
Chapter 11: Durability of Concrete

Introduction
Concrete is a widely used construction material known for its high compressive 
strength and flexibility in use. However, its long-term performance depends not 
only on strength but also on durability—its ability to withstand environmental 
conditions without significant deterioration. Durability ensures the serviceability 
and safety of structures over their design life. As infrastructures are increasingly 
exposed to aggressive environments—such as marine exposure, industrial 
chemicals, freezing-thawing cycles, and sulfates—durability has become a key 
parameter in concrete design and technology.

11.1 Definition of Durability
Durability of concrete is defined as its ability to resist weathering action, 
chemical attack, abrasion, and other degradation processes while maintaining its 
desired engineering properties over time. It implies that concrete can withstand 
the service conditions for which it is designed without compromising its strength 
or integrity.

Key considerations:

 Durability is a function of permeability, strength, and exposure 
conditions.

 Proper mix design, curing, and construction practices are essential for 
achieving durable concrete.

11.2 Factors Affecting Durability
Several interrelated factors influence the durability of concrete. These include:

11.2.1 Permeability of Concrete
 The permeability of concrete is the ease with which fluids (water, gases, 

aggressive chemicals) can penetrate.



 High permeability leads to faster ingress of harmful agents like chlorides, 
sulfates, carbon dioxide, and oxygen, which accelerate deterioration.

 Factors influencing permeability:

o Water-cement ratio (w/c)
o Degree of hydration
o Curing quality
o Compaction and finishing

11.2.2 Water-Cement Ratio
 Lower w/c ratio produces denser, less porous concrete.
 A high w/c ratio leads to increased porosity and reduces resistance to 

aggressive agents.

11.2.3 Curing
 Proper curing promotes continuous hydration of cement, improving 

strength and reducing porosity.
 Inadequate curing causes microcracks and reduced resistance to 

environmental attacks.

11.2.4 Mix Composition
 Use of supplementary cementitious materials (SCMs) such as fly ash, silica 

fume, and GGBS enhances durability.
 Quality and grading of aggregates also influence strength and durability.

11.2.5 Workmanship and Compaction
 Poor construction practices result in honeycombing, cold joints, and 

improper cover.
 Vibration and finishing techniques impact the microstructure and surface 

integrity.

11.3 Types of Concrete Deterioration
11.3.1 Chemical Attack

 Sulfate attack: Sulfate ions from soil or water react with hydrated cement 
products, forming expansive compounds like ettringite.



 Acid attack: Acids dissolve calcium hydroxide and other cementitious 
compounds.

 Alkali-Aggregate Reaction (AAR):

o Alkali-Silica Reaction (ASR): Reactive silica in aggregates reacts with 
alkalis in cement, producing an expansive gel that causes cracking.

11.3.2 Physical Weathering
 Freeze-Thaw Cycles: Water within pores freezes and expands, creating 

internal stresses and spalling.
 Abrasion and Erosion: Surface wear due to mechanical action, especially in 

hydraulic and industrial structures.

11.3.3 Corrosion of Steel Reinforcement
 Carbonation and chloride penetration depassivate the protective oxide film 

on reinforcement bars, leading to rusting.
 Corrosion products expand and cause cracking and delamination of 

concrete.

11.4 Mechanisms of Durability Loss
11.4.1 Carbonation

 Atmospheric CO₂ reacts with calcium hydroxide in concrete, reducing pH 
and compromising the passive layer on reinforcement.

11.4.2 Chloride Ingress
 Common in marine environments and from deicing salts.
 Chloride ions breach the passive film on steel, initiating corrosion.

11.4.3 Sulfate Attack
 Sulfates react with tricalcium aluminate (C₃A) in cement paste, forming 

ettringite and gypsum.
 Expansion leads to cracking, spalling, and loss of mass.

11.5 Durability Tests
Several tests are used to evaluate concrete durability:



11.5.1 Water Permeability Test
 Measures the depth of water penetration under pressure.

11.5.2 Rapid Chloride Penetration Test (RCPT) – ASTM C1202
 Measures electrical conductivity; lower charge passed indicates lower 

permeability.

11.5.3 Sulfate Resistance Test
 Immersion of concrete samples in sulfate solutions to evaluate degradation 

over time.

11.5.4 Carbonation Depth Test
 Phenolphthalein indicator used to detect the depth of carbonation in a 

concrete core.

11.5.5 Freeze-Thaw Resistance Test
 Cyclic freezing and thawing are simulated to assess damage resistance.

11.6 Improving Durability of Concrete
Durability can be significantly enhanced through the following measures:

11.6.1 Low Water-Cement Ratio
 A low w/c ratio (<0.45 for aggressive environments) minimizes porosity.

11.6.2 Use of Pozzolanic Materials
 Fly ash, silica fume, GGBS react with calcium hydroxide to form additional C-

S-H gel, refining pore structure.

11.6.3 High-Performance Concrete (HPC)
 Designed with improved strength, workability, and durability.
 Incorporates SCMs, admixtures, and quality aggregates.

11.6.4 Proper Curing Practices
 Minimum 7–14 days curing recommended (especially in hot climates).
 Curing compounds or wet coverings can be used.

11.6.5 Adequate Cover to Reinforcement
 As per IS 456:2000, minimum cover should be:



o Mild exposure: 20 mm
o Moderate exposure: 30 mm
o Severe: 50 mm

11.6.6 Use of Admixtures
 Water reducers, plasticizers, corrosion inhibitors, and air entraining 

agents improve durability.

11.7 Durability Considerations in Design Codes
Relevant Indian and international standards provide durability provisions:

IS 456:2000
 Prescribes exposure-based concrete grades, minimum cement content, and 

cover requirements.

IS 10262:2019
 Guidelines for concrete mix proportioning, including durability parameters.

BS EN 206 / ACI 318
 International codes include chloride limits, sulfate exposure classes, and 

carbonation control.

11.8 Service Life Design
Durability is closely tied to service life. Modern approaches include:

11.8.1 Performance-Based Specifications
 Focus on concrete's long-term behavior, not just 28-day strength.

11.8.2 Life Cycle Costing
 Durable concrete reduces maintenance and repair costs over the structure’s 

life.

11.8.3 Sustainability
 Enhanced durability contributes to sustainability by reducing raw material 

consumption and carbon emissions through fewer repairs and 
replacements.



11.9 Durability in Special Environments

Concrete structures are often exposed to extreme or aggressive environments 
that demand special design and durability considerations.

11.9.1 Marine Environment
 Exposure to seawater introduces chloride, sulfate, and magnesium ions, 

causing corrosion and leaching.

 Typical structures: piers, jetties, offshore platforms.

 Solutions:

o Use of low-permeability concrete (e.g., HPC).
o Supplementary cementitious materials to reduce diffusion.
o Increase cover thickness.
o Use of epoxy-coated or stainless-steel reinforcement.

11.9.2 Industrial and Chemical Environments
 Structures exposed to acids, alkalis, or industrial effluents need chemical-

resistant concrete.

 Applications: chemical plants, battery rooms, waste treatment plants.

 Solutions:

o Use of special cement types (e.g., high-alumina cement, slag cement).
o Surface coatings and linings.
o Polymer-modified concrete in extremely corrosive environments.

11.9.3 Cold Climate Exposure
 Freeze-thaw cycles cause spalling and internal cracking.
 Air entrainment is vital for durability.
 Design must consider the critical saturation point and pore structure of 

the concrete.
11.9.4 Desert and Arid Climates

 High evaporation rates and temperature variations cause plastic shrinkage 
and cracking.

 Proper curing and shrinkage control measures are essential.



11.10 Modern Techniques for Enhancing Durability
11.10.1 Self-Healing Concrete

 Contains bacteria (e.g., Bacillus subtilis) or microcapsules that produce 
calcium carbonate when cracks occur, sealing them autonomously.

 Reduces maintenance and prolongs service life.
11.10.2 Fiber Reinforced Concrete (FRC)

 Incorporates steel, glass, polypropylene, or carbon fibers to improve 
tensile strength and crack resistance.

 Enhances resistance to abrasion, impact, and fatigue.
11.10.3 Ultra-High Performance Concrete (UHPC)

 Dense microstructure with compressive strengths exceeding 150 MPa.
 Extremely low permeability and high durability in aggressive exposures.

11.10.4 Nano-Modified Concrete
 Nano-silica and carbon nanotubes improve microstructure and reduce 

porosity.
 Promotes formation of denser C-S-H gel.

11.11 Case Studies on Concrete Durability Failures
11.11.1 Marine Bridge Collapse Due to Corrosion

 A coastal highway bridge experienced severe corrosion in reinforcement 
due to inadequate cover and high permeability.

 Solution: Retrofitting with epoxy-coated rebars and using GGBS-based 
concrete during rehabilitation.

11.11.2 Deterioration of Cooling Towers from ASR
 ASR-induced expansion caused cracking and loss of structural integrity.
 Investigations revealed reactive aggregates and high alkali content in 

cement.
 Solution: New construction used low-alkali cement and lithium admixtures.

11.11.3 Carbonation in Underground Parking Structures
 Deep carbonation reduced pH, leading to rebar corrosion.
 Remedy: Surface treatments and re-alkalization techniques were applied, 

followed by concrete jacketing.



11.12 Durability Assessment in Existing Structures
11.12.1 Visual Inspection

 Surface cracking, spalling, rust stains indicate possible durability issues.
11.12.2 Non-Destructive Testing (NDT)

 Techniques include:

o Rebound Hammer Test (for surface hardness).
o Ultrasonic Pulse Velocity (UPV) (for internal flaws).
o Half-cell potential measurements (to assess corrosion risk).

11.12.3 Core Sampling and Laboratory Testing
 Concrete cores are drilled and tested for compressive strength, carbonation 

depth, chloride content, and microstructure.

11.13 Durability Modeling and Prediction
11.13.1 Service Life Prediction Models

 Based on Fick’s Law of Diffusion for chloride ingress.
 Help estimate time to corrosion initiation and propagation.

11.13.2 Deterioration Curves
 Used to plot performance degradation over time and plan preventive 

maintenance.
11.13.3 Software Tools

 Programs like Life-365, DuraCrete, and STADIUM simulate durability 
behavior over decades considering various environmental and material 
parameters.

11.14 Maintenance Strategies for Durable Concrete
11.14.1 Preventive Maintenance

 Includes sealing, crack filling, protective coatings.
 Reduces exposure to aggressive elements early.

11.14.2 Condition-Based Monitoring
 Sensors embedded in concrete to monitor moisture, chloride levels, and 

corrosion potential in real-time.



11.14.3 Rehabilitation Techniques
 Jacketing, epoxy injection, cathodic protection, and re-alkalization methods 

used for damaged structures.

11.15 Role of Standards and Certifications
11.15.1 Indian Standards

 IS 456:2000 – General durability recommendations.
 IS 1343:2012 – Prestressed concrete provisions.
 IS 10262:2019 – Mix design including durability aspects.

11.15.2 International Standards
 ACI 201.2R – Durability of concrete guide.
 EN 206-1 – Specifies exposure classes and limits.
 BS 8500 – Durability requirements for various environments.

11.15.3 Green Certifications
 LEED and IGBC certifications emphasize durability for sustainability.
 Encourages the use of materials with a longer service life and lower lifecycle 

emissions.
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