


5. What¶s sulphate attack? What are the distinct t\pes of sulphate attack? What should be 
done to avoid sulphate attack in concrete? 

A sulfate attack is the deterioration of concrete due to the presence of sulfates causing sZelling,                
the dissolution of the portlandite, and a C-S-H (calcium silicate h\drate) attack. It can be broken                
doZn into three distinct t\pes including internal sulfate attack, e[ternal sulfate attack, and             
bacteriological sulfate attack. The internal sulfate attack (ISA) consists of three causes,            
aggregates in the presence of g\psum, dela\ed ettringite formation, and thaumasite sulfate            
attack. When g\psum dissolves in a sulfate solution, ettringite can precipitate. As a result, there               
is an increase in volume of appro[imatel\ 280% Zhich in turn causes cracking and degradation               
of the material. While dela\ed ettringite formation occurs Zhen there are increased temperatures             
(>65℃) causing it to transform to monosulfoaluminate. When temperatures cool again, it is             
converted back into ettringite and this change causes e[pansion and thus cracking in the              
concrete. Similarl\, thaumasite sulfate attacks are due to the presence of SiO2 and CO2 causing               
volume e[pansion of the formed ettringite resulting in cracking. The second distinct t\pe is the               
e[ternal sulfate attack describing Zhen sulfate ions are introduced to the concrete from e[ternal              
sources including soil and seaZater. A reaction betZeen the sulfate ions, the portlandite, and              
C3A in the cement paste causes the formation of g\psum and ettringite. This results in the                
deterioration of the cement paste leading to increased porosit\ and permeabilit\, as Zell, the              
e[pansion of the ettringite. Lastl\, the bacteriological sulfate attack involves bacteria producing            
sulfuric acid leading to sZelling, cracking, and strength loss. Sulfate attacks can be avoided b\               
using petrographic and chemical anal\sis to understand the chemical composition of the            
aggregates, reducing the Zater to cement ratio, reducing the C3A content, checking the             
temperature, ensuring proper compaction and curing, or using moderate/high resistance sulfate           
cement.  
 

6. What¶s Alkali-Aggregate Reaction (AAR)? ShoZ the essential parameters for this 
chemical mechanism. HoZ do one avoid and or mitigate AAR in concrete? 
Alkali Aggregate Reaction (AAR) is a ver\ common cause of degradation in concrete             

and results from the reaction betZeen the alkali h\dro[ides (Na+, K+, OH-) in the cement pores                
and the siliceous minerals in the aggregates. It results in the production of a silica gel that can                  
absorb Zater Zhich in turn e[pands causing deterioration from cracking. The essential conditions             
for AAR development include high alkali content, high moisture, and presence of reactive silica.              
Unfortunatel\, the onl\ parameter that can be modified is the amount of reactive silica Zithin the                
solution. Techniques for avoiding AAR include using reinforcements (to help restrain portions of             
concrete from e[panding), as Zell as chemical admi[tures like fl\ ash.  
 

7. What¶s free]ing and thaZing in concrete? HoZ can Ze avoid it? 
Free]ing and thaZing describes the c\cle in Zhich the Zater absorbed into concrete is              

fro]en and vice versa. This occurs since concrete is a porous material and the free]ing and                
thaZing c\cle causes an e[pansion of about 9%. This change in volume results in degradation of                



the concrete in forms like cracking and spalling. A mitigation technique used includes using air               
entrained admi[tures. Air entrained admi[tures help against free]ing and thaZing since the\            
form reservoirs that provide enough space for the change in volume Zithout damaging the              
concrete.  
 

8. What¶s the corrosion process in reinforced concrete? What are the most common 
mechanisms that ma\ trigger corrosion (describe them)? HoZ can Ze avoid corrosion? 

The corrosion process in reinforced concrete consists of tZo phases, the initiation and 
propagation phase. The initiation sets up the conditions required to break the passive film. This 
protective la\er is created through a process called passivation and occurs naturall\ due to the 
high pH in concrete. The point Zhere the aggressive agents break through the passive film is 
called the t(o). Past this, there is the propagation phase Zhere the material starts to corrode and 
the speed at Zhich this occurs is dependent on the O2 content, humidit\, temperature, and 
potential difference. Often times, corrosion is caused b\ the penetration of aggressive agents like 
chloride ions and the carbonation of the concrete cover. Corrosion b\ chloride ions involves the 
chloride ions from de-icing and seaZater being absorbed into concrete causing delamination 
Zhich Zorsens over time. While corrosion b\ carbonation is caused b\ the reactions betZeen 
h\drate products and CO2 from the atmosphere. As a result, there is a dissolution of the 
portlandite. Corrosion can be avoided b\ the optimi]ation of concrete cover properties, using 
corrosion inhibitors, using sealants on the concrete surface, using rebars as protection, having an 
epo[\ coating and galvani]ed steel, and/or using cathodic protection. 


