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Purpose of the Presentation

ÅDiscuss a potential structural weakness of the WTC Twin Tower design
ÅReview the structure of the Twin Tower

ÅReview a potential design weakness

ÅWeakness should have been identified under a rigorous investigation

ÅEngage a wider structural engineering community for peer review
ÅThis would satisfy the spirit of NCSTAR authorizing legislation

ÅExclusive focus on the core-channel to floor-truss connections
ÅAppears to explain the rapid destruction

ÅAppears to account for the symmetry



National Construction Safety Team Act (NCSTAR)

ÅCongress tasked the National Institute of Standards and Technology 
(NIST) to perform an investigation under Public Law 107-231
ÅEstablish the likely technical cause or causes for the building failure

ÅRecommend specific improvements to building standards, codes, and practices

ÅHowever, NIST only performed a limited investigation
Å¢ŜǊƳƛƴŀǘŜŘ ǘƘŜƛǊ ǊŜǇƻǊǘ ŀǘ ǘƘŜ άŀƴǘƛŎƛǇŀǘƛƻƴ ƻŦ ŎƻƭƭŀǇǎŜ ƛƴƛǘƛŀǘƛƻƴέ

ÅThis precluded their ability to identify specific structural design issues that may 
have been responsible for the rapid, progressive collapses

ÅThis paper builds on data contained in the NIST reports



Scope of This Paper

ÅCollapse initiation hypothesized by ½ŘŜƴŠƪ.ŀȌŀƴǘand his coauthors
ÅDominant hypothesis in the ASCE technical literature

ÅAdopted for brevity

Åaȅ ŘƛǎŎǳǎǎƛƻƴ ǘƻŘŀȅ ƛǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ŦƻǊŜƴǎƛŎ ŀƴŀƭȅǎƛǎ ƻŦ άŎƻƭŘ ǎǘŜŜƭέ
ÅPresent a mechanism for the failure of the structural system 
ÅDiscuss outward forces that accelerate the perimeter columns away from the core

ÅRapidly and sequentially destroying core-channel to floor truss connections

ÅThus, creatinga rapid guillotining of the floors away from the core

ÅThis paper consists of review of steel remnants documented by NIST 



Limitations of This Paper

ÅEvents of September 11, 2001 have generated many controversies
ÅThose controversies have no role this forensic discussion

ÅA few dynamics of the collapse will be touched upon briefly

ÅRights to many images were not obtainable
ÅASCE publication requirements require acquisition of rights for presentation

ÅLinks to some key issues are in references

ÅReferences are included in the paper



[ŜǘΩǎ .ŜƎƛƴ ŀǘ ǘƘŜ 9ƴŘ ςRiverfront Peace Park



Riverfront Peace Park ςCore Channel and Seats
Note: This Core Channel is mounted upside down compared to the original orientation in the Twin Towers



The Steel has been installed in our Riverfront Peace 
Park so that residents, volunteers from far and wide 
can view and reflect on the significance of the 
tragedy and the effect it had on all of us.  

This steel, though torn and bent by the magnitude of 
the attack and disaster, reflects the strength of our 
valuable volunteers.

Dedication Plaque in Appleton, Newfoundland



Former Mayor Derm Flynn and Wife at Dinner



Collapse Investigation

ÅAs a starting point, this explanation adopts the initiation of progressive 
collapse hypothesized by ½ŘŜƴŠƪ P. .ŀȌŀƴǘ and his coauthors due to its 
dominance within the ASCE technical literature
ά.ŜŎŀǳǎŜ ƻŦ ǘƘŜ ǎƘǊƻǳŘ ƻŦ Řǳǎǘ ŀƴŘ ǎƳƻƪŜΣ ǘƘŜǎŜ ƘƛǎǘƻǊƛŜǎ Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘ ŦǊƻƳ ǘƘŜ 
videos of the collapsing WTC towers only for the first few seconds of collapse, and so 
little can be learned in this regard from that collapse. [.ŀȌŀƴǘ нллтϐέ

ÅNo specific engineering calculations are presented in this paper
ÅDevelop a hypothesis for the mechanism underlying the observed cascading failure

ÅAppropriate topic for the Forensic Engineering Congress intended to answer:
ÅWhat, Why, Who, and How Can We Prevent Failure?



Key Observations

ÅA collapse initiation event occurred at the beginning
ÅWhereby the entire office area and core structure encompassing the top 30 to 

50 stories were destroyed

ÅAfter this initial destruction the core of both towers remained standing 

ÅSuggesting the evolution of the mechanism of destruction 
ÅEvolving into four symmetric crush fronts 

ÅEach operating independently along each of the cardinal direction of the Towers

ÅSufficient information is available to develop this hypothesis
ÅFloor-Truss to Core-Channel seats were hypothesized to be a weak point

ÅEvidence is sufficient for further investigation 

ÅPossibly sufficient for a revision to Building Codes



Generic Hypothesis Development

ÅHypothesis development is key to forensic analysis
ÅGather evidence
ÅEvidence can
ÅPotentially support the hypothesis 
ÅPotentially falsify the hypothesis

ÅOccasionally, circle-back to question interim results
ÅDoes evidence support the hypothesis 
ÅWas there merit to a previously rejected hypothesis

ÅThe destruction of the Twin Towers on 9/11 was a messy event
ÅEvent was rapid
ÅObscured by smoke 
ÅLittle detail was visible
ÅDebris field was immense
ÅRapid clean-up was necessary to eliminate the source of toxic fumes
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Floor-Truss to Seat Connections
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Floor-Truss to Perimeter Column Seat
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Floor-Truss to Core Channel Seat

Seat at:
 
Interior Core 
Channel 



20 Floor-Truss to 
Core-Channel seats 
on the long side 14 Floor-Truss to 

Core-Channel seats 
on the short side



C-118 Seat 2 Floor-Truss Seat (Appleton, NL)

C-118, Seat 2



C-118 Seat 3 Floor-Truss Seat (Appleton, NL) 

C-118, Seat 3



C-118 Seat 3 Floor-Truss Seat (Appleton, NL)

C-118, Seat 3



Interior Core-Channel to 
Floor-Truss seat 
weakens to tensile forces 
at elevated temperatures 
in the fire zone
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44 kip

7.3 kip from descending top block

Pivot Point

7.3 kip

7.3 kip at 
top creates 
44 kips 
below
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432 inches

36 feet

нсҌпсҐтнέ

Lever Arm Multiplier
72 / 432 = 0.1666

tŜǊƛƳŜǘŜǊ /ƻƭǳƳƴΩǎ
Lever Arm Multiplier 
for lower Floor-Truss 
to Core-Channel Seat
72 / 432 = 0.1666

A factor of 6x



Lever Arm Amplified a Guillotine Effect
Rapid Guillotining Caused by Floor-Truss to Core-Channel Seat Failures
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1x

6x

Assumed pivot point for lever arm

Initial State Before 
Global Collapse 
Initiation



ă Tension Ą

Upon Collapse Initiation 
Top Enters Inside



ă Tension Ą

Compression Keeps 
Top Section Mostly 
Intact



ă Tension Ą

Tension Pulls Lower 
Section Apart at Core 
Seat



Outer Perimeter 
Columns 
Accelerated Away
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Symmetry allows 
guillotining to 
proceed at 
effectively same 
rate on all sides 



άCƛƎǳǊŜ м-7 Schematic depiction of areas of collapse 
debris impact, based on aerial photographs and 
documented damage.

Striped areas indicate predominant locations of 
exterior steel columns. Inner circles indicate 
approximate radius of exterior steel
columns and other heavy debris. 

Outer circles indicate approximate radius of 
aluminum cladding and other lighter debris. 

Heavy Xs show where exterior steel columns were 
ŦƻǳƴŘ ƻǳǘǎƛŘŜ ǘƘŜ ǇǊŜŘƻƳƛƴŀǘŜ ŘŜōǊƛǎ ŀǊŜŀǎΦέ

Observed 
Symmetry 
of Collapse



Core Channel ς Floor Truss Seats
NIST NCSTAR 1-3C Appendix



Steel of Core-Channel to Floor-Truss Seats 

ÅCore Channel to Floor Truss seats are mostly intact
ÅSome bends appear at outside corners

ÅOutside corners vulnerable to impact deformation 
ÅPotential damage during destruction 

ÅPotential damage during clean-up / recovery

ÅEqual amounts of failures seen at all points of connection:
ÅTorn bolt-holes in the seat

ÅMissing (failed) bolts

ÅNecking failure of the top chord

ÅSuggests components of these seats were well-matched



Overview of Core-Channel Floor-Truss Seats



Figure C-2. Sample C-95, Channel with One Seat



Figure C-3. Sample C-96, Channel with Two Seats



Figure C-3. Sample C-96, Channel with Two Seats



Figure C-5. Sample C-98, Channel with Two Seats

Top chord remnants may be present



Figure C-5. Sample C-98, Channel with Two Seats



Figure C-7. Sample C-107, Channel with One Seat

Left corner bent up



Figure C-8. Sample C-118, Channel with Three Seats



Figure C-8. Sample C-118, Channel with Three Seats



Figure C-8. Sample C-118, Channel with Three Seats

Note Floor-Truss chord remnants attached to both boltsTop chord remnant 
present



Figure C-9. Sample C-125, Channel with Two Seats

Top chord remnant 
present on right



Figure C-9. Sample C-125, Channel with Two Seats



Figure C-10. Sample C-128, Channel with One Seat



Figure C-11. Sample C-129, Two Connected Channels 
with Three Seats

Left corner bent up



Figure C-11. Sample C-129, Two Connected Channels 
with Three Seats



Figure C-11. Sample C-129, Two Connected Channels 
with Three Seats



Figure C-13. Sample C-139, Channel with One Seat



Figure C-15. Sample C-143, Channel with Two Seats



Figure C-15. Sample C-143, Channel with Two Seats



Figure C-16. Sample C-144, Channel with One Seat



Figure C-17. Sample C-145, Channel with Two Seats

Large remnant of top chord 
bolted to left



Figure C-17. Sample C-145, Channel with Two Seats



Figure C-18. Sample C-147, Channel with One Seat



Figure C-19. Sample C-148, Channel with Two  Seats



Figure C-19. Sample C-148, Channel with Two  Seats



Figure C-20. Sample C-152, Channel with One Seat



Figure C-21. Sample C-153, Channel with One Seat



Figure C-22. Sample M-24, Channel with One Seat



Figure C-23. Sample M-34, Channel with One Seat



Observing the Guillotining of 
Office Area From the Core



Observing the Guillotine Effect

ÅActual videos and photos illustrating the guillotining are not included
ÅObtaining rights to include them in the paper / presentation was not possible

ÅReferences to selected videos and photos are included in the paper

ÅInteresting observations from two videos will be discussed

ÅSouth Tower video: Skidmore, Owings & Merrill - from Dean Reviere

ÅFloor-trusses are clearly separated at the core-channel seat
ÅSeparation at the floor-trusses core-channel seat fits the observations

ÅResolution is insufficient to see individual seats

ÅNon-trivial horizontal velocities of large sheets of perimeter columns 
ÅValidates the reasonableness of this compression/tension guillotine hypothesis



East Face of South Tower at Floors 75 to 89
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East Face of South Tower at Floors 77 to 82



East Face of South Tower at Floors 75 to 83
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ά9ŀŎƘ ƻŦ ǘƘŜ 
modular pieces was 
10 feet (3.0m) wide 
and 36 feet 
(10.9m) tall, and 
extended for two 
full floors and half 
ƻŦ ǘǿƻ ƳƻǊŜ ŦƭƻƻǊǎέ
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From the Video:
Skidmore, Owings & Merrill - from Dean Reviere

Columns Emerge Intact From Fire Smoke



Columns Emerge Intact From Fire Smoke

ÅNumbers of floors in the sheet of columns is hard to ascertain because 
of the fire smoke
ÅVarious photographs and videos show this large sheet

ÅAppears to be at least a dozen cohesive floors in the sheet of perimeter columns

ÅAfter this sheet of perimeter columns falls from view
ÅRemaining core columns are seen

ÅVisible for only a few seconds

ÅResolution insufficient to see core-channel seats details

ÅNo evidence that any are hanging 

ÅFollowing links in reference section of the paper is encouraged



+10/30th

+30/30th

+00/30th

+20/30th

+40/30th

South Tower North Tower

71

Side-View of Cleaved, Guillotined Perimeter Columns

Perimeter column 
section guillotined in 
a vertical orientation, 
accelerating 
downward at freefall 
with a horizontal 
velocity of about
90 ft/sec

From the Video by:
Ono Dejong



NCSTAR and Building Code 
Recommendations



Results of Public Act 107-231

ÅNIST published 30 recommendations 
ÅBroadly classified as follows: 
ÅRecommendation #1 generic need to better understand progressive collapse

ÅRecommendations #2 and #3 address wind and sway issues 

ÅRecommendations #4 to #11 address fire insulation and related fire performance

ÅRecommendations #12 to #30 address first responders and evacuation 

ÅNo recommendations for changes to building standards, codes, and 
practices might have prevented the observed rapid, progressive collapse
ÅMost of the structure was not affected by fire 

ÅRecommendations that address fire insulation do not apply to those most floors 
where guillotining occurred



Conclusion

ÅA potential structural weakness of the WTC Twin Tower design has been 
presented
ÅWeakness could have been identified during a rigorous investigation

ÅThis structural weak point is an appropriate area of review by Standard Committees
ÅSatisfy the spirit of the NCSTAR authorizing legislation

ÅNext Steps
ÅEngage the wider structural engineering community for peer review of this 

hypothesis

ÅApology that this presentation 
ÅProvides few answers

ÅRaises more questions



QUESTIONS



Appendix
Perimeter Column Seats










