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National Institute of
Standards and
Technology (NIST)

+ NIST, anteriormente The National Bureau of
Standards, es una agencia del gobierno, no
| regulatoria, perteneciente al Departamento de
Comercio de los Estados Unidos.

* NCST National Construction Safety Team, es
un grupo bajo NIST creado el 1 de octubre de
2002 por el presidente George W. Bush para
realizar inspecciones y diagnostico en edificios
colapsados, pero no tiene la funcién de indicar
un culpable.

+ El colapso de Champlain Towers South es la
quinta investigacion del grupo NCST
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World Trade Center
Terrorismo

Colapso 11/09/2001
* Reporto final Set. 2005 e Nov. 2008
* 2.996 muertes

» Lower Manhattan, Nova Iorque, Estados
Unidos

» Diagnostico: calor del fuego sobre el acero

https://www.nist.gov/el/final-reports-nist-world-trade-center-disaster-investigation

11 de Setembro de 2001




27/11/2024

Resistencia y Estabilidad

Las mediciones indicaron que el impacto del Boeing 767-200
sometid al edificio a vibraciones similares a las de un terremoto de
indice Richter a escala 2.4

Esta vibracion inducida tenia una amplitud del orden de la mitad
del maximo considerado por el efecto del viento.
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A . * Informe final: junio de 2005
Incéndio

* 100 muertos y mas de 187 heridos

Station Nightclub - Accidente 20/02/2003
‘ « West Warwick, Rhode Island, EUA

https://www.nist.gov/publications/report-technical-investigation-station-nightclub-fire-appendices-nist-ncstar-2-volume-2

https://www.nist.gov/publications/report-technical-investigation-station-nightclub-fire-nist-ncstar-2-volume-1
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Lecciones Aprendidas (website:phd.eng.br)

1. ATP, revisar el diseiio estructural a altas
temperaturas (A de 250° C);

2. Archivar proyecto ejecutivo estructural o proyecto
”as built" en nubes publicas;

3. Inspeccion periddica; Proteccion pasiva y activa
obligatoria; Redundancia y robustez en el proyecto
estructural

chrome-extension.//efaidnbmnnnibpcajpcglclefindmkaj/viewer. htmi?pdfurl=http%3A %2F % 2Fwww.phd.eng.br%2Fwp-
content%2Fuploads%2F2019%2F04%2F19.04.30ParecerCompletoPaesAlmeida_final-compactado.pdf&clen=13968403&chunk=true
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nist.go disastv,'lj.
IST.isasteT
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NIST encourages members of the public to submit any information, including video,
photos or other documentation

v’ June 24, 2021, Champlain Towers South, 12-floor condominium in Surfside, Florida, at 1:30 a.m.

v’ June 25, NIST began a team of six scientists and engineers to collect firsthand information on the collapse.

v June 30 decided full technical investigation of the collapse by National Construction Safety Team (NCST) Act

v' NCST’s work will not interfere with the ongoing search-and-rescue operation at the scene of the collapse.

v NCST’s role is not to determine any culpability.

v/ NCST investigation is to determine the technical diagnose and cause of the collapse and, learning from that, to
recommend changes to building codes, standards and practices, and appropriate actions to improve the structural
safety of buildings.

v/ NCST investigations are thorough and typically take years to complete.

v NCST team will provide updates on its progress to, at its regular meetings, which are open to the public.

13

Robert Stephenson en su discurso inaugural a la presidencia del Instituto de
Ingenieros Civiles de Gran Bretana en 1856:

” Tengo la esperanza de que todos los accidentes y problemas que han ocurrido en los
tltimos anos sean registrados y revelados.

Nada es tan instructivo para los jovenes ingenieros como el estudio de los accidentes y
su correccion.

El diagnéstico de estos accidentes, la comprension de los mecanismos de ocurrencia,
es mas valioso que la descripcion de trabajos exitosos.

Los ingenieros experimentados también aprenden de estas ensefnianzas y lecciones de
accidentes que incluso pueden ocurrir en sus propios trabajos.

Con este noble objetivo de ensefianza, nos proponemos a catalogar estos problemas en
los archivos de esta reconocida institucion”.

14
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Inspecciones del NCST/NIST
Torres Champlain Sur

* Analisis del suelo y roca

+ Anélisis del 4gua subterranea

» Rayos laser (Lidar) para mapear la
ubicacion

» Drones para recoger imagenes y registros

* Velocidad de pulso ultrasénica (VPU) para
analizar el hormigon de la estructura

* Acelerémetros para medir la vibraciéon de
Champlain Towers North (referencia)

15

Inspecciones

* Se recogieron cerca de 200 elementos constructivos
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National
Construction Safety
Team (NCST)

Equipo Nacional de Seguridad en la Construe
Equipo Multidisciplar v
13 miembros, PhD

17

Judith Mitrani-Reiser

* Lidera la investigacion de Champlain Towers
South (habla fluente inglés y espaiiol)

Jefe de la division de Materiales Estructurales y
Sistemas del Laboratorio de Ingenieria del NIST

Universidad Civil de Ingenheira de Florida

Maestria en la Universidad de California en
Berkeley

* PhD mecanica aplicada do California Institute of
Technology

18



27/11/2024

Glenn Bell

45 afios de experiencia en proyectos de rehabilitacion e
investigacion de fallas

Ha investigado los colapsos:
Pasarela del Hyatt Regency Hotel en Kansas City en 1981
Las Torres 1y 2 del World Trade Center

Ha evaluado los efectos de las reacciones quimicas alcali-sili
en el hormigén de la central nuclear de la estacion Seabrook

Ingeniero civil en la Universidad de Tufts

MSc & PhD ingenieria estructural y mecanica estructural por la
Universidad de California en Berkeley

19
i& i M David Goodwin = quimico, PhD
Jim Harris - Standars historicas vigentes a la época de la
construccion y diseno estructural, PhD
(
Youssef Hashash > geotécnia, PhD \
Ken Hover = ciéncia de los materiales, PhD

20
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Scott Jones = ciéncia de los materiales, PhD

Jack Moehle - ingeniero estructural, PhD

ol

b.

Sissy Nikolaou - geotecnia, PhD

¥ BT

Long Phan - constructor e estructuras, PhD
Fahim Sadek - inspeccion estructural, PhD

Chris Segura - estructuras, PhD ‘g‘

Jonathan Weigand - estructuras, PhD
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Green section collapses quickly s Orange section collapses immediately
after,.orange part, spreading " - following red part, with much of it being
debris across the street. - e S, pulled down along with the red section:

=
Plaza/Parking area collapses =
into underground parking levels*
Unclear,if this collapsed first™
with; or after,the red section.

Collapse apears to begln
around parklhg Ievel at base
causing entire re red sectlon to* -
Ne——— 3 E:
fall vertically as one b|g plece. . : 3 : GOOGLE

Google k~

Dataldaslimagens: 3/2015 25252:22°425N 020 23630 SV, M altitude’dospor
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Hay consenso
Empezo con el punzionamiento
de la losa del area de recreacion

Preguntas, Dudas ?
1. Cual fue el gatillo, tras 40 aios ?
2. Como propagoé a las torres ?

25
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Pileta Centro Esportivo
Prueba de Carga realizada en junio de 2017
@ @ @ @
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@
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Problema

La revision del diseiio estructural, ATP
(analise técnica del proyecto estructural)
apunto que hay problemas de calculo en la
losa de fondo.

Fue decidido una prueba de q 9 D
carga o. ‘ .o
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»bo.com/espirito-santo/noticia/2016/07/tor!

ESPIRITO SANTO
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Area de lazer em condominio de luxo
desaba e porteiro é achado morto

Drone mostra o estrago no Grand Parc, na Enseada do Sua, em Vitoria.
Suspeita & de vazamento de gas, segundo Corpo de Bombeiros.

Viviane Machado e Victoria Varejio
DoG1ES i Facesoox 3

As torres do condominio de luxo Grand Parc Residencial Resort, na Enseada do Sua, em Vitéria,
foram esvaziadas apos toda a area de lazer desabar, na manha desta terga-feira (19). Quatro
pessoas ficaram feridas e um porteiro ficou desaparecido até as 17h. Ele foi encontrado
morto. O desabamento aconteceu por volta de 3h

Colapso

punzionamiento
area de recreacion
de un condominio
de lujo

44
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47
COLAPSO ESTRUTURAL junta de dilataciéon > losa apoyada
continua - losa engastada
| LAJE PROJEGAC TORRE \
T | & LA PUS
I T oo - / Situacdo antes do colapso
2 AL CAJE TERRED P176
LAJE PROJEGAO TORRE
Situacdo ap0s colapso 10 -
\ LAJE PUC
48
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19.07-2016 01:42:21

19.07-2016 01:56:49

19.07-2016 03:02:00
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P118-PUC
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Green section collapses quickly 2 Orange section collapses immediately
after,.orange part, spreading ‘ following red part, with much of it being
c = pulled down along ,with the red section:

1ess| LrEn ‘haif=re
i standing after,collaps.
< el

Plaza/Parking area collap
into underground parking level:
Unclear,if this collapsed first?

with; or after, the red section.

Collapse apears to begm
around parki ing | Ievel at | base
causing entire re red sect n to*
N— 3 3 3
fall vertically as one blg plece : A : GOOGLE
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7/1/2021 40 Year Building Recertification Miami | Florida Inspections Unlimited

? Update: We are open and following all CDC Guidelines to ensure your safet

COVID-19 Uj
FLORIDA 0008 O cosv0nn |

INSPECTIONS UNLIMITED™

| 40 Year Building Recertiﬁcation Mia | REQUEST A QUOTE

N
If you own old property in Miami chances are you've heard about 40 ame

year building recertification. The ordinance was enforced in 1975 and
then it was replaced in 2001 by the Florida Building Code. The Email
recertification decree applies to buildings within counties in Florida
with the exception of small structures, duplexes, and single family
homes. Forms are issued by the county and normally sent to Phone
individuals along with notice for inspection.

How does it work? Type of Inspection

40 year recertification requires that buildings in Florida be re-certified
for electrical and structural safety every 40 years. Upon expiration of

AN vioare tho conintv e citve hiildinge anitharvitviill caond it 2 “Nlatica
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m morabito

October 8, 2018

Champlain Towers South
8777 Collins Avenue
Surfside, FL 33154

Attention: Ms. Maggie Manrara
Treasurer

Re: Champlain Towers South Condominium
Structural Field Survey Report
MC Jobi# 18217

Dear Ms. Manrara:

Morabito Consultants, Inc. (MC) is pleased to submit this structural engineering report of the Field

Survey completed at the existing Champlain Towers South Condominium Complex (CTS) in Surfside, FL.

The scope of this project includes a review of the existing 12 story plus penthouse 136-unit residential

building, below-grade parking garage and at-grade exterior entrance drive, pool and recreation area.

s found in the
ing garage

32
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O RELATORIO DA INSPEGAO DA FIRMA "MORABITO CONSULTANTS" DE 2018
DA ALGUMAS CLARAS INFORMAGOES SOBRE ESSE ITEM
VER NO LINK

8777-collins-ave--structural-field-survey-report. pdf?sfvrsn=882a1194_2

" The Pool Deck and Entrance Drive areas were reviewed ...

Many of the existing pavers on the pool deck are cracked

The failed waterproofing_is causing major structural damage to
the concrete structural slab below these areas "

https://www.townofsurfsidefl.gov/docs/default-source/default-document-library/town-clerk-documents/champlain-towers-south-public-recort
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('€ ) SLAB FULL-DEPTH DECK EDGE REPAIR
(SEjFiz-vo

(o7 }BONDED TOPPING TERMINATION

(sT)SLAB TOP SURFACE REPAIR
(8T fFz=vo

CHAMPLAIN TOWERS
SOUTH CONDOMINIUM

0-YEAR BUILDING
ING

ssssss

(35)NQI-STRUCTURAL GRACK REPAIR (CRACK SEALANT)

- @D
(‘&1 ) STRUCTURAL CRACK REPAIR (EPOXY INJECTION)

66

33



27/11/2024

« PARTIAL DEPTH REPAIRS UP TO 3" THICK NOTE 10 « STRUCTURE SHOWN IS GENERIC
AND WILL DIFFER PER PLANS
- SLAB TOP SURFACE REPAIRS SHALL ONLY ~ NOTES NOTES 8 &9
BE PERFORMED ON SLAB THICKNESSES — SEE PLANS FOR
OF 6" OR GREATER AND ONLY WITH NOTE 6 NOTE 4 EXISTING SLAB

EXPLICIT PRE-APPROVAL OF ENGINEER REINFORCEMENT

r NOTE 10

EX. SLAB
SEE
PLAN

SHORING WHERE ——=
REQUIRED BY

PLANS, SEE
ey

EX. BEAM
SEE PLAN

[¢)

« FOR TYPICAL REPAIR NOTES, SEE

112" =1-0"

@ SLAB TOP SURFACE REPAIR

67

% Pacometria - posicion de los refuerzos
% Esclerometria - dureza superficial
+ Ultrasonido - nidos de hormigonado

« Testigos - f. concretos

+ Espesor del recubrimiento
+ Espesor de carbonatacion
« Presencia o perfil de cloruros

« Disefo de grietas

+ Identificacion de areas problematicas

68
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SurfSide = MIAMI 2021 12 pisos

. ‘ Proyeccion de la Torre ) 5

i 1
L R | - Pl PR ol ptler e

69

Fawec! apell

W Losa torre: 0,00 m

BRyTomM.

s b w—
5 S | 2%5 & 2+ 5

s://surfside.one

c-regords-search/ - F olha S5
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6000psi (41.4 MPa)

—p=2.64%

—p=4.79%

—p=4.95%

v Columnas de hormigo6n desde el garaje hasta el tercer piso:

v' Losas de hormigén de pisos: 4000psi (27.6 MPa)

v Refuerzo de la columna 61x61cm : 12032 — As=98.28cm?2
v Refuerzo de la columna 41x41 cm : 8936 — As=80.48cm?2

v Refuerzo de la columna 36x46 cm: 10032—As=81.9cm?2

v" Losas de espesor: 25cm (planta baja), 20cm (tipo)

baja), 0.19% (tipo)

Fonte: https://surfside.one/public-records-search/ - Folhas S14 e S6

v" Refuerzo de losas inferior: @12.7 C/30cm— p=0.17% (planta

71
Jer =f . de las columnas en los pisos
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L1
h=2S
+Hem
| 710 . j‘ 845 ! 682 ,
PS9. e . -
“aml Y23 so/m 516/91 ' 41/41
1 S s 7| — — — — 4 - 17
|
g ;
[=]
| : L8
o < h=25
iR : :
— “ ! -48¢m
—Heise s | e
P73 ¢ P74 P75
36/46 "
| P84 / | 38/46 46/36
61/61 .
630 . 645 . 652 .
jFonte: https://surfside.one/public-records-search/ -
Projecio Torre Reprodugio Folha S5
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, = Torre
Fonte: La]e area recreagao colapsada
https:/surfside
.one/public-
records-
search/ -
. DECK (ACABAMENTO EM PAVER) ©
reproducdo - S —— e S
folha S5 A e S e A G R R 5%
46 [ro= B 41 ;.:
255 <
s
S
i:": :
75 ESTACIONAMENTO
S —

74
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laje térreo da torre

= L ¥

laje recreagdo

|25 46 |

Fonte: https://surfside.one/public-records-search/ - Reprodugio Folha S5

75
ARMADURA LOSA RECREACION com PLANTA BAJA
30
< e
S wih
ARMACAO LAJE
®12.7 C/30
ARMADURA DE BORDA DA LAJE
200
|12 2916 ARM. SUPERIOR
#1E 1C/S0 2619 ARM. INFERIOR
ESTRIBOS ¢9.5 C/30
Fonte: https://surfside.one/public-records-search/ - Reprodugio Folha S5
76
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ARMADURA SUPERIOR COLUMNA 61x61 cm

Losa recreacion sob torre que no hé colapsado pero losa si ha colapsado

16016 C/22, 5cm

1 16016 C/22, Sem |
1 i

Fonte: https://surfside.one/public-records-search/ - Reprodugio Folha S5

77
Refuerzo SUPERIOR columnas 36x46 cm
Losa area lazer, plana, sin capitel
PN
{1 1 3
, g 6/46
19016 C/18, Scm S
X2 &
16016 C/22,5cm
Fonte: https://surfside.one/public-records-search/ - Reprodugio Folha S5
78
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79
CORTE TIPICO NAS ARMACOES DE PUNCAQ
E COLAPSO PROGRESSIVO (SEM CAPITEL)
— . +++ IMPORTANTE + 43
ARMACAO NEGATIVA S POSICIONAR ARM. NEGATIVA
| S, [ POR DENTRO DA GAIOLA
L & I
| |
| ARMACAO ey ARMACAO
| PUNGRO_—] N PUNCAO |
" = pos 4 1S
& = @ &
3 S PILAR| | ° 3
ARMACAO POSITIVA ' ARMACAQ POSITIVA
DETALHE DE AMARRACAQ NOS ESTRIBOS
AS BARRAS LONGITUDINAIS DEVEM ESTAR RIGOROSAMENTE
ENCOSTADAS E AMARRADAS NOS QUATRO CANTOS DOS ESTRIBOS
Fonte: Ricardo Franga & Associados
80
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...... d o 0 CONECTOR
DEVE ESTAR
NA POSICAO
VERTICAL

MARCAR NO
ASSOALHO A
POSICAO DOS
CONECTORES
v 14
POSICIONAR AS LIGACOES DOS RESPEITAR O COBRIMBNTO
CONECTORES NA FACE INFERIOR DA LAJE DE PROJETO

Flgura 5.8
ETAPA 1 | Posicionamento dos conectores/studs

Fonte: Manual de Boas Praticas. Montagem das Armaduras de Estruturas de Concreto Armado.
Jorge Nakashima (Sartoro) & Larissa Arakawa Martins. 2021

81

Fonte: Acervo PhD. Capitel com armadura de pungdo (“studs”).

82
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Fonte: https://www.nist.gov/disaster-failure-studies/champlain-towers-south-
collapse/news-and-updates-

83

Columnas colapsadas

Fonte:
https://www.nist.gov/dis
aster-failure-
studies/champlain-
towers-south-
collapse/news-and-
updates-

84
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}Colu,‘r__pna colapsada
5 &‘—?.—";; — A

Fonte:
https://www.nist.gov/
disaster-failure-
studies/champlain-
towers-south-
collapse/news-and-
updates-

85

o S ~ix ; b . %y '

Fonte: https://www.nist.gov/disaster-failure-studies/champlain-towers-south-
collapse/news-and-updates-

86
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Fonte:
https://www.nist.go
v/disaster-failure-
studies/champlain-
towers-south-
collapse/news-and-
updates-

87

Losa
punzion

Fonte:
https://www.nist.gov/dis
aster-failure-
studies/champlain-
towers-south-
collapse/news-and-
updates-
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apartado 20.12

“Punzonamiento”
pag. 418 a 422

Hormigoén Armado
14° Edicion
Basada en la EHE
Publicada em 2000

Pedro Jiménez Montoya
Alvaro Garcia Meseguer
Francisco Moran Cabre

89

Losa Recreacion Pileta & Punzonamiento

€nominal = 25 ¢cm = canto 2 d = 22 ¢cm

Carga peso proprio = 625 kgf/m?

Carga Permanente= 450 kgf/m?2 Total : 1300 kgf/m?
Carga Acidental= 225 kgf/m2

Columnas 36 cm x 46 cm a cada 6,5 m por 7,0 m

Superficie critica 2 2,5 m? - carga en la columna = 55000 kgf
fe=27,6 MPa (N/mm?)

Cuantia = 0,01 coeficiente S = 1,15

Normal solicitante 2 Fy; = 550% & (kN)

Perimetro critico 2 1, = 440 cm

Fonte: https://surfside.one/public-records-search/ - Folhas S5, S6 ¢ S14

90
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Losa Recreacion Pileta & Punzonamiento

corrosion del acero

Trqg = 0,12 (1+ |=2) /(100 * p/*/iy)

91

Losa Recreacion Pileta & Punzonamiento

corrosion del acero

Tsd = Trd
Trqg = 0,70 N/mm? (MPa)

Tsa =0,65%)r

yr=1,08 (1,57

92
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1° ANDAR o
CORTE
) > Torre
La]e area recreagao colapsada
30 I
‘[ TERREO 2
DECK (ACABAMENTO EM PAVER) © RS q:
41 2
g L]
o~
Fonte: https://surfside.one/public-records-search/ -
ESTAC] ONAMENTO Reproducio Folha S5 e
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Losa Recreacion Pileta & Punzonamiento

Superficie critica 2 2,5 m? - carga en la columna = 55000 kgf

Recalque 1mm - carga extra en la columma = 2800 kgf

Trqg = 0,70 N/mm? (MPa)

Tsq =0,68%yp

vr=1,03

94
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Losa Recreacion Pileta & Punzonamiento

Superficie critica 2 2,5 m? - carga en la columna = 55000 kgf

Recalque 2mm - carga extra en la columma = 5300 kgf

Trqg = 0,70 N/mm? (MPa)
Tgd :0, 7] *7/F

r=10,99

95

Lecciones

% Nuestras condolencias y solidaridad con las familias afectadas

% ATP (revision del disefio estructural por pares)

% ATO (control tecnoldgico de estructuras por pares)

% ATU (inspeccion periodica y competente)

% Mantenimiento (obras)

+ iCuidado con el agua! Nunca menospreciar corrosion!

 Los edificios no son eternos y presentam problemas, anos despues
% Elegir profesionales bien preparados (certificacion)

+ El ultimo ingeniero universal fue Leonardo da Vinci, multidisciplar

96
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