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Rio – Niterói Bridge 1970

2



2

RJ – Ponte Rio-Niterói

http://www.pt.org.br/jose-augusto-valente-o-que-muda-na-nova-concessao-da-ponte-rio-niteroi/
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1970

Richard Stratfull from California Department of 
Highways, USA was Rio – Niterói Bridge Consultant and 
recommend many cares with steel corrosion, mainly in 

the piles where he specify 90mm concrete cover.
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1972

Civil
Engineering

1972

Universidade
de São Paulo

Escola
Politécnica

EP.USP
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1971
Sinister, Loss, Disgusting

Year for Concrete Structures
in Brazil

important lessons
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convention center 
Pavilhão da Gameleira

Belo Horizonte/BH
Collapse: 04/02/1971,

thursday morning

1969 - 1971
during job site
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240m por 31m
Beams 9,8m high 
10 Columns
collapsed lunch time
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http://acervo.estadao.com.br/pagina/#!/19710206-29398-nac-0008-999-8-not
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Bruno Contarini

Oscar Niemeyer

Superior Tribunal de Justiça
Brasília, 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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1976

Go to exterior to learn and
understand more about collapases

and its mechanisms, origens, 
symptoms.

How about Pathology Course?
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Instituto Eduardo 
Torroja, Madrid

Master in

Pathology and Quality
Control

460h Course

1976

CEMCO 76

21

Quality Control
in Concrete 

Construction

best practice for
new structures
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Manuel Fernández Cánovas (IET, UPM, libros)

Gimenez Montoya
Alvaro Garcia Meseguer

Morán 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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1972 1976 1981
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1972 1976 1981

first time talking
about reinforcement

steel corrosion in 
Brasil for concrete 

structures
1981

25

1972 1976 1981 1982

How to protect reinforced steel for 
new structures when the structure 

was paralyzed during months?

1982
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1972 1976 1981 1982 1983

27

1972 1976 1981 1982 1983
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1972 1976 1981 1982 1983

29

ü Pourbaix diagram
ü …

1983

30



16

Educacional

Chlorides

31

ü Pourbaix diagram
ü Passivation
ü Carbonation test -- fenol and timol
ü …

1983
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Educacional

33

ü Pourbaix diagram
ü Passivation
ü Carbonation test -- fenol and timol
ü Chloride threshold limit
ü Concrete cover
ü Concrete diffusion
ü Concrete permeability
ü Water/cement ratio
ü Corrosion potential test

1983
34
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1972 1976 1981 1982 1983

35

Initial concepts about 

üinitial service life concepts
ühow to classify the environmental 

aggressiveness 
ühow to classify the concrete resistance
ühow to combine both

1983
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1963

Concrete class

Degree Class

Fresh concrete Hardened concrete

W / C
Aire 

aprision
ado

Aire 
incorporado

Absorción
de agua

Penetración
de agua

kg/kg % % % mm

a efimero ≥ 0,60 ≤ 2,0 ≤ 3,0 cualquiera cualquiera

b normal 0,50 a 
0,59 ≤ 2,0 ≤ 3,0 ≤ 5,0 cualquiera

c durável 0,45 a 
0,49 ≤ 1,5 ≤ 3,5 ≤ 4,5 ≤ 80

d impermeable ≤ 0,44 ≤ 1,0 ≥ 2,0 a ≤ 6,0 ≤ 4,3 ≤ 40

37

1972 1976 1981 1982 1983 1984 1986
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Introducing (1986) concepts like:

üPathology
üInspection
üDiagnosis
üPrognosis

üRehabilitation
üRestoration

üRepair
üStrenghtening

üProtection and maintenance
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1972 1976 1981 1982 1983 1984 1986
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1972 1976 1981 1982 1983 1984 1986

41

1972 1976 1981 1982 1983 1984 1986
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1972 1976 1981 1982 1983 1984 1986

43

1972 1976 1981 1982 1983 1984 1986
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1972 1976 1981 1982 1983 1984 1986 1988

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

Analysis of pathological manifestations in Rio 
Grande do Sul/BR

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

45

Paulo Helene

Manual para Reparo, 
Reforço e Proteçao de 

Estruturas de Concreto

1988

Editora PINI
Sao Paulo, Brasil
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1972 1976 1981 1982 1983 1984 1986 1988 1990 1991

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. 

Ø electrical resistance, half-cell potential 
measurements, electrochemical noise, 
polarization curves, polarization resistance and 
electrochemical impedance. 

47

1972 1976 1981 1982 1983 1984 1986 1988 1990 1991 1992
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49

service life

Corrosion Current

Corrosion kinetics
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1972 1976 1981 1982 1983 1984 1986 1988 1990 1991 1992 1993

51

University of Califórnia at Berkeley

Kumar Mehta & Paulo Monteiro

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

1991 - 1992

pós-doc
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Educacional

New 
Structures

CORROSION

REPAIR
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Educacional
© Vector

Corrosion Cell Transfer
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Educacional

10 mm

50 mm

50 mm

150 mm

Reinforced Concrete Specimen

Seção Transversal

55

Educacional
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Educacional

57

Educacional

Epoxi cover system
SYSTEM III

Corrosion Currente

None media

Fraca severa

none fraca

none média
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Educacional

MONTEIRO, Paulo & HELENE, Paulo. Can local repairs
be durable solution for steel corrosion in concrete? 

International Conference on Corrosion and Corrosion 
Protection of Steel in Concrete. Sheffield Academic Press, 

v.2, July 1994.  P. 1525-38

FIGUEIREDO, Enio. Avaliação do desempenho de 
revestimentos para proteção da armadura contra corrosão
através de técnicas eletroquímicas:contribuição ao estudo

de reparos em estruturas de concreto armado. 
Universidade de São Paulo PCC / USP, 15 abril 1994.

Publications
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1972 1976 1981 1982 1983 1984 1986 1988 1990 1991 1992 1993

service life concepts

60
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1993 1994

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.

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

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

61

1995

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.

Ø  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

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

62
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1993 1994

Cláudio 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

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

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

1995

63

1993 1996

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

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

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

Ø Best performance observed with sodium benzoate
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1993 1994 1995 1996 1997

Nelson Diaz Brito. Master thesis. EP.USP. 1997

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

Ø Assess the behaviour along the time of the 
corrosion intensity (icorr) in a building locate in USP 
and investigate the existence correlation oh that 
property with corrosion potential (Ecorr) and 
eletrical resistivity of the concrete (r)

Ø The best correlation could be founded between icorr 
values and r with statistic confidence

65

Red DURAR
International Program CYTED

International Chair Woman
Profa. Dra. Oladis de Rincón

Universidad de Zulia, Maracaibo, Venezuela

Professionals and Researchers from 10 Ibero Countries

1994 - 2000
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1993 1994 1995 1996 1997

67

1993 1994 1995 1996 1997

Mário Morio Isa. PhD Thesis. EP.USP. 1997

Concrete-steel bonding: influence of corrosion and 
galvanic protection

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

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

Ø 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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1997

Wellington Longuini Repette. PhD Thesis. 
EP.USP. 1997

Service life prediction of coatings for protection in 
highly aggressive environments

Ø 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

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

69

1993 1994 1995 1996 1997 1998

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

Ø It was studied the repair of a real structure in 
maritime environment, contaminated by 
fertilizers
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1993 1994 1995 1996 1997 1998 1999

71

1993 1994 1995 1996 1997 1998 1999 2000
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1993 1994 1995 1996 1997 1998 1999 2000

73

1993 1994 1995 1996 1997 1998 1999 2000

Rosele Correia de Lima. Master thesis. ITA. 
2000

Evaluation of corrosion inhibitors effectiveness in 
concrete structures repair

ØEvaluated 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

ØThe smaller corrosion rate was observed with a 
mortar prepared with 1% of sodium nitrite
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2000

Leonel Tula Sanabria. PhD Thesis. EP.USP. 
2000

Contribution to the study of the corrosion resistance 
of stainless steel rebars
Ø Evaluated the corrosion resistence to chloride 

contamination of 316L stainless steel corrugated 
rebars of 10-mm diameter

Ø 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.
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1993 1994 1995 1996 1997 1998 1999 2000
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1993 1994 1995 1996 1997 1998 1999 2000

77

Tests
CONCRETE SPECIMENS

T

R Relaxed bars

Tensioned bars

stainless steel
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Red REHABILITAR
International Program CYTED

International Chair Man
Prof. Dr. Paulo Helene

Universidade de Sao Paulo, Brasil

Professionals and Researchers from 14 Ibero Countries

1999 - 2005

79

Rehabilitation
Manual

Red Rehabilitar

2001

São Paulo, Brasil
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1993 1994 1995 1996 1997 1998 1999 2000 2001

Salomon Mony Levy. PhD Thesis. 
EP.USP. 2001

Contribution for durability studied concretes 
produced with mansory and concrete wastes

Ø 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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1993 1994 1995 1996 1997 1998 1999 2000 2001
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1993 1994 1995 1996 1997 1998 1999 2000 2001 2002

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 

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

ØThe test results verify that this method successfully 
extracted chloride ions and it was more efficient 
than previously reported in the literature

83

2004 2005 2006 2004
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Chloride Service Life Model 2004

2004 2005 2006 2004

85

Carbonation Service Life Model 2004

2004 2005 2006 2004

86
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2004 2005

Thomas Garcia Carmona. Master thesis. 
EP.USP. 2005

Prediction models of the despassivation of 
reinforcement steel in concrete structures due to 
carbonation

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

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

87

2004 2005 2006

2006

88
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2004 2005 2006 2007 2008

Maurício Luiz Grochoski Garcia. PhD Thesis. 
EP.USP. 2008

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

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

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

89

2004 2005 2006 2007 2008

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

Contribution to the durability study of surface treated concrete 
exposed to chlorides ions action

Ø 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

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

Ø 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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2004 2005 2006 2007 2008 2009

Fernanda Wanderley Corrêa de Araújo. 
PhD Thesis. EP.USP. 2009

Carbonated concrete steel repassivation study 
through chemical realkalisation technique

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

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

91

Durability and Sustainability:

Pedro Castro-Borges & Paulo Helene 

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

Paper de conferencia magistral, 12 p, Memorias del I Congreso 
Internacional Científico/Técnico de Ingeniería (CICTI 2007), 
Maracaibo, Venezuela, 4-9 de Noviembre de 2007.

New Progress
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2004 2005 2006 2008 2009 2014
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95

2017
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2017
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NACE International-
Section Mexico Board

of Directors
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