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Superior Tribunal de Justica
Brasilia, DF
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elevated transport way
Paulo de Frontin

Rio de Janeiro/RJ
Collapse: 20/11/1971

1969 - 1974

during job site
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eu.cbmerj.rj.gov.br/i
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Aviagem do onibus Usina/Leblon foi
. cortada pela metade quando, num

; estrondo, ruiram 122 metros de concreto

) Onibus da Iinha Usina/Leblon foi atingido em h eio. Os bo mbeiros tiveram que .lbviv

brechas na lataria para salvar os passageiros que ainda restavam vivos. Nao foram pou nas
dramaticas durante o resgate. Um homem sé fic Ivve das ienagensdepo que lhe mp u ram as duas
P (abaixo). O Onibus foi apanhado exatamen ( no cenliro de forca dos destrocos do elevado.
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http://www.museu.cbmerj.rj.gov.br/i
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http://www.museu.cbmerj.rj.gov.br/i

O motorista e o ajudante deste caminhao carregado de mel6es morreram esmagados,
assim como o motorista do Karmann-Ghia verde. Conhecidos seus, que compareceram ao
local, dizem que ele tinha ido buscar a noiva num cabeleireiro ali perto.
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1976

Go to exterior to learn and
understand more about collapases
and its mechanisms, origens,
symptoms.

How about Pathology Course?

20
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Informes de la Construccién Vol. 29, n° 262
Julio do 1976

26 Instituto Eduardo
cemeo Torroja, Madrid

Master in

En la Gitima parte del Curso Cemco-76 se desarroll el IV Ciclo dedicado a la =Hobitabili
dad y su patologia=, en ol que intervinioron el Sr. Casal, Jofe dol Excmo. Ayuntamiento
do Madrid, y los Sres. Alamén, Garcia Arroyo, Mufoz Martialay, Esteban y Fito, del Ins.
tituto Eduardo Torroja. Este IV Ciclo cont6, asimismo, con sus respectivas pruebas préc
ticas, efectusndose una visita a VIUNINTER

Pathology and Quality
Control

«Patologia de la Construccions

Tuvo lugar el segundo viaje de estudios con
destino a Andalucia, donde se visit6 la planta
do profabricados do Huelva; la curiosa os-
tructura inflable de la pista do hielo de Se-
villa; la autopista Joroz-Cadiz, y la improsio.
nante obra de la Central Hidrooléctrica del
Chorro, que construye Sevillana de Electrici-
dad: todo esto, unido a las incomparables ma-
ravillas artisticas que encierra Andalucia, hi-
cieron de este viaje uno de los momentos
més gratos vividos en Cemco-76.

460h Course

En esta dltima etapa las aportaciones do los
cemquistas han sido las siguientes: D. José
F. Rauseo, ingeniero venezolano, nos hablé
de la «Evolucién del programa nacional do

E. Casanova, arquitecta venezolana, comentd
la obra de «Carlos Radl Villanueva y la Ar-
quitectura en Venezuola-, y D. Miguel Herre
ra Filas, ingenioro argontino, hablé sobre
-Cubiortas traccionadas-. Asimismo, D. Ja.
vier Meade, ingeniero mexicano, expuso los
«Problemas del suelo de la ciudad de Méxi-
co-, y D. Paulo do Lago Helene, ingeniero bra.
silefio, hablé sobre ol «Control do obrass;

CEMCO 76

Guido D. Jacome, arquitecto colombiano,
diserts sobre «La modernizacién, solucién in.
directa al problema de la vivienda=: y para
terminar, D. José Antonio Garcia, arquitecto
ecuatoriano, hizo una exposicién sobre =Ci
pulas geodésicas.

Como en cursos anteriores, los cemquistas
dejaron un monumento como recuerdo de su
estancia, que consistié en una barbacoa de
hormigén, que se situ6 en una parte de los
jerdines del Instituto, y con su inauguracion
tuvo lugar la fiesta de despedida de este
Sexto Curso de Estudios Mayores de la Cons-
truccién Cemco-7s.

Quality Control
in Concrete
Construction

e s e =]

best practice for
new structures

© Conseio Superorde Investigaciones Cientifcas
Licencia Creative Commons 3.0 Espafa (by-nc) hitp informesdetaconsiruccion revistas csic o5




Manuel Fernandez Canovas (IET, UPM, libros)
Gimenez Montoya
Alvaro Garcia Meseguer
Moran Cabré
José Calavera Ruiz (INTEMAC, UPM, libros)
Hugo Corres Peirreti (actual fib President)

Adam Neville

José Calleja Carrete (International Congress on
the Chemistry of Cement, chairman)
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’ PROTECAO CONTRA A CORROSAO

i DATECNOLOGIA DO CONCRETO

| CORROSAO DAS ARMADURAS EM CONCRETO ARMADO
Prof. Eng. Paulo Roberto do Lago Helene

Campinas
5 a 8 outubro 1981 7. eLeme
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CORROSAO DAS A
[ Prof. Eng. Paulo Ro

'CONCRETO - PERDA DA PROTS ua

Brasﬂ for (:ﬂ-nerete

How to protect reinforced steel for

\ CONSTRUCAOI new structures when the structure

B AO PAULO . was paralyzed during months?

camm

Famm influentes na deterioracao
da ferragem u no concreto

l/

Como prever a corrosadé .
da armadura em obras de concreto

13



CEMENTD
HORMIGON

revista técnico

e DiRC07¢ "

"La construccion de las
fabricas de cemento del futuro

CEMENTO
HORMIGON

Primera firma mundial
cemento

y adensado de forma que
~—salvo cuando existan fisuras

14



EMENTO |
HORMIGD!

revista tewn:
BARCELONA — ABRIL 1983 ;.-m Corrosion de las armaduras en

homngon armad
La construccion de las 5 :
fabricas de cemento del futuro EEees

exige nuevas liny
posee la org:

ARO LV |

Irata en este capitulo de describir y recordar de forma exhaus
los $ que deben tomarse en cuenta en la ejecucion de
montaje de las armaduras, mezcla, transporte.

v' Pourbaix diagram
v

1983

30



Chlorides

E [mV] Diagrama de Pourbaix Fe-igua com CI
1400 g

1200 < CORROSAO

1000 > POR PITES
800 e e
600 g »
400 o | E(my] Diagrama de Pourbaix Fe-igua
200 XX 65 10

o 1000

_20:: PASSIVIDADE 600
-400 0
-600
-800
-1000
-1200
-1400
-1600

pH 123456789 1011121314

pH 123456789 10111213 14 m

v' Pourbaix diagram
v Passivation

v Carbonation test -- fenol and timol
v

1983
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Pourbaix diagram

Passivation

Carbonation test -- fenol and timol
Chloride threshold limit

Concrete cover

Concrete diffusion

Concrete permeability

v" Water/cement ratio

v' Corrosion potential test

1983

<N XX X X

N

34
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G e
NOAS Asoxacin Argen g de Tecnologia del Morm gén.

Laagresividad del medio
yladurabilidad
del hormigoén

Ing. Pauto R.L. Helene *

Sinopsis
itado Para loyae ta intento se anslizan algunos pliegos
Cade dia of horptn of sl 3 dwunptec P u s piers

Initial concepts about

vinitial service life concepts

v"how to classify the environmental
aggressiveness

v"how to classify the concrete resistance
v"how to combine both

1983

36
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Concrete class
Fresh concrete Hardened concrete
Degree Class i
& A'1r.e Aire Absorcién | Penetraciéon
W /C |aprision | .
d incorporado de agua de agua
ado
kg/kg % % % mm
o efimero > 0,60 <2,0 <3,0 cualquiera | cualquiera
B normal 0,504 <2,0 <3,0 <5,0 cualquiera
0,59
s 0,45a
duravel <1, <3, <4, <80
% 0,49 5 35 4,5
) impermeable | < 0,44 <1,0 |=220a<6,0 <4,3 < 40
37
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—Tecnologia de Edificacées

de Esty de C

Marta At Cincome - Guimca
Avbamacss oo hvskacin S0

corroaso do armadures de lajes
do cobertura de reservatonio de bgus
Potével o do estagso de tratamento de

wegoto:
b) efioreschncia em plares de re-
servatdrio de dgus

| bt oot 1
e

@

I I TR e [a)
— =

[+

=
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Introducing (1986) concepts like:

v'Pathology
v’ Inspection
v'Diagnosis
v Prognosis
v'Rehabilitation
v'Restoration
v'Repair
v'Strenghtening
v'Protection and maintenance

39
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Ruy Alberto Cremonini and
Denise Capena Coitinho Dal Molin
Master thesis. UFRGS. 1988

Analysis of pathological manifestations in Rio
Grande do Sul/BR

» The highest incidence observed was related
to the reinforcement corrosion.

Paulo Helene

Manual para Reparo,
Reforco e Protecao de
Estruturas de Concreto

1988

Editora PINI
Sao Paulo, Brasil
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Oswaldo Cascudo Matos. Master thesis.
EP.USP. 1991

Contribution to the study and use of electrochemical
techniques in the control of reinforced concrete
reinforcement corrosion.

» electrical resistance, half-cell potential
measurements, electrochemical noise,
polarization curves, polarization resistance and
electrochemical impedance.
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Livre Docente junto a0 Departamento
de Engenharia de Construgdo Civil.

Séo Paulo
fev. 1993

CONTRIBUICAO AO ESTUDO DA
CCORROSAO EM ARMADURAS DE CONCRETO ARMADO
Paulo Helene

Sumério

Lista de Figuras

Lista de Fotos

Lista de Micrografias

Lista de Tabelas
esumo

Abstract

INTRODUGAO
1. Importincia Egonbmica
2. Pesquisas na Area
3. Objetivo
4. Contesdo
Capitulo 1
MECANISMO DA CORROSAO DE ARMADURAS
1.1 Conceitos Bésicos
Termodinimica da Corrosdo em Meio Aquoso
13 Corroso do Ago no Conreto
Deve existir um eletrd]
Deve existir uma mfam. de potencial de eletrodo
Deve existir oxigénio
i ‘:)mpapa do cobr de
lo cobrimento de concreto
1.5 Cinéti de Armaduras

Cay

Ml-?‘NDOI.OGlAs EMETODOS DE AVALIAGAO DA CORROSAO

2.1 Classificago dos Ensaios

222 Avaliagio do Concreto Visando a Termodinimica da Reago
Profundidade de carbonatagio

da solugio presente nos poros do concreto
oncentragdo de cloretos € de hidroxilas
retos

Retenglo de cloretos
2.3 Avaliagio do Concreto Visando a Cinética da Reagdo
Resistividade elétrica
Penet

Migragio de cloretos.
Difusioe isslugto de oxigénio
Teor de sais di

24 Avaliagio da madss Visando s Termodinimica da Reagio
‘Avaliagio da Armadura Visando a Cinética da Reaglo
Composig#o qufmica
rda de massa

»
&

Observagio visual e microscopica
2.6 Avaliagio do Sistema Concreto-Armadura-Meio Ambiente Visando a
Termodindmica da Reagdo
Heterogeneidades
Meio ambiente.

University of Califérnia at Berkeley

Kumar Mehta & Paulo Monteiro

introducing reinforced steel in concrete
strutures in the concrete lab at Berkeley
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Publications

FIGUEIREDO, Enio. Avaliacido do desempenho de
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através de técnicas eletroquimicas:contribuicao ao estudo
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Universidade de Sao Paulo PCC / USP, 15 abril 1994.
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Enio José Pazini Figueiredo. PhD Thesis.
EP.USP. 1994

Evaluation of the performance of coatings to protect
the reinforcement against corrosion by
electrochemical techniques: contribution to the
study of repair of reinforced concrete structures.

» Reference coating (cement and sand mortar);
cement+thermoplastic polymer;
cement+thermoplastic polymer-+inhibitor;
cement+thermosetting polymer-+inhibitor;

» Epoxy resin and epoxy+resin+zinc, are the best

62

Geraldo Chechella Isaia. PhD Thesis.
EP.USP. 1995

Effects of binary and ternary mixtures of pozzolans
on high performance concrete: a durability study
with view to the corrosion of the reinforcement.

» Studied the blending effect of normal and high
volumes of fly ash (50%), rice husk ash and
microssilica in binary and ternary cementitious
mixtures of HPC

» The tests results conclude that the best
performance on the durability scope was the fly
ash and rice husk ash blend (50%)

31



Claudio de Souza Kasmierczak. PhD Thesis. EP.
USP. 1995

Contribution to analysis of the efficiency of applied
films on reinforced concrete structures with the
purpose of protection against carbonation

» acrylic; acrylic and styrene; methyl methacrylate;
monocomponent aliphatic polyurethane;
bicomponent aliphatic polyurethane;
monocomponent silane/siloxane + methyl
methacrylate

» The dispersion varnishes presented higher
performance in relation to emulsion varnishes

Maryangela Geimba de Lima. PhD Thesis.
EP.USP. 1996

Inhibitors of corrosion: evaluation of the efficiency
due to reinforcements corrosion caused by chlorides

» Present a avaliation of efficiency of three products
used as corrosion reinforcement inhibitors:
sodium nitrite, sodium benzoate and sodium
molybdate

» Best performance observed with sodium benzoate
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Nelson Diaz Brito. Master thesis. EP.USP. 1997

Contribution to assess the degree of reinforcement
corrosion in carbonation deteriorated existing
concrete structure

» Assess the behaviour along the time of the
corrosion intensity (i.,,.) in a building locate in USP
and investigate the existence correlation oh that
property with corrosion potential (E_,,,) and
eletrical resistivity of the concrete (p)

» The best correlation could be founded between i_,,
values and p with statistic confidence

Red DURAR
International Program CYTED

International Chair Woman
Profa. Dra. Oladis de Rincon
Universidad de Zulia, Maracaibo, Venezuela

Professionals and Researchers from 10 Ibero Countries

1994 - 2000
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Mario Morio Isa. PhD Thesis. EP.USP. 1997

Concrete-steel bonding: influence of corrosion and
galvanic protection

» Presented the superficials conditions created by atmospheric
corrosion, by the accelerated corrosion using electric current
and by chlorides

» Studied the superficials conditions of the bars when repairs
are made using catodic protection, galvanic type, with
inorganic primer

» The steel reinforcement bars subjected to accelerated
superficial corrosion present worst behavior then the one
cleaned by sand jeting. The bars repaired by inorganic
primer (zinc) presented no changes in concrete-steel bond.
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Wellington Longuini Repette. PhD Thesis.
EP.USP. 1997

Service life prediction of coatings for protection in
highly aggressive environments

» Presented a methodology for establishing a damaged
predictive model for coating on concrete and implemented in
a case study where a multi-layered system: epoxy based main
layer and a polyurethane based topcoating were subjected to
water and aggressive solutions of sulfates and chlorides

» Were suggested the coatings’ deterioration modes and a first
approximation mathematical model for mass transport
through the coating was developed based on the 2" Fick’s
law of diffusion and on the multi-layer approach

Antonio Carmona Filho. PhD Thesis.
Mackenzie. 1998

Methodology for rehabilitation, protection and
determination of the residual service life of concrete
structures in strongly aggressive environment

» It was studied the repair of a real structure in
maritime environment, contaminated by
fertilizers
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Rosele Correia de Lima. Master thesis. ITA.
2000

Evaluation of corrosion inhibitors effectiveness in
concrete structures repair

» Evaluated the corrosion process on steel-carbon
rebars in concrete elements repaired with repair
mortars prepared with sodium nitrite, sodium
molibdate and sodium benzoate based corrosion
inhibitors

» The smaller corrosion rate was observed with a
mortar prepared with 1% of sodium nitrite
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Leonel Tula Sanabria. PhD Thesis. EP.USP.
2000

Contribution to the study of the corrosion resistance

of stainless steel rebars

» Evaluated the corrosion resistence to chloride
contamination of 316L stainless steel corrugated
rebars of 10-mm diameter

» It was determined the influence of the tension on
the reduction of the corrosion resistance of steel,
proposed the chloride threshold for stainless steel
rebars and found the electrochemical potential
reference in stainless steel bars.

| André T. C. Guimaries and Paulo R. L. Helene®

MARINE
CORROSION

in
TROPICAL
ENVIRONMENTS

Sheldon W, Dean
Guillermo Hernandez-Duque Delgadillo
James B. Bushman

[ ‘The Moisture Effect on the Diffusion of Chloride lon in Hydrated Cement Paste

e —— - - T s

Reference: Guimardcs, A. T. C. and Helene, P. R. L., “The Moisture Effect on the
Diffusion of Chloride lon in Hydrated Cement Paste,” Marine Corrosion in Tropical
| Emironments, ASTM STP 1399, S. W. Dean, G. Hernandez-Duque Delgadillo, and J. B.

‘Bushman, Eds., American Society for Testing and Materials, West Conshohocken, PA,
2000.

Abstract: Previous (/) showed high chloride concentrations (2% / cement) on
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ENVIRONMENTS

Sheldon W, Dean
Guillermo Hernandez-Duque Delgadillo

James B.

Leooc Tula and Paulo R. L. Helene

for Service Life Prediction of Stainless Steel Reinforced Structures
wwmarnhlbon between and
of Corrosion

Reference: Tula, L. and Helene, P. R. L., “Methodology for Service Life Prediction of

Stalnless Steel Reinforced Structures Based on Correlation between

i jcal and of Corrosion,” Marine Corrosion in
Environments, ASTM STP 1399, S. W. Dean, G. Hemandez-Dugue Delgadillo,

Tropical
~ andJ. B, Bushman, Eds., American Socicty for Testing and Materials, West

Conshohocken, PA, 2000.

Abstract: The use of stainless steel reinforcement is recommended for structures
exposed 10 chloride contamination. Concrete structures reinforced with stainless stecl are
more durablc than common carbon steel reinforced structures, In some projects, service
lives of 120 and 200 years have been projected. Long-term ficld experience, which
confirms these predictions, is not available. It would be very useful 1o obtain an
ceptable approach to service life prediction. This paper proposes a methodalogy using
he integration of electrochemical and mechanical behavior of the stainless steel rebar
comoding in accelerated tests. The studicd material is a 10 mm diameter 316L stainless
s bar. The carbon steel bar was included as part of the comparative performance
Study. The first part of the study analyzes jon potential data and potentiodynamic
is dedicated to the physical-mechanical consequences

and tensile strength Josscs. Integrating both parts of

dy and. with the aid of some models allowed an approach to the service lifc
structures reinforced with stainless steel rebars. Some questions for future

o

7words: concrete, durabiliy, reinforcement, servic lfe prediction, stainless steel
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Salomon Mony Levy. PhD Thesis.
EP.USP. 2001

Contribution for durability studied concretes
produced with mansory and concrete wastes

» The results obtained with accelerated testes
show that the concrete produced with
recycled aggregates have an equivalent or
better behavior than the reference concrete
in carbonation tests
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Eliana Cristina Barreto Monteiro. PhD Thesis.
EP.USP. 2002

Laboratory evaluation of the method of
electrochemical extraction of chlorides for
rehabilitation of concrete structures with
reinforcement corrosion problems

» This methodology can be used to prevent the
disadvantages of traditional repair strategies in the
patch repair

» The test results verify that this method successfully
extracted chloride ions and it was more efficient
than previously reported in the literature
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Thomas Garcia Carmona. Master thesis.
EP.USP. 2005

Prediction models of the despassivation of

reinforcement steel in concrete structures due to
carbonation

» The collected data was analysed using variance
analysis and the values of carbonation depth were
compared with that estimated using prediction
models

» Presented one soft computer program developed
for predicting the initiation period using
deterministic and probabilistic methods

2006

bulletin 34

Model Code for ;
Service Life Design
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Mauricio Luiz Grochoski Garcia. PhD Thesis.
EP.USP. 2008

Evaluation of eletrochemical behavior of repair
systems for concrete structures with reinforcement
corrosion

» Evaluated the eletrochemical behavior of six
different repair systems for concrete with
reinforcement corrosion, on-site and in laboratory

» The industrialized repair mortar with corrosion
inhibitors was the most suitable for the studied
situation

Marcelo Henrique Farias de Medeiros. PhD Thesis.
EP.USP. 2008

Contribution to the durability study of surface treated concrete

exposed to chlorides ions action

» Studied the efficiency of three groups of surface treatment
used to protect reinforced concrete exposed to marine
environment: coatings and sealers; pores liners and pore
blockers

» The products that are dissolved in water showed lower
performance to stop the ingress of water

» The systems based on aliphatic polyurethane and silane and
siloxane + acrylic showed the best performance in reducing
the absorption and the diffusion coefficient of chlorides
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Fernanda Wanderley Corréa de Araujo.
PhD Thesis. EP.USP. 2009

Carbonated concrete steel repassivation study
through chemical realkalisation technique

» The chemical realkalisation technique was
studied with three types of alkaline solutions:
sodium carbonate, potassium hydroxide and
calcium hydroxide

» The KOH solution showed the best results of
corrosion potential, providing bars more
electropositive than before carbonation

New Progress

Durability and Sustainability:

Pedro Castro-Borges & Paulo Helene

El enfoque filosofico y conceptual de vida de
servicio de estructuras de concreto reforzado que
se requiere para confrontar el cambio climatico.

Paper de conferencia magistral, 12 p, Memorias del I Congreso
Internacional Cientifico/Técnico de Ingenieria (CICTI 2007),

Maracaibo, Venezuela, 4-9 de Noviembre de 2007.
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