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Key Buildings

e WIC 1 and 2 (110 Stories)

e WTC 3 (110 Stories)

e WTC 4,5 and 6 (9, 9 and 8 Stories)
* WTC 7 (47 Stories)

e Bankers Trust (40 Stories)




TP

No Damage - 384 total buildings inspected
Moderate Damage — 18 total

Major Damage - 9 total

Partial Collapse — 4 total

WTC Emergency

Building Ratings
SEAONY

NYC DDC/DoB
Cooperative Building
Damage Assessment

22 September 2001
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Trusses



Trusses




Trusses - Exterior Wall End Detail

Detall A - Exterior Wall End Detall

<— Cemerine of Exterior Column

3/8" Gusset Plate Welded 1o
Colurmn and Top Chord
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Trusses - Interior Wall End Detail

Centerdine of Interior Column ——




Transverse Truss
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Exterior
Wall
Framing



During Construction
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Fireball erupts on north face of the
WTC2 as UA175 strikes building
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GENERAL NOTES: 1) Column damage captured from photographs and enhanced videos. 2) Damage to column lines 120, 121, and 122 at level 96 is estimated.
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Tower 2
Core

Damage
Estimate

Severely heat-affected exterior

columns with no remaining strength

Heat affected-core
columns with Fireproofing
Knocked Off (Floors 80-82)

508

€D
Core columns
removed due
to impact :
(Floors 80-82) :
:

(459 (43D 401D
Heat-affected exterior

columns with fireproofing
knocked off (Floor 80-82)
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Tower 2
ollapse
Simulation










Tower 2
Debris

Pattern
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0.0 1.0 2.0 3.0 4.0
i I |
Key
B ] 35,000 1b|(0.1) B Maximum Takeoff
L 3. Weight
=0 5 1,000 gal (0.04) [ Maximum Fuel
| Capacity
B-25 I 275 mph (0.5) [ Cruise Spesd
Relative amounis normalized
to BY67-200ER
51" l=— Floor plan area of
WTC 1 and WTC 2
- Floor plan area of
typical high-rise
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TP

No Damage - 384 total buildings inspected
Moderate Damage — 18 total

Major Damage - 9 total

Partial Collapse — 4 total

WTC Emergency

Building Ratings
SEAONY

NYC DDC/DoB
Cooperative Building
Damage Assessment

22 September 2001
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Bankers Trust Floor Damage
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No Damage - 384 total buildings inspected
Moderate Damage — 18 total

Major Damage - 9 total

Partial Collapse — 4 total
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WTC 7 with
Both
Mechanical
Penthouses
Intact




WTC7 |
Penthouse !
Collapse




Location of “Kink” or Fault

WTC 7 Kink
in Building




WTC7
Collapse




7 World Trade Center ~ September 11, 2001
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Major Damage - 9 total
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WTC 4,5 and 6

9th Floor

8th Floor

7th Floor

4th Floor

3rd Floor







WTC5 Collapsed Area
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WTC 5 Collapsed Area
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WTC Collapse Sequence

* Impact not Sufficient
* Required Second Large Event
* Fire Was Second Event




Why Survival Time?

* Multiple columns
* Transfer of load
* Overcapacity




Structural Lessons L earned

- Need redundancy
— Need robustness

— Consider fire resistance related to
importance of member




Fireproofing Lessons Learned

— Stick under impact
— Stick under deformations
— Effective after attack




Fire Protection Lessons Learned

- Sprinkler water supply needs

Reliable
Redundant

- Loss of supply means loss of protection




Exiting Lessons Learned

- Need redundancy
— Need robustness
- Need separation

— Need impact resistance




Connections Lessons Learned

* For All Buildings

— Need fire rating
- Need test data
— Need analysis




Summary

Towers survived impact

Fire brought down towers

Redundancy and robustness worked
Transfer trusses need special consideration
Fire resistance of connections important
Relate fireproofing to fire load

EXxIit 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 beliets in the
cooperation of men, and through
cooperation, his ability to find greatness.”

Minoru Yamasaki, Chief Architect
of the World Trade Center




	Key Buildings
	Elevation
	Plaza Level
	Typical Floor PlanWTC 1 North Tower
	Trusses
	Trusses
	Trusses - Exterior Wall End Detail
	Trusses – Interior Wall End Detail
	Transverse Truss
	WC New York
	Bankers Trust Damage
	Bankers Trust Floor Damage
	WTC 7 Penthouse Collapse
	WTC 7 Kink in Building
	WTC 7Collapse
	WTC 7
	WTC 4, 5 and 6
	WTC 5 Collapsed Area
	WTC Collapse Sequence
	Why Survival Time?
	Structural Lessons Learned
	Fireproofing Lessons Learned
	Fire Protection Lessons Learned
	Exiting Lessons Learned
	Connections Lessons Learned
	Summary
	World Trade Center Building Performance Study

