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Abstract— The progressive collapse terminology defines as 

“initial spread of local failure from element to element, 

results eventually in the collapse of a disproportionately 

large part of it or collapse of entire structure”. Causes of 

progressive collapse in the building refocus and researches 

have been started after the event of 11 September 2001. 

Damage caused due to unexpected impact, fires, earthquake, 

explosions, design or construction, overload due to occupant 

misuses etc in multi-storey building are susceptible. The 

present study involves 15 storey’s building with floor height 

of 3m; with rectangular grid containing 5 bays of 4.75m in 

X direction and 4 bays of 4m in Y direction is modeled 

using E-TABS v13. The analysis is performed using linear 

static method. The structure is examining two cases of 

removal of column at various storeys at different location as 

suggested by General Services Administration. Bending 

moment of beams and axial force in columns are the main 

factors considered in the study. The purpose of this work is 

to study the behavior of variation in bending moment of 

beam and axial force in column at different storeys for 

seismic zone V and medium soil is evaluated for column 

removal cases. 
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I. INTRODUCTION 

Local damage in the structure arises by accidental actions to 

withstand the ability of robustness of a structure without 

disproportional failure i.e. disproportionate to the triggering 

cause. The progressive collapse terminology defines as 

“initial spread of local failure from element to element, 

results eventually in the collapse of a disproportionately 

large part of it or collapse of entire structure”. The causes of 

progressive collapse in the building refocus and more 

researches have been started after the event of 11 September 

2001. Under accidental events, the rational methods are 

established. If the structural elements fail when they are 

loaded beyond the ultimate capacity or when the loading 

pattern or boundary conditions are varied then progressive 

collapse takes place. An alternative load path of the 

remaining structure redistributes the load applied to it when 

any element fails in the structure. In order to survive the 

alternative load paths seeks continually the collapsing 

system and large deformations are usually accompanied by 

dynamic process. An important characteristic of progressive 

collapse is that the initial damage is not comparative to the 

final damage [1]. 

The increase of construction of multistory building 

due to urbanization and unavailability of space across the 

world leads to progressive collapse. Damage caused due to 

sudden impact, fires, earthquake, explosions, design or 

construction, overload due to occupant misuses, etc in 

multistory building are susceptible. Structural elements 

should be adequately designed and analyzed so that they 

don’t undergo progressive collapse foremost to the failure of 

whole structure. The loss of critical structural members is 

prevented by redistributing the loads of collapsing system. 

The potential redistribution of larger loads is designed to 

handle the structural members like beam, column and frame 

connections. Structural damage caused due to abnormal 

loads results in loss of support in the structure [2]. Above 

the failed column, structural members will sustain large 

displacements instantaneously when a column in a 

multistory framed building is removed due to explosion and 

the beams that are framed to the column develop failure 

unless a centenary response to arrest collapse of the floor 

area that are supported by the failed column[6].  

A. Objectives 

1) To explain the terms and types of progressive collapse. 

2) To identify the pattern of progressive collapse. 

3) To study the variation in bending moment and axial 

force. 

II. GENERAL SERVICES ADMINISTRATION 

Removal of single column at a time on any storey above the 

ground floor is integrated in General Services 

Administration (GSA) analysis. This guideline provides 

removal of exterior column at the shorter side of the 

building, at the longer side of the building, at the corner of 

the building, and interior column on any storey can be 

eliminated for static analysis case. With the above mention 

column removal cases an engineering judgment is done as 

suggested in GSA for additional critical location of column. 

The immediate loss of a column should be restricted to the 

smaller resulting in the maximum allowable extent of 

collapse for exterior column less than 1800 square feet at the 

floor level directly and interior column less than 3600 

square feet. Strengthening of members is required if the 

damaged area exceeds the maximum allowable above [3]. 

III. LINEAR STATIC ANALYSIS 

Linear static analysis generates simple, quick, and 

approximate results. In progressive collapse, notional 

removal of one of the critical columns is commonly 

accepted in order to simulate the progressive collapse 

behavior. The General Services Administration (GSA) 

guidelines allow linear static analysis to obtain fast and 

economical results. However, it is difficult to calculate 

accurate behavior in a structure using linear static analysis. 

Only 25% of the full live load is used to represent actual live 

loads in a structure. However, if the structural response goes 

beyond the elastic range into the inelastic region, calculated 

forces from the linear static analysis exceed the capacities of 
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the structures in inelastic regions. Additionally, 

displacements from the linear static analysis are smaller than 

results from nonlinear analysis because material nonlinearity 

is not considered [7]. 

IV. BUILDING CONFIGURATION 

A typical structural frame of 15 stories and height of 45m is 

modeled using ETABSv13 for the analysis. The description 

of building is detailed as rectangular grid contains 5 bays of 

4.75m in X direction and 4 bays of 4m in Y direction. The 

ground storey height is 3m and the rest of the storey’s are 

3m. All the supports are taken as fixed supports. The design 

is calculated using IS 456:2000 and IS1893-2002. The 

materials, sections, loadings used in the model are 

mentioned as below: 

A. Material: 

 Characteristic compressive strength of concrete 

(fck) : 25 N/mm
2
 

 Yield strength of reinforcing steel (fy) : 500 N/mm
2
 

B. Column size: 

1) Interior column 

 300X700mm (Base to 5th storey) 

 300X650mm (6th to 10th storey) 

 300X600mm (11th to 15th storey) 

2) Exterior column 

 300X525mm (1st to 5th storey) 

 300X500mm (6th to 10th storey) 

 300X450mm (11th to 15th storey) 

C. Beam size: 230X375mm 

D. Slab thickness: 150mm 

E. Wall thickness:  

 230mm Exterior wall 

 150mm Interior wall 

F. Loads: 

 Dead load: Self weight of structure  

 Floor finish: 1.5 kN/m2 

 Wall load: 12.07 kN/m2 

 Live load: 3 kN/m2 

 Parapet load: 4.2 kN/m2 

 Seismic loading(IS:1893-2002): Zone II, III, IV, V 

 Soil type II 

 Response Reduction Factor : 5 

 Importance Factor : 1 

 Time period (Ta) : 0.83 sec 

G. Load Combinations 

  1.2 (DL+LL±EQX) 

  1.2 (DL+LL±EQY) 

  1.5 (DL±EQX) 

  1.5 (DL±EQY) 

V. ANALYSIS 

To examine the progressive collapse of a 15 storey 

reinforced concrete building using linear static analysis, 

three column eliminations are considered. Building is 

analysed using ETABS v13 for IS 1893 load combinations. 

Analysis is performed C23 and C7 columns. Study of 

variation in bending moment and axial force of the beam 

and of column is calculated for two cases of column failure 

and for different seismic zones. As compared from all the 

zones the most affected is zone 5, where maximum number   

of beam and column fails. The results for zone 5 are 

discussed below. 

 
Fig. 1: Plan and 3D- View 

VI. RESULTS 

A. Case 1: Removal of Interior Column at Storey 1. 

 
Fig. 2: Plan and Elevation after Column Removal. 

After removal of column 23, the most affected beams and 

columns are column- 26, 20, 24, 22 and beam-27, 29, 30, 16. 

 
   Fig. 3: Bending Moment before Removal Elevation 3 
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Fig. 5: Bending Moment after Removal Elevation 3 

 
Fig. 4: Axial Force before Removal Elevation 3 

 
Fig. 6: Axial Force after Removal Elevation 3 

B. Percentage Variation in Axial Force 

1) Graph 1: Story v/s Percentage Variation of Axial Force 

   
Column 26               Column 20 
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Column 24                                  Column 22 

2) Case2: Removal of Exterior Corner Column at story5 

   

Fig.7: Plan and Elevation after Column Removal 

After removal of column 7 the most affected beams and 

columns are column- 8, 16.and beam - 38, 35. 

 
   Fig. 8: Bending Moment before Removal Elevation 1 

 
     Fig. 9: Bending Moment after Removal Elevation 1 
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   Fig. 10: Axial Force before Removal Elevation 1 

 
      Fig. 11: Axial Force after Removal Elevation 1 

3) Percentage Variation in Axial Force 

Graph.2: Story v/s Percentage Variation of Axial Force 

 
Column 8   Column 16 

VII. DISCUSSIONS 

A. Elimination of Interior Column 

In this segment of study a single column is eliminated and 

lateral force is applied in X direction, the frame tries to 

behave as vertical cantilever and columns above the column 

which has been eliminated behave as a floating column. The 

load distribution path suddenly gets disturbed and floating 

column loads get transferred to the beam on either side of 

eliminated column. 

 Two segments of the beam [on the either side of the 

eliminated column] act as a single beam element. 

Thus the loads from floating column get transferred 

to the adjacent column through the single beam 

element action. 

 It is observed that hogging bending moment in 

tension zone decreases thus increases the sagging 

bending moment in compression zone. 

 The amount of load transferred on the single beam 

element is observed to be highest on the eliminated 

story and it goes on reducing on the above stories as 

seen in the graph.  

 In this case the additional load is shared by 4 adjacent 

columns. And the maximum percentage increase in 

axial force is found to be more in the adjacent 

column. 

B. Elimination of Exterior Edge Column 

In this segment of study a corner column is eliminated. The 

effect of this eliminated column is critical on two adjacent 

columns.  

 The two plane frames in two directions of the 

eliminated column get modified and part of frame 

behaves like an over hanged cantilever.  

 The hogging bending moment in the beam at the 

extreme end completely vanishes and the moments 

get transferred on the other joint (and hence) thus 

increasing the sagging bending moment. 

 To keep the frames stable the adjacent columns bear 

additional axial forces. As the columns sustains these 

additional load upto some extent, there is no total 

failure of the structure.  
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 In this case the additional load is shared by 2 adjacent 

columns. And the maximum percentage increase in 

axial force is found to be more in the adjacent 

column. 

VIII. CONCLUSION 

1) Shorter bays are more affected in all collapse regions, 

the reason is shorter bay tries to acts as a cantilever and 

heavy point load from longer bay acts on the shorter 

bay. 

2) Domino type of collapsed occurred when interior 

column was eliminated.  

3) Comparing both the cases, maximum percent of 

increase in axial force was found in edge column.  

4) Lateral displacement of a structure is maximum for 

zone 5. 

5) It is observed that maximum number of beam and 

column fails in zone 5. 

6) Maximum effect and damage is observed at the removal 

of interior column for zone 5. 

7) It is localized failure where the effect reduces as we 

move away from the collapse area. 

8) Weight of the building gets transferred to adjoining 

columns, leading the failure of adjoining members and 

ultimately the failure of part or total collapse of the 

structure. Hence the frame is less susceptible to 

progressive collapse. 

IX. SCOPE FOR FURTHER STUDY 

1) The study can be carried out for various analysis 

procedures. 

2) The study can be carried out for tall structures. 

3) The study can be carried out for different soils. 

4) Building can be provided with and without infill walls 

and comparison study can be done between them. 
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