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TOPIC 3

Concrete and its 

constituents

2



General Introduction

•

•

3

What is Concrete?

Basic constituents of concrete



Cement
•

•

•

✓

✓
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Background

Manufacture of Portland Cement

•

•



Cement – Manufacturing Process 
•
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Cement6

Chemical Composition of Cement



Cement - Hydration

•

•

•
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Cement – Types of Cement

•

✓

✓

✓

✓

•
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Cement – Tests for Cement9

•

•

•

Field Testing

✓

✓

✓



Laboratory testing cement

•

✓

✓
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Fineness test:
•

Specific Gravity of test:

•

Soundness test:
•

Cement – Tests for Cement



11

✓

Setting time test 

Compressive strength test of mortar

✓

•

•

Chemical composition test 

Cement – Tests for Cement



•

•

•

•

•
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Heat of hydration test

Cement – Tests for Cement



Cement - Characteristics13



Classification

•

•

•

✓

✓

✓

14 Aggregates - Classification



•

✓

✓

•

•

•

15 Aggregates - Types



•

✓

✓

16 Aggregates - Types



Aggregates - Sources

•

✓

✓

✓

•

✓

✓

✓

✓
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Aggregates - Properties18

•



Aggregates – Physical Properties19



Aggregates – Chemical Properties20



Aggregates – Mechanical Properties21



Aggregates – Properties

✓

✓

✓

•

•

22



23 Aggregates – Properties



•

•
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3. Maximum and Nominal Particle Size

4. Texture of coarse aggregates
✓

✓

Aggregates – Properties
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•

•

•

5. Soundness and Durability

Aggregates – Properties

6. Toughness, Hardness, and Abrasion Resistance

•

•
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•

•

7. Strength of Aggregates

Aggregates – Properties
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8. Absorption
•

•

•

•

•

Aggregates – Properties



Aggregates - Properties28

•

•



•

•

•

•
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𝑴𝒐𝒊𝒔𝒕𝒖𝒓𝒆 𝑪𝒐𝒏𝒕𝒆𝒏𝒕 𝑀𝐶 =
𝑊𝑚𝑜𝑖𝑠𝑡 − 𝑊𝑑𝑟𝑦

𝑊𝑑𝑟𝑦
× 100%

𝑨𝒃𝒔𝒐𝒓𝒑𝒕𝒊𝒐𝒏 =
𝑊𝑆𝑆𝐷 − 𝑊𝑑𝑟𝑦

𝑊𝑑𝑟𝑦
× 100%

Aggregates – Properties
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Absorption - Example

𝑇𝑜𝑡𝑎𝑙 𝑀𝐶 =
𝑊𝑚𝑜𝑖𝑠𝑡 − 𝑊𝑑𝑟𝑦

𝑊𝑑𝑟𝑦
× 100% =

625.2𝑔 − 589.9𝑔

589.9𝑔
× 100% = 6%

𝐹𝑟𝑒𝑒 𝑀𝐶 = 𝑀𝐶 − 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 = 6% − 1.6% = 4.4%

𝑀𝑎𝑠𝑠 𝑎𝑡 𝑆𝑆𝐷 = 𝐴𝑏𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝐷𝑃 × 𝑊𝑑𝑟𝑦 + 𝑊𝑑𝑟𝑦 = 0.016 × 589.9 + 589.9 = 599.34



Aggregates - Properties

•

✓

✓

•

31

9. Specific Gravity

𝑩𝒖𝒍𝒌 − 𝒅𝒓𝒚 𝑺𝒑. 𝑮𝒓 =
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑇𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 × 𝛾𝑤

=
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑 𝑊𝑠

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑜𝑙𝑖𝑑𝑠 𝑉𝑠 + 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑖𝑚𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑙𝑒 𝑣𝑜𝑖𝑑𝑠 𝑉𝑖 + 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟 𝑝𝑒𝑟𝑚𝑒𝑎𝑏𝑙𝑒 𝑣𝑜𝑖𝑑𝑠 𝑉𝑝 × 𝛾𝑤

=
𝑊𝑠

(𝑉𝑠 + 𝑉𝑖 + 𝑉𝑝) × 𝛾𝑤



Aggregates - Properties32

Specific Gravity

𝑨𝒑𝒑𝒂𝒓𝒆𝒏𝒕 𝑺𝑺𝑫 𝑺𝒑. 𝑮𝒓 =
𝑆𝑆𝐷 𝑤𝑒𝑖𝑔ℎ𝑡

𝑉𝑜𝑙𝑢𝑚𝑒 𝑛𝑜𝑡 𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑙𝑒 𝑡𝑜 𝑤𝑎𝑡𝑒𝑟 × 𝛾𝑤
=

𝑊𝑠 + 𝑊𝑝

(𝑉𝑠 + 𝑉𝑖) × 𝛾𝑤

𝑩𝒖𝒍𝒌 𝑺𝑺𝑫 𝑺𝒑. 𝑮𝒓 =
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑇𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑣𝑜𝑙𝑢𝑚𝑒 × 𝛾𝑤
=

𝑊𝑠 + 𝑊𝑝

(𝑉𝑠 + 𝑉𝑖 + 𝑉𝑝) × 𝛾𝑤

𝑬𝒇𝒇𝒆𝒄𝒕𝒊𝒗𝒆 𝑺𝑺𝑫 𝑺𝒑. 𝑮𝒓 𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑 𝑤ℎ𝑒𝑛 𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒𝑠 𝑎𝑟𝑒 𝑚𝑖𝑥𝑒𝑑 𝑤𝑖𝑡ℎ 𝐴𝑠𝑝ℎ𝑎𝑙𝑡 𝑏𝑖𝑛𝑑𝑒𝑟

=
𝐷𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑉𝑜𝑙𝑢𝑚𝑒 𝑛𝑜𝑡 𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑙𝑒 𝑡𝑜 𝑎𝑠𝑝ℎ𝑎𝑙𝑡 × 𝛾𝑤
=

𝑊𝑠

𝑉𝑠 + 𝑉𝑐 × 𝛾𝑤
,

𝑤ℎ𝑒𝑟𝑒, 𝛾𝑤 = 𝑈𝑛𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟, 
𝑉𝑐 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑣𝑜𝑖𝑑𝑠 𝑛𝑜𝑡 𝑓𝑖𝑙𝑙𝑒𝑑 𝑤𝑖𝑡ℎ 𝐴𝑠𝑝ℎ𝑎𝑙𝑡 𝑐𝑒𝑚𝑒𝑛𝑡



Aggregates – Properties33

Relationship between Bulk Unit Weight and Voids in aggregate

• 𝛾𝑏

𝛾𝑏 =
𝑊𝑠

𝑉𝑠

• 𝑊𝑠 = 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 𝑎𝑛𝑑 𝑉𝑠 = 𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒

• 𝑆𝐺𝑠𝑏 =

𝑏𝑢𝑙𝑘 𝑑𝑟𝑦 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑔𝑟𝑎𝑣𝑖𝑡𝑦 𝑜𝑓 𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒, % 𝑜𝑓 𝑣𝑜𝑖𝑑𝑠 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑎𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒𝑠

%𝑉𝑠 =
𝛾𝑏

𝐺𝑠𝑏 × 𝛾𝑤
× 100%

%𝑉𝑜𝑖𝑑𝑠 = 100 − %𝑉𝑠



Aggregates - Properties34

Bulk Unit Weight - Example

•

•

•

•

•

Solution Part a

𝛾𝑏 =
𝑊𝑠

𝑉𝑠
=

0.16636𝑘𝑁

0.009438854𝑚3
= 17.625𝑘𝑁/𝑚3



Aggregates - Properties35

Bulk Unit Weight - Example
•

•

•

•

•

Solution Part b

%𝑉 = 100 − %𝑉𝑠

%𝑉 =
𝛾𝑏

𝐺𝑠𝑏 × 𝛾𝑤
× 100%

𝛾𝑤 = 9.807 𝑘𝑁/𝑚3

%𝑉𝑠 =
17.625

2.630 × 9.807
× 100 = 68.3%

%𝑉𝑜𝑖𝑑𝑠 = 100 − 68.3% = 31.7%



QUIZ 4:

36



Labs: Click on the hyperlinks to watch the videos

1. Fineness test of Cement Test

2. Soundness Test by Le-Chatelier Method

3. Determination of Specific Gravity of Cement

4. Aggregate Flakiness & Elongation Index Test

5. Aggregate Los Angeles Abrasion Value Test

6. Aggregate Crushing Value

7. Coarse Aggregate Specific Gravity

37

https://www.youtube.com/watch?v=Dqr81aL9epQ&t=151s
https://www.youtube.com/watch?v=je5ztHs9tII&t=114s
https://www.youtube.com/watch?v=Ql5U1k9Sxhg
https://www.youtube.com/watch?v=L0LN_0Ac8SI&t=1s
https://www.youtube.com/watch?v=bQYR13szdko&t=1s
https://www.youtube.com/watch?v=0FzIk9gMReo&t=164s
https://www.youtube.com/watch?v=gFNshwceGyk&t=1s


Thank You!!!
38
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