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Nota legal:

@ Las informaciones y conceptos expresados en esta conferencia tiene el propdsito de divulgar e informar de manera general sobre los
temas relacionados con el concreto, NO son asesoria para una obra en particular.

© PROCEMCO NO es ni pretende ser asesor de proyectos especificos. Cualquier duda con relacién a una obra determinada debe ser consultada
por el interesado con los respectivos disefiadores e interventores de la misma.

@ EL uso que se haga de la informacién y conceptos aqui expresados no implica responsabilidad alguna para PROCEMCO ni para el
conferencista; debe ser utilizada por personas idéneas bajo su responsabilidad y criterio.

@ Esta informacion no sustituye las funciones y obligaciones de las personas contractualmente responsables de la concepcion, ejecucion y
vigilancia de los respectivos proyectos.

© PROCEMCO no asume hingun tipo de responsabilidad por la informacion que divulguen los patrocinadores y por tanto cualquier reclamacion
relacionada con la calidad, idoneidad y seguridad de los bienes y servicios ofrecidos deben ser atendidos por cada anunciante.
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Colapsos de Edificacion y Puentes por
Corrosmn InV|S|bIe del Acero

Paulo Helene

PhD Engenharia
IBRACON
Brasil

Organiza:
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Condiciones para haber corrosion en
estructuras de concreto:

acero + oxigeno + “agua” 2 “herrumbre”
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pero... qué hay en comun
entre los siguientes colapsos,
accidentes o derrumbes con
ruptura fragil sin avisos !

Descargo de responsabilidad: Esta presentacion es solo para fines educativos. Las hipotesis, opiniones y
puntos de vista expresados en esta presentacion representan la opinion del autor y no representan una posicion
oficial o legal del gobierno, IBRACON, PhD Engenharia, USP, ALCONPAT, PROCEMCO, o cualquiera de las
partes involucradas en estes casos aca presentados. Ademas, esta presentacion no es un asesoramiento legal ni
un informe judicial. También no puede ser reproducida sin autorizacion del autor.
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Green section collapses quickly, Orange section collapses immediately
after,.orange part, spreading ~ following red part, with much of it being
debris across the street : = 2 g pulled down along with the red section!:

R TI

Plaza/Parking area collapses "{
into underground parking levels
Unclear;if;this collapsed first?

with; or after,the red section.

oriefly, leaning further over
funtil it, too, collapses from the
base as a solid section.

- GOOGLE
hﬁps Ihww.reddit. com/r/Catastrcph|cFa|Iure/comments/o7|ynn/progresslon of_the_miami_condo_collapse_based_on/ ke EARTH
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em R$ 12720, segundo nego
ciagio em curso nos Trés Pode:
res, da qual resultard um inédi-
to projeto de lei de iniciativa
conjunta. O aumento poders
ocorreremabril. Pég.1-9

Inspeccion
1 ano antes

)
31

£taedigho tem
i

SRR Destrogos dax duas. marqnlses de 30 metros de comprimento quedeubmm dafachada de loja no centro de Sio Cae\nno do Sul

Oigucte

: A — [ st rada

16



11/05/26

417125, 5:32AM Dresden bridge failure caused by hydrogen-induced stress corrosion, report confirms | New Civil Engineer

PRO CAROLA BRIDGE

CEN DRESDEN. GERMANY

CO: . —
11 de Septiembre 2024
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Ponte desaba e rompe tubulagao de
agua em Pedra Branca, SE

Ponte fazia a parte da BR-101, mas estava interditada para veiculos.
Fornecimento de agua pode ficar interrompido até a préxima semana.

[E3080
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http://g1.globo.com/se/sergipe/noticia/2

aracaju.html
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v Corrosion invisible !

v" Fisuras localizadas !

v" Corrosion bajo tension !

v Ruptura fragil sin aviso !

Organiza:

PRGCEMCO
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UNDERGROUND GARAGE AND FIRST
FLOOR ON TOWER’S SOUTH SIDE

SOUTHERN PERIMETER WALL i
BELOW GRADE

a la degradacion del apoyo en lugar del punzonamiento en forma aislada.

A cross-section of a prime area of the pool deck collapse that happened seven minutes before the tower fell on June
24. Rachel Handley Read more at: https://www.miamihgra[d.cominews/speciaI-reports/surfside— .
investigation/article260418037.html#storylink=cpy o Fuente The Miami Herald 19 de Abril de 2022
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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 Job# 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,

i

32
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htps:www.townofsurfsidefl.gov/docs/default-source/default-document-library/town-clerk-documents/champlain-towers-south-public-records/
81TT-collins-ave-structural-field-survey-report pdf?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 to be beyond its useful Ife and are in need to complete replacement

The failed waterproofing_is causing major structural damage to
the concrete structural slab below these areas "
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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
Suspeita & de vazamento de gas, segundo Corpo de Bombeiros

Vitoria

Viviane Machado e Victoria Varejio
S

As torres do condominio de luxo Grand Parc Residencial Resort, na Enseada do Sua, em Vitoria,
foram esvaziadas apos toda a area de lazer desabar, na manha desta terga-feira (19). Q

pessoas ficaram feridas e um porteiro ficou desaparecido até as 17h. Ele foi encontrado
morto. O desabamento aconteceu por voita de 3h

llllll

Organiza:

PRGCEMCO
1.globo.com /espirito-santo/noticia/2016/07/torres-de-condominio-de-lu das-apos-desab: html
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LA NACION

SECCIONES

Vista del derrumbe en un complejo de viviendas en Parque Patricios

42
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Marquesinas

Rio de Janeiro, Porto
Alegre, Sao Paulo, Recife,
Salvador...
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DESABAMENTOS

Marquise esmagou um
bancario de 23 anos

A pega de concreto tinha o peso de quatro toneladas

vo- \lussts ALMEIDA NENE
ia de Pet 7

quise 4o prédio do Lioyds Hank In

Arias falhas na conatrugho da mar
.~ LermAUGNAl ACADATAI CAUSANGO &

mort ima pessoa ¢ ferimentos em ou
tra, 1o Infclo da mAnhA de ontem, no cen
tro de Porto Alegre. A marquise, com 13
metros de extensho, dols de largura « 85

d0 Hospital de Pronto Socorro, Felico Jo
% Ponte, 27 anos, residente em Novo Ham
DUrgo, escapou por pouco. Ele sotreu esco
Fiagoss noa Bragos o nAR costax, A0 ser
atingido de rispho pelo concreto. Feliclo
fol medicado no HPS e liberado, informou
0 Inspetor Laudelino, 4o plantdo policial do
hoapital

Uma bomba

A tragédia o6 nko

1 bem malor porque

tmento na Rua General CAm
o 9614 16calizas0 0 banco, ainda sra pe.
Queno As Théomin Naguela hres. estio
concentrados varios bancos ¢ Jalio César
trabalhava no Hradesco, como gerents 40
Poato de Servigo das Tintas Renner, na As
#ia Brast. Ele estava caminhando pars o
Bradesco da General Chmars, onde part)
ciparta de uma reunilo de trabalho, quan
0 fol atingido pela marquise do prédio o
mero 249, do Lioyds Bank
O baneario Feliclo José Dupont, 77 anos.
presenciou o fato. Ele seguia para o Banco
Meridional caminhando pelo melo da nus.
segundo Aflrmou, pars evitar os Kuards
€hivas Gax pessoan que Lransitavam pelas
calgadas. Nem bem ele panscu em frente
80 Lioyds e ouviu 0 estrondo, como uma
bomba. Apavorado, viu as quALro Laneis.
das desabarem no chio. Logo ele  as pes
oA que se Aglomeraram no local nota
ram que havia Alguém embatxo da mar
Quise. QUARGD perceberaim que 0 rApax
187 vivo, 08 populares, una iriata, tasen
e gUIrAm erguer um p
© concretn s retirar JGo Cusar, “Por mals

O harkrin 64 Gorabaments impediv & Iragddia maler

um 0u dols metros ele eria se salvado
comentou Felicto, sxplicando que Jolio fol
atingido pela ponta da maruise A agén
cta para onde 0 1ado do Lioyds

Jillo Cesas o soldado
P Moacir da Stlva ¢ Feliclo pars & viatu

& 416 o Uransportado nela pars o HPS. .

Mas, quando A viatura lomava & Avenida
Osvaldo Aranha em diregdo 8o hospital,
Felicio parcebeu que ele expirou. O rapar
teve o crinio esmagado, vArias costelas
quebradas e 0 seu rosto fol cortado pelo lo-
£oUpo de ferro do banco. Kle era casado o
delxa & saposa grévida de seu primeiro
fitho.

Até Ax 100 alnda havia & expectativa de

turas do 17 Grupas
mandados pelo Tenente Medelros, compa.
Feceram no Jockl PATA FEMOYerem & mar
quise demolida, um trabalho vagaroso que
levou quase toda & mARKA DATE ser cOn
chaddo

Periclas

AB&IAGo @ BastAnta nervoso, o gerente do
Lioyds Bank International, Alan David
00, concedeu uma entrevista A Lmprensa
£ i, T expticou que partancenn &0 ban.

JF

rando Osdrio, 30 Ance, & Lulz Augusto

s, fixeram um levantamento

a. Segundo e

um processo admintat

de moverd para apurar

des pelo desabaments, ¥
ram adiantar qualquer ¢
Vi Rotves ¥achin, da Secretaria Munict

Pal 4o Obras o Viagdo (MOV), disse que

08 téenicos da Secretaria

Feoponsdele pela conetrypd 45 % e

Virios engenheiros ¢ técnicos se dirigl
ram até o prédio para yer o que tinha acon

RGCEMCO
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4/17/25,5:32 AM Dresden bridge failure caused by hydrogen-induced stress corrosion, report confirms | New Civil Engineer

19 DEC, 2024 | BY ROB HAKIMIAN

Hydrogen-induced stress corrosion cracking has been identified as the primary cause of the

failure of the Carola Bridge in Dresden earlier this year.

The City of Dresden has received a comprehensive report from Professor Steffen Marx of the Institute of
Concrete Structures at TU Dresden, regarding the catastrophic collapse of the Carola Bridge on

September 11, 2024.

The findings, presented to the city’s building committee on December 11, 2024, highlight that corrosion

damage to the bridge’s steel components played a critical role in the incident.

Dresden bridge failure caused by hydrogen-
induced stress corrosion, report confirms
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TECHNICAL PAPER

Pitting Corrosion in Prestressed Piles
by Gray Mullins, Rajan Sen, David Ostrofsky, and Kwangsuk Suh

This study characterized pitting corrosion in prectressed piles.
linked it to stress concentration factors through uirimate sorength

profiler. This identifed region: of locally higher steel loz: caused
The

the specimen lengih. Prafiler data was complemented by micro-
copic imaging 1o further defne pitting geomenry. Ultimate load
tests were conducted 1o examine the effect of pittng o recidual
tensile strength and ductilic. Similirude principles were uied o
develop a model for predicting in-service stress in pile sorands
using available inspection report crack width data

model
profi; stress concentration (SC); el test

INTRODUCTION
Pitting or localized corrosion is charactenstic of chlo-
ride exposure damage. It efers to metal loss n the form of
holes o pits at random locations on the steel surface and
can occur with ltle or no corrosion elsewhere. Because of
this randomness and nonuniformity, it is more dangerous
because estimates of residual strength based on wniform
cortosion losses can be unreliable. Therefore, much of the
research has been directed toward developing simplified
models for characterizing pitting geometry, which are used
for estimating residual tensile strength
Pitting corrosion is prevalent in prestressed conerete
piles in coastal areas exposed to tidal cycles. The smooth
prestressing steel surface ensures the passive oxide film
that forms inside an alkaline concrete environment adheres
securely. In contrast, 1ib deformations in reinforcing steel
prevent this passive film from being similarly well bonded.
As a result, it can be dislodged at multiple locations, and
metal loss is more uniform. In this context, it is surprising
that more studies have investigated pitting corrosion n rein-
specimens.*
Inthe late 1980s, the Florida Department of Transportation
(FDOT) began revising specifications, requiring prestressed
piles exposed to aggressive chloride enviromments to be
fabricated using high cementiious, low water-cement ratio
(wlc), Class V concrete. This low-diffusion concrete was
ted to improve durability by increasing the time for
chlonde ions to diffuse through the concrete cover and
depassivate the protective oxide layer on the steel surface
Later, in the early 1990s, FDOT sponsored a research study

ACI Structural JournalMay 2025

pe
mance of the new concrete 3 Six of the 13 bridges evaluated
were fabricated using Class V concrete. At the time of the
survey, the prestressed piles were relatively new, ranging in
ston2i 10 yeas
The FDOT survey identified the presence of some
shrinkage cracks—and, more importantly, vertical cracks—
on the face of the piles, through the cover concrete, and to
the level of the steel. Core samples taken near the waterline
from different bridges indicated chlonde concentrations at
the level of the steel were an order of magnitude higher at
the cracked locations
‘The much faster chloride-ion transport through cracked
concrete ensured it would reach the corrosion initiation
threshold range of 0.6 to 0.9 kg/m’ (1 to 1.5 Ib/yd®)* earlier
and destroy the protective passive oxide layer. Localized or
pitting corrosion was thereby initated, driven by the poten-
tial difference between the relatively smal, cracked region
(where the passive film was destroyed) and the surounding
sound concrete sections (where it remained intact) *

PREVIOUS RESEARCH

‘The sudden and catastrophic failure of prestressed bridges

in Inly, the United Kingdom, and elsewhere prompted

research on pitting corrosion in prestressing steel4” Given

this legacy of structural failure, research focused on ideal.

izing observed pitting damage and developing closed.-form
7

tensile strength to be reliably estimated.
The prestressing wire/strand samples evaluated in these

10 1000 mm**® (4 to 39 in) depending on the s(vpt of the
investigation and how measurements were

Geometric characterization

In most steel loss studies, the volume of a sample was
determined from its length, width, and depth. Calipers
ally used. However, Jeon et al ' used an ASTM
G46-21" recommended gauge containing a retractable
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Fig. 10—Example of small-size pit (sample 46BC), image is
12.6 mm (0.5 in.) wide and 9.5 mm (0.375 in.) high

their frequency was categorized as low, medium, or high.

Table 2 summarizes damage scale thresholds

The strands displayed differing corrosion states, collec-
tively ranging from the initial surface corrosion to high
frequency, large pits, and strands with wires completely
broken. Pitting was most commonly observed, with some
areas showing concentrated damage and others showing
more distributed damage covering differing lengths. Because
pitting 1s localized, ultimate strength can be significantly
reduced despite a comparatively small percent difference
in the overall gravimetric steel loss. Figures 10 to 12 show
examples of small, medium, and large pitting corrosion

is 12.6 mm (0.5 in.) wide and 9.5 mm (0.375 in.) high.

damage. respectively. All microscope images represent a

12.6 mm (0.5 in.) wide and 9.5 mm (0.375 n.) high viewing
window. Table 1 lists the corrosion state for all strands.

Fig. 11—Example of medium-size pit (sample 394B); image

Fig. 12—Example of large-size pit (sample 38CD); image is
12.6mm (0.5 in.) wide and 9.5 mm (0.375 in.) high.
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CONCLUSIONS
Pitting corrosion in prestressed piles has not been inves-
tigated before. This paper 1s the culmination of multiple
research studies extending over a 25-year period and

advances the state of knowledge and practice in three
distinct areas: 1) de\'e_lopi o i a- i ~_-’J ) ) o )
e sy 2. The relationship between uniform and pitting corrosion
reduction through ultima . . - -

-y c9nslm-mﬁ-§ n:;u' given by the pitting factor (Table 1) vanied between 2.6 and
uses routmey collect - - -
mce whoniesarion 7,94, Its average value was 4 (Fig. 9)—that s, the localized
study:

e splicationofp,  CTOSS-S€ctional area from pitting loss was four times the
a simple, accurate, and e -
pitting corrosion damage Ul].l.fOfm IOSS.

measurement resolution to be controlled by altering the
scan rate. The same data set can also be used to charac-
terize gravimetric or uniform corrosion metal loss (Eq. (5),
Fig. 8). As noted earlier, profiling can only be performed on
extracted strands, which is necessary to better understand

2. The relationship between uniform and pitting corrosion
given by the pitting factor (Table 1) varied between 2.6 and
7.94. Its average value was 4 (Fig. 9)—that 1s, the localized
cross-sectional area from pitting loss was four times the

ansborin loss. Organiza: PROCEMCO
85
PRO REUNION e
CEM ,E%TNECNRT% PUENTE del SOCORRO
"26
Sao Paulo, 20 Junio 1988
F report 5 meses antes
F 27 aifios, [, = 16 MPa
F Inspecciones 81, 83, 84, 87
¥ Inspeccion Enero 88
¥ Luz de “52m”
F inauguraccion: 1961
Organiza:
acervo de Paulo Helene PR@ E Mco

86

43



11/05/26

—_— O ESTADODE S.PAULO  --—--
PRO |ReuNIONoa Adutorngj caem, Zona Sul fica sem dgua

CEMENTO
CEM IELCONCRETé P

C o Centro de Convenciones

Cartagena de Indias, Colombia

Mayo 6 al 8
P
=3
=3
A
3
=3
=
Z
$
g
3
o
<
o
&
o
=3
o
@
@
e
2
#*
¥
3
=
‘&
E
=
=
]
£
1=}
g
3
< =
S o
52
s2
e
R
N
LRI e kool oo
= =
Organiza:
g
PRO |
CE - r '
CEM GOy ALLAS COPEO mmilin ;
Co Centrc 3
‘ Cortage Eoe . ‘
26 v =t | Wt da e

88

:- :
LLLLLLLLLA R LSRRI T LT

'IHIDI!IIHIH,'!.\‘ll!.f
fttdes

44



PRO REUNION oL

11/05/26

CEMENTO
CEM | «concreto
GOl =

Mayo 6 al 8

jorI}IQJ,OO . “ ‘: r C

A

90

‘-3 Organiza:
" PRGCEMCO
89
REUNION
PRO CEMENTSE;
CEM ELCONCRETO
CO2s| i
Organiza:
PRGCEMCO

45



11/05/26

PRO REUNION
CEM | «concr

Centro de Conver:

C@26] =

REGIAO DAS FALHAS DE
CONCRETAGEM, FICOU
ENVOLVIDA PELO BLOCO
SUPORTE DO TIRANTE
NOVO PROTENDI DO.

BLOCO DE SUPORTE

TIRANTE NOVO PROTENDIDO .
A niza:

[ BROCEMCO

91

PRO
CEM
C®26) =

92

46



11/05/26

PRO | "cuf¥

CEM

CEM | &.COl
CO'zsl el

PRGCEMCO

93

PRO REUN"’
CEM ‘ .con

Centro de
rtagena

CO2|

94

47



11/05/26

PRO
CEM
COz%

REUNION e
CEMENTO
ELCONCRETO

crm uu o oo

Mayo6 al 8

Organiza:

PRGCEMCO

95

PRO
CEM

REUNLON DEL
CEMENTOy
ELCONC TO

Edificio de
oficinas
Brasilhia

Organiza:

PRGCEMCO

96

48



11/05/26

L 2 L L3
PRO |Feionse Edificio de Oficinas
EMENTO,
CEM ELCOdNCCRET(/)
COz|=mzm ancoragem ativa I
i
I L
Frandar |
[ I =
= .
pr 3°andar |
ancoragem | _ |
passiva_ (| = | ]
2°andar .
L — I
N\ & i =
\ [ 1°andar |
| i
térreo |
I
— L | ! (I
I -
- aniza:
PRGCEMCO

97

PRO |Feniones i . .
c¢im oo Edificio de Oficinas

ﬁrasilia 21999 \

4 anos 2 oficinas f, =30 MPa

un cable colapsa = estrondo seco
—>la losa inclina

- mesas y sillas resbalan

- personas muy asustadas corren

\:) qué puede pasar a lo restante //
" PROCEMCO

98

49



11/05/26

PRO REUNION e
o CEMENTOYy . . .
EM 2e22  Edificio de Oficinas
CO2) i
18
cables
baina galvanizada
L //
losa de graute graute | losade
concreto concreto
reforzado Reforzado
48 cm 48 cm
bloco de anclaje pasiva )
Organiza:
PRGCEMCO
99
PRO | ReuNIONoe columna de Edificio de Oficinas
CEMENTO concreto
CEM 5.CONCRETO . -
CO’zs'
graute graute
lqsa losa
viga viga
bloco de anclaje pasiva )
Organiza:
PRGCEMCO
100

50



REUNION
PRO | CEMENTO
& CONCRETO
Co 2 6‘ bl

Mayo 6 al 8

101

REUNION
PRO | CEMENTO
£.CONCRETO

Centro de Convenciones
Co 26 Cartagena de Indias, Colombia

Mayo 6 al 8

102

11/05/26

51



11/05/26

104

52



11/05/26

105

P Ro REUNION o .,
CEM | scoucrerd Conclusion

Mayo 6 al 8

v" Mucho cuidado con fisuras y junta de hormigonado
v' 98% de las fisuras genéricas no son peligrosas
v 2% pueden ser catastroéficas
v" Corrosion bajo tension
de cables de postensado
de tirantes o pendurales
de silos cilindricos
de marquesinas
de losas en region humeda

v" son invisibles y no hay como inspeccionar con equipos
v' la inica forma es prospectar (o sea demoler y mirar) oz
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