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DETERIORATION OF CONCRETE

Mechanical Chemical Physical

· Impact

· Overload

· Movement 

(e.g.settlement)

· Explosion

· Vibration

· Alkali-aggregate 

reaction

· Aggressive agents 

    e.g.sulfates,soft 

water,salts

· Biological activities

· Freeze/thaw

· Thermal

· Salt crystallization

· Erosion

· Wear
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  alkali-silica reaction (ASR)  
 alkali-carbonate reaction (ACR) 
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The microstructure of the concrete is changed under this attack. 
 

These changes may vary in the type of severity, but they 
commonly include chemical sulfate attack and physical attack. 
 

Common damages: 
• Cracking,  
• Expansion 
• Loss of bond between the cement paste and aggregate.  

 

The expansion resulting from sulfate attack is generally attributed 
to the formation of gypsum and ettringite. 



Sulfate attack is categorize into: 

• Chemical 
• Physical 

 
• Internal 
• External 



•

•

•

•

•

•

•

•



•

•

•

•

•

•

•

•









Liquid Reaction zone Pore solution
Original cement 

paste

Na+

OH-

SO42-

Na+

OH-

Ca2+

SO42-

CaSO4·2H2O

6CaO·Al2O3·3SO3·32H2O

(ettringite)

Al(OH)-4

Ca(OH)2

4CaO·Al2O3·SO3·12H2O

(monosulfate)



Liquid Reaction zone Pore solution
Original cement 

paste

Mg2+

SO42-

Mg(OH)2

SiO2·aq

3MgO·2SiO2·2H2O

CaSO4·2H2O

OH-

Mg2+

Ca2+

SO42-

Ca(OH)2

C-S-H

AFm

AFt





Class of 
chemical attack 

Max w/c 
Min strength 

class 

Min cement 
content 
(kg/m3) 

Other 
requirements 

XA1 0.55 C30/37 300   

XA2 0.50 C30/37 320 
Sulfate-resisting 

cement 
XA3 0.45 C35/45 360 
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