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floor connections to the columns had not yet failed in this region, as there were no fires 
observed on the west side of Floors 10 through 14 at any time during the day, so the floors 
were intact and able to pull the exterior columns inward. 

• The south and west exterior columns buckled first, followed by the north and east face 
columns. 

• All exterior columns buckled between approximately Floors 7 and 14. 

• Once column support was lost in the lower floors, the remaining exterior structure above 
began to fall vertically as a single unit. 

• WTC 7 was prone to classic progressive collapse in the absence of fire-induced damage and 
debris impact damage when a section of Column 79 between Floors 11 and 13 was removed.  
The collapse sequence demonstrated a vertical and horizontal progression of failure upon the 
removal of the Column 79 section, followed by downward movement at the roofline due to 
buckling of exterior columns, which led to the collapse of the entire building. 

• The observed descent time of the upper 18 stories of the north face of WTC 7 (the floors 
clearly visible in the video evidence) was 40 percent greater than the computed free fall time.  
A more detailed analysis of the descent of the north face found three stages: (1) a slow 
descent with acceleration less than that of gravity that corresponded to the buckling of the 
exterior columns at the lower floors, (2) a freefall descent over approximately eight stories at 
gravitational acceleration for approximately 2.25 s, and (3) a decreasing acceleration as the 
north face encountered resistance from the structure below. 

12.7 REFERENCES 

Cantor 1985. Irwin G. Cantor P.C., Structural Engineers. 1985.  Structural Design Drawings, 7 World 
Trade Center. 

GSA. 2003.  U.S. General Services Administration, Progressive Collapse Analysis and Design Guidelines 
for Federal Office Buildings and Major Modernization Projects, June. 

Livermore 2007. LS-DYNA Keyword User’s Manual, Livermore Software Technology Corporation, 
Version 971, May. 

Sadek, F., El-Tawil, S., Lew, H.S. 2008. Robustness of Composite Floor Systems with Shear 
Connections: Modeling, Simulation, and Evaluation, J. Struct. Eng., ASCE, Vol 134, No. 11, pg 
1717-1725. 

UFC. 2005. Unified Facilities Criteria, Design of Buildings to Resist Progressive Collapse, U.S. 
Department of Defense UFC 4-023-03, 25 January. 


