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third floor9s 



defined as <an extent of damage or 

collapse that is disproportionate to the magnitude of the initiating event= 



caused the local damage is not considered. The resulting local failure, however, is what9s important



the UFC guidelines for the <Design of Buildings to Resist Progressive Collapse= 

design methods were provided, the TF, ELR and APM, to be followed according to the building9s risk category 

the previous section and prescribed by the DOD9s UFC were employed. However, in its latest release



<alternative rational analysis= procedures 



9s
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are a bit easier to conduct as they don9t require the simulation of 



building9s response to column removal and to improve our numerical models and simplified methods used to 

of solid masonry infill panel walls in facades as well as internal partitions, contrasted with today9s light weight 



story steel structure checked for progressive collapse safety according to the UFC9s 

for simplification and optimization shouldn9t 
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and the building9s response to the blast was reexamined 

architecturally desirable. As expected, both alternatives drastically improved the building9s robustness by 



to a building9s robustness is its redundancy. 

highlights a structure9s ability to redistribute among its members and connections loads which can no longer be 

–

–



that contributes to a building9s r

while there9s a 



it into strain energy contributes to reaching a new equilibrium position and hence increases the structure9s 



and the section9s compression side becomes its 



can drastically increase the section9s capacity increase the member9s 

as well as the system9s robustness.

compressive arching forces, catenary forces can grossly increase the section9s load





quantifying the slab9s contributio
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Ec=4700√fc'



















contribution to the system9s response and resilience.
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and so the system9s 

the software9s ability to predict the response of 3D systems with transversal beams and slabs. 























s also worth mentioning that the system9s load capacity is overestimated in the case of T1.

was when the system9s load
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to account for the column9s presence before removal. Then, 



















<Numerical (CL)= 
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action as well as the onset of catenary behavior, enabling a more realistic assessment of the structure9s full 

Ec=4500√fc'
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V = S(Ta)MvIEW/(RdRo)

s, therefore, Class C. The building9s importance category 





fulfill the <Strong Column –

Beam= criterion.
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Using the <embedded 

region= constraint in Abaqus, 







the system9s failure. 

This meant that the analysis wouldn9t be able to capture the 





the system9s load

happened in the top longitudinal reinforcement steel bars of the fourth floor9s beam for FF

floor9s beam for FF













floor9s beam for 











m9s average 



first floor9s adjacent column for FF

in the first floor9s diagonally opposite column 











floor9s share of the 
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floor9s beam for BF













displacement curves or <pseudo static= curves as dubbed in



floor9s 

floor9s beam for FF

















fourth floor9s beam. 



















he system9s average load capacity

in the first floor9s adjacent column 

















floor9s beam. 
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words, the membrane action improves the system9s response in supporting inertial forces. This improvement 











floor’s result.



floor’s result.



part of the building9s lateral load

system9s behavior
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models. The sixth floor9s results were generally different and tended to deviate from the other five floors. This 
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IC models due to the system9s symmetry and limited inter

•

was implemented on the case study9s full



•

•

moment of area are considered when calculating the beam9s stiffness values along its length.



• A spring is placed at the beam9s end to account for the stiffness provided by the adjacent beam and/or 

•

•



L' = √L2+D2
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L
L'
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D
L'

L9 = Inclined length of beam,
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E = Young9s modulus of concrete,







[Ks]= 

[  
   
   
   
 Ks3 0 -Ks3 0 0 0 0 0 0

0 Ks1 0 0 -Ks1 0 0 0 0
-Ks3 0 EA

L' c2+ 12EI
L'3 s2+Ks3 ( EA

L' - 12EI
L'3 )cs -6EI

L'2 s -EA
L' c2- 12EI

L'3 s2 ( -EA
L' + 12EI

L'3 )cs -6EI
L'2 s 0

0 0 ( EA
L' - 12EI

L'3 )cs EA
L' s2+ 12EI

L'3 c2 6EI
L'2 c ( -EA

L' + 12EI
L'3 )cs -EA

L' s2- 12EI
L'3 c2 6EI

L'2 c 0

0 -Ks1
-6EI
L'2 s 6EI

L'2 c 4EI
L' +Ks1

6EI
L'2 s -6EI

L'2 c 2EI
L' 0

0 0 -EA
L' c2- 12EI

L'3 s2 ( -EA
L' + 12EI

L'3 )cs 6EI
L'2 s EA

L' c2+ 12EI
L'3 s2 ( EA

L' - 12EI
L'3 )cs 6EI

L'2 s 0

0 0 ( -EA
L' + 12EI

L'3 )cs -EA
L' s2- 12EI

L'3 c2 -6EI
L'2 c ( EA

L' - 12EI
L'3 )cs EA

L' s2+ 12EI
L'3 c2 -6EI

L'2 c 0

0 0 -6EI
L'2 s 6EI

L'2 c 2EI
L' 6EI

L'2 s -6EI
L'2 c 4EI

L' +Ks2 -Ks2

0 0 0 0 0 0 0 -Ks2 Ks2 ]  
   
   
   
 

[Ks]{U} = {F}[Ks]{U} = {P} + {R}
Vector of system9s nodal displacements,
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at both ends of the beam, the system9s equilibrium equations m
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along the height of the beam9s cross section û

along the height of the beam9s cross section according to the Euler
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where L9 was taken equal to L for simplicity.
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(0.4053 L - 0.9824 h)



may be used in the assessment of the system9s flexural/arch response.
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Overall, the proposed method provides a practical and efficient tool for preliminary evaluation of RC frames9 
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the structure in most cases. Also, it was noted that the slab9s contribution was a bit higher in the case of dynamic 



belongs to the building9s lateral load

following the column9s 
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