model 2
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Fig -13: Showing the Demand Capacity Ratio Axial forces
(DCR) for model 3

Fig -15: Showing the Demand Capacity Ratio Axial forces
(DCR) for model 5

3.2 Pushover Curves
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Fig -16: Showing the performance point along X direction
for model 1

© 2019,IRJET | ImpactFactor value: 7.34

IS0 9001:2008 Certified Journal |

Page 624



‘l, International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

IRJET Volume: 06 Issue: 08 | Aug 2019

www.irjet.net

p-ISSN: 2395-0072

FEMA 440 Equivalent Linearization
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Fig -17: Showing the performance point along X direction
for model 2

3.3 Story displacement
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Fig -18: Comparison of story displacements along X

direction
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Fig -19: Comparison of story displacements along Y
direction

3.4 Story shear
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Fig -20: Comparison of story shear along X direction
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Fig -21: Comparison of story shear along Y direction

3.5 Story Drift
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Fig -22: Comparison story drift along X direction
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Fig -23: Comparison story drift along Y direction
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4. CONCLUSIONS

1. The DCR values are not within limits for flexure and
in shear for column removed from corner of the
building (C35), whereas the beams fails in flexure
and shear for removal of outer middle column in
longer and shorter direction of the building
(C32&C21) and also for the removal of centre
column of building (C18). The DCR values in axial
are safe for the condition of middle, corner and
Centre columns removed.

2. The performance pointis found and pushover curve
is plotted for displacement and base shear for
different column removal conditions in X direction.

3. Thestory displacementis gradually increasing from
lower story to higher story. Maximum story
displacement is shown in model 2 (corner column
removed) in both the directions.

4. The story shear goes on decreasing from story 1 to
story 6 for all the models in both the directions.
Maximum story shear was shown in model 1
(without removal of column) when compared with
all the other models.

5. The story drifts increases as the story height
increases up to certain story and then decreases for
all the cases of structure in both the directions.
Story drift is slightly high in Y direction compare to
X direction.
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