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This research provides a detailed assessment of the progressive collapse susceptibility of
reinforced concrete (RC) moment-resisting frames through the Alternate Load Path (ALP)
method implemented using linear static analysis. The analytical framework follows UFC 4-
023-03 and ASCE 7 provisions, employing dynamic load increase factors and material
modification coefficients to account for the effects of dynamic response and material
nonlinearity. A ten-story RC building, designed in accordance with the Iranian Seismic
Code (Standard 2800) and the National Building Regulations (Part 9), was modeled to
evaluate the influence of column location and story level on collapse propagation. Corner,
exterior, and interior columns were removed at the first, sixth, and roof stories to simulate a
comprehensive set of abnormal loading scenarios. Structural performance was quantified
using vertical deformation at the removed-column location and demand-to-capacity ratios
(D/C) for adjoining beams and columns. The results demonstrate that corner-column loss
governs the response, generating the highest vertical displacements and the most critical
D/C demands. Column removal at upper stories amplifies progressive-collapse potential
due to reduced redundancy and fewer effective load-redistribution paths. While columns
generally retained sufficient post-redistribution capacity, beams adjacent to the removed
column exhibited significant overstress, indicating local failure susceptibility. Overall, the
findings reveal that RC moment frames-even when designed in full compliance with
contemporary seismic and structural provisions, may lack adequate robustness against
localized member loss. These outcomes underscore the necessity of integrating progressive
collapse assessment into design practice and highlight the importance of redundancy,

continuity, and load-path optimization in achieving resilient structural systems.
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Introduction
Progressive collapse represents a critical form of structural failure in which the localized

damage or loss of one or more load-bearing members initiates a sequence of failures that can
ultimately result in the partial or complete collapse of a structure. Traditional design
methodologies based on load and resistance factor principles generally ensure safety under
conventional loading conditions; however, they do not explicitly consider extreme or
abnormal events such as explosions, impacts, or terrorist attacks. Historical catastrophes,
including the Ronan Point apartment collapse in 1968, the Oklahoma City bombing in 1995,
and the World Trade Center attacks in 2001, have underscored the susceptibility of buildings
to progressive collapse and highlighted the necessity of incorporating structural robustness
into modern design philosophies. In Iran, the collapse of the Metropole building in Abadan
and the destruction of several buildings during the Twelve-Day War have further
emphasized the need to evaluate the robustness of structures designed according to
contemporary codes and construction practices. Despite notable advancements in seismic
design provisions and structural standards, reinforced concrete (RC) moment-resisting
frames remain vulnerable to progressive collapse under certain member-loss scenarios,
particularly at upper-story levels. Accordingly, this study investigates the structural behavior
of RC frames designed in compliance with Iranian design codes (Standard No. 2800 and
National Building Regulations Part 9) through linear static analysis, following the UFC 4-
023-03 and ASCE7 recommendations, to assess their residual load-carrying capacity and
identify critical failure mechanisms.

Method
In this study, a ten-story reinforced concrete (RC) moment-resisting frame designed

according to the Iranian Seismic Code (Standard No. 2800) and the National Building
Regulations (Part 9) was analyzed to assess its progressive collapse potential. The structure
was modeled in ETABS software using linear elastic beam-column elements with material
properties and section dimensions compliant with design standards. The Alternate Load Path
(ALP) method recommended by UFC 4-023-03 and ASCE 7 was employed to simulate local
member loss scenarios. Three columns corner, edge, and interior were sequentially removed
at different stories (first, sixth, and top floors) to represent possible accidental or abnormal
load conditions. The linear static analysis incorporated dynamic amplification factors to
approximate the effects of sudden element removal and load redistribution. To evaluate the
structural response, vertical displacement at the removed column location and the Demand-
to-Capacity Ratio (D/C) of adjacent members were determined. The performance of the
structure under each removal scenario was compared to identify critical collapse
Mechanisms and to evaluate the adequacy of current design provisions against progressive
collapse.
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Results

The results indicate that corner column removal produces the highest displacement
compared to edge and interior column removal, with differences of approximately 35-50%
at lower stories and up to 90-110% at the top story. The demand-to-capacity (D/C) ratio
exceeds 1.0 at the upper two stories, showing increased vulnerability, while middle stories
exhibit lower ratios due to more effective load redistribution. In transverse frames, load
redistribution resulted in D/C ratios below 1.0, attributed to higher stiffness from axial and
flexural resistance of boundary beams. For the sixth-story column removal scenario,
vulnerability increased by about 30% compared to the first-story removal, with D/C ratios
reaching up to 1.6. Overall, removing columns at higher stories led to greater progressive
collapse potential across all scenarios, despite higher axial forces in lower-story columns,
mainly due to reduced redundancy and fewer alternative load paths in the upper levels.

Conclusions

RC buildings designed under Standard No. 2800 and Part 9 of the National Building
Regulations, even when detailed with reinforcement continuity and integrity provisions,
remain vulnerable to progressive collapse initiated by column removal. This vulnerability is
particularly significant in corner and edge frame columns. Evaluating the vertical
displacement at the removed column and the demand-to-capacity (D/C) ratios of
surrounding beams and columns indicates that corner column removal poses the highest risk
of collapse propagation, followed by exterior column removal. The results further show that
column removal at upper stories leads to greater potential for progressive damage,
emphasizing the importance of optimized member typology and continuity in structural
design. Although most columns maintained sufficient capacity to resist redistributed loads,
widespread damage and multi-member failure scenarios would require more advanced
nonlinear analytical modeling. Despite the simplicity and limitations of linear analysis, the
findings highlight the necessity of evaluating newly designed structures against progressive
collapse resistance criteria defined in current international guidelines.
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