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Failure Sequence
and
Preliminary Data and Analyses

NIST has made no findings or recommendations based on the preliminary data and analyses presented, which
are subject to change.
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Failure Sequence

1. The pool deck collapsed between its southern extremity and its
connection to the tower more than four minutes before the general
collapse of the tower.
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Failure Sequence

2. Inthe tower collapse, Grid Line 9.1 started to drop a second, or a bit more, before 1:22:17 am, the time

of the first frame of the South Face Video.
* The columns on Grid Line K and/or L dropped first.

* The initial column failures were low in the building, at or below the 37 floor.

Key Points:

1. The unique fagade shape moves uniformly
downward, indicating that the failures

that triggered the eastern part of the

tower drop must have occurred below the
3" floor.

1:22:18.176 AM 6/24/2021 [SES—.

NIST’s AnIysis of South Face Video Footage
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Failure Sequence

3. Videos show severe structural movements in the tower between Grid Lines K and M and Grid Lines 4 and 9.1
prior to the precipitous drop of the tower along Grid Line 9.1.
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Failure Sequence NIST

4. Asthe columns on Grid Line 9.1 dropped, the collapse advanced northward.

. Grid Line 4

Apparently

straigh't line -___
% ®------ Penthouse roof

Key Points:

" Grid Line 9.1 1. The initial failures that triggered the
eastern part of the tower drop must
have occurred below the 3rd floor.

. In the tower collapse, the columns at
K-9.1 and/or L-9.1 dropped first,
followed by 1-9.1 and then M-9.1.

. As the columns on Grid Line 9.1
dropped, the collapse advanced
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Failure Sequence

5. While there is strong evidence that the collapse initiated in the pool deck, we have not yet ruled out a
failure initiation in some part of the tower that precipitated a collapse in the pool deck.

 There were indications of severe distress in the pool deck at least three weeks before the collapse.

* There are also potential initiation points in the tower.

AT

Sour/ %/ZL»CZS Recelve\' Annotat&d by NIST ‘ XS
Damage to Pool Deck Planters Three Weeks Before
the Collapse Indicated Severe Structural Distress

All three possibilities lead to shortening of column and redistribution of load elsewhere. ‘

Failure Initiation Possibility #1: crushingin
weak and poorly confined column/slab/beam joint:

Evidence For

* Lack of column ties in joint
Evidence Against

L

* Slab concrete is weaker than column concrete  Failure Initiation

* Column at I-9.1 survived, similar load

Possibility #2: partial failure

at improper lap splice:

Evidence For: measurements
Evidence Against: survival DH
columns with short splices that
permitted such measurements

Failure Initiation Possibility #3:
crushing in deteriorated concrete at
bottom of column in basement

Examples of Failure Initiation Possibilities in the Tower

PRELIMINARY ANALYSIS RESULTS




Failure Sequence

1. The pool deck collapsed between its southern extremity and its connection to the tower more than

four minutes before the general collapse of the tower.

2. Inthe tower collapse, Grid Line 9.1 started to drop a second, or a bit more, before 1:22:17 am, the

time of the first frame of the South Face Video.

3. Videos show severe structural movements in the tower between Grid Lines K and M and Grid Lines 4

and 9.1 prior to the precipitous drop of the tower along Grid Line 9.1.

4. Asthe columns on Grid Line 9.1 dropped, the collapse advanced northward.

5. While there is strong evidence that the collapse initiated in the pool deck, we have not yet ruled out a

failure initiation in some part of the tower that precipitated a collapse in the pool deck.
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Preliminary Data and Analyses

1. The structural design of pool deck and tower of Champlain Towers South failed to meet the strength and
prescriptive requirements of the applicable building code.

* The instances of design understrength were far more severe in the pool deck than in the tower.
* Deviations from prescriptive code requirements for reinforcement detailing, concrete cover, and relative
strengths of column vs. floor concrete.
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Preliminary Analysis of the Design of the CTS Pool Deck Preliminary Analysis of the Design of the CTS
3rd Floor Slab
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Preliminary Data and Analyses

2. The placement of steel reinforcement and alighment of concrete during construction failed to meet
the requirements of the structural design documents in multiple respects.

S

- £ e

'fJ’...
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Position of Reinforcement
Cage Within Columns
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Preliminary Data and Analyses

3. Inthe pool deck, the extent of landscaping planters was greater
than shown on the original designh documents, and fill and paving
were added over the life of the structure, increasing the loads on
the pool deck structure.

ncluded in Design)

Added Planters

OT PRESENT)

1-1/4 in. of pavers

/ and sand (added)

e

BRI TS N S s
RS S <« Waterproofing
(added)

1-3/8 in. tile and
mortar (original)

/

2-1/8 in. concrete
topping (original)

Top of structural
‘ slab (original)

Added Waterproofing,
Sand, and Pavers
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Preliminary Data and Analyses

Concrete Compression Strength &

4. Extensive testing of Modulus of Elasticity 5. Study of degradative mechanisms in the
concrete is ongoing.

(ASTM C39, C42, C469)
the mechanical properties P &
of concrete and steel is :
ongoing. Concrete strength
test results to date are
widely variable in some
parts of the structure
requiring additional
analysis and testing.

6. Some of the reinforcement in the pool deck exhibits
corrosion. We continue to analyze the extent and consequences
of this corrosion.

PRELIMINARY ANALYSIS RESULTS Source of all images: NIST




Preliminary Data and Analyses

7. Geotechnical evaluations to date shows no

evidence of large karstic voids that impacted the

CTS foundations.

8. Geotechnical and structural evaluations to
date show that estimated potential foundation
settlements under structural loading were small
and had minimal impact on the pool deck

structure.

PRELIMINARY ANALYSIS RESULTS

Source: NIST except where noted

Slte Investlgatlon Included 70 Boreholes and
Cone Penetrometer Tests

Analysis of Pile Differential Settlements



Preliminary Data and Analyses

9. Structural margins against failure in
some areas of the pool deck were
critically low at the time of the
building’s collapse.

10. We continue to study the
consequences of numerous potential
causes and contributors to initiation
hypotheses in the tower.

Design Understrength
(largest, pervasive)

Misplaced Slab
Reinforcement
(pervasive)

Heavier, More Extensive

Planters

(near north side of pool deck)

Corrosion of Slab
Reinforcement

(variable, under study)

Added Fill and Paving
(variable)

CRITICALLY LOW MARGINS AGAINST

FAILURE

c

Concrete and
reinforcement
age misalignme

nt
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Analyzing and Rating Failure Hypotheses
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Analyzing and Rating Failure Hypotheses

1. Investigation charge: “Identify the most probable cause or causes of the partial collapse.”

2. NCST Advisory Committee: “How do you know when to stop pursuing a particular hypothesis?”

Assess the probability of each hypothesis

Most Probable Scenario or Scenarios [ !‘D’aSIS (?f f|.nd|rTgs when
investigation is complete

Little to no active work as
investigation proceeds

Scenarios of Very Low Probability

List of Hypotheses Ordered by Probability, High to Low



Analyzing and Rating Failure Hypotheses

Develop hypotheses

v

Analyze hypotheses by:

* Collecting and analyzing evidence C tational Collapse
* Performing analyses & tests omputationa X

* Considering possible causes and contributors Collapse Analysis Evidence Analysis

* Aggregating the Evidence for and Evidence i ; id f
against each hypothesis ElREEE 12 EHEEEe 1o
} -

Score evidence for and -
against each hypothesis

!

Assign probabilities to
each hypothesis

!

Modify work plans < Complete?

v

Evidence against Evidence against

Most Probable Scenario or Scenarios

Scenarios of Very Low Probability




Communication of NIST’s Findings and
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Two Forms of Communication of NIST’s Findings and
Recommendations™

On-Line Experience Tailored to the
General Public

Multi-Volume Formal Report Similar to

NIST’s NCSTAR 1 WTC Reports

* Broad in scope but with communication readily
accessible to the public
* Graphical presentations

Note: Vertical Scale Exaggerated for Clarity

Interactive on-line experience. 2-D and 3-D graphics,
videos, and animations

P —

Final Report on the Collapse of
the World Trade Center Towers

SR e

A comprehensive, detailed
description of the investigation,
its findings, and its
recommendations

One overarching summary
report with multiple sub-reports
in a nested organization

The language of the summary
report will be intentionally
accessible to the public

Pdf format

Summary report: several hundred pages. Dozens of
supporting volumes. Thousands of pages in total.

* These forms of communication will be supplemented by a broad program of public outreach and
communications developed in collaboration with NIST’s Public Affairs Office.




CTS Report Hierarchy

Level 1: Investigation Summary Level 2: Topical Reports Level 3: Supporting Documents
NCSTAR 5 NCSTAR 5-n Supporting Document
Overarching Summary Report: | Approximately 10 to 12 Types
* Principal findings \ Examples: | 7 NCSTAR 5-n-a reports
e Recommendations NCSTAR 5-n )

) Social Sci
\ ol >erence Appendices to NCSTAR 5-n

S reports
\ Timelines
“._| | NCSTAR GCRs
% | | NCSTAR 5-n ‘

| Materials Science

\ | NCSTAR 5-n
\| Analysis of Failure Hypotheses

NCSTAR: NCST Act Report
PRESENT CONCEPT, SUBJECT TO MODIFICATION GCR: Grant/Contract Report




Outline of NCSTAR-5

Final Report on the Partial Collapse of Champlain Towers South NIST

Outline of NCSTAR 5
Final Report on the Partial Collapse of Champlain Towers South

Front Matter (e.g., Table of Contents and Executive Summary)

Chapter 1 Genesis of This Investigation

Chapter 2 Investigation Approach and Management
Chapter 3 Champlain Towers South

Chapter 4 Review of Codes and Standards of Practice for Design and Construction
Chapter 5 Post-Collapse Site Investigation

Chapter 6 Social Science

Chapter 7 Timelines

Chapter 8 Physical Evidence

Chapter 9 Testing

Chapter |1I‘J Evidence Analyses

Chapter 11  Materials Analysis

Chapter 12  Geotechnical Analysis

Chapter 13  Structural Analysis

Chapter 14  Evaluation of Failure Hypotheses

Chapter 15  Findings

Chapter 16 Recommendations

Appendices

PRESENT OUTLINE, SUBJECT TO MODIFICATION




Schedule and Six-Month Look Ahead

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE



Investigation Schedule

P2: Evidence

P3: RSYP

P& Structural

Rec &
Rpt

0.5 NIST & MDPD: addt’]l warehouse space/move specimens technical work

phase 0 phase 1 phase 2a phase *h phase 3 phase 4 phase & P P ——
0.6 NIST: invasive extraction at warehouses [MDPD invasive not shown) + + + + + + 4+ end July um:

complete draft report
for public comment end May
225

| Frzoz1 | FY 2022 | FY 2023 | FY 2024 | FY 2025 | FY 2025 |I

| [e1} I 21 I [=F] I 2} I =13 | [*]] I [} I o3 I [*1} I ol I [} I [=E] I =13 | [*]] I [*F] | [ I [*1} !

0.1 NIST & MDPD: evidence collection at collapse site + + vibrations testingfaddt’l obs & extraction |

— |

% civil litigants |
2 0.2 ci tigants investigation at collapse site i
E 0.3 NIST & MDPD: observations!NDT at warechouse -+ : :
= ]
E 04 ci tigants observations/NDT at warehouse + M CL zettlement finalized : 1
] |

& 1 ]
& 1
1

|

1

11 building code, design drawing, and permit review e

ricrity condo records docs from MOPD complete final report

eid Sept 2025

dos from civ litigation

1.2 publiciprivate records; interviews & interview support + complete docs from civil litigation

haze 1 as-built nalysis of compliance

1.3 as-built conditions |

ricrity 1 FifF hiztor wind load hiztor i

1.4 repair. renovation, inspection, loading history complete priority 2 FHF!Ihistory and laading histony
collection and tagging  handling and subsampling procedures i |
2.1 physical evidence collection, tagging, and handling 1 I
evidence log  basic measurement priority 1 origin pricirity 2 arigin pricrity?, incl digital zources of origin |
2.2 physical evidence database, debris origin I |
pricrity 1 collection complete pricrity 1 analysis completelpriority 2 collection starts lpricrity 2 analysis complete |
2.3 collection!analysis of digital evidence [images & videos) | |
phaze 0 extraction phaze 1 phaze 23 phase 2b phase 2 phase 4 phaze 5 1

2.4 subsample collection & mechanical testing + + + !

initial interviews start training FIU team  end training Jl:omplete majority of phase 1- Jinterviews  analysis of phase linterviews

2.5 interviews, FOCUs Qroups, SUrveys + analysiz of phase 2 and 3 interviews

I
L
[
[}
1
I
I
[}
I
I
end mech testing Followup !
[
[}
I
1
I
I
I
I
I
|

start Lidar and drones start In5AR data and drone maps complete Lidar data complate InSk‘-\.H and drone maps
3.1 LiDAR data, drone maps. InSAR data |
interactive ool operational interactive tool substantially populated interacEi-.le touol Fully populated !
3.2 3-D model & interactive tool I :
start Forensic video analysiz tagging donedsearch toolzicomplete forensic video analyziz  image analysis (all teams but PB) complete
3.2 imagefvideo processing & analysis - forensic analysis + ] i + image anlysis For geo elements
draft animations final anim.ations

I
34 animations I
I
|
|

complete init mat'ls char & preinvazive MOT  trial mis design complate
4.1 initial materials characterization and preinvasive NDT —'
end phase 4 extraction phase 5§ support
4.2 support invasive extraction - L

steel & concrete mechanical properties - pricritg 1 !
43 mechanical testing of concrete and steel N 41 & ccncrete mecharical propertes oy 2

durab|llitg properties substantially complete

4.4 petrography. concrete materials analysis & durability complete durability report

complets Site investigation on-site vibration tests !

51 Field and laboratory investigation complete MOT and lab testing report

I
|
|
I
I
i
[
I
I
|
preliminar <tart detailed compilation and analysis data analysis substantially complete complete geotechnical report :

52 geotechnical data collestion & anslysis L S S S ¥ |
start simplified analysis start detailed analysis i | S5 analysis substanially complete complete S5 report 1

53 soil-structure interaction analysis L S S N ¥ .
=tart detailed evaluation  numerical models Start geo Serdices cOontract e eotechnical analysis substantially complete  complete FoLl:-dation eualuation repart |

|

I

|

|

|

|

|

|

1

|

i

|

|

|

|

5.4 foundation evaluation

start detailed hypotheses analysis reliminary analysis i eo-Failure analysig substantially complete complete geo-Failure technical report
6.5 geotechnical analysis of Failure hapotheses S T B S +
ETAES and SAFE models

=tart code check complete code check

baseline analysis » code check + !

&

slab-column i%c =lab-beam column

+

lewel 1 model az deigne run lewvel 1 model a2 designed runs of level { az builttdegraded P

+

rezzive collapse analysis on full building model substantially complete
all modeling runs complate

6.2 laboratory mockup tests

6.3 collapse modelng

_ g

modify model For as-built and degradation and extend tofull building

v

I

tural analysis of Failure hypotheses substantially complete

[
]
]
[
I
]
[
I
I
[
]
4+ all structurlal analyses of failure analyzis !
I
t

I
|
|
6.4 structural analysis of failure hypotheses 1
I
|
|
|

draft report final repor
witing & recommendations —- 3
T

71 recommendations & report




NEXT SIX MONTHS

Analysis of Failure Hypotheses

|
: Substangial completion of
I technicg] work

Document Review
Pre-collapse Conditions

Mechanical Properties of Concrete and Reinforcement
Analysis of Reinforcement Corrosion and Concrete Durability

NIST In-house Geotechnical Analyses

Geo-services Contract

Structural Tests
Collapse Analyses and Simulations

Animations
i




Questions?

Judith Mitrani-Reiser Glenn Bell
Lead Investigator Associate Lead Investigator
judith.mitrani-reiser@nist.gov glenn.bell@nist.gov

https://www.nist.gov/champlain
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