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Key BuildingsKey Buildings

• WTC 1 and 2 (110 Stories)

• WTC 3 (110 Stories)

• WTC 4, 5 and 6 (9, 9 and 8 Stories)

• WTC 7 (47 Stories)

• Bankers Trust (40 Stories)



WTC EmergencyWTC Emergency

Building RatingsBuilding Ratings
SEAoNYSEAoNY

NYC DDC/DoB
Cooperative Building 
Damage Assessment

22 September 2001

1

2
3

4

5

6
7

BT
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Plaza LevelPlaza Level
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TrussesTrusses
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Trusses Trusses -- Exterior Wall End DetailExterior Wall End Detail



Trusses Trusses –– Interior Wall End DetailInterior Wall End Detail



Transverse TrussTransverse Truss
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During ConstructionDuring Construction





Fireball erupts on north face of the Fireball erupts on north face of the 
WTC2 as UA175 strikes buildingWTC2 as UA175 strikes building
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Bankers Trust Floor DamageBankers Trust Floor Damage
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WTC 7 with WTC 7 with 
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7 World Trade Center ~ September 117 World Trade Center ~ September 11thth, 2001, 2001



WTC 7
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WTC 3WTC 3



WTC 4, 5 and 6WTC 4, 5 and 6





WTC 5 Collapsed AreaWTC 5 Collapsed Area



WTC 5 Collapsed AreaWTC 5 Collapsed Area





WTC 5 Collapsed AreaWTC 5 Collapsed Area







WTC Collapse SequenceWTC Collapse Sequence

•• Impact not SufficientImpact not Sufficient
•• Required Second Large EventRequired Second Large Event
•• Fire Was Second EventFire Was Second Event



Why Survival Time?Why Survival Time?

•• Multiple columnsMultiple columns
•• Transfer of loadTransfer of load
•• OvercapacityOvercapacity



Structural Lessons LearnedStructural Lessons Learned

–– Need redundancyNeed redundancy
–– Need robustnessNeed robustness
–– Consider fire resistance related to Consider fire resistance related to 

importance of memberimportance of member



Fireproofing Lessons LearnedFireproofing Lessons Learned

–– Stick under impactStick under impact
–– Stick under deformationsStick under deformations
–– Effective after attackEffective after attack



Fire Protection Lessons LearnedFire Protection Lessons Learned

–– Sprinkler water supply needsSprinkler water supply needs
ReliableReliable
RedundantRedundant

–– Loss of supply means loss of protectionLoss of supply means loss of protection



Exiting Lessons LearnedExiting Lessons Learned

–– Need redundancyNeed redundancy
–– Need robustnessNeed robustness
–– Need separationNeed separation
–– Need impact resistanceNeed impact resistance



Connections Lessons LearnedConnections Lessons Learned

•• For All BuildingsFor All Buildings
–– Need fire ratingNeed fire rating
–– Need test dataNeed test data
–– Need analysisNeed analysis



SummarySummary

•• Towers survived impactTowers survived impact
•• Fire brought down towersFire brought down towers
•• Redundancy and robustness workedRedundancy and robustness worked
•• Transfer trusses need special considerationTransfer trusses need special consideration
•• Fire resistance of connections importantFire resistance of connections important
•• Relate fireproofing to fire loadRelate fireproofing to fire load
•• Exit stairs with impact needs reviewExit stairs with impact needs review
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“The World Trade Center should, because of 
its importance, become a representation of 
man’s belief in humanity, his need for 
individual dignity, his beliefs in the 
cooperation of men, and through 
cooperation, his ability to find greatness.”

Minoru Yamasaki, Chief Architect 
of the World Trade Center
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