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❖ Concrete is a composite construction material made by mixing cement, water, fine aggregate (sand), coarse 

aggregate (gravel or crushed stone), and sometimes admixtures in specific proportions.

❖ When freshly mixed, concrete is plastic and workable, allowing it to be molded into different shapes. Over time, 

it hardens through a chemical reaction called hydration, forming a strong, durable, stone-like mass.
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✓ Concrete is often called the “backbone of modern construction.”

✓ It is the most widely used building material in the world because of its versatility, strength, and availability.

✓ From large structural components like beams, slabs, and columns to architectural and interior finishes such 

as floors and feature walls, concrete plays a vital role in both function and aesthetics.

2. Importance of Concrete

1. Plastic 
when fresh

Can be poured, 
shaped, and 
molded into 

any form.

2. Hard 
when set

Gains strength 
over time 
through 

hydration.

3. Durable

Withstands 
weathering, fire, 
and mechanical 

wear.

4. Economical

Made from 
locally available 

materials.

5. Versatile

Used in both 
structural and 

decorative 
applications.

3. Characteristics of Concrete
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4. Advantages of Concrete

1. High Compressive Strength

• Can bear heavy loads (ideal for foundations and columns).

2. Moldability

• Takes any shape or form before hardening.

3. Durability

•  Long lifespan with minimal maintenance.

4. Fire Resistance

• Non-combustible and protects reinforcement.

5. Availability

• Raw materials are easy to find almost anywhere.

6. Thermal Mass

• Helps regulate indoor temperature (useful in interiors).

7. Adaptable Finishes

• Can be polished, stained, textured, or painted for aesthetic use.
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5. Main Components of Concrete

Concrete is composed of four main ingredients- cement, water, fine aggregate (sand), and coarse 
aggregate (gravel or crushed stone)- and sometimes admixtures to enhance specific properties.

Each component plays a unique role in determining the strength, workability, durability, and 
appearance of the final product.
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A. Cement
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✓ Cement is a fine, grey, powdery substance made primarily from 

limestone (calcium carbonate) and clay (silica, alumina, and iron 

oxide) that are heated together in a kiln at around 1,450°C.

✓ The product, known as clinker, is then ground into a fine powder 

and mixed with a small amount of gypsum to control setting time.

✓ When cement is mixed with water, a chemical reaction called 

hydration occurs. This process forms a hard, stone-like mass that 

binds together sand and aggregates, making cement the key 

binding agent in concrete and mortar.

A- Cement (The Binder)
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Types of Cement

1. Ordinary 
Portland 

Cement (OPC)

2. Rapid 
Hardening 

Cement

3. Low Heat 
Cement 

4. White 
Cement 

5. Portland 
Pozzolana 

Cement (PPC)

6. Sulphate 
Resisting 
Cement

7. Masonry 
Cement

8. High Alumina 
Cement (HAC)

9. Blast Furnace 
Slag Cement 

(BFSC)

10. Hydrophobic 
Cement
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Type of Cement Brief Characteristics Purpose / Special Feature

1. Ordinary Portland Cement (OPC) Standard grey cement General construction work

2. Rapid Hardening Cement Sets and gains strength quickly For early strength and fast repairs

3. Low Heat Cement Produces less heat while setting Prevents cracking in large concrete masses

4. White Cement Pure, bright white in color For decorative and aesthetic finishes

5. Portland Pozzolana Cement (PPC) Contains fly ash; durable Improves durability and chemical resistance

6. Sulphate Resisting Cement (SRC) Low in C₃A (less reactive) Resists sulphate and chemical attack

7. High Alumina Cement (HAC) Made with bauxite; strong and heat-resistant Withstands high temperature and chemical exposure

8. Hydrophobic Cement Water-repellent coating on particles Resists moisture during storage and in wet areas

9. Blast Furnace Slag Cement (BFSC) Mixed with slag; slow-setting Eco-friendly and durable in harsh conditions

10. Masonry Cement Smooth, workable mix For plastering and bricklaying

Characteristics of Common Types of Cement
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Raw Material Main Compound Contributed Purpose in Cement

Limestone (CaCO₃) Calcium Oxide (CaO) Strength and binding property

Clay or Shale Silica (SiO₂), Alumina (Al₂O₃), Iron Oxide (Fe₂O₃) Hardness and setting property

Gypsum (CaSO₄·2H₂O) Sulfate Controls setting time

Sand / Silica Source Silica Contributes to strength and durability

Raw Materials Used in Cement

Cement is primarily made from the following natural materials:

Functions

❖ Acts as the glue that binds fine and coarse aggregates.

❖ Provides strength and hardness to concrete after setting.

❖ Controls setting time and workability based on the type and fineness.

❖ Affects durability and resistance to chemical attack and weathering.
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Properties of Cement

Properties of Good 
Cement

1. Fineness The degree to which cement particles are ground; finer 
cement hydrates faster and develops greater strength.

2. Setting Time The time required for cement paste to begin and complete 
hardening after mixing with water.

3. Soundness The ability of cement to retain its volume after setting, 
ensuring no cracking or expansion occurs.

4. Strength The capacity of hardened cement to withstand load or stress, 
mainly measured as compressive strength.

5. Consistency The uniformity of the mix when water is added; determines 
the proper amount of water needed for normal workability.

6. Color The visual appearance of cement, which should be uniform 
and typically grey (white for special cements).

7. Specific 
Gravity

The ratio of the density of cement to the density of water, 
indicating its quality and composition.

B. Water 

1 4
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B- Water (Activator and Workability Agent)

❑ Water is a key ingredient in concrete that plays a vital role in both the chemical reaction (hydration) and the 

workability of the mix.

❑ It combines with cement to form a paste that binds the aggregates together, allowing the concrete to be molded 

and hardened into a solid mass.

❑ Water must be clean, free from oil, acids, alkalis, and organic matter. Usually, if the water is safe for drinking, it is 

suitable for concrete.

Functions

❑ Hydration: Initiates chemical reactions in cement that cause hardening.

❑ Workability: Provides mobility and ease of placement of the fresh concrete.

❑ Heat Regulation: Helps to control the heat of hydration in mass concrete.

❑ Curing: Ensures continued hydration for strength gain.

C. Fine Aggregate (Sand)

1 6
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C. Fine Aggregate (Sand)

✓ Fine aggregates are naturally occurring or manufactured materials 

consisting of small particles that pass through a 4.75 mm sieve. 

✓ They occupy about 35–45% of the total volume of concrete and play a 

vital role in achieving good workability and strength.

✓ Should be clean, hard, durable, and free from clay, silt, and organic 

impurities.

✓ Must be well-graded, meaning it should have a variety of particle sizes.
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Functions

➢ 1. Void Filling: Fine aggregates fill the gaps between coarse aggregates, reducing air voids and increasing the 

density of concrete.

➢ 2. Workability: Sand improves the flow and compactness of the mixture, making it easier to place and finish.

➢ 3. Surface Finish: A good proportion of fine aggregate helps produce a smooth and uniform surface.
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D. Coarse Aggregate (Gravel or 
Crushed Stone)
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✓ Coarse aggregates are the main load-bearing component in concrete, making up about 60–75% of the total 

concrete volume. 

✓ These are materials retained on a 4.75 mm sieve, such as crushed stone, gravel, or a combination of both.

✓ Should be free from dust, clay, or organic materials.

✓ Angular shape offers better interlocking and bonding than rounded particles.

✓ By proper grading the mix of large and small sizes ensures fewer voids.

✓ Crushed Stone: Produced by mechanically crushing rocks; angular in shape.

✓ Gravel: Naturally available, smooth, and rounded particles from riverbeds.

D. Coarse Aggregate (Gravel or Crushed Stone)
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Functions

✓ Strength and Stability: Provide the main skeleton and compressive strength of concrete.

✓ Volume Filler: Reduce the required amount of cement paste, which saves cost and minimizes shrinkage.

✓ Durability: Strong aggregates improve resistance to wear, abrasion, and weathering.

✓ Workability Influence: Shape, size, and texture of aggregates affect how easily the concrete can be mixed, 

placed, and compacted.

F. Admixtures

2 2
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➢ Admixtures are materials (other than cement, water, and 

aggregates) added to concrete either before or during mixing 

to modify its properties in the fresh or hardened state. 

➢ They are added in small quantities (less than 5% by weight of 

cement) but can have a significant impact.

F. Admixtures
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Functions

1. Improve workability, strength, and durability.
2. Modify the setting time (either accelerate or delay).
3. Enhance resistance to freezing, corrosion, and chemical attack.
4. Reduce permeability, segregation, and shrinkage.

Types of Admixtures 
and Their Roles 

1. Plasticizers (Water Reducers): These admixtures make concrete easier to mix and place by 
increasing its workability without adding extra water.

2. Superplasticizers (High-Range Water Reducers): They give concrete a very high flow, useful 
for complex shapes or tightly spaced reinforcements, while also improving strength.

3. Retarders: These slow down the setting time of concrete, giving workers more time to place 
and finish it, especially in hot weather.

4. Accelerators: These speed up the setting and early strength development of concrete, 
which is helpful in cold conditions or when quick construction is needed.

5. Air-Entraining Agents: These create tiny air bubbles in concrete, improving resistance to 
freezing, thawing, and cracking while enhancing workability.

6. Pozzolanic or Mineral Admixtures: These include materials like fly ash and silica fume that 
react with cement to make concrete stronger, denser, and more durable over time.
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