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id bl t hi i t

p p g g p g
failure at the location of the neighboring columns leading to

p
• Concept of concrete breakout strength maximum concreteconsiderable post‐punching resistancefailure at the location of the neighboring columns, leading to  • Concept of concrete breakout strength, maximum concrete p p g

• Hot rolled steel is strongly recommended for integrityprogressive collapse Using a mechanical model previously breakout strength spalling strength of concrete cover and• Hot‐rolled steel is strongly recommended for integrity progressive collapse. Using a mechanical model previously  breakout strength, spalling strength of concrete cover, and 
reinforcement to provide large deformation capacity
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developed by Mirzaei, an analytical model is developed to be strain‐based failure criterion in post‐punching were introducedreinforcement  to provide large deformation capacity 

a) Various critical zones due to interaction between concrete 
developed by Mirzaei, an analytical model is developed to be 
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strain based failure criterion in post punching were introduced
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used in finite element models of flat plate/slab structures to  • Various approaches were proposed to consider both the 

and reinforcing bars and b) critical zone of concrete breakout 
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estimate the initiation of punching shear failure as well as post
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elastic and the plastic behavior of reinforcing bars crossing the
over integrity reinforcement

estimate the initiation of punching shear failure as well as post‐ elastic and the plastic behavior of reinforcing bars crossing the 
over integrity reinforcementpunching shear response using ABAQUS The mechanical model punching conepunching shear response using ABAQUS. The mechanical model 
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is used to determine the mechanical properties of the analytical p p y
d l f th ti hi h i b t i id fmodel of the connection zone, which is between a rigid zone of 

slab directly above the column and the rest of the slab Theslab directly above the column and the rest of the slab. The 
model of the connection zone simulates the contribution of themodel of the connection zone simulates the contribution of the 
i f i b h h f f hi hreinforcing bars to the shear transfer after a punching shear g p g

failure The analytical model and the results of system levelfailure. The analytical model and the results of system level 
study can be of interest in assessing progressive collapsestudy can be of interest in assessing progressive collapse 
resistance of existing structures and in design of new structures. I t it i f t T il i f tresistance of existing structures and in design of new structures.
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instigated a progressive collapse all the way to the basement,  i iinstigated a progressive collapse all the way to the basement,
h th f dwhere the men were found.

Research to RealityResearch to RealityResearch to Reality
Following the Alfered P Murrah Federal Building attack in 1995Following the Alfered P. Murrah Federal Building attack in 1995 
and the establishment of the Interagency Security Committeeand the establishment of the Interagency Security Committee 
(ISC) f d l f i d d f f d l(ISC) for development of construction standards for federal ( ) p
buildings subject to terrorist attack the General Servicesbuildings subject to terrorist attack, the General Services 
Administration (GSA) published guidelines for progressiveAdministration (GSA) published guidelines for progressive 
collapse analysis and design of structures. The outcomes of thiscollapse analysis and design of structures. The outcomes of this 
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guidelines for punching shear in flat slab structures which can Response of an actual two‐story parking garage with flat slab Analytical model of the system level study of progressive collapseguidelines for punching shear in flat slab structures, which can  Response of an actual two‐story parking garage with flat slab  Analytical model of the system level study of progressive collapse 
be used to mitigate the likelihood of progressive collapse following column explosion is experimentally evaluated due to punching shear failurebe used to mitigate the likelihood of progressive collapse.  following column explosion is experimentally evaluated 
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E periments (recorded deformation shown below)Experiments ( )Experiments
Comparison of theoretical and experimental results
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l f l b h f

Analytical Simulation
• A total of 24 slab specimens with various reinforcement 
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l t t t d t th EPFL S it l d a) Local behaviorlayouts were tested at the EPFL, Switzerland.  a) Local behavior
• Effects of tensile reinforcement integrity reinforcement
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• Effects of tensile reinforcement, integrity reinforcement 
passing through the column bent‐up‐bars and anchorage Slab deflection right before (0 00228 m) and right after punchingpassing through the column, bent up bars, and anchorage 
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Slab deflection right before (0.00228 m) and right after punching 
details were investigated.  shear failure of column B (0 00408 m)g shear failure of column B (0.00408 m)
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