
 

 

Concreto armado - Fatores que influem na Corrosão das Armaduras.  
 

RESUMO  feito  por  E. THOMAZ , a partir dos resultados desse artigo. 
 

 

 CIMENTO 
 

 Aumentando o  teor de cimento aumenta o tempo até o início da corrosão. 
 

 
 

 CURA COM ÁGUA  
 

 A cura com água é o melhor modo de aumentar o tempo até o início da 

corrosão. 
 

 Aumentando o tempo de  cura com água aumenta o tempo até o início da 

corrosão. 

 
 CURA  COM  VAPOR  DE ÁGUA  

 

 A cura com vapor de água diminui a absorção de água pelo concreto  mas 
  

 A cura com vapor de água diminui o tempo de início de corrosão. 
 

 POTENCIAL ELÉTRICO DE MEIA CÉLULA  (SCE = Saturated Calomel Electrode)  
 

 Com um potencial elétrico de   0,42 volts  SCE ,  metade (50%)  dos 

blocos de concreto ensaiados estavam fissurados, devido à corrosão das 

armaduras. 
 

 Com um potencial elétrico entre  ( 0.27  e  0.42 ) volts SCE,  as 

armaduras estavam com corrosão, mas não o suficiente para fissurar o 

concreto. 
 

 Com um potencial elétrico de  0.20 volts SCE as armaduras não têm  

corrosão. 
 

 POZOLANA   
  

 A adição de pozolana aumenta o tempo até o início da corrosão  mas,  
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mas,   
 

 A adição de pozolana aumenta a retração por secagem , o que pode conduzir 

à  fissuração nos primeiros dias, reduzindo, em consequência, a 

durabilidade.   
 

 CORROSÃO - MECANISMO  
 

 " Este trabalho atual confirma os trabalhos anteriores que demonstraram 

que os mecanismos que controlam o movimento da água através de um 

concreto de boa qualidade são a capilaridade e a evaporação e não a 

pressão hidrostática relacionada com as medições de permeabilidade. " 
 

 CLORETOS - TEOR  
 

 Nos concretos curados com água, o teor de cloretos na interface 

concreto/armadura  foi  de 17,9  pounds/cubic yard  ≈ 17.9 x 0,016 % em 

peso do  cimento ≈ 0,29% em peso do  cimento. 
  

 Nos concretos curados com vapor de água, o teor de cloretos na interface 

concreto/armadura foi de 21.7 pounds/cubic yard  ≈ 0,35 % em peso do  

cimento. 
   

 O teor de cloretos encontrados nesses ensaios foi menor que o teor de 

cloretos encontrado em estacas submersas durante 40 anos na água do mar. 
 

 O teor de cloretos encontrados nesses ensaios foi maior que o teor limite de 

cloretos  das  normas  ASTM C 1152  e  ASTM C 1218. 

 

  

 Obs: Unidade métrica considerando o concreto com 6 sacks de 42,5kg por jarda cúbica =  334kg/m3 : 

[ LBS/CU.YD = 1 pound / 1 jarda cúbica concrete ] = 453.59 gramas / [ (0,914 m) 
3
 =  0.82821m

3
 de concreto = 828,21 litros ]  

=  0.5477 grama / litro de concreto  ≈  0,5477 grama  / (1 litro ≈ 334 g de cimento ) = 0,00164 grama / grama de cimento =  

=0,16% do peso  de cimento. 

 



 

 

Algumas das Pesquisas do Eng. Richard F. Stratfull 
 

 Concrete Variables And Corrosion Testing 

http://www.dot.ca.gov/newtech/researchreports/1972/72-52.pdf 

Seven hundred and ten reinforced concrete blocks were partially submerged in a 

saturated sodium chloride solution.  

Based upon the test criterion that a sufficient quantity of concrete absorbed chloride 

causes the steel to change from a passive to an active or corroding half-cell potential, the 

test results were  

 

(1)   increasing the cement factor, and   

(2)   increasing the length of water curing  

increased the time to an active half-cell potential ( início da corrosão ).  

 

The steam curing of the concrete resulted in a reduction of the time to an active half-cell 

potential as well as a reduction in absorption as compared to just water curing.  

 

A test procedure used verified capillary action as the primary mechanism of water 

absorption. The chloride content of the concrete was determined.  

 

Of the three tested admixtures and corrosion inhibitors, only pozzolan appeared to result 

in a significant benefit even though this concrete had the greatest absorption and also the 

greatest drying shrinkage. 

 

 Halfcell Potentials And The Corrosion Of Steel In Concrete 

http://www.dot.ca.gov/newtech/researchreports/1972/72-42.pdf 

The half-cell potential of steel embedded in concrete specimens in laboratory tests was 

periodically measured and related to the visual observation of concrete cracking.  

Although cracking was observed at a minimal level of -0.31 volts, it was observed that 

when half-cell potential values were more negative than -0.42 volts to the Saturated 

Calomel Electrode ( SCE ) , 50% of the reinforced concrete blocks were cracked due to 

the corrosion of the steel.  

At values  between -0.27 and -0.42 volts, SCE, the steel was corroding but not always 

enough to cause concrete cracking.  

 

http://www.dot.ca.gov/newtech/researchreports/1972/72-52.pdf
http://www.dot.ca.gov/newtech/researchreports/1972/72-42.pdf


 

In cracked concrete, the maximum half-cell potential of the steel was measured to be -0.59 

volts, SCE. 

In addition to the laboratory tests on small specimens, a prototype simulated bridge deck 

was exposed outdoors to periodic wetting and drying of a chloride salt solution and half-

cell potentials were measured by using various techniques. 

It is shown that once corrosion begins, the measurements will show the potential 

gradients of the resulting corrosion currents irrespective of the technique used to obtain 

them.  

However, there was a significant difference in the level of the potentials that was clearly 

associated with the method of electrical measurement used. 

 Field Method of Detecting Corrosive Soil Conditions 

http://www.dot.ca.gov/hq/esc/ctms/pdf/CT_643.pdf 

In highway construction and design the structural adequacy of the various facilities has 

been a primary consideration.  

However, investigations of the conditions after the long time exposure of some highway 

structures have indicated that consideration of a durability factor should be included in 

the economics of design. 

This is illustrated by this slide (1) in which these two 30 year old culverts in different 

locations show the effect of corrosion.  

As will be observed, one culvert invert has been perforated by corrosion while the other 

has not.  

It is interesting to note the deformation of the latter culvert that was caused by differential 

settlement of the fill. 

This slide (2) shows a crack in a 9 year old reinforced concrete headwall which is located 

in a soil that contains about 3 times as great a salt concentration as if found in the ocean.  

As shown on this slide (3) the removal of the cracked concrete shows that the reinforcing 

steel is corroding and is a cause of concrete cracking. 

 Environmental Influence on the Corrosion of Reinforcing Steel in 

Concrete Bridge Substructures  ( Influência do meio ambiente na Corrosão das 

Armaduras em Infraestruturas de Pontes de Concreto Armado. ) 

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

http://www.dot.ca.gov/hq/esc/ctms/pdf/CT_643.pdf
http://www.dot.ca.gov/newtech/researchreports/1961-1963/62-17.pdf
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Comentários de E. Thomaz :  

 Aumentando o teor de cimento e o tempo de cura com água  a durabilidade 

do concreto armado aumenta, pois a corrosão das armaduras é menor. 
 

 O uso de pozolana  traz algum benefício, mas a absorção de água é maior e a 

retração por secagem também é maior , o que pode conduzir à  fissuração 

nos primeiros dias, reduzindo, em consequência, a durabilidade. 



  

 

 

 

  



 

 Concrete Variables And Corrosion Testing 

http://www.dot.ca.gov/newtech/researchreports/1972/72-52.pdf 

Seven hundred and ten reinforced concrete blocks were partially submerged in a 

saturated sodium chloride solution.  

Based upon the test criterion that a sufficient quantity of concrete absorbed chloride 

causes the steel to change from a passive to an active or corroding half-cell potential, the 

test results were  

 

(1) increasing the cement factor, and  (2) increasing the length of water curing increased 

the time an active half-cell potential.  

 

The steam curing of the concrete resulted in a reduction of the time to an active halfcell 

potential as well as a reduction in absorption as compared to just water curing.  

 

A test procedure used verified capillary action as the primary mechanism of water 

absorption. The chloride content of the concrete was determined.  

 

Of the three tested admixtures and corrosion inhibitors, only pozzolan appeared to result 

in a significant benefit even though this concrete had the greatest absorption and also the 

greatest drying shrinkage. 
 

 

 

 

 

http://www.dot.ca.gov/newtech/researchreports/1972/72-52.pdf
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Corpo de Prova  = 4.1/2 " x  2.1/2" x 15" = 11,4cm x 6,3cm x 38,1cm 

 

Figure 1 - Corrosion test specimen 

 

  



 

 

 

 

 

 

Figure 2  -   Partial immersion tests of steel in concrete 
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SACK / CUBIC YARD = 55,67 kg/m3 

1 saco tem 42,5kg de cimento CPII - ASTM 

6 sacos /jarda cúbica =334kg/m3 

cimento CPII /ASTM = só clinquer + gesso ≈ CPI / BR 



 

 

 

 

" Este trabalho confirma trabalhos anteriores que demonstraram que os 

mecanismos que controlam o movimento da água através de um concreto 
de boa qualidade são a capilaridade e a evaporação e não a pressão 

hidrostática relacionada com as medições de permeabilidade. " 
 

Ver também  :     http://www.michigan.gov/documents/mdot/R-322_437755_7.pdf 

  

230 F  = 110 oC 

http://www.michigan.gov/documents/mdot/R-322_437755_7.pdf


 

 

 

 

 

 

 

  



 

 

 

 



 

 

 

 

  



 

 

  

SACK / C.Y. = 55,67 kg/m3 



 

 

 

 
  

SACK / CUBIC YARD = 55,67 kg/m3 

1 saco tem 42,5kg de cimento CPII - ASTM 

6 sacos /jarda cúbica =334kg/m3 

cimento CPII - ASTM = só clinquer 

( kg/m3 ) 

  278                        334                         390                            445                        501  



 

 

 

 

 
  



 

 

 

 

 
  



 

 

 

 
 

14 

 



 

 

 

 

  



 

 

 

 
 

 



 

 

 

 

  



 

 

 Em concretos curados com água, o teor de cloretos na interface 

concreto/armadura  foi  de 17,9 pounds/cubic yard  ≈ 17.9 x 0,016 % em 

peso do  cimento ≈ 0,29% em peso do  cimento. 

  

 Em concretos curados com vapor de água, o teor de cloretos na interface 

concreto/armadura foi de 21.7 pounds/cubic yard  ≈ 0,35 % em peso do  

cimento. 

   

 

 



 

 O teor de cloretos encontrados nesses ensaios foi menor que o teor de 

cloretos encontrado em estacas submersas durante 40 anos na água do 

mar. 
  

 Obs:  Unidade métrica considerando o concreto com 6 sacks de 42,5kg por jarda 

cúbica =  334kg/m3 : 

[ LBS/CU.YD. = 1 pound  / 1 jarda cúbica ] = 453.59 gramas / [ (0,914 m) 3 =  0.82821m
3
 

de concreto = 828,21 litros ] =  0.5477 grama / litro de concreto  

≈  0,5477 grama / (1 litro ≈ 334 g de cimento ) = 0,00164 grama / grama de cimento =  

= 0,16% do peso  de cimento. 
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