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ABSTRACT 

With ever rising population for countries like India 

the structural engineers design high rise building 

where all the necessary components like plumbing, 

wiring etc. shall be done with acute precision and 

any lenience in these works may cause disaster for 

the occupant of the building. Even the structures in 

the vicinity of the effected building may get 

damaged so analyzing structure for such condition is 

very essential. 

Several codes are available for such analysis like 

EURO Code, ASCE Code but GSA gives well 

defined and simpler guidelines for such analysis. 

The present study focuses on doing the same such 

type of analysis is called as progressive collapse 

analysis. GSA guidelines have been used to assess 

the stability of the adjacent members which are 

subjected to damage. Several configurations of 

localized and global failure of columns were 

considered for a G+10 and G+15 storied building for 

which demand capacity ratio were calculated and 

response spectrum analysis was also carried out 

using  

SAP 2000. It was observed that when entire column 

was removed the demand to capacity ratio was not 

in acceptable limits. Hence mitigation techniques 

were done by modifying the structural properties 

after which the DCR ratio were within the limits. 

 

KEYWORDS: progressive collapse analysis, 

demand capacity ratio, GSA, response spectrum 

analysis etc. 

 

I. INTRODUCTION: 
In the context of rapid global population 

growth, overpopulation has intensified economic 

demands necessary for sustaining densely populated 

urban areas. Skyscrapers have emerged as a viable 

solution to address these challenges by optimizing 

land use, providing enhanced security, facilitating 

easier maintenance, and ensuring the availability of 

essential amenities for urban populations. 

 

Tall buildings face numerous challenges as 

their height increases. One of the primary challenges 

is the structural design and selection of materials, 

which must account for various factors such as 

lightweight construction, resistance to wind and 

earthquakes, geotechnical investigations, provisions 

for basements, efficient vertical transportation 

systems, fire safety, construction speed, repair and 

maintenance, advanced plumbing systems, and the 

integration of information technology. When these 

fundamental requirements are addressed, high-rise 

buildings can be deemed successful for human 

habitation. Additionally, it is crucial to safeguard the 

lives of occupants in the event of a failure, albeit a 

rare occurrence. Particular attention must be given 

to preventing catastrophic failures, which are 

typically progressive in nature and can lead to 

significant consequences. 

 

II. LITERATURE REVIEW: 

Massimiliano Ferraioli et al (2024) This study 

focuses on the progressive collapse assessment and 

retrofit of a steel-reinforced concrete hospital 

building. The analysis examines the building's 

response to progressive collapse under various 

column removal scenarios, utilizing both nonlinear 

static and dynamic methods. A two-step pushdown 

analysis is introduced to calculate the dynamic 

amplification factor (DIF), which helps adjust for 

dynamic effects. The findings highlight the 

building’s vulnerability, particularly due to the 

limited tensile axial resistance in the beam-to-

column connections. The assumption that DIF 

equals 2, along with the nearly inverse relationship 

between DIF and vertical deflection, were found to 

be ineffective because of the catenary effect. A 

retrofit solution involving an outrigger-belt truss 

system at the roof level is proposed, and the results 

demonstrate its effectiveness. After retrofitting, the 

displacement dynamic response of the building is 

significantly reduced—from approximately 20 cm 

in the original structure to under 1 cm in the 

retrofitted version. 

Nada Elkady et al (2024) This reviews article aims 

to present a thorough and up-to-date summary of 

research on progressive collapse in building 

structures. It is organized into eight sections, 

addressing key topics such as background 

information, notable collapse incidents, the 
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classification of progressive collapse, relevant 

design standards, investigation techniques, 

strategies for prevention and mitigation, structural 

types that require special attention, and areas for 

future research. Beyond foundational concepts, the 

review highlights recent advancements, including 

the use of physics simulations, game engines, and 

machine learning techniques in the study of 

progressive collapse. It also discusses the potential 

applications of these emerging technologies in 

future research. Additionally, the article focuses on 

recent developments aimed at enhancing the 

resilience of timber and modular constructions. As a 

result, this review serves as a valuable resource for 

gaining a comprehensive understanding of the 

current state of progressive collapse research, 

offering insights for both newcomers and 

experienced professionals in the field. 

M Vinay et al (2022) in this research work 10 storey 

regular Reinforced Concrete framed structure is 

considered and is seismically designed with IS 

1893:2016 in SAP2000 version 20 modeling. The 

different column removal scenarios both in plan and 

elevation suggested by guidelines were examined by 

alternate load path method using nonlinear staged 

construction available in the software and then 

identify the potential of the structure to withstand 

progressive collapse. Numerical results were 

compared by analyzing columns and beams 

separately by calculating demand capacity ratios and 

the requirement of percentage of steel for failed 

structural elements are predicted both in flexure and 

shear stresses.  

The failed structural elements were re-designed to 

resist progressive collapse in order to satisfy the 

acceptance criteria recommended by the guidelines. 

It’s showed that the incorporation of perimeter 

beams in buildings improved the progressive 

collapse resistance as it reduces joint displacement 

and chord rotation at column removal locations by 

providing sufficient stiffness and load paths for 

increased gravity loads. 

Pawan Kumar et al (2021) This paper reviews the 

progressive collapse study on RC frame structure 

based on various numerical, analytical, and 

experimental methods which are reported and 

discussed in the literature. In comparison with bare 

RC frame, the advantageous impact of the masonry 

infill wall on the RC structural frame is summed up 

against the progressive collapse. 

M. Nassir et al (2019) this study is made to compare 

progressive collapse resistance of a multi-story 

building under both single and multi-column 

removal scenarios. An eight-storey reinforced 

concrete building was analyzed by using linear static 

analysis procedure and DCR values of the members 

are calculated to investigate the potential of 

progressive collapse as per GSA guideline. The 

values of DCR are compared for different cases. 

Comparisons of single and multi-column removal 

scenarios reveal that later scenarios are more critical 

because of their higher demand capacity ratios, and 

it is more critical when both corner and exterior 

columns are removed. 

Yash Jain (2018) conducted a study on a 10-story 

reinforced concrete (RC) hotel building located in 

Zone-II with a total height of 33 meters. The analysis 

was performed using ETABS software, focusing on 

wind loads, and adhering to the GSA guidelines. A 

linear static analysis was carried out, and the 

Demand-Capacity Ratio (DCR) for all beams was 

found to be below 1.5, as prescribed by the GSA. 

The results indicated no beam failure under the 

various column removal scenarios examined; 

however, certain columns were identified as critical. 

Ruchika Mishra (2017) examined the progressive 

collapse behavior of RC framed buildings situated in 

different seismic zones. The study focused on a five-

story RC building, analyzing its response under four 

column removal scenarios using linear static 

analysis, as outlined by GSA guidelines. The 

building was initially designed in ETABS v15.0 

based on IS 1893 load combinations. For each 

column removal case, the DCR was assessed in the 

critical RC regions associated with the removed 

columns to evaluate the structure's potential for 

progressive collapse. 

 

III. CRITICAL APPRAISAL 
The reviewed studies collectively provide 

significant insights into the assessment, mitigation, 

and retrofitting of progressive collapse in building 

structures, employing advanced tools like SAP2000 

and ETABS, as well as nonlinear analysis methods. 

While studies such as Ferraioli et al. (2024) and 

Vinay et al. (2022) introduce innovative retrofitting 

solutions and challenge conventional assumptions 

like the Dynamic Amplification Factor (DIF), 

others, such as Nassir et al. (2019) and Kumar et al. 

(2021), highlight critical vulnerabilities in structural 

elements like beam-to-column connections and 

corner columns. Despite the breadth of research, the 

heavy reliance on numerical modeling on low rise 

buildings does not provide insight of performance of 

high rise building under the effect, particularly under 

multi-hazard scenarios. Moreover, while emerging 

technologies like machine learning and physics 

simulations are highlighted (Elkady et al., 2024). In 

this study localized failure will be considered for 

G+20 story building and pushover analysis would be 

https://www.sciencedirect.com/topics/engineering/research-work
https://www.sciencedirect.com/topics/engineering/load-path-method
https://www.sciencedirect.com/topics/engineering/flexure
https://www.sciencedirect.com/topics/engineering/joints-structural-components
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performance to check performance point of the 

considered models. 

 

IV. METHODOLOGY 
4.1 Building Modelling 

A multi-storey reinforced concrete framed structure 

was modelled using SAP2000 software. The 

building consists of beams, columns, slabs, and rigid 

joints, designed as per relevant Indian Standards. 

Material properties corresponding to M30 grade 

concrete and Fe500 steel were adopted. 

4.2 Progressive Collapse Analysis Procedure 

Progressive collapse analysis was performed 

following the GSA (2016) guidelines using the 

Alternative Load Path method. The procedure 

involves the sudden removal of a primary load-

carrying column to simulate an abnormal event and 

evaluate the structure’s ability to redistribute loads. 

The following column removal scenarios were 

considered: 

• Corner column removal 

• Middle column removal 

• Peripheral column removal 

Non-linear static (pushdown) analysis was carried 

out using the load combination: 

DL + 0.25 LL 

 

4.3 Performance Evaluation 

Structural performance was evaluated using the 

Demand Capacity Ratio (DCR), defined as: 

DCR=Demand/Capacity 

According to GSA guidelines: 

• DCR ≤ 2.0 → Acceptable performance 

• DCR > 2.0 → Unacceptable performance 

 

V. DESCRIPTION OF BUILDING 

MODELS 
5.1 G+10 Building Model 

The G+10 RC framed structure consists of beams, 

columns, slabs, and rigid joints designed as per 

Indian Standards. The building is modelled using 

SAP2000 with fixed supports at the base. Material 

properties corresponding to M30 concrete and 

Fe500 steel are adopted. 

 

5.2 G+15 Building Model 

The G+15 building follows the same plan 

configuration and material properties as the G+10 

structure but with increased height. Due to 

additional storeys, the structure experiences higher 

axial loads and bending moments, making it more 

sensitive to progressive collapse. 

 

VI. Progressive Collapse Analysis 

Framework 
 

6.1 Unmitigated Structural Model 

The unmitigated RC framed structure is designed 

according to conventional gravity and  

 
seismic load requirements. Progressive collapse 

analysis is performed by removing selected columns 

and assessing the resulting structural response using 

non-linear static analysis. 

 

6.2 Mitigated Structural Model 

Mitigation measures are implemented by 

strengthening critical structural members identified 

through Demand Capacity Ratio (DCR) evaluation. 

These measures include: 

• Increasing beam and column cross-

sectional dimensions 

• Enhancing reinforcement detailing in 

critical members 

• Improving continuity and load 

redistribution paths 

Both unmitigated and mitigated models are analysed 

under identical loading and boundary conditions for 

comparison 
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VII. DCR Values for G+10 Storey Building 

Before Mitigation Bending Moments 

 
 

 

After Mitigation DCR values 

 
 

VIII. RESULTS AND COMPARATIVE 

DISCUSSION: 
The results reveal a clear difference in 

progressive collapse behaviour between the two 

buildings. For all column removal scenarios, the 

G+15 building exhibits higher DCR values 

compared to the G+10 structure. Corner column 

removal is identified as the most critical case in both 

buildings. 

In the G+10 building, several members 

approach the permissible DCR limit but remain 

within acceptable range for certain scenarios. In 

contrast, the G+15 building shows DCR values 

exceeding 2.0 in multiple members, indicating a 

higher risk of collapse. The increased height leads to 

greater load demand and reduced ability to 

redistribute forces effectively. 

 

IX. CONCLUSIONS: 
1. For the G+10 building, removal of 

peripheral columns on the longer side 

resulted in DCR values up to 5.76, 

exceeding the GSA permissible limit of 2.0, 

indicating unsafe performance before 

mitigation. 
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2. Removal of peripheral columns on the 

shorter side in the G+10 building showed 

even higher DCR values up to 8.78, 

confirming that corner and edge failures are 

the most critical. 

 

3. For G+15 storey buildings, DCR values 

under column removal reached above 6.0, 

again crossing safe limits, highlighting 

greater vulnerability in taller frames. 

 

4. After implementing mitigation strategies 

(such as increasing member sizes and 

material capacity), DCR values for both 

G+10 and G+15 models were brought 

within the acceptable limit of 2.0, 

demonstrating the effectiveness of 

strengthening. 

 

5. Seismic performance analysis revealed that 

base shear increased after mitigation (e.g., 

from \~22000 kN to \~26000 kN for G+15), 

improving lateral load resistance capacity. 

 

6. Roof displacement decreased after 

mitigation (e.g., from \~240 mm to \~190 

mm for G+15), confirming enhanced 

stiffness of the modified structural system. 

 

7. Storey drift ratios, which initially exceeded 

IS 1893 limits of 0.004 h, were reduced to 

safe limits after mitigation, ensuring 

compliance with codal requirements. 

 

8. The fundamental time period of the 

buildings reduced slightly after mitigation 

(e.g., from 3.45 s to 3.12 s in G+15), 

indicating increased stiffness and faster 

dynamic response. 

 

FUTURE SCOPE: 

• The study can be carried out on building 

with irregularity in plan, elevation. 

• The study can be done on buildings 

located hillside i.e. on sloping ground. 

• The study can involve remedial 

measures for the configuration which 

do not lie in the demand to capacity 

ratio limits. 
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