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TOPIC 7

Soil as a 

Construction 

Material

2



General Introduction3

•

✓

✓

✓

✓

✓

•



Soil Characteristics4

•

•

1. Origin and Formation of Soils

•

• residual transported.



Soil Characteristics5

2. Surface texture, shape and size

•

•

•

•



Soil Characteristics6

•

1. S

•

•

•

https://www.youtube.com/watch?v=TT0gbVJSuTw&t=94s


Soil Characteristics7



Basic Engineering Properties of Soils8

1. Phase relations
•

•

•

✓

✓

✓



Basic Engineering Properties of Soils9

•

• 𝑉𝑣

• 𝑉𝑎

• 𝑉𝑤

• 𝑉𝑠



Basic Engineering Properties of Soils10

Porosity
•

•

𝑛 =
𝑉𝑣

𝑉

Void Ratio
•

𝑒 =
𝑉𝑣

𝑉𝑠

𝑅𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦 𝑎𝑛𝑑 𝑣𝑜𝑖𝑑 𝑟𝑎𝑡𝑖𝑜 𝑖𝑠 𝑔𝑖𝑣𝑒𝑛 𝑎 𝑠 𝑓𝑜𝑙𝑙𝑜𝑤𝑠 𝑒 =
𝑛

1 − 𝑛



Basic Engineering Properties of Soils11

Moisture Content
•

• 𝑊𝑤 
𝑊𝑠 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 =
𝑊𝑤

𝑊𝑠
∗ 100

Degree of Saturation
•

𝑆 =
𝑉𝑤

𝑉𝑣
∗ 100

•



Basic Engineering Properties of Soils12



Basic Engineering Properties of Soils13



Basic Engineering Properties of Soils14

Density of Soil

𝛾

𝛾𝑑

𝛾′



15

Example

Solution

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦, 𝑛 =
𝑉𝑣

𝑉

, 𝑉 = 210𝑐𝑚3 𝒈𝒊𝒗𝒆𝒏
𝑉𝑣 = 𝑉𝑎 + 𝑉𝑤

Basic Engineering Properties of Soils



Basic Engineering Properties of Soils16

𝑉𝑤 =
𝑊𝑤

𝛾𝑤

𝑊𝑤 = 340𝑔 − 230𝑔 = 110𝑔

𝑉𝑤 =
110

1
= 110𝑐𝑚3

𝑉𝑠 =
𝑀𝑠

𝛾𝑠

𝑉𝑠 =
230

2.75
= 83.64𝑐𝑚3

𝑉 = 210𝑐𝑚3 = 𝑉𝑤 + 𝑉𝑠 + 𝑉𝑎

𝑉𝑎 = 210 − 110 − 83.64 = 16.36𝑐𝑚3

𝑉𝑣 𝑉𝑎 𝑉𝑤 𝒄𝒎𝟑



Basic Engineering Properties of Soils17

𝑛 =
𝑉𝑣

𝑉
=

126.36

210
= 0.60

𝑒 =
𝑛

1 − 𝑛
=

0.60

1 − 0.60
= 1.5

𝑆 =
𝑉𝑤

𝑉𝑣
∗ 100 =

110

126.26
∗ 100 = 87.05%

𝛾𝑑 =
𝑊𝑠

𝑉
=

230

210
= 1.095 𝑔/𝑐𝑚3



Basic Engineering Properties of Soils18

2. Atterberg Limits
•

•

•

•

•
• shrinkage limit (SL), 
• plastic limit (PL), and 
• liquid limit (LL)

https://www.youtube.com/watch?v=9tBa-NQKnso


Basic Engineering Properties of Soils19



Basic Engineering Properties of Soils20

Shrinkage Limit (SL)
•

Plastic Limit (PL)
•

Liquid Limit (LL)
•

Plasticity Index (PI)
•

𝑃𝐼 𝐿𝐿 − 𝑃𝐿

https://www.youtube.com/watch?v=vrFKij8rHNk
https://www.youtube.com/watch?v=CL-Rxg8bE6M
https://www.youtube.com/watch?v=9tBa-NQKnso


Basic Engineering Properties of Soils21

Permeability of Soils
•

Shear Strength of Soils

𝑆 𝐶 𝜎𝑡𝑎𝑛∅

𝑆 𝑆ℎ𝑒𝑎𝑟 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑘𝑔 𝑐𝑚
𝐶𝑜ℎ𝑒𝑠𝑖𝑜𝑛 𝑖𝑛 𝑘𝑔 𝑐𝑚

𝜎 𝑁𝑜𝑟𝑚𝑎𝑙 𝑆𝑡𝑟𝑒𝑠𝑠 𝑖𝑛 𝑘𝑔 𝑐𝑚
∅ 𝐴𝑛𝑔𝑙𝑒 𝑜𝑓 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑑𝑒𝑔𝑟𝑒𝑒𝑠



Classification of Soils22

•

•

•

•



Classification of Soils - AASHTO23

AASHTO Classification System
•



Classification of Soils - AASHTO24

•

𝐺𝐼 𝐹 − 𝐿𝐿 − 𝐹 − 𝑃𝐼 −

𝐺𝑟𝑜𝑢𝑝 𝐼𝑛𝑑𝑒𝑥 𝑡𝑜 𝑡ℎ𝑒 𝑛𝑒𝑎𝑟𝑒𝑠𝑡 𝑤ℎ𝑜𝑙𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝐴 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑧𝑒𝑟𝑜 𝑠ℎ𝑜𝑢𝑙𝑑 𝑏𝑒 𝑟𝑒𝑐𝑜𝑟𝑑𝑒𝑑 𝑤ℎ𝑒𝑛 𝑎 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑣𝑎𝑙𝑢𝑒 𝑖𝑠 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝐺𝐼

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑚𝑚 𝑠𝑖𝑒𝑣𝑒 𝑖𝑛 𝑤ℎ𝑜𝑙𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑏𝑎𝑠𝑒𝑑 𝑜𝑛 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑝𝑎𝑠𝑠𝑖𝑛𝑔 𝑚𝑚

𝐿𝑖𝑞𝑢𝑖𝑑 𝐿𝑖𝑚𝑖𝑡 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑎𝑠 𝑎 𝑤ℎ𝑜𝑙𝑒 𝑛𝑢𝑚𝑏𝑒𝑟

𝑃𝑙𝑎𝑠𝑡𝑖𝑐 𝐼𝑛𝑑𝑒𝑥 𝑒𝑥𝑝𝑟𝑒𝑠𝑠𝑒𝑑 𝑎𝑠 𝑎 𝑤ℎ𝑜𝑙𝑒 𝑛𝑢𝑚𝑏𝑒𝑟



Classification of Soils - AASHTO25

AASHTO Classification System
•

•

•

✓

✓

✓

•

✓

✓



AASHTO Classification – Example26



27

•

•

•

•

𝐺𝐼 = 70 − 35 0.2 + 0.005 48 − 40 + 0.01 70 − 1.5 22 − 10 = 15

The soil is A-7-6 (15) and is therefore unsuitable as a subbase material in its natural 
state.

AASHTO Classification – Example



Classification of Soils - USCS28

•

•

•

•



Classification of Soils - USCS29

https://dot.ca.gov/-/media/dot-media/programs/maintenance/documents/office-of-concrete-pavement/pavement-foundations/uscs-a11y.pdf


Classification of Soils - USCS30



 USCS Summary

31

Soil Classification Example

USCS Detailed Classification

https://dot.ca.gov/-/media/dot-media/programs/maintenance/documents/office-of-concrete-pavement/pavement-foundations/uscs-a11y.pdf
https://drive.google.com/file/d/1OO4NWR4mu_csVvfhbQaWelECq3v5jdLJ/view?usp=sharing
https://www.dot.ny.gov/divisions/engineering/technical-services/geotechnical-engineering-bureau/geotech-eng-repository/GDM_Ch-5_Soil_Rock_Classification.pdf


Soil Surveys in Construction32

•

•

✓

✓

✓

•

•



Soil Surveys in Construction33



Soil Compaction34

• There is no significant change in the 
volume of water in the soil

• The higher the degree of 
compaction, the higher the shear 
strength & the  lower the soil 
compressibility

Soil compaction – is 
the process of 
increasing the 

density of soil by 
packing  the particles 
closer together with 

a reduction in 
volume of air 

whereas;

• Increases Strength

• Decreases permeability

• Reduces settlement of foundation

• Increases slope stability of 
embankments

Compaction 
improves 

characteristics of 
soils in the following 

ways!!!



Soil Compaction35

•

•

•

•

•

•

•
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Soil Compaction37

•

•

•

•



Soil Compaction38

•

•

•

•



Soil Compaction39

•

•



Soil Compaction40

Example

𝑚



Soil Compaction41

γ γ γ

Solution



Soil Compaction42

Solution



Soil Stabilization43

This is a way of improving 
the weight bearing 

capabilities and performance 
of  in-situ sub-soils, sands, 

and other waste materials in 
order to strengthen them.

Normally engineers don’t 
work with the soil as it is.

Compaction is always 
needed to give the material 

the required strength to  
carry the loads that will be 

applied



Soil Stabilization44

The physical properties of soils can 
often economically be improved 
by the  use of admixtures. Some of 
the more widely used admixtures 
include

• lime,

• Portland cement and

• asphalt

The process of soil stabilization first 
involves mixing with the soil a suitable  

additive which changes its property and 
then compacting the admixture  

suitably.

This method is applicable 
only for soils in shallow 
foundations or the base  
courses of roads, airfield 

pavements, etc.



Special Soil Tests45

•

CBR Test
•

•

Hveem Stabilometer Test.
•

https://www.youtube.com/watch?v=fCmMW73rP64&t=871s


Quiz46



Thank You!!!
47
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