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Corrosão das Armaduras em Infraestruturas de Pontes de Concreto Armado 

http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf 

Richard F. Stratfull - 1973 

Corrosion Engineer of the California Division of  Highways. 

Introdução por Eduardo Thomaz : 

 

O  engenheiro Richard F. Stratfull ,   Corrosion Engineer of the California Division of 

Highways,  até 1980 (cerca de),  realizou, durante vários anos :  

 inspeções nas sub-estruturas de pontes em ambientes marinhos.  

 inúmeros ensaios em laboratório para determinar as propriedades de diferentes 

concretos. 

 

A partir daí fez estimativas para o tempo até o início da corrosão das armaduras em 

função de: ( transformei as unidades usadas nos trabalhos de Stratfull ) 

 CL = Teor de Cloretos nas águas em contato com o concreto em  (mg/litro). Águas do 

mar, rios ou solos.  

 C = Teor de cimento II no concreto ( kg/m3). Esse cimento C II / USA = só clinquer + 

gesso = similar ao nosso CPI / BR. 

 S = Cobrimento da armaduras (cm) 

 W = Quantidade  de água no traço do concreto ( litros / m3 ou em % de volume )  

 

 Exemplo de cálculo usando a formulação de Stratfull ( ver no artigo anexado adiante): 

 

CL= Cloretos na água do mar onde está a subestrutura = 17500 mg/litro 

C = Cimento CII / USA = 430 kg/m3 

S = Cobrimento = 10cm 

Água/Cimento = 0,45 → W= Água = 0,45 x 430 = 193 litros/m3 = 19,3% em volume 

 

Tempo calculado, seguindo Stratfull, para o início da corrosão :   T ≈ 26 anos 

http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf
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 Segundo o Prof. Ernani Diaz no artigo  " Ponte Rio Niterói - Três Décadas de 

História " 

SIMPÓSIO  INTERNACIONAL SOBRE PONTES E GRANDES ESTRUTURAS 

06 a 07 de maio de 2008 -  Escola Politécnica / USP / SP 

http://www.abece.com.br/web/download/pdf/simposio/Apresenta%C3%A7%C3%A3o%20Ernani%20Diaz.pdf 

"O engenheiro Richard F. Stratfull, consultor na proteção contra corrosão no 

projeto das fundações da Ponte Rio-Niterói , recomendou um cobrimento de 9cm nas 

estacas de concreto. As estacas tem 1,80 m de diâmetro com camisas de aço de 10mm, 

perdidas, não consideradas no cálculo estrutural." 
 

 Richard F. Stratfull criou sistemas pioneiros de proteção catódica para lajes de pontes 

sujeitas à ação de sais cloretos usados para degelo.  

 

Comentário : 
 Segundo as Pesquisas atuais na Europa,  Projeto : CHLORTEST / EU,  as 

recomendações para proteger as armaduras atingem tempos de até 100 anos. 
 

Ver nos livros atuais : 2002 ou mais recentes 

Livro    :  Resistance of Concrete to Chloride Ingress  - Testing and Modelling 

Projeto :  CHLORTEST / EU 

Autores : Tang Luping , Lars-Olof Nilson e P.A. Muhammed Basherr 

Editora :  Spon / Taylor & Francis 

Ano       :  2012  

 http://www20.vv.se/fud-resultat/Publikationer_000201_000300/Publikation_000256/ChlorTest%20-%20Slutrapport.pdf 

 http://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_001401_001500/Publikation_001468/Draft%20Final%20report

_Validation_TRV%202010-5265.pdf 

 http://heronjournal.nl/57-3/1.pdf 

 

 

http://www.abece.com.br/web/download/pdf/simposio/Apresenta%C3%A7%C3%A3o%20Ernani%20Diaz.pdf
http://www20.vv.se/fud-resultat/Publikationer_000201_000300/Publikation_000256/ChlorTest%20-%20Slutrapport.pdf
http://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_001401_001500/Publikation_001468/Draft%20Final%20report_Validation_TRV%202010-5265.pdf
http://fudinfo.trafikverket.se/fudinfoexternwebb/Publikationer/Publikationer_001401_001500/Publikation_001468/Draft%20Final%20report_Validation_TRV%202010-5265.pdf
http://heronjournal.nl/57-3/1.pdf
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 Exemplo mostrado acima, na Tabela 6.4 desse livro 

Tempo até o início da corrosão = 100 anos 

Água do ambiente : do Mar  

Zona de exposição = XS3  da  norma DIN = Marinha 

Temperatura da água do mar : 18
o
C  

Ligantes :  Cimento Portland  Cem I (clinquer + gesso )  + 5% Microsílica  

Relação Água / Ligantes  < 0,35  (ou outros meios que reduzam a Difusividade D6m ) 

Difusividade D6m  (medida aos 6 meses com o ensaio RCM = NTBUILD492 ) x (10 
-12

 m2/s ) = 1,0  

Usar Cobrimento  ≥ 10,4 cm 

 O ensaio RCM = NTBUILD492  desenvolvido no  Projeto : CHLORTEST / EU  é 

mostrado na figura abaixo. 

 

 

 

 Comentário: É difícil garantir uma vida útil de 100 anos para uma obra. Uma execução 

cuidadosa é indispensável. Permanente conservação é fundamental para a durabilidade 

de  infraestruturas de concreto armado em contato com águas do mar, contendo cloretos.  

 

+ + + 
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Corrosão das Armaduras na Infraestrutura de Pontes de Concreto Armado 

http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf 

 

Richard F. Stratfull - 1973 

Corrosion Engineer of the California Division of  Highways. 

 

 Stratfull, R. F. - Causes of Corrosion of Reinforcing Steel in San Mateo-Hayward 

Bridge IV-SM, Ala-105-B,A - Part II -  State of California Department of Public Works  

Division of Highways - Materials and Research Department - November 1955 

http://www.dot.ca.gov/hq/research/researchreports/1930-1955/55-10.pdf 

 

 Beaton, J. L. , Stratfull, R. F.,  " Environmental Influence on the Corrosion 

of Reinforcing Steel in Concrete Bridge Substructures" , California 

Department of Highways, Sacramento, California - Jan. 1973 
 

 Spellman, D. L. and Stratfull, R. F., “Concrete Variables and Corrosion 

Testing” - Highway Research Record 423, 1973.  
 

 Stratfull, R. F.; Jurkovich, W. J.; and Spellman. D. L., “Corrosion Testing 

of Bridge Decks,” Transportation Research Record No. 539, 

Transportation Research Board,1975, pp. 50-59. 

 

http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf
http://www.dot.ca.gov/hq/research/researchreports/1930-1955/55-10.pdf
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http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf 

http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf
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http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf 

 

http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf
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State of California - Department of Public Works Division of Highways 

Sacramento, California -  Jan. 1973 

" In the past 50 years of highway construction in the State of California, 

hundreds of reinforced concrete bridges have been constructed.  
 

The majority of these structures have required a minimum of maintenance 

attributable to the corrosion of reinforcing steel.  
 

However, there are a number of bridges giving evidence of cracking due to 

steel corrosion. 
 

In California the most serious example of costly maintenance has been the 

repair of the deterioration of the San Mateo-Hayward Bridge (1), opened in 

1929.  It was replaced in 1967. 
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1967 - San Mateo-Hayward Bridge  -  GOOGLE  
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1967 - San Mateo-Hayward Bridge  -  GOOGLE  

 
1967 - Steel box girder and concrete 
trestle approach spans 
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1967 - San Mateo-Hayward Bridge  -  GOOGLE  

 

1967 - Steel box girder 
and concrete trestle 
approach spans 

1929 
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1967 - San Mateo-Hayward Bridge  -  GOOGLE  

 

 

The original bridge, known as the San 
Francisco Bay Toll-Bridge, opened in 

1929 . 

The original bridge was mostly a two-lane 
causeway with a 300-foot (91 m) vertical 
lift span over the main shipping channel. 
 

 It was replaced with a modern span in 

1967.
 

 

 
1967 - Steel box girder and concrete 

trestle approach spans 
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1967 - San Mateo-Hayward Bridge  -  GOOGLE  

Sinaisde corrosão :  " Rust stains on the surface of the concrete " 

O escorrimento de ferrugem ( Fe2O3.H2O ) é proveniente da corrosão da armadura dentro do concreto.  

Vicente Gentil - CORROSÃO -  Editora  LTC - 1996  

Steel box girder 
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"An investigation of Causes of Corrosion of  Reinforcing Steel   

in San Mateo-Hayward  Bridge IV-SM " 
Autor : Bailey Tremper - October  1954 

State of California - Department of Public Works 

Division of Public Works - Division of Highways 

 

Fase de Construção 1928 / 1929 
http://www.dot.ca.gov/hq/research/researchreports/1930-1955/54-02.pdf 

 

Obras de Recuperação  1955  - Richard F. Stratfull 
http://www.dot.ca.gov/hq/research/researchreports/1930-1955/55-10.pdf 

http://www.dot.ca.gov/hq/research/researchreports/1930-1955/54-02.pdf
http://www.dot.ca.gov/hq/research/researchreports/1930-1955/55-10.pdf
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" The concrete of the San Mateo-Hayward Bridge, a structure 7 miles in length across San Francisco 

Bay, constructed in 1928-9  is severely cracked due to corrosion of reinforcing steel. 

This report deals with the physical and chemical properties of concrete in the beams, caps and piles. 

In the bar bents sampled it  appears that the concrete was mixed with a water-cement ratio that was too 

high to assure durability under the conditions of exposure. 

The concrete is relatively permeable and has absorbed salts from the sea water.  Sulfates have attacked 

the concrete to the extent that the present strength is no higher than was reported at the age of 28 days. 

Salts that have concentrated in the concrete have lowered the pH and have increased  electrical 

conductivity. As a result the  concrete, in its present condition at least, affords less than normal 

protection against corrosion of the reinforcement. 

Precast mortar blocks, installed  to support reinforcement above the bottom of beam forms, have very 

little bond with the adjacent concrete. Medium to severe corrosion has occurred more frequently in the 

vicinity of the blocks than elsewhere along the bars. 

Many pertinent questions remain unanswered by the results of this investigation ." 

Obs: A ponte foi desativada em 1967 e substituída pela nova San Mateo-Hayward Bridge . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Obras de Recuperação  1955  - Richard F. Stratfull 
http://www.dot.ca.gov/hq/research/researchreports/1930-1955/55-10.pdf 

  

http://www.dot.ca.gov/hq/research/researchreports/1930-1955/55-10.pdf
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Although the deterioration of this structure has received considerable 

attention from the California Division of Highways, the distress of numerous 

reinforced concrete structures exposed to marine environments is not unusual 

In a 1917 report (2) of the inspection of 146 structures on the east and west 

coasts of the United States, it was observed that :  

" Concrete can be used successfully in sea water, but the price of 

success is eternal care."  

This statement was based upon the existing technology and a concrete 

coverage of one or two inches over the reinforcing steel. 

 

In addition to the 1917 inspection of the condition of American-made 

structures, an inspection by the Committee of the Institution of Civil 

Engineers on structures in British waters in 1920 also revealed the 

deterioration of numerous reinforced concrete structures (3).  

 

More recent reports (4, 5, 6) have shown that there continues to be distress of 

reinforced concrete structures in marine environments.  

 

On the basis of these reports of deterioration of coastal structures, and the 

experience in California, it appears that cost of maintaining these structures 

due to corrosion of steel may be expected to be extraordinary."  

... 

The designer has little control over the change in use or the service 

environment of a building, but the chloride content of the concrete mixture 

ingredients can be controlled. 

Estimates of whether a particular environment will be dry can be 

misleading.  

R.F.Stratfull  has reported case studies of approximately 20 bridge decks 

containing 2% calcium chloride built by the California Department of  

Transportation.  The bridges were located in an arid area where the annual 

rainfall was about 125 mm (5 in.), most of which fell during a short period of 

time. Within 5 years of construction, many of the bridge decks were showing 

signs of corrosion-induced spalling, and most were removed from service 

within 10 years.  

For these reasons, a conservative approach is necessary. 
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... 
Existing criteria for metal loss. 

Existing Information of Metal Loss Required for Cracking 

Spellman and Stratfull (1968) [102],  Laboratory experiment 0.1 mils (2.54 mm) 

Spellman and Stratfull (1968) [102],  Field Experiment up to 29 mils (734 mm) 

Kenneth Clear (1989) [14], Interpretation of Results 3.7 mils (94 mm) 

Zdenek Bazant (1979) [12], Interpretation of Equations 0.3 mils (7.87 mm) 

 

 

" ... 
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Foto 1 
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Foto 2 
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Caso similar : Ponte na Restinga da Marambaia 

Rio de Janeiro / Brasil  

Construção 1943 - Fotos 2007 

 
Laje - O cobrimento era mínimo. 

 
Viga - O cobrimento também era pequeno. 
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Figure 2  
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1 saco de 42,5kg de cimento CPII - ASTM ;  6 sacos /jarda cúbica =334kg/m3 

cimento CPII - ASTM = só clinquer + gesso ≈ CP I / BR 
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Figure 3  
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o
C 



30 
 

 



31 
 

 



32 
 

 



33 
 

 



34 
 

 



35 
 

 

 

Figura 6 
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590 kg/m3 

 

356 kg/m3 

211 kg/m3 



46 
 

 



47 
 

 



48 
 

 



49 
 

 



50 
 

 
 

  



51 
 

 



52 
 

 



53 
 

 



54 
 

 



55 
 

 

( ver a última página ) 



56 
 

 



57 
 

 
 Ver mais Referências ao final. 

 

   Adiante a fórmula de Stratfull em unidades métricas. 
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≈ 26 

Exemplo : Para durar ≈ 26 anos usar 10cm de cobrimento e 430 kg/m3 de cimento CII/ASTM = CPI/BR 
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Outros artigos de Richard F. Stratfull 

 

 Richard F. Stratfull was President of Corrosion Engineering, Inc.  

From 1947 until his retirement in 1978 he supervised the Corrosion 

Research Section at the Transportation Laboratory, California Department 

of Transportation, Sacramento.  

He is the recipient of the 1982 National Association of Corrosion 

Engineers Frank Newman Speller Award, as well as the Transportation 

Research Board K. B. Woods Award for 1985.  

In addition to being a member of ACI Committee 222, Corrosion of 

Metals in Concrete, he has been a member of various AASHTO, ASTM, 

FHWA, NACE and TRB committees and panels 

 

 Gewertz, M. W. ; Tremper, Bailey ; Beaton, John L. ; and Stratfull, R. F. , 

Corrosion of  Reinforcing Steel and Repair of Concrete in a Marine 

Environment,  HRB  Bulletin 182 , 1958, 41 pp. 

 

 Richard F. Stratfull, Corrosion, Vol 15, No. 6, P65, 1959.  

 

 Spellman, D. L.  and Stratfull, R.F., “Concrete Variables and Corrosion 

Testing” Highway Research Record 423, 1973.  

 

 Beaton, J. L. , Stratfull, R. F., "Environmental Influence on the Corrosion 

of Reinforcing Steel in Concrete Bridge Substructures", California 

Department of Highways, Sacramento, California - Jan. 1973 

 

 Richard. F. Stratfull, Experimental Cathodic Protecion of a BridgeDeck,  

Transportation Research Record 500, Transportation Research Board 

Washington DC 1974.  

 

 Tremper, B.; Beaton, J. L.; and Stratfull, R. F., “Causes and Repair of 

Deterioration to a California Bridge due to Corrosion of  Reinforcing 

Steel in a Marine Environment.  I: Repair Methods,  II: Fundamental 

Factors Causing Corrosion,” Bulletin No. 182, Highway Research Board, 

Washington, D.C., 1958, pp. 18-41. 
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 Beaton, J. L., and Stratfull, R. F., “Environmental Influence on Corrosion 

of Reinforcing in Concrete Bridge Substructures,” Highway Research 

Record  No. 14, Highway Research Board, 1963, pp. 60-78. 

 

 Stratfull, R. F.; Jurkovich, W. J.; and Spellman. D. L., “Corrosion Testing 

of Bridge Decks,” Transportation Research Record No. 539, 

Transportation Research Board,1975, pp. 50-59. 

 

 Stratfull, R. F., ed., A Manual for the Corrosion Control of Bridge Decks, 

Contract No. DTFH-61-C-00016, U.S. Department of Transportation, 

Washington, D.C pp. 69-81. 

 

 Spellman, D. L., and Stratfull, R. F., “Bridge Deck Membranes—

Evaluation and Use in California,” Report No. CA-DOT-TL-5116-9 73-

38, California Department of Transportation, Sacramento, Calif., 

1973.Laboratory,Port Hueneme, 1969, 42 pp. 

 

 Hill, G. A.; Spellman, D. L.; and Stratfull, R. F., “Laboratory Corrosion 

Tests of Galvanized Steel in Concrete,”  Transportation Research Record 

No. 604, Transportation Research Board, 1976, pp. 25-30. 

 

 Stratfull, R. F., “Half-Cell Potentials and The Corrosion of Steel in 

Concrete,” Report  No. CA-HY-MR-5116-7-72-42, Nov. 1972. 

 

 Spellman, D.L., and Stratfull R.F. “Chlorides and Bridge Deck 

Deterioration” -  State of California Department of Public Works, 

Division of Highways, Materials and Research Department, Paper 

Sponsored  by Committee on Effect of Ice Control and Presented at 49th 

Annual Meeting. 

 

 SP 104-16 - Maintaining Your Structure with Cathodic Protection by  R. 

E Stratfull 

 

 Stratfull, Richard F., "Progress Report Corrosion of Steel in a Reinforced  

Corrosion, Vol. 15, No. 6, June 1959, pp. on Inhibiting the Concrete 

Bridge,"  65-68. 
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 Stratfull, Richard F. "Criteria for the Cathodic Protection of Bridge 

Decks," Chapter 18, Corrosion of Reinforcement in Concrete 

Construction, Alan P. Crane, e. Ellis-Horwoo Chichester, U.K., 1983, pp/ 

287-331. 

 

 Stratfull, Richard F. and Pressley, Douglass W., "Progress in the 

Corrosion Control of Reinforced Concrete", Paper no.1, Symposia 6, 

Volume 1, Proceedings of Conference 26, Australasian Corrosion 

Association, Inc. Conference 26,  Adelaide, 17-21 November, 1986, 

Australia. 

 

 Stratfull, Richard F., "Eleven Years of Success for Coke Breeze C.P. 

Pavement", Paper No. 12, Proceedings of the 1985  Bridge Deck Seminar, 

San Antonio, Texas, Feb. 12-13, 1985, National Association of Corrosion 

Engineers, Houston. 

 

 Stratfull, R.F. and Seim, Charles, "Corrosion of Steel Piles at the 

Richmond-San Rafael Bridge," State of California,Department of 

Transportation, Report No. 04870-627137, June 1979. 

 

 R. F. STRATFULL - A New Test for Estimating Soil Corrosivity Based on 

Investigation Of Metal Highway Culverts -Corrosion Oct 1961, Vol. 17, 

No. 10 (October 1961) pp. 493t-496t  

  

 Richard F. Stratfull -Discussion: Comments on the Identification of a 

Chloride Threshold in the Corrosion of Steel in Concrete 

Corrosion Aug 1987, Vol. 43, No. 8 (August 1987) pp. 483-485 

 

 Richard F. Stratfull - Discussion: The Advantages of Galvanostatic 

Polarization Resistance Measurements -Corrosion Nov 1984, Vol. 40, 

No. 11  ( November 1984) pp. 593-594 

 

 Richard  F. Stratfull - Advisor  na Ponte Rio Niterói, ver em : 

B.Ernani Diaz - " Ponte Rio Niterói - Três Décadas de História " 
 SIMPÓSIO  INTERNACIONAL SOBRE PONTES E GRANDES ESTRUTURAS  

06 a 07 de maio de 2008 -  Escola Politécnica / USP / SP 
http://www.abece.com.br/web/download/pdf/simposio/Apresenta%C3%A7%C3%A3o%20Ernani%20Diaz.pdf 

 

 

http://www.abece.com.br/web/download/pdf/simposio/Apresenta%C3%A7%C3%A3o%20Ernani%20Diaz.pdf
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    Ernani Diaz - " Ponte Rio Niterói - Três Décadas de História " 
 SIMPÓSIO  INTERNACIONAL SOBRE PONTES E GRANDES ESTRUTURAS  

06 a 07 de maio de 2008 -  Escola Politécnica / USP / SP 
http://www.abece.com.br/web/download/pdf/simposio/Apresenta%C3%A7%C3%A3o%20Ernani%20Diaz.pdf 

 

 

Richard  F. Stratfull - Advisor  na Ponte Rio Niterói 

  

http://www.abece.com.br/web/download/pdf/simposio/Apresenta%C3%A7%C3%A3o%20Ernani%20Diaz.pdf
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Comentário :  Segundo o Prof. Walter Pfeil, como indicado no 

livro  " Ponte Presidente Costa e Silva - Rio Niterói - Métodos 

Construtivos ",  Editora : Livros Técnicos e Científicos - 1975,  o 

concreto usado nas estacas da ponte tem a seguinte composição : 

 

 

Traço N
o
 20  

 

Cimento = C = 480 kg/m3 = Cimento Paraíso - Resistente a Sulfatos 

Areia de rio = 740 kg/m3 

Brita 1 = 885 kg/m3 

Plastiment  BV40 = 2,00 litros/m3 

Água = 214 litros / m3  ;   W = 21,4% ( porcentagem em volume ) 

Água / Cimento = 0.45 

Abatimento ( slump) = 18cm 

Adensamento = Sem vibração  

Resistência aos 28 dias = fcm = 35 MPa 

Densidade = 2,2  

Absorção = 6% a 7 % 

Porosidade = 13% a 15%  

Cobrimento = S = 10cm  

  
 

Usando a formulação de Stratfull : 

 

Considerando  :  Cloro na água do mar CL = 17500 mg/ litro  

 

anos27,8
(1,17)

21,4
(0,42)

17500

1,22
10

(0,717)
480

480
1,00182418,14

T(anos) 






















 

 

Tempo calculado, segundo Stratfull, para o início de corrosão da armadura : T ≈ 28 anos 

Obs: Como essas estacas têm uma camisa de aço de 10mm esse tempo de 28 anos,  na 

realidade,  só valeria após uma eventual corrosão dessas camisas de aço.  

As estacas estão, atualmente, em perfeito estado de conservação. 
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" Concrete can be used successfully in sea water, 

but the price of success is eternal care " 

1917  -  Rudolph  J. Wig ,   and   Lewis  R. Ferguson   

https://ia700507.us.archive.org/9/items/engineeringnewsr79newy/engineeringnewsr79newy.pdf 

páginas :  532, 641,  674,  689 ,  737,  794 

 

 

 + + + 

 

https://ia700507.us.archive.org/9/items/engineeringnewsr79newy/engineeringnewsr79newy.pdf

