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Purpose of the Presentation

ADiscuss a potential structural weakness of the WTC Twin Tower desigr
AReview the structure of the Twin Tower
AReview a potential design weakness
AWeakness should have been identified under a rigorous investigation
AEngage a wider structural engineering community for peer review

A This would satisfy the spirit of NCSTAR authorizing legislation
AExclusive focus on the ceolannel to flooftruss connections

AAppears to explain the rapid destruction
AAppears to account for the symmetry
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National Construction Safety Team Act (NCST

ACongress tasked the National Institute of Standards and Technology
(NIST) to perform an investigation under Public LawA31/

AEstablish the likely technical cause or causes for the building failure
ARecommend specific improvements to building standards, codes, and practice:s

AHowever, NIST only performed a limited investigation
ACSNXYAYIFGSR GKSANI NBLE2NI d GKS al yi
AThis precluded their ability to identify specific structural design issues that may

have been responsible for the rapid, progressive collapses

AThis paper builds on data contained in the NIST reports
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Scope of This Paper

ACollapse initiation hypothesized byR S v $ O bnd kis coauthors
ADominant hypothesis in the ASCE technical literature
A Adopted for brevity
Aae RAAaOdzaaAiAzy G2ZRlIé& Aa F20dzaSR
APresent a mechanism for the failure of the structural system
A Discuss outward forces that accelerate the perimeter columns away from the core

A Rapidly and sequentially destroying careannel to floor truss connections
A Thus creating a rapid guillotining of the floors away from the core

AThis paper consists of review of steel remnants documented by NIST

ASCE|RENegkne



Limitations of This Paper

AEvents of September 11, 2001 have generated many controversies
AThose controversies have no role this forensic discussion

AA few dynamics of the collapse will be touched upon briefly

ARights to many images were not obtainable
AASCE publication requirements require acquisition of rights for presentation
ALinks to some key issues are in references
AReferences are included in the paper
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Riverfront Peace PackCore Channel and Seat:

Note: This Core Channel is mounted upside down compared to the original orientation in the Twin Towers
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Dedication Plague in Appleton, Newfoundlanc

The Steel has been installed in our Riverfront Pegc
Park so that residents, volunteers from far and wid
5 can view and reflect on the significance of the
tragedy and the effect it had on all of us.
Q>
/| | This steel, though torn and bent by the magnitude
| |the attack and disaster, reflects the strength of our
.. B | VAlUADIE volunteers.
2, ?&E‘Eﬁ;x&ﬁmﬁm; ol
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Former Mayor Derm Flynn and Wife at Dinner

THE HIT MUSICAL 352
REMARKABLE TRUE STORY - °
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Collapse Investigation

AAs a starting point, this explanation adopts the initiation of progressive
collapse hypothesized B¢ R S Y.S 1 O &nd fiis coauthors due to its
dominance within the ASCE technical literature

G. SOFdzaS 2F GKS A4KNRdzZR 2F RdzA 0 | yR &
videos of the collapsmg WTC towers only for the first few seconds of collapse, ai
little can be learned in this regard from that collapsel[ OkH yf i1 T 8 ¢

ANo specific engineering calculations are presented in this paper
ADevelop a hypothesis for the mechanism underlying the observed cascading fs

A Appropriate topic for the Forensic Engineering Congress intended to answer:
A What, Why, Who, and How Can We Prevent Failure?
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Key Observations

AA collapse initiation event occurred at the beginning

AWhereby the entire office area and core structure encompassing the top 30 to
50 stories were destroyed

A After this initial destruction the core of both towers remained standing

A Suggesting the evolution of the mechanism of destruction

A Evolving into four symmetric crush fronts
A Each operating independently along each of the cardinal direction ofdieis

ASufficient information is available to develop this hypothesis
AFloorTruss to Cor€hannel seats were hypothesized to be a weak point
AEvidence is sufficient for further investigation
APossibly sufficient for a revision to Building Codes
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Generic Hypothesis Development

AHypothesis development is key to forensic analysis
A Gather evidence

A Evidence can
A Potentially support the hypothesis
A Potentially falsify the hypothesis
A Occasionally, circlback to question interim results

A Does evidence support the hypothesis
A Was there merit to a previously rejected hypothesis

AThe destruction of the Twin Towers on 9/11 was a messy event
A Event was rapid
A Obscured by smoke
A Little detail was visible
A Debris field was immense
A Rapid clearup was necessary to eliminate the source of toxic fumes

ASCE|RENegkne



ASCE | 10th Forensic Engineering Congress |8

FORENSIC . | Nov. 1-4, 2024 | Seattle, WA

Chapter 1

Concrete

External o Interior
Perimeter Core Channe
Column TR Side
Side

Main Truss

Figure 1-6. Schematic of composite floor truss system.

10 NIST NCSTAR 1, WTC Investigation



FloorTruss to Seat Connections

Chapter 4

Seat a't e\l\f\f\f\f\/vm\f\X\f\f’\f’\f\I/@ Seat a't

Column/spandre T )

External / \ Interior Core
Perimeter / .. TN\ Channel
Columns F

arin
5/8 in. diameter bolt _/
5/8 in. dia. bolt / =
Seat
\_ Vertical plate
Stand-off

Exterior Seat Interior Seat

Figure 4-8. Primary truss components.

68 NIST NCSTAR 1-6, WTC Investigation
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FloorTruss to Perimeter Column Seat

Seat at: ( @\IVV\/\/\/V@\/\/\/\/\/\N/@
EXte rn aI uss top chord
Perimeter
Column
SeCti O n S 5/8 in. diameter bolt
L \— Stand-off

Exterior Seat

Figure 4-8. Primary truss components.

68 NIST NCSTAR 1-6, WTC Investigation
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Figure 5-3. Diagram of floor truss showing viscoelastic damper.

66 NIST NCSTAR 1, WTC Investigation
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Appendix A

Sample M-29

Source: NIST.

Figure A-5. Diagonal bracing strap shown on sample C-25 (top), and
single strap labeled M-29 (bottom).

NIST NCSTAR 1-3B, WTC Investigation 75




FloorFTruss to Core Channel Seat

Chapter 4

Seat at:

PPN
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earin
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Interior Seat

Figure 4-8. Primary truss components.

68 NIST NCSTAR 1-6, WTC Investigation
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G118 Seat 2 Floerruss Seat (Appleton, NL)

- (G118, Seat 2
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G118 Seat 3 Floerruss Seat (Appleton, NL)

G118, Seat 3
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G118 Seat 3 Floerruss Seat (Appleton, NL)

G118, Seat 3
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Interior CoreChannel to
FloorTruss seat
weakens to tensile forces
at elevated temperatures
in the fire zone

50

Table 5-5. Interior truss seat capacity
against horizontal tensile force.

Temp. Capacity (kip)
("O) Shear Failure of
Bolts
20 44
100 44
200 44
300 42
400 34
500 21
600 9
700 4
800 4
900 4
1000 4

NIST NCSTAR 1-6C, WTC Investigation
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Exterior Wall Subsystem

t SNAYSUSNI /2t dzYy Qa oo

Lever Arm Multiplier . =

for lower FloofTruss ot |

to CoreChannel Seat = s

72 [ 432 = 0.1666 — e
WebndrapmEl | N ~ t=0.4370 in. at columns,

A factor of 6x

Figure 6-5. ANSYS model of prefabricated panel showing meshing.

NIST NCSTAR 1-6C, WTC Investigation 163
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Lever Arm Amplified a Guillotine Effe

Rapid Guillotining Caused by Fldouss to Coréhannel Seat Failures



ASCE | 10th Forensic Engineering Congress

FORENSIC . | Nov. 1-4, 2024 | Seattle, WA

Initial State Before
Global Collapse i
Initiation

le

1
o~
LU} =

:—1
T

<+ Assumed pivot point for lever arm

Exterior Perimeter Columns 1 n-




ASCE | 10th Forensic Engineering Congress &
FORENSIC | Nov. 1-4, 2024 | Seattle, WA

Upon Collapse Initiatign

i
Top Enters Inside .

Exterior Perimeter Columns
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Tension Pulls Lower

Section Apart at Cpre\—
Seat N

Exterior Perimeter Columns
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Exterior Perimeter Columns
Exterior Perimeter Columns
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Symmetry allows
guillotining to
proceed at
effectively same
rate on all sides
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M_L_! & C A J-@aBtRematic depiction of areas of collapse
= = ] debris impact, based on aerial photographs and
H =/ || documented damage.
= e —-— &Lﬂﬁ Strip_ed areas indicate predom_inant I_ocqtions of
—|| [ BT RS === = exterior steel columns. Inner circles indicate
Observed ’ AN <> ‘ = E approximate radius of exterior steel
) (L e\ R E columns and other heavy debris.
Symmetry b SO NG S =
of Collapse L AR = —3 T Oute_r circles inc!icate approximate radius_of
T\ o s B aluminum cladding and other lighter debris.
\ o an W el s/ Heavyxsshow where exterior steel columns were

Figure 1-7 Schemsl dpl\nan Iareas.f Ilap;edb ll;walbsed- ;I ; an; damage. ' -'F 2 dzy R 2 le:l é A ﬁ S lj K é L\JN\B R 2

Striped areas indi fons of exterior steel columns. Inn Ircl Idlcat pp oximate radius of exterior steel
columns and other heavydbn s. Outer circles indicate approximate radius Ial luminum cladding and other lighter debris. Heavy Xs
show where exterior steel columns were found outside the predominate debris areas.
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Steel of Cor&hannel to Floefruss Seats

ACore Channel to Floor Truss seats are mostly intact

ASome bends appear at outside corners

AOutside corners vulnerable to impact deformation

A Potential damage during destruction
A Potential damage during cleap / recovery

AEqual amounts of failures seen at all points of connection:

ATorn boltholes in the seat
AMissing (failedpolts
ANecking failure of the top chord

ASuggests components of these seats were-weitched

ASCE|RENegkne



Overview of Cor€hannel Floeffruss Seats

Chapter 4

our: IST. -

Figure 4-6. Example of a recovered core channel. Arrows indicate seats used to attach
the floor trusses to the channel (core columns).

206 NIST NCSTAR 1-3C, WTC Investigation
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Figure 2. Sample ©5, Channel with One Seat

One seat with one hole intact. other
ripped out. seat was bent
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Figure 3. Sample ©6, Channel with Two Seats

Seat 1: Both holes ripped out.
seat appears corroded
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Figure 3. Sample ©6, Channel with Two Seats

Seat 2: Seat ripped off at welds
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Figure 5. Sample ©8, Channel with Two Seats

Seat 1: Both holes intact. both have
bolts remaining. seat was bent

Top chord remnants may be present
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Figure 5. Sample ©8, Channel with Two Seats

b)

Seat 2: Both holes ripped through.
one has bolt remaining. seat was bent
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Figure . Sample @07, Channel with One Seat

ia L | One seat with both holes mtact. both
holes have bolts remaining

Left corner bent up
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Figure €&8. Sample 418, Channel with Three Seats

Seat 1: One hole intact with
bolt. other ripped out
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Figure €&8. Sample 418, Channel with Three Seats

Seat 2: Both holes intact,
seat was slightly bent
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Figure €&8. Sample 418, Channel with Three Seats

Seat 3: Both holes intact
with bolts remaining

R

Top chord remnant Note FloorTruss chord remnants attached to both bolts

present

ASCE|[R¥Nne  10th Forensic Engineering Congress | Nov. 1-4, 2024 | Seattle, WA




Figure €0. Sample 425, Channel with Two Seats

Seat 1: Both holes intact with bolts
remaining. one has piece of angle

) “51 = attached. seat was bent
A \ 42N
u:. Nl 4:.:'\ ":‘*f‘* ;'...;*'-1: 3

Top chord remnant
present on right
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Figure €0. Sample 425, Channel with Two Seats

b)

Seat 2: Both holes ripped out. seat
was bent
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Figure €10. Sample @28, Channel with One Seat
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Figure €11. Sample @29, Two Connected Channel
with Three Seats

s | ELi N G R SR W i Seat 1a: One hole intact. other
b I S oo iEd ripped out, seat was bent

Left corner bent up
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Figure €l1. Sample @29, Two Connected Channel
with Three Seats

Seat 1b: One hole intact with bolt.
other 1s ripped out. seat was bent
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Figure €11. Sample @29, Two Connected Channel
with Three Seats

) Bl

{ Seat 2b: Both holes intact.
L& seat was bent

Figure C-11. Sample C-129, two connected channels with three seats.
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Figure €13. Sample @39, Channel with One Seat

One seat with one hole intact. other
ripped out. seat was damaged

Figure C-13. Sample C-139, channel with one seat.
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Figure €15. Sample @43, Channel with Two Seats

e Scat 1: Both holes imntact. one has
e l"’l'.jl'i‘."?;.'f'}ﬂfl-.' bolt remaining. seat was bent
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Figure €15. Sample @43, Channel with Two Seats

Seat 2: Ripped off at the
weld

Figure C-15. Sample C-143, channel with two seats.
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Figure €l16. Sample @44, Channel with One Seat

One seat with both holes intact.
seat was damaged

Figure C-16. Sample C-144, channel with one seat.
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Figure €17. Sample @45, Channel with Two Seats

Seat 1: One hole intact with bolt
and angle attached. other ripped.
seat was damaged

Large remnant of top chord
bolted to left
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Figure Cl17. Sample @45, Channel with Two Seats

Seat 2: Both holes intact. seat was
bent

2 :'.4"-;4. e T
o »t i ..'\A{E“'

% . . 3
" < - 'Y
P ¥R Vi e S
P T O g . s -

Figure C-17. Sample C-145, channel with two seats.
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Figure €18. Sample @47, Channel with One Seat

One seat with both holes ripped out.
8 seat was bent

Figure C-18. Sample C-147, channel with one seat.
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Figure €19. Sample @48, Channel with Two Seats

Seat 1: Both holes intact. one has
bolt
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Figure €19. Sample @48, Channel with Two Seats

b)

Seat 2: Both holes ripped out.
seat crushed

Figure C-19. Sample C-148, channel with two seats.
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Figure 0. Sample @52, Channel with One Seat

One seat with both holes intact

Flgure C-20. Sample C-152, channel with one seat.
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Figure 1. Sample @53, Channel with One Seat

One seat with both holes
ripped out. seat was bent

-
ol T NS S *

Figure C-21. Sample C-153, channel with one seat.
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Figure €22. Sample M4, Channel with One Seat

T e A e T

One seat with both holes intact.
seat was bent

Figure C-22. Sample M-24, channel with one seat.

ASCE|[R¥Nefine  10th Forensic Engineering Congress | Nov. 1-4, 2024 | Seattle, WA



Figure €23. Sample M4, Channel with One Seat

One seat with one hole intact with
bolt remaining. other was ripped out

Figure C-23. Sample M-34, channel with one seat.
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Observing the Guillotining of
Office Area From the Core



Observing the Guillotine Effect

AActual videos and photos illustrating the guillotining are not included
A Obtaining rights to include them in the paper / presentation was not possible
AReferences to selected videos and photos are included in the paper
AlInteresting observations from two videos will be discussed

ASouth Tower videdSkidmore, Owings & Merrilfrom Dean Reviere

AFloortrusses are clearly separated at the catgannel seat
A Separation at the flootrusses corechannel seat fits the observations
AResolutioris insufficient to see individual seats

ANonttrivial horizontal velocities of large sheets of perimeter columns
A Validates the reasonableness of this compression/tension guillotine hypothesis
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East Face of South Tower at Floors 75 to 89

Damage in shaded area cannot be accurately determined
A SCE | ERENERinG



East Face of South Tower at Floors 77 to 82
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East Face of South Tower at Floors 75 to 83

pill 2
a9l OK 27 1K Ik
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Columns Emerge Intact From Fire Smoke

From the Video:
Skidmore, Owings & Merrilfrom Dean Reviere

||||||
.......

L]
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Columns Emerge Intact From Fire Smoke

ANumbers of floors in the sheet of columns is hard to ascertain because
of the fire smoke
AVarious photographs and videos show this large sheet
AAppears to be at least a dozen cohesive floors in the sheet of perimeter columr

AAfter this sheet of perimeter columns falls from view

ARemaining core columns are seen

AVisible for only a few seconds

AResolution insufficient to see comhannel seats details
ANo evidence that any arBanging

AFollowing links in reference section of the paper is encouraged
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SideView of Cleaved, Guillotined Perimeter Colun

From the Video by:
OnoDejong

Perimeter column
section guillotined in
a vertical orientation,
accelerating

downward at freefall
with a horizontal
velocity of about

90 ft/sec

South Towe North Towe
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Recommendations



Results of Public Act 1231

ANIST published 30 recommendations

ABroadly classified as follows:
A Recommendation #1 generic need to better understand progressive collapse
A Recommendations #2 and #3 address wind and sway issues
A Recommendations #4 to #11 address fire insulation and related fire performance
A Recommendations #12 to #30 address first responders and evacuation

ANo recommendations for changes to building standards, codes, and
practices might have prevented the observed rapid, progressive collap:
AMost of the structure was not affected by fire

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

AA potential structural weakness of the WTC Twin Tower design has been

presented
A Weakness could have been identified during a rigorous investigation
A This structural weak point is an appropriate area of review by Standard Committees
A Satisfy the spirit of the NCSTAR authorizing legislation

ANext Steps

A Engage the wider structural engineering community for peer review of this
hypothesis

AApology that this presentation
A Provides few answers
A Raises more questions

ASCE|RENegkne



ASCE | 10th Forensic Engineering Congress

FORENSIC . | Nov. 1-4, 2024 | Seattle, WA

QUESTIONS



ASCE | 10th Forensic Engineering Congress 8

FORENSIC . | Nov. 1-4, 2024 | Seattle, WA

Appendix
Perimeter Column Seats
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M10b-C2B (WTC 2, Col.206, Fl 84)
Type A
Seat Detail: 1212

Gusset plate ripped completely out of spandrel:

Seat intact. bent in towards column and downwards.
only 1 bolt hole intact. other ripped through:

Gusset plate with damper unit intact. bent upwards.

Figure B-22. Floor truss connectors found on recovered panel M-10b (B206: 83-86) from
WTC 2. Shown are connectors found on column 206 at different floor levels (cont.).
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M2-C3M (WTC 1, Col.129, F198)
Type A
Seat Detail: 1411

Gusset plate remains:

Seat intact. bent down. 1 bolt hole remains intact
with bolt. other ripped out:

Gusset plate with damper unit intact. bent up.
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M2-C1B (WTC 1. Col.131. F197)
Type A
Seat Detail: 1411

Gusset plate ripped off at weld

Seat intact. 1 corner bent downwards. 1 bolt hole
intact with bolt. other ripped out:

Gusset plate with damper unit intact. bent up.

Figure B-20. Floor truss connectors found on recovered panel M-2 (A130: 96-99) from
WTC 1. Shown are connectors found on column 131 at different floor levels.
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