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• Ability to resist weathering action, chemical 

attack, abrasion, or any other process of 

deterioration. 

• Durable concrete will retain its original form, 

quality, and serviceability when exposed to 

environment 
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Service Life Objectives 
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Deterioration and its Causes 

• Physical manifestation of failure of a 

material (cracking, spalling, delamination, 

pitting) 

• Decomposition of material (disintegration, 

weathering) 

Causes of deterioration: 

• Interaction with environment (external) 

• Interaction with constituents (internal) 
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Physical Deterioration 
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Chemical Deterioration 
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Reinforcement Corrosion 
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Durability Issues 

• Corrosion 

• Freeze-thaw 

• Alkali-Silica reaction 

• Sulphate 
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Corrosion: Extent of Problem 

• 40% of steel annually produced in the world 

is used to repair corrosion damage. 

• Costs are around 2000$ to 3000$ per 

inhabitant 

• More than annual income in many countries 
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What is Corrosion? 
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Illustration of Spalling 

11 



Corrosion of Reinforcement 
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• Reinforcement normally passivated (oxide 

film) 

• Chloride ingress 

• Carbonation 
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Electrochemical Corrosion 
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• Similar reaction take place in flash light 

battery 

• Electrochemical reaction are: 

 Anode: electrochemical oxidation takes 

place 

 Cathode: electrochemical reduction 

 Electrical conductor: rebar 

 Aqueous medium: water, seawater 
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Corroded Steel 
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• Fe++ react with OH- and dissolved oxygen to form iron oxides 

and hydroxides. As the electrochemical reactions continue, more 

and more Fe-OH compounds pile up. 

• Rust occupy more volume than steel. Depending on the 

compound formed, volume can increase by six times over the 

original steel. 

 

 



Concrete Fracture  
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Due to tensile stresses generated by rust 

• Single crack 

• Coordinated cracks 

 



Manifestation (Consequences) of Corrosion 
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• Corrosion induced cracking, spalling and 

delamination (reduces effective cross-section of 

concrete member, effect structural capacity). 

• Fine cracks followed by rust strains reflecting 

the pattern of underlying reinforcement. 

• Visible rust strain at the surface. 

• Loss of cross-section of rebars. 



Bridge Corrosion 
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Severe Spalling of Bride Deck 
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Straining due to Corrosion 
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Chloride Induced Corrosion 
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Chloride Induced Corrosion 
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Macro Environment: Corrosion Scenarios 
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Schematic of Corrosion Process 
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Factors Effecting the Chloride Build-up Process 
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Effect of pH on Corrosion Rate 
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Carbonation Corrosion 
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Carbonation Corrosion 
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Carbonation Corrosion 
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Carbonation corrosion: Phenolphthalein Test 
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Corrosion of Steel in Concrete 
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Corrosion of Steel in Concrete 
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Concrete Cover is Critical 
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Assessing Causes and Extent Corrosion 
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Solving the Corrosion Problem Require 
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Freeze-Thaw Problem 
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• Porous and saturated concrete 

• Water expands by 9% as it freezes, applies 

tensile stresses in concrete 

• Two distinct mechanism occur: internal micro-

cracking and disruption, and surface scaling.  



Influencing factors on Freeze-Thaw 
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• Increased porosity increases rate of degradation. 

• Increased moisture saturation. 

• Increased number of freeze-thaw cycling. 

• More rapid freezing rate, more damage. 

• Horizontal surface entrap more water & salt. 

• Aggregate with small capillary pores and high 

absorption aggravate problem. 

• Often occurs in horizontal surfaces or at the 

water line of vertical submerged portions of 

structure.    
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Signs of Freeze-Thaw Damage 
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D-cracking 
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Freeze Thaw Damage 
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Pop-outs: Freeze Thaw Damage 
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Surface Scaling: Freeze Thaw Damage 
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How to Protect Concrete: Freeze Thaw Damage  
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Air Entrainment 
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Specimen subjected to Freeze Thaw  
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Durability Factor 
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Alkali-Aggregate Reaction 
46 



Types of Alkali-Aggregate Reaction 

 Alkali-Silica Reaction 

 Alkali-Carbonate Reaction 
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Alkali-Silica Reaction 
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Alkali-Silica Reaction 
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Alkali-Carbonate Reaction 
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Time for Distress due to AAR 
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Concrete Prisms Tested for ARR 
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AAR damage in Calgary 
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Testing for AAR 
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CSA Standard Practice for Testing AAR 
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• Step by step procedure for evaluating potential and 

degree of alkali-reactivity of concrete aggregate 

• Field performance survey 

• Laboratory test program 

 Petrographic examination 

 Chemical method for ACR 

 Accelerated mortar bar test (ASR) 

 Concrete prism test (ACR & ASR) 
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Petrographic Examination 
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Chemical Method for ACR 
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http://www.fhwa.dot.gov/pavement/concrete/asr/hif09001/03.cfm 
 

http://www.fhwa.dot.gov/pavement/concrete/asr/hif09001/03.cfm


Accelerated Mortar Bar Test 
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Concrete Prism Test 
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Preventive Measures against AAR 
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Selecting Preventive Measures against AAR 
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Global Management Approach for ASR 
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Field Symptoms of AAR 
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Field Symptoms of AAR 
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Field Symptoms of AAR 
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Field Symptoms of AAR 
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Field Symptoms of AAR 
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Field Symptoms of AAR 
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ASR in Concrete Pavement 
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Laboratory Investigation 
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Petrographic Examination 

71 



Petrographic Examination 
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Mechanical Properties of Concrete affected by AAR 

73 



Management Action on AAR 
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