Chapter 12: Durability of Concrete

Introduction

Durability is one of the most critical properties of concrete that governs its
performance, longevity, and overall life-cycle cost. While strength is often used as
the primary criterion during design, it is the durability of concrete that determines
how well the material can withstand environmental actions, chemical attacks,
physical stresses, and weathering over time without significant deterioration. A
structure may be strong initially but could fail prematurely if not designed or
maintained for durability. In this chapter, we will explore the causes of
deterioration in concrete, factors influencing durability, various mechanisms of
degradation, testing methods, and ways to enhance durability through design and
construction practices.

1. Definition of Durability

Durability of concrete refers to its ability to resist weathering action, chemical
attack, abrasion, or any other process of deterioration while maintaining its
desired engineering properties over its service life.

According to IS 456:2000, “A durable concrete is one that performs satisfactorily
under the expected exposure conditions during its service life.”

Durability = Strength + Resistance to Environment (Water, Chemicals,
Temperature, etc.)

2. Importance of Durability in Concrete

e Ensures long service life of structures.

e Reduces maintenance and repair costs.
e Prevents early failure or deterioration.

e Enhances safety and sustainability.

e C(Critical for structures in aggressive environments (marine, industrial,
sewage treatment, etc.).



3. Factors Affecting Durability of Concrete

3.1 Permeability
e Definition: Ability of concrete to resist the ingress of water, air, and
chemicals.
e High permeability leads to faster penetration of aggressive agents.
e Influenced by water-cement ratio, compaction, curing, and microstructure.

3.2 Water-Cement Ratio

e Alow w/c ratio improves strength and reduces permeability.

e Ideal durable concrete often uses a w/c ratio below 0.45 for severe
exposure conditions.

3.3 Cement Content

e Too low = insufficient paste for hydration.
e Too high = increases shrinkage and cracking.
e Optimum content ensures dense matrix and low permeability.

3.4 Curing
e Inadequate curing leads to incomplete hydration, cracks, and low
durability.

e Moist curing for 7-14 days is critical, especially in hot and dry climates.

3.5 Compaction

e Poor compaction creates voids and capillary channels.
e Mechanical vibration ensures dense packing and minimum air voids.

3.6 Use of Admixtures

e Mineral admixtures (fly ash, silica fume, slag) enhance durability by reducing
permeability and refining pore structure.

e Chemical admixtures like superplasticizers improve workability without
increasing water content.
3.7 Type of Cement

e Pozzolanic cements and sulfate-resistant Portland cement are suitable
for aggressive environments.




4. Mechanisms of Concrete Deterioration

4.1 Physical Deterioration

(a) Freeze-Thaw Cycles

e Water inside pores freezes and expands, causing cracking.

e Use of air-entraining agents increases freeze-thaw resistance.
(b) Abrasion and Erosion

e Surfaces exposed to traffic or flowing water wear away.

e Hard aggregates and surface treatments help.
(c) Thermal Cracking

e (Caused by temperature gradients during hydration or environmental
changes.

e Controlled by proper design and joint placement.

4.2 Chemical Deterioration

(a) Sulfate Attack

e Sulfates in soil or water react with calcium compounds in concrete to form
ettringite, causing expansion and cracking.

e Use low C3A cement and pozzolans to resist.

(b) Alkali-Aggregate Reaction (AAR)

e Reaction between alkalis in cement and reactive silica in aggregates
produces gel that absorbs water and swells.

e Control by limiting alkali content or using non-reactive aggregates.
(c) Carbonation

e (CO;from the air reacts with calcium hydroxide in concrete to form calcium
carbonate.

e This reduces pH and allows reinforcement corrosion.
e Controlled by increasing concrete cover and reducing permeability.
(d) Chloride Attack
e Chlorides from de-icing salts or seawater cause reinforcement corrosion.
e Use pozzolans, epoxy-coated bars, and surface sealers.




5. Durability Classification and Exposure Conditions

As per IS 456:2000 and other international standards like ACI and BS:

Typical
Exposure Environmen Minimum Minimum
Condition t Grade w/c Ratio Cover (mm)
Mild Indoors M20 0.55 20
Moderate Outdoors, M25 0.50 30
sheltered
Severe Coastal, M30 0.45 45
humid
Very Severe Industrial, M35 0.45 50
marine
Extreme Aggressive M40 0.40 75
chemicals

6. Durability of Reinforced Concrete (RC)

6.1 Corrosion of Reinforcement

e Primary cause of RC deterioration.

e Initiated by chloride ions or carbonation lowering pH and depassivating
steel.

6.2 Protection Techniques

e Increasing concrete cover.

e Use of corrosion inhibitors and coatings.

e (Cathodic protection systems.

e Non-metallic reinforcements like FRP (fiber-reinforced polymers).

7. Testing for Durability
7.1 Rapid Chloride Penetration Test (RCPT)

e Measures electrical charge passed; lower charge = higher resistance to
chloride penetration.



7.2 Water Permeability Test

e Measures the depth of water penetration under pressure.

7.3 Carbonation Depth Test

e Phenolphthalein solution used to indicate loss of alkalinity.

7.4 Sulfate Resistance Test
e Concrete samples exposed to sulfate solutions and monitored for expansion
and strength loss.
7.5 Accelerated Weathering Test

e Simulates long-term exposure to cycles of temperature, moisture, and
chemicals.

8. Improving Durability of Concrete

e Use proper mix design and quality materials.

e Maintain low w/c ratio.

e Ensure adequate curing and compaction.

e Adopt good construction practices (joints, drainage, finishing).

e Design for exposure conditions with appropriate grade and cover.
e Apply surface protection systems (coatings, sealants, membranes).
e Regular inspection and maintenance of structures.

9. Durability Standards and Guidelines

e 1S 456:2000 - General guidelines for durability.

e 1S 1343:2012 - For prestressed concrete.

e IS 3370 - For water retaining structures.

e ACI 201, ACI 318, ACI 222 - US standards on durability and corrosion.
e BS 8500 - British guidance for exposure classes and durability design.

10. Durability Design Approach in Modern Construction

Modern concrete design doesn't rely only on compressive strength, but integrates
performance-based durability design, which includes:



10.1 Performance-Based Specifications

e Defined by desired service life (e.g., 50-100 years).

e Based on measured parameters like permeability, diffusion coefficients,
and carbonation rate.

e More adaptable than prescriptive codes (e.g., specifying only w/c ratio).

10.2 Durability Indexes

e Used to quantify and monitor durability during life cycle.
e Examples:

o Oxygen permeability index
o Chloride conductivity index
o Water sorptivity index

11. Role of Supplementary Cementitious Materials (SCMs)

SCMs play a key role in enhancing durability by refining pore structure, reducing
permeability, and increasing resistance to chemical attacks.

11.1 Fly Ash

e Reduces calcium hydroxide, lowering risk of sulfate and alkali-silica
reactions.

e Improves workability and long-term strength.

11.2 Silica Fume

e Fills pores due to its ultrafine particles.

e Greatly reduces permeability and increases resistance to chloride ingress.
11.3 Ground Granulated Blast Furnace Slag (GGBFS)

e Enhances sulfate resistance and reduces heat of hydration.
e Makes concrete denser and more durable in marine environments.

12. Case Studies of Concrete Durability Failures

12.1 Case: Marine Bridge Piling Corrosion

e Location: Coastal India.



e Issue: Premature corrosion within 10-12 years.
e Findings:

o Insufficient concrete cover (20 mm instead of 50 mm).
o High w/c ratio leading to chloride ingress.

e Lesson: Importance of site quality control and compliance with exposure
condition guidelines.

12.2 Case: Industrial Slab Surface Dusting

e Location: Cement manufacturing plant.
e Issue: Surface layer disintegration under mechanical wear.
e Cause:

o Inadequate curing.
o Excessive surface water during finishing (bleeding).
e Solution: Proper mix design and delayed finishing.

13. Durability in Special Concrete Types
13.1 High-Performance Concrete (HPC)

e Designed for long-term durability with compressive strength > 60 MPa.
e Contains SCMs and superplasticizers.

e Used in critical infrastructures: nuclear plants, high-rise towers, marine
structures.

13.2 Self-Compacting Concrete (SCC)

e Flows under its own weight, requiring no vibration.
e Dense, uniform compaction enhances durability.
e Especially effective in congested reinforcement zones.

13.3 Fiber-Reinforced Concrete (FRC)

e Incorporates steel, glass, or synthetic fibers.

e Fibers control microcracks, increasing resistance to fatigue, shrinkage, and
abrasion.




14. Durability Maintenance and Retrofitting

Designing for durability does not eliminate the need for regular monitoring and
maintenance.
14.1 Common Retrofitting Techniques

e Surface coatings (epoxy, acrylic) for chemical resistance.
e Cathodic protection for chloride-contaminated RC structures.
e Grouting or jacketing for structural cracks.

14.2 Predictive Maintenance

e Smart sensors and [oT are now integrated into critical structures to detect
moisture, chloride levels, and corrosion activity in real time.

15. Durability vs Sustainability
Durability directly contributes to sustainability in civil engineering:

Less Durable

Aspect Durable Concrete Concrete

Life Span 50-100 years <20 years
Maintenance Low Frequent

Resource Use Optimized Repetitive

Carbon Emissions Lower over lifecycle  Higher due to repairs

Durable construction reduces waste, material usage, and environmental footprint
by minimizing rebuilds and repairs.

16. International Trends and Research in Durability
e Nanotechnology: Nano-silica improves microstructure, reduces
permeability.
e Self-healing concrete: Embedded bacteria or polymers to automatically
seal cracks.

* Recycled aggregates: Being researched for durability in sustainable
construction.



e AI & Machine Learning: Used to predict deterioration patterns in aging
infrastructure.
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