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Abstract- Progressive collapse is a catastrophic failure 

mechanism that can lead to the sudden and widespread 

collapse of structural systems. Steel moment-resisting frames, 

particularly ordinary and intermediate moment frames, are 

commonly used in buildings due to their ability to resist 

lateral forces and provide stability. However, the resistance to 

progressive collapse in these frames is highly influenced by 

the design and detailing of the connections between structural 

elements. This review paper presents a comprehensive 

comparison of the progressive collapse resistance capacities 

of steel ordinary and intermediate moment frames, with an 

emphasis on the role of connection details. The review 

analyzes various connection types including rigid, semi-rigid, 

and flexible connections—and their impact on frame behavior 

under extreme loading conditions. Special attention is given to 

the effects of connection strength, stiffness, and redundancy on 

the propagation of collapse. Additionally, the paper discusses 

the influence of frame classification (ordinary vs. 

intermediate) on the overall collapse resistance, taking into 

account factors such as load redistribution, energy 

dissipation, and ductility. The findings highlight key 

considerations for improving the progressive collapse 

resistance of steel moment frames and provide 

recommendations for future research and design practices. By 

comparing the resilience of different frame types and 

connection details, this paper aims to contribute to the 

optimization of structural designs that mitigate the risk of 

progressive collapse in steel buildings. 

 

I. INTRODUCTION 

 

 The Progressive collapse refers to a catastrophic 

failure phenomenon where the failure of a single structural 

element or component triggers a chain reaction, causing the 

collapse of an entire portion or even the whole structure. This 

mechanism poses a significant risk to the safety and stability 

of buildings, particularly in the event of extreme events such 

as natural disasters, accidents, or terrorist attacks. In recent 

years, there has been increasing concern regarding the 

vulnerability of  building structures to progressive collapse, 

motivating extensive research into the design and analysis of 

structural systems capable of resisting such failures. 

 

Steel moment-resisting frames (MRFs) are widely 

employed in modern construction due to their flexibility, 

strength, and efficient load-carrying capacity. These frames 

are categorized into ordinary moment-resisting frames 

(OMRFs) and intermediate moment-resisting frames (IMRFs), 

with the primary distinction between them being the level of 

seismic design requirements and the framing's ability to resist 

lateral forces. While both OMRFs and IMRFs provide 

significant resistance to lateral loads such as wind and seismic 

forces, their performance under extreme conditions, such as 

progressive collapse, can differ considerably. A key factor 

influencing this performance is the connection detailing 

between the beam-to-column and other structural joints, which 

play a critical role in the frame’s ability to redistribute loads 

and prevent the spread of failure. 

 

The connection details in steel moment frames 

significantly affect the overall stability and strength of the 

structure, especially under extreme loading scenarios that can 

lead to progressive collapse. The behavior of these 

connections, whether rigid, semi-rigid, or flexible, can alter 

the frame's response to both local and global failures. Rigid 

connections, for example, typically offer better resistance to 

deformation and higher load transfer capabilities compared to 

semi-rigid or flexible connections, but they may also introduce 

more complex failure modes under extreme conditions. The 

overall resistance to progressive collapse depends not only on 

the intrinsic strength and stiffness of the connections but also 

on how these connections interact with other elements of the 

frame, including the beams, columns, and foundations. 
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Despite advances in seismic and structural design, 

there is still a gap in understanding how different types of 

moment-resisting frames, coupled with varying connection 

details, perform under the unique conditions that lead to 

progressive collapse. Furthermore, the existing literature often 

focuses on the performance of individual frame systems under 

localized loads or isolated failure scenarios, without 

adequately addressing the cumulative effects of progressive 

collapse propagation across the entire structure. 

 

This paper aims to fill this gap by reviewing and 

comparing the progressive collapse resistance capacities of 

steel OMRFs and IMRFs, with particular focus on the 

influence of connection details. Through a comprehensive 

analysis of various connection configurations and their impact 

on the progressive collapse resistance of both frame types, this 

review provides insights into the design strategies that can 

enhance the structural safety and resilience of steel buildings. 

The findings from this review are intended to guide engineers 

and designers in selecting optimal frame and 

connectiondesigns that minimize the risk of progressive 

collapse while ensuring structural integrity in the face of 

extreme events. 

 

II.LITERATURE SURVEY 

 

Followingisthestructuredliteraturesurveyeachfocusing 

on Comparing the Progressive Collapse Resistance Capacities 

of Steel Ordinary and Intermediate Moment Frames 

Considering Different Connection Details 

 

Pike, W., Anderson, R., & Zhou, L. (2005) 

 

This study investigates the effect of different 

moment-resisting connections (rigid, semi-rigid, and flexible) 

on the progressive collapse resistance of steel frames. The 

authors concluded that rigid connections offer superior 

resistance to collapse propagation due to their high stiffness 

and moment transfer capacity. However, they also noted that 

such connections could lead to brittle failures under extreme 

loads. Semi-rigid and flexible connections, while more ductile, 

demonstrated a lower overall resistance to progressive 

collapse but allowed for better redistribution of loads, thus 

mitigating the collapse of neighboring elements. 

 

Song, X., & Liu, X. (2010) 

 

The authors conducted a parametric study on the role 

of connection flexibility in mitigating progressive collapse in 

steel moment frames. Their findings suggest that semi-rigid 

connections can significantly improve a structure's 

performance in progressive collapse scenarios by enabling 

more efficient load transfer between frames and improving 

overall frame ductility. The study further emphasizes that the 

performance of semi-rigid connections is highly dependent on 

both the connection’s stiffness and the frame’s redundancy. 

 

Fujikawa, T., Takahashi, K., & Nakashima, M. (2011) 

 

‘In this research, the authors compare the progressive 

collapse resistance of ordinary and intermediate moment-

resisting frames (OMRFs and IMRFs). The study found that 

IMRFs, due to their enhanced lateral load resistance, exhibited 

better overall strength and stiffness. However, the study also 

pointed out that IMRFs might be more susceptible to 

progressive collapse if their connection detailing does not 

account for local failure modes, suggesting that connection 

design plays a more significant role than frame classification 

in such scenarios. 

 

Yang, Z., Chen, H., & Li, Y. (2012) 

 

This paper presents a numerical analysis of steel 

moment-resisting frames subjected to progressive collapse. 

The authors found that rigid moment connections significantly 

reduce the risk of progressive collapse by limiting excessive 

deformations. Their study demonstrated that the inclusion of 

additional frame redundancy, such as extra beams or braces, 

could further enhance the frame’s ability to resist collapse, 

even under extreme or localized loading scenarios. 

 

Lu, W., Tang, L., & Zhou, X. (2014) 

 

This paper examines the influence of connection 

detailing on the progressive collapse resistance of steel frames. 

By modeling various connection types, the authors found that 

poorly detailed connections could trigger progressive collapse 

by failing to redistribute loads effectively across the structure. 

The study suggests that connection detailing—such as bolt and 

weld placement—should be designed with the potential for 

collapse propagation in mind to prevent failure from spreading 

throughout the building. 

 

Zhang, F., & Xu, H. (2016) 

 

This study focuses on the impact of moment-resisting 

and shear connections on the progressive collapse resistance 

of steel frames. The authors concluded that while moment-

resisting connections generally provide superior performance 

in resisting collapse propagation, the failure of a single 

connection can still lead to significant structural damage. They 

proposed the use of hybrid connection systems that combine 

the strengths of both moment-resisting and shear connections 

to enhance the overall collapse resistance of steel frames 
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Xie, L., Tang, Z., & Zhang, J. (2017) 

 

This study evaluates the progressive collapse 

resistance of steel OMRFs and IMRFs under extreme load 

cases, with a focus on connection design. The authors 

identified that while IMRFs typically offer higher lateral load 

resistance, their susceptibility to progressive collapse is 

closely linked to the configuration and detailing of their 

connections. The research recommends the use of robust 

connection detailing and secondary structural elements to 

improve the collapse resistance of IMRFs, particularly in non-

seismic regions. 

 

Zhang, Y., & Zhao, F. (2018) 

 

Through full-scale experimental tests, this study 

investigates the collapse resistance of steel frames with 

different connection types. The authors concluded that 

moment-resisting connections with proper detailing are highly 

effective at resisting progressive collapse by maintaining 

structural integrity in the face of localized failures. However, 

their results also indicated that frames with poorly detailed 

connections are at significant risk of catastrophic failure, 

especially under impact or sudden loading conditions. 

 

Khan, F., & Ahmed, M. (2019) 

 

This study explores the seismic and progressive 

collapse performance of steel frames with various connection 

detailing. The authors found that frames with semi-rigid 

connections exhibited a more favorable balance between 

strength and ductility, improving progressive collapse 

resistance while maintaining adequate seismic performance. 

They suggested that semi-rigid connections offer a promising 

design alternative for buildings in high-risk seismic zones, 

where progressive collapse resistance is also a concern. 

 

Wang, Z., & Li, J. (2020) 

 

This study investigates the effect of connection 

stiffness on the progressive collapse behavior of steel 

moment-resisting frames. The authors found that increasing 

the stiffness of the connections, particularly at beam-column 

joints, significantly enhances the overall collapse resistance by 

reducing the vulnerability to large deformations. The research 

also highlighted the importance of designing connections that 

can withstand cyclic loading without losing their load-carrying 

capacity, a key consideration for progressive collapse 

scenarios in seismic regions. 

 

He, L., & Zhang, D. (2021) 

 

In this study, the authors focus on the role of 

redundancy in steel frames' resistance to progressive collapse. 

They propose a framework for evaluating redundancy based 

on connection strength and layout. Their results demonstrate 

that well-distributed, redundant connections are essential for 

enhancing the frame’s ability to redistribute loads during a 

collapse scenario. The study emphasizes that even in low-

seismic regions, adequate redundancy in both the frame and 

connection design is necessary to prevent collapse propagation 

 

Qiu, L., & Zhang, J. (2020) 

 

This paper explores the impact of connection failure 

modes on the overall collapse resistance of steel moment 

frames. The authors found that the failure of beam-to-column 

connections significantly affects the stability of the entire 

structure. The study identifies key failure modes, such as joint 

shear failure and weld cracking, that can trigger progressive 

collapse. The authors suggest that improving connection 

details, including better-quality welding and bolting, can 

mitigate these failure modes and improve overall collapse 

resistance. 

 

Li, Y., & Zhang, Z. (2019) 

 

This research investigates the progressive collapse 

resistance of steel frames with different connection types 

under blast loading conditions. The authors conducted 

dynamic simulations to assess how rigid and semi-rigid 

connections behave under sudden, high-intensity loads. The 

study found that rigid connections provided superior resistance 

to blast-induced progressive collapse but also highlighted that 

semi-rigid connections offered better post-blast residual 

stability, making them more suitable for buildings with 

potential exposure to accidental blast scenarios. 

 

Liu, Q., & Wang, Y. (2018) 

 

The authors explore the influence of connection 

ductility on the progressive collapse behavior of steel frames. 

The study concludes that connections with higher ductility, 

such as those using pre-qualified bolted moment connections, 

significantly enhance the frame’s ability to withstand extreme 

loading conditions without triggering collapse propagation. 

Additionally, they found that frames with ductile connections 

exhibited higher energy dissipation capacity, allowing them to 

better redistribute forces during collapse scenarios. 

Gao, W., & Xu, G. (2021) 

 

This study evaluates the effect of different connection 

types on the progressive collapse resistance of steel frames 
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subjected to both vertical and lateral loads. The authors used 

both experimental and numerical methods to analyze the 

frame behavior under simulated collapse scenarios. Their 

findings suggest that moment-resisting connections with 

additional shear reinforcement (e.g., shear plates or bracing) 

offer a significant advantage in resisting progressive 

collapse, particularly in buildings located in regions with 

moderate seismic risk. 

 

III. CONCLUSION BASED ON LITERATURE 

REVIEW 

 

The reviewed studies provide significant insights into 

the effect of connection types and detailing on the progressive 

collapse resistance of steel moment-resisting frames (MRFs), 

particularly focusing on rigid, semi-rigid, and flexible 

connections. 

 

From the early works of Pike et al. (2005) and Song 

& Liu (2010), it is evident that rigid connections, with their 

higher stiffness and moment transfer capacity, provide the best 

resistance to progressive collapse, but at the cost of potential 

brittle failures under extreme loads. Meanwhile, semi-rigid 

connections, though offering more ductility, were shown to 

better redistribute loads and mitigate collapse propagation, 

especially when combined with frame redundancy as 

emphasized by Yang et al. (2012) and Xie et al. (2017). The 

importance of connection detailing—such as bolt and weld 

placement—has been highlighted across studies (Lu et al., 

2014; Zhang & Zhao, 2018) as a critical factor in preventing 

failure from spreading. 

 

More recent studies, such as those by He & Zhang 

(2021) and Gao& Xu (2021), further stress the importance of 

redundancy and the role of advanced connection detailing in 

improving collapse resistance, particularly in high-risk seismic 

regions. Zhang & Xu (2016) and Khan & Ahmed (2019) 

advocate for hybrid connection systems that combine moment-

resisting and shear connections to optimize structural 

performance under extreme loading scenarios. Additionally, 

Li & Zhang (2019) and Wang & Li (2020) point to the 

advantages of connection stiffness in enhancing resistance to 

progressive collapse under both blast and cyclic loads. 

 

Collectively, the studies underscore that the design of 

moment-resisting frames with robust, well-detailed 

connections is paramount for resisting progressive collapse, 

with additional redundancy and proper detailing ensuring 

better load redistribution and mitigating collapse propagation. 

Moreover, hybrid systems and semi-rigid connections, 

particularly in seismic regions, offer promising solutions for 

balancing strength, ductility, and overall collapse resistance 

 

IV.CONCLUSION 

 

The literature reviewed highlights the critical role of 

connection detailing in determining the progressive collapse 

resistance of steel moment-resisting frames (MRFs), 

especially when comparing different connection types such as 

rigid, semi-rigid, and flexible connections. 

 

Overall, the studies consistently show that rigid 

connections provide superior resistance to collapse 

propagation due to their higher stiffness and moment transfer 

capacity. However, they also bring the risk of brittle failure 

under extreme loads, as noted by Pike et al. (2005). In 

contrast, semi-rigid connections, though offering lower 

overall resistance to progressive collapse, demonstrate greater 

ductility and the ability to redistribute loads more 

effectively, which helps mitigate collapse in neighboring 

structural elements. This is a key takeaway from studies such 

as Song & Liu (2010) and Fujikawa et al. (2011), who 

highlighted the importance of connection flexibility in 

improving structural performance under extreme loading 

conditions. 

 

The findings also emphasize that connection 

detailing—such as bolt and weld placement—is crucial in 

preventing progressive collapse. Lu et al. (2014) and Zhang 

& Zhao (2018) demonstrated that poorly detailed connections 

are highly susceptible to failure, potentially triggering a 

cascade of collapses throughout the building. Thus, careful 

consideration of connection detailing is essential for ensuring 

that loads are redistributed effectively in the event of localized 

failures. 

 

Additionally, recent studies, such as those by Xie et 

al. (2017) and Gao& Xu (2021), show that frame 

redundancy and the distribution of connections also play a 

vital role in improving collapse resistance. The research 

suggests that intermediate moment-resisting frames 

(IMRFs), while offering enhanced lateral load resistance, may 

still be vulnerable to progressive collapse if their connection 

detailing is not carefully designed. Therefore, the interaction 

between connection type, detailing, and redundancy is critical 

in enhancing the progressive collapse resistance of steel 

frames. 

 

Furthermore, hybrid connection systems, as discussed 

by Zhang & Xu (2016) and Khan & Ahmed (2019), that 

combine the strengths of both moment-resisting and shear 

connections are emerging as a promising design solution. 

These systems capitalize on the higher strength of moment-

resisting connections while incorporating the flexibility and 
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load redistribution capabilities of shear connections to 

improve overall collapse resistance. 

 

In conclusion, the literature consistently demonstrates 

that the progressive collapse resistance of steel frames is 

strongly influenced by the type and detailing of connections. 

Rigid connections provide superior strength, but may fail 

catastrophically under extreme loads, while semi-rigid 

connections offer a more ductile behavior that can mitigate 

collapse propagation. Furthermore, connection detailing and 

redundancy are crucial for ensuring structural stability in the 

event of localized failures. Finally, hybrid connection systems 

and the use of secondary structural elements hold significant 

promise for improving collapse resistance, particularly in 

regions prone to high seismic activity or extreme loading 

scenarios 
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