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EXCELENCIA TECNICA: INOVAGAO, NORMAS E CAPACITAGAO

11215

SETEMBRO | 2023
SAOPAULO - SP

REALIZACAD

IBAPE NACIONAL

Instituto Brasileiro de Avaliagdes
e Pericias de Engenharia

Torres Champlain Towers South
8777 Collins Avenue, Miami Surfside
Inauguracao 1981, investidor/construtor Nathan Reiber
Champlain Towers North, 1981 & Champlain Towers East, 1994
Formato L com 12 andares Colapso o1h 30

24 de Junho de 2021 40 anos de idade 98 mortos

Ressalva: Esta apresentacao é apenas para fins educacionais. As hipéteses, opinides e
pontos de vista expressos nesta apresentacdo representam a opinido do autor e ndo
representam uma posicao oficial ou legal do poder piublico, do IBRACON, da PhD
Engenharia, da USP, da ALCONPAT, do IBAPE, ou de qualquer uma das partes
envolvidas neste colapso. Também esta apresentacao nao é um aconselhamento juridico
e nem um laudo ou parecer técnico judicial.




Green section collapses quickly
after,orange part, spreading
debris across the street.

Unclear,;if,this collapsed first?
with; or,after.the red section.

https://www.reddit.com/r/CatastrophicFailure/comments/o7iynn/progression_of_the_miami_condo_collapse_based_on/

Collapse _apears_ to

Orange section collapses immediately
following red part, with much of it being
pulled down along with the red section:

| = -
*,(@ briefly, leaning further over
duntil it, too, collapses from the

around parlgir’lgvleyel EULEE:Y
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causing entire_red sec
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of that were alerted by building noises.




Una residente dijo a The Post que minutos antes de que se derrumbara Champlain Towers
South en Surfside, se dio cuenta de que una seccion de la cubierta de la piscina y una zona de
aparcamiento a nivel de la calle se habian derrumbado. El marido de otra residente ha dicho que
Su esposa, que no ha sido vista desde el desastre, hizo una observacion similar en una llamada

telefonica poco antes del colapso.

Sara Nir, una residente, dijo a The Post que poco antes de la1 de la madrugada noto fue
ruidos de “golpes” que supuso eran causados por las obras de construccion. Alrededor de la
1:14 de la madrugada, oyo un ruido que le parecio el de un muro que se derrumbaba, y salio de su

apartamento de la planta baja para quejarse a un guardia de seguridad en el vestibulo.

Debris visible in the video taken 5 minutes
before the collapse. Engineers say rubble
\ooks \ike a collapsed structural slab from o Previous evidence of damage had been noticed
above in the area, like standing water documented
here 36 hours before the collapse.

1:18 a.m. a tourist who heard a sound records what

she sees on her phone.

N
v

Miami Herald: The last stand of Champlain Towers South. Computer Model, witnesses reconstruct the tragedy”. January 2022
SURFSIDE Anatomy of a complex forensic investigation, by Juan Carlos Araiza, PhD, PE February 2023




Primeira Licao

Fique atento e escute os gritos da estrutura, pois
podem ocorrer acidente graves e colapsos em
qualquer idade da estrutura.

Todas as estruturas advertem que estao prestes a
colapsar, e o desafio é saber interpreter os sinais da
estrutura!

Somente aqueles que entenderam os avisos
foram salvos!
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https://www.nist.gov/disaster-failure-studies/data-portal

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.

May 31, 2023, Champlain Towers
South Investigation Update:
Second Warehouse Will Allow
New Phase of Testing

On May 11, 2023, the Miami-Dade Police Department (MDPD) and the National
Construction Safety Team (NCST) finished moving a portion of evidence retrieved
from the Champlain Towers South building into a second warehouse. The move
provides the team members with the space needed to safely access the specimens
and begin the next phase of evidence analysis, which will include extracting
samples of concrete and reinforcing steel from the specimens retrieved from the
Surfside, Florida, collapse site. The challenging move of more than 300 building
specimens was managed by MDPD contractors and subcontractors and overseen
by NIST staff.

The first warehouse was not large enough to allow our staff members and others to
safely conduct all of the analysis that needs to be done to help us understand the
condition of the building materials at the time of the collapse, said Judith Mitrani-
Reiser, co-lead of the investigation. This second, larger warehouse will allow us to
create sufficient space around each specimen so that we can bring in equipment to
safely manipulate, cut and core specimens to extract samples.
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NIST Provides Update on
Investigation Into the Collapse of
Champlain Towers South

= «\ B2 S
—A ¥ !

Today, in a meeting of the National Construction Safety Team (NCST) Advisory
Comnmittee, investigators from the National Institute of Standards and Technology
(NIST) shared details of their investigation into the partial collapse of the Champlain
Towers South building in Surfside, Florida. They highlighted preliminary evaluations
of the data collected on site conditions and additional deviations from design in the
construction of the buildings pool deck.

Shortly after the June 24, 2021, partial collapse of the Champlain Towers South
building, NIST established a team to conduct a technical investigation into its cause.
The NCST Act authorizes NIST to investigate building failures and recommend
changes to building codes, standards and practices, with the goal of improving
building safety nationwide. NISTs role under the act does not include determining
whether there was a criminal act or violation, and NIST does not determine any
associated culpability.

Resumo 07.09.2023:

v Fundacao 2 OK

v' Cavernas nao existiu

v Concreto 2> OK

v Aco 2> OK

v Armadura da laje de recreacao
deficiente

v Modelo Estrutural Completo 2 sendo
finalizado

Promessa:
Final & junho 2024
Recomendacoes = junho 2025
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Champlain Towers South NCST Investigation - September, 2023 Update
B\ () ) ’ ) 2LV : \

Advisory Committee Meeting, September 7, 2023.

Champlain Towers South Collapse
Investigation Update

eiser

Glenn R. Bell
Associate Lead Investigator
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Inspecoes e Aniostragerh

recolheram para anélise em laboratdrio cerca de 200 elementos construtivos




Segunda Licao

v' Transparéncia - criar um portal de acesso publico com
todas as informacoes e fotos

v’ Valorizar a pesquisa tecnocientifica, junto com a policia e
bombeiros, desde o primeiro dia

v" Nomear uma equipe multidisciplinar responsavel, com
poder e autonomia (“Comité de Crise do Buraco”)

“publicas e privadas”

15

Sobre a sequéncia do colapso ha consenso:

1. laje de recreacao
12 parte da torre

22 parte da mesma torre

32 parte da mesma torre

LA S

parte lateral da torre

16




...entdo qual a davida?
Qual foi o gatilho?

Porqueé uma parte se propagou a outra?

Porqué depois de 40 anos?

17



https://surfside.one/public-records-search/
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https://surfside.one/public-records-search/
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SurfSide = MIAMI 2021 12 andares
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https://surfside.one/public-records-search/
https://surfside.one/public-records-search/

Jf. pilares no decorrer dos pavimentos
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v" Concreto pilares da garagem até o terceiro andar: 6.000psi (41,4 MPa)
v" Concreto lajes até o 8 andar: 4.000psi (27,6 MPa)

v Armadura pilar 61x61cm : 12032 — As=98,28cm2 —p=2,64%

v Armadura pilar 41x41 cm : 8036 — As=80,48cm?2 —p=4,79%

v Armadura pilar 36x46 cm: 10032—As=81,9cm2 —p=4,95%

v" Espessura lajes: 25cm (térreo), 20cm (tipo)

v Armadura inferior lajes: @12,7 C/30cm— p=0,17% (térreo), 0,19% (tipo)

v Nao foi encontrado em projeto detalhe de armadura de puncao

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

28
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https://surfside.one/public-records-search/
https://surfside.one/public-records-search/

Pilares

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

29

Pilares

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

30
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Pilares

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

31

Lajes

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

32
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Lajeé

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

34
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Puncao

Manifestacao Tipica

41

Swew G ESPIRITO SANTO

tvgozetol

Area de lazer em condominio de luxo
desaba e portelro é achado morto

do S

n Vitoria

undo Corpo de ch

Viviane Machado e Victoria Varejio
DoG1ES i Facesook 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.

http://g1.globo.com /espirito-santo/noticia/2016/07/torres-d dominio-de-1 s-s s-apos html

Exemplo de
acidente com
puncao mas,
com robustez

que evitou uma

tragédia

42
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http://wwwi.folha.uol.com.br/cotidiano/2016/07/1793137-bomb

diz-tv.shtml
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http://g1.globo.com /espirito-santo/noticia/2016/
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es.html
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19.07-2016 01:42:21

45

19.07-2016 01:56:40

18:07:2016 01:00:04

18:07.2016 03:00:08

46
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* 19.07.2016 (03 h)
* 6 anos de idade
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LAJE PROJEGAQ TORRE

LAJE PUC

LAJE TERREO

antes do colapso

apos colapso

LAJE PROJEGAO TORRE

P19

CONSOLE

P180 P176

LAJE PUC

48
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CORTE TIPICO NAS ARMACOES DE PUNCAOQ
E COLAPSO PROGRESSIVO (SEM CAPITEL)
|

f o #4 4 IMPORTANTE*+ 3
ARMACAO NEGATIVA @© POSICIONAR ARM. NEGATIVA

| 3, | POR DENTRO DA GAIOLA |
i [ b 4 | - - - );
| ARMACAO |
| ARMACAO lm ARMACRO |
| PUNCAD , ad o ala PUNCAO |
rH + t T+
& 2 2 5
o ©  PILAR | © 3

ARMAGAD POSITIVA ' ARMACAO POSITIVA

DETALHE DE AMARRACAO NOS ESTRIBOS

AS BARRAS LONGITUDINAIS DEVEM ESTAR RIGOROSAMENTE
ENCOSTADAS E AMARRADAS NOS QUATRO CANTOS DOS ESTRIBOS

Fonte: Ricardo Franga & Associados

55

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

56
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“Falsas” hipoteses do “Gatilho”

1. Corrosao das armaduras dos pilares
2. Estrutura com lajes planas sem vigas
3. Efeitos ambientais de sumidouros

4. Corrosao de armadura da laje perto piscina

57

October §, 2018

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

Page 8

O Relatério
estrutural de
Morabito, 2018,
demonstra que a
corrosao das
armaduras nos
pilares era inicial e
jamais suficiente
para justificar um
colapso

Figure J1: Typi racking and spalli rkin rage columns

58
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Falsas hipoteses do “Gatilho”

1. Corrosao das armaduras dos pilares 2 Negativo
2. Estrutura com lajes planas sem vigas - Negativo
3. Efeitos ambientais de sumidouros

4. Corrosao de armadura da laje perto piscina

61

62
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Falsas hipoteses do “Gatilho”

1. Corrosao das armaduras dos pilares 2 Negativo
2. Estrutura com lajes planas sem vigas - Negativo
3. Efeitos ambientais de sumidouros - Negativo

4. Corrosao de armadura da laje perto piscina

63

YouTube Premium

64
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65

Hipoteses FALSAS do “Gatilho”

1. Corrosao das armaduras dos pilares - Negativo
2. Estrutura com lajes planas sem vigas > Negativo
3. Efeitos ambientais de sumidouros - Negativo

4. Corrosao de armadura da laje perto piscina >
Negativo

66
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Terceira Licao

v Manter visao critica das noticias na midia
por mais que parecam verdadeiras

67

“Verdadeiras” hipoteses do “Gatilho”

—>Fissura + corrosao - muro de divisa
—>Puncao + corrosao - laje recreacao

—>Recalque diferencial 2 puncao laje

68
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y/o Cloruro
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https://www.enr.com/articles/52001-engineers-piece-together-champlain-towers-probable-collapse-sequence
https://www.enr.com/articles/52001-engineers-piece-together-champlain-towers-probable-collapse-sequence
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https://www.eng-tips.com/viewthread.cfm?qid=484915
https://www.enr.com/articles/52001-engineers-piece-together-champlain-towers-probable-collapse-sequence

Thursday
April 21, 2022

MIAMI
HERALD

A photo of the Champlain Towers South pool deck shows the slb disconnected from the southern wall during the
June 24 collapse. Damage in the failure plain is not uniform, indicating pre-existing damage to portions of the slab at
the connection, according to engineer Dawn Lehman. Robert Lisman

https://www.miamiherald.com/news/special-reports/surfside-investigation/article260418037.html

84
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https://www.enr.com/articles/52001-engineers-piece-together-champlain-towers-probable-collapse-sequence
https://www.miamiherald.com/news/special-reports/surfside-investigation/article260418037.html

POOL DECK SLAB DISCONNECTED
FROM SOUTHERN PERIMETER WALL

- )
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Jé{:‘,{‘ ad
‘s 7

- . B d
e

Pre-existing slab damage:
Concrete in chunks, sheet
pile behind wall exposed

Vertical shear from collapse:
Rebar imprint (left) and
fractured rebar (right)

Cavity in wall: Gravel is
visible where slab-wall
connection should exist

A July 1 photo of the collapse site shows distinct damage patterns in the area where the pool deck slab disconnected

from the southern perimeter wall. EDUARDO ALVAREZ AND SARAH BLASKEY

April 21, 2022

MIAMI
HERALD

https://www.miamiherald.com/news/special-reports/surfside-investigation/article260418037.html
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-~ 56 m

laje recreacao torre
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https://www.miamiherald.com/news/special-reports/surfside-investigation/article260418037.html

nt' 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.
MC reviewed a representative sample of ~68 condominium units (half of the total units found in the
buildine) along with the roof, exterior facade (observed from the balconies surveyed), parking garage,

87

hetns:www.townofsurfsidefl.qovidocs/default-source/default-document-library/town-clerk-documents/champlain-towers-south-public-records/

817T-collins-ave--structural-field-survey-report pf?sfursn=662a1194 2

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

Many of the existing pavers on the pool deck are cracked

The joint sealant was observed o be beyond its useful Ife and are in need to complete replacement

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

88
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“»Pacometria — posicao das armaduras
“»Esclerometria - dureza superficial
“+Ultrasom — ninhos de concretagem

“#Testemunhos - f. e modulo do concreto

% Cobrimento
“+Espessura de carbonatacao
“+Presenca e perfil de cloreto

“»Geometria de fissuras

“Identificacao de areas problematicas

89

Quarta Licao

v' E fundamental proceder a uma inspeciio correta e
detalhada, realizada por profissionais experientes e
certificados que saibam identificar os pontos criticos da
estrutura que esta sendo inspecionada

“...tudo o que diz a Red DURAR, a ALCONPAT, os CTs do
IBRACON, ABNT, IBAPE,... anamenese, ensaios,
conhecimento do projeto estrutural, cloretos, prospeccdo...”

90
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“Verdaderas” hipoteses do “Gatilho”

—>Fissura com corrosao no muro de divisa OK
—>Puncao + corrosao

—>Recalque diferencial

91
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Torre
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Laje area recreagdo
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DECK ( ACABAMENTO EM PAVER)
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ARMADURA LAJE RECREACAO com TERREO

30

25] 46

ARMACAO LAJE

®12.7 C/30
ARMADURA DE BORDA DA LAJE
200
|12
016 0/30 2916 ARM. SUPERIOR

2619 ARM. INFERIOR
ESTRIBOS 9.5 C/30

95

Armadura SUPERIOR pilares 36x46 cm
Laje area lazer, plana, sem capitel

PN
36/46

19016 C/18, Scm

16916 C/22, 5cm

96
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Laje Recreacao/Estacionamento - Puncao

€nominal = 25 ¢m > altura atil 2> d = 22 ¢cm

Carga peso proprio = 625 kgf/m?

Carga permanente= 325 kgf/m2 Total : 1.200 kgf/m?
Carga acidental= 250 kgf/m2

“area de influencia” ou modelo

Carga no pilar = 50.000 kgf (50tf)

Nota: ndo foi considerado efeito de momento na cabeca do pilar, nem flexdo, portanto uma
verificacdo aproximada da realidade

97
Laje Recreacao/Estacionamento - Puncao
fck,laje = 27,6 MPa (N/mm2)
Jekpitar = 41,4 MPa (N/mm?)
Armadura em x = ¢$16 cada 15,3cm px = 0,60%
Armaduraemy = ¢16 cada 17,5cm py = 0,52%
p = \[px * py
Taxa de Armadura = 0,0056 = 0,56%
98
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Laje Recreacao/Estacionamento - Puncao
resumo

fiklgje = 27,6 MPa (N/mm2) Contorno C
Jek pitar = 41,4 MPa (N/mm?)
Taxa armadura = p =0,0056 = 0,56%

Normal solicitante 2 Fyq = 500* j¢ (kN)

Perimetro critico 2 u = 440 cm

Altura Gtild = 22 ecm

u=2(Cl+C2)+4nd
Ci=36cm C2=46cm

99

apartado 20.12

“Punzonamiento”
pag. 418 a 422

Hormigon Armado
14° Edicién
Refere-se a EHE
Publicada em 2000

Pedro Jiménez Montoya
Alvaro Garcia Meseguer
Francisco Moran Cabre
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EHE 2000 - Puncao

Tra = 0,12 % (1 + [=2) /(100 * p*/,,)

101

Norma Espanhola EHE 2000 Puncao

Tra = 012  (1+/200/220) « (100 * 0,0056 * 27,6)"/* = 0,58 MPa
Tra = 0,12 + (1 +/200/220) * (100 * 0,0056 * 41,4)'/3 = 0,63 MPa

_ B*Fsqg  115%500kN *yy
tsa = T wd T 440cm * 22cm

= 0,59 MPa * y

102
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EHE 2000 = Puncao
Tsa < TRd
Trqg = 0,58a 0,63 MPa

Tsq = 0,59%y,

(1,5?!)
7-=0,98 a 1,07

103

NBR 6118:2014 Célculo da Solicitante a Puncao

Pilar interno, carregamento simétrico (sem efeito de momento)

Tra = 013  (1+/20/d) * (100  p * fi)V/? =
= 0,13 * (1 ++/20/22) * (100 * 0,56% * 27,6)'/3 = 0,63 MPa
41,4 = 0,72 MPa

T, = FSd _ SOOkN*)/f
Sa 7 uxd ~ 440cm * 22cm

7,=1,2121,38

= 0,52 MPa * yf

(1,4 2!

104
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ACI 318:14 Puncao

Tra = 0,25 * \/fek
c ol D
Tra = 0,25 /27,6 = 1,31 MPa “‘I’T Tbx
Trg = 0,25 * /41,4 = 1,60 MPa “"LL : l
A;_""l;;"‘: ’’’’’’ B

_ Fsd yv*MSd*bl/Z
Tsd = +
uy Xd Jc

u; xd  252cm * 22cm

= 0,90 MPa * Vs

Tsd =

105

ACI 318:14 Puncao

TRd = 1,31 MPa
Tra = 1,60 MPa

Tsq = 0,90 MPa * yf

(1,57?!)

y,=1,4521,77

Obs.: ACI é muito diferente. Neste caso ndo passa a armadura de flexdo, por exemplo

106
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Jib Model Code:2010 Puncao

JFek

Cc

V27,6
1,5

V41,4

)

Frp; = ky * * by * d

Frqa= 0,214 % * 2100mm * 220mm = 347 kN

* 2100mm * 220mm = 424 kN

Foy = 0,214 %

107

Jib Model Code:2010 Puncao

Frg = 347 kN
Frg = 424 kN
FSd = 500 =x yf

(1,52!)
7= 0,69 a 0,83

Obs.: comparativo de esforgos resistente versus solicitante.

108
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ACI 318: Y= 1,45 a 1,77

Jib Model Code:2010: V= 0 69 a 0 85

Norma Espanhola EHE.2000: I{ 0,98 a 1,07

NBR 6118:2014 - contorno C’ I{ 1,21 a 1,38

+retragdo + efeitos térmicos + recalque diferencial + corrosdo

109

Quinta Licao

v' As normas nao sao iguais, evite usar s6 um pedaco de
uma misturado com outra

v E essencial proceder com uma revisao por pares do
projeto estrutural antes de comecar a construir, realizada

por especialistas que saibam identificar os pontos criticos
da estrutura.

“...norma brasileira ABNT NBR 6118 prescreve
ATP...”

110
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“Verdadeiras” hipoteses do “Gatilho”

—>Fissura + corrosao no muro de divisa - OK
—>Puncao + corrosao - OK

- Recalque diferencial + corrosao

111

~56m

Laje recreacao torre

112
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PhD. Modelo Estrutural — Champlain Towers South

113

Laje area recreagdo

Torre
Carga extra colapsada
3.000 kgf

. TERREO

417

w
o~

[

Recalque
de 1 mm no
pilar da -
torre

ESTACIONAMENTO

114
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EHE 2000 Recalque Diferencial

7= 0,69; 0,98; 1,21 ¢ 1,45 = 1,09
Carga nos pilares = 50.000 kgf

Recalque 1 mm - carga extra = 3.000 kgt

yp=1,02

115

EHE 2000 Recalque Diferencial

7= 0,69; 0,98; 1,21 e 1,45 = 1,09

Carga no Pilar = 50.000 kgf

Recalque 2 mm - carga extra = 6.300 kgf

= 0,97

116
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O que recomendar a Champlain Towers North ??

1. Proibir estacionar carro
2. Revisar projeto
3. Inspecionar fisuras (muro e cabeca pilar)
4. Promover junta dilatacao (consoles)

5. Verificar conceito de robustez

118
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=

Shoring is visible around at least 11 columns
at Champlain Towers North, sister building
to the Champlain Towers South condo that
collapsed in June 2021.
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Licoes Aprendidas

+ Transparéncia para a Sociedade e valorizacao da Engenharia

% ATP (analise técnica de projeto, revisiao por pares)

% ATO (acompanhamento técnico de obra, supervisao e controle)
% ATU (acompanhamento técnico do uso, inspecao periédica)

% Obras de manutencao preventiva e corretiva — vida util

+ Cuidado com agua e nao menosprezar corrosao

+ Escolher profissionais bem preparados (certificacao, CV)
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Engenharia
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