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Abstract- The term progressive collapse is defined as the spread of an initial local failure in a manner analogous to a chain 
reaction that leads to partial or total collapse of a building structure. The characteristic of progressive collapse is that the 
final state of failure is disproportionately greater than the failure that initiated the collapse. In this study, progressive collapse 
analysis is carried out on a Y shaped 12 storey building of RC framed structure. Then the building is assessed using linear 
static analysis by removing column at different locations. The columns are removed at ground floor in different locations each 
one at a time and analysis is carried out using ETABS 2016 and then the Demand Capacity Ratio (DCR) value is evaluated. 
Finally it can be concluded that Y-shape building is safe against progressive collapse when center column and corner column 
is removed compare to other cases and provision of RC bracings at which column collapse around the column is best 
economical solution to prevent the progressive collapse. 
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1. INTRODUCTION 

The first collapse in 1968 in residential building of Ranon Point happened because of gas break out in the outer side and it 
attracted the notice of all and later on similarly happened in Skyline Tower building, L’Ambiance and Bankeer Trust 
Building. The GSA guidelines in June 2003 and United Facilities Criteria (UFC) in the year of 2005 and 2009 in the field of 
progressive collapse were published. When progressive collapse occurs the building will collapse fully or partially, this is 
due to the failure of any one of the building components like column, beam and slabs due to abnormal loads or extra loads. 
In most of the cases column failure is the main reason for the progressive collapse, the column failure results in the failure 
of beams connecting it, then the failure of beams leads to failure of surrounding or adjacent building components and 
finally building collapses. 
 

1.1. Objectives 

1) To understand the performance of irregular or unsymmetrical RC structure under progressive collapse. 
2) To understand and identify the behavior of unsymmetrical structure and the action or sequences of failure of plan for 

column removal at different locations. 
3) To evaluate the DCR of the structure against progressive collapse at different location of column removal. 
4) To calculate the Demand Capacity Ratio (DCR) and evaluate the results as per the acceptance criteria provided in U.S. 

General Service Administration (GSA) guidelines.  
5) To calculate the DCR by introducing bracings at ground floor to reduce the effect of progressive collapse.  

2. GENERAL SERVICE ADMINISTRATION GUIDELINES 

According to guidelines of GSA, the failure occurs in the structural member at first in the structure refers the local failure, 
this local failure leads to global failure i.e. collapse of whole structure. Various methods used for progressive collapse 
analysis are linear static analysis, non-linear static analysis, linear dynamic analysis and non-linear dynamic analysis.  
The GSA guidelines suggests different locations to remove 2 or more columns for analysis, 
A. Column at exterior side in longer direction.  
B. Column at exterior side in shorter direction.  
C. Columns located in the corner.  
D. Columns located at interior of the building. 
1) Linear Static Methods: The loading is taken as per General Service Administration (GSA) guidelines and design is done 
using IS 456-2000 
Load combinations as per GSA guidelines 
 i) Before column removal:   [D L + 0.25 L L]   
ii) After column removal:  2*[D L + 0.25 L L] 
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Where, D L- Self weight or dead load and L L- Live load 
Analysis will be carried out by using Etabs-2016. 
2) Demand Capacity Ratio (DCR) Value: As per GSA guidelines, the DCR is defined as the ratio of load acting on the member 
and load withstand by the member. Based on the DCR value of the member obtained from the analysis, the structural 
components are considered as the safe and sound. Otherwise the structural member is said to be damaged due to DCR 
exceed the limit and leads to collapse of structure, if member is safe when DCR value is within the limit. 
DCR = load acting on the member / load withstand by the member  
         = Lacting / Lcapacity  
Lacting = Load or stress on the element. BM, SF and AF of beams and columns are considered.  
Lcapacity = Load or stress withstand by the element in terms of BM, SF, AF 
As per GSA guidelines, the limiting acceptable value of DCR is limited,  
i) For symmetrical structure 2 and  
ii) For unsymmetrical structures 1.5 
3) Method of applying the progressive collapse load on the structure 
 

 
Fig. 1: Loads and Load Locations for External and Internal Column Removal for Linear Static Models (Left Side 

Demonstrates External Column Removal; Right Side Shows Internal Column Removal) 

3. METHODOLOGY 

For the analysis, a 12 storied Y-shape R C structure having storey height of 3m each and consists of 12 storeys with bay 
size as 5 meters in both the direction. 
The building details are as follows, 

Table 1: Material properties and gravity loads on structure 

Materials 

Concrete fck 30 

Steel Reinforcement Fe500 

Dimensions 

Slab 150mm 

Wall 300mm 

Beam 300mmX500mm 

Bracing 300X300mm 

Column 

1 – 4storey 300mm*800mm 

5 -8storey 300mm*600mm 

9 – 12storey 300mm*450mm 

Loads 
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Live Load 3 kN/m2 

Floor load 1.5 kN/m2 

Wall load 13.75 kN/m 

Parapet load 3.7 kN/m 

Collapse load for floor area above 

removed column 
26.4 kN/m2 

Collapse load for floor area away 

from removed Column 
6 kN/m2 

 
 

 

                   a) Plan                                     b) Column Removing Locations 

 

c) Without Bracing             d) With Exterior Bracing 

Fig. 2: Y-shape model details and isometric view 
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4. RESULTS AND DISCUSSION 

4.1. Corner column removed at ground floor 

 

 Fig. 3: Corner column removal location in plan and elevation 

 

Chart 1: DCR vs Storeys for corner column removal  

In this case, the DCR value of the beam upto 11thstorey will exceeds the 1.5 and the providing the exterior and interior 
bracings at ground floor, the DCR value of all storey within 1.5. Hence progressive collapse does not occur, when bracings 
are provided. 
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4.2. Shorter side middle exterior column removal at ground floor  

 

  Fig. 4: Shorter side middle exterior column removal location in plan and elevation 

 

Chart 2: DCR vs Storeys for Shorter side middle exterior column removal 

In this case, the DCR value of the beam upto 11thstorey will exceeds the 1.5 and to providing the exterior bracings at 
ground floor, the DCR value will exceeds the 1.5 upto 3rdstorey. To providing the interior bracings at ground floor, the DCR 
value will be within 1.5. Hence progressive collapse not occurs, when providing the interior bracings. 
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4.3. Middle interior column removal at ground floor  

 

Fig. 5: Middle interior column removal location in plan and elevation 

 

Chart 3: DCR vs Storeys for Middle interior column removal 

In this case, the DCR value of the beam all will exceeds the 1.5 for both without bracing and with exterior bracing. To 
providing the interior bracings also the DCR value upto 11thstoreywillexceeds the 1.5. Hence progressive collapse occurs 
and it is more critical compare to other cases. 
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4.4. Column removed at center in ground floor 

 

Fig. 6: Column removed location at center in plan and elevation 

 

Chart 4: DCR vs Storeys for Column removed at center 

In this case, the DCR value of the beam upto 3rdstorey will exceeds the 1.5 for both without bracing and with exterior 
bracing. The DCR value of all storey within 1.5 for providing interior bracing. Hence progressive collapse not occurs and it 
is less critical compare to other cases. 

5. CONCLUSIONS 

A. The members surrounding the column removal fails by exceeding the demand capacity ratio value of 1.5 for middle 
and interior column removal case. 

B. The beams whose DCR values are less than acceptance criteria values suggested by GSA for progressive collapse 
guidelines are safe.   
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C. The DCR values for center and corner column removal case are within the limit, hence no progressive collapse occurs. 
D. The middle and interior column removal case is the most critical for progressive collapse when compared to other 

cases. 
E. By providing the bracings (300X300 mm) in the ground storey at which column is removed, it can be made safe 

against progressive collapse. 
F. The bracings provided adjacent to the column that is more economical for all the cases. 

6. SCOPE FOR FUTURE WORK 

A. Investigate the failure of columns located on floors other than the ground floor, for example in the middle level storey 
or any other strorey. 

B. Evaluate the DCR value and stability of building against progressive collapse at different seismic zones. 
C. Compare performance of irregular and regular building at different seismic zones with or without bracings. 
D. Compare performance of regular and irregular building at provision of different types of bracings like steel, concrete 

etc... 
E. Consider atypical building including both horizontal and vertical irregularities in the building plan. 
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