
MEASUREMENTS OF MATERIAL PROPERTIES

Soil Properties

1. Physical properties

2. Index Properties

3. Hydraulic Properties

4. Mechanical Properties
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Index Properties
Index Properties:  Used to classify the soil or to correlate with the mechanical properties.

1. Moisture Content vs. Unit Weight Relationship  (Compaction)

2. Grain Size Distribution  

3. Atterberg Limits or Consistency Limits (LL, PL SL)

4. Relative Density Dr

5. CBR or LBR
Californian Bearing Ratio

Limerock Bearing Ratio

Wednesday 9/9/2020

2



3



Definition:

Soil compaction is defined as the method of mechanically increasing the 
density of soil by reducing volume of air. 

Solids

Water

Air

Solids

Water

Air

Compressed
soil

Load

Soil
Matrix

γsoil (2) > γsoil (1)
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Soil Compaction in the Lab:

1- Standard Proctor Test
2- Modified Proctor Test
3- Gyratory Compaction

Standard Proctor Test Modified Proctor Test

Gyratory Compaction
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Soil Compaction in the Lab:

1- Standard Proctor Test

wc1 wc2 wc3 wc4 wc5

γd1 γd2 γd3 γd4 γd5
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Water

Content

Water
Content

Dry Density

γd max

Zero Air Void Curve
Sr =100%

Compaction
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(OWC)

4 inch diameter compaction mold.
(V = 1/30 of a cubic foot) 

5.5 pound 
hammer 

25 blows
per layer 

H = 12 in

Wet to
Optimum

Dry to
Optimum

Increasing Water Content 

𝛾𝛾
𝑑𝑑𝑑𝑑𝑑𝑑

=
𝐺𝐺𝑠𝑠 𝛾𝛾𝑤𝑤
1 + 𝑒𝑒
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Soil Compaction in the Lab:

1- Standard Proctor Test

ASTM D-698  or  AASHTO T-99

2- Modified Proctor Test ASTM D-1557  
or  AASHTO T-180

Energy  = 12,375 foot-pounds per cubic foot

Energy  =  56,520 foot-pounds per cubic foot 

Number of blows per layer x Number of layers x Weight of hammer x Height of drop hammer

Volume of mold
Energy = 

Moisture
Content

Dry Density

γd max

Compaction
Curve for Standard
Proctor

(OMC)

γd max

(OMC)

Zero Air Void Curve
Sr < 100%

Zero Air Void Curve
Sr =100%

Zero Air Void Curve
Sr = 60%

Compaction
Curve for 
Modified
Proctor
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Soil Compaction in the Field:

1- Rammers 

2- Vibratory Plates

3- Smooth Rollers 

4- Rubber-Tire

5- Sheep foot Roller

6- Dynamic Compaction
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Field Soil Compaction

Because of the differences between lab and field compaction methods, the 
maximum dry density in the field may reach 90% to 95%.

Moisture
Content

Dry Density

γd max

(OMC)

ZAV

95% γd max
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Index Properties

Grain Size Distribution
Atterberg Limits  

&
Soil Classification 

Systems
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Soil Classification

 Few simple (routine) tests are used to classify soils.
 Gradation …… Sieve Analysis
 Atterberg Limits ……..
 Hydrometer Analysis …

The separation of soil into classes or groups 
each having similar characteristics and 
potentially similar behaviour

Grain Size Distribution

Unified Soil Classification System

AASHTO

USDA Soil Textural Classification System

Casagrande Chart
Liquid Limit
Plastic Limit
Plasticity Index
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Computing CU and CC

Coefficient of Uniformity

Coefficient of Curvature

High Values Indicate Well-
Graded Soil

Values Between 1-3 Indicate 
Well-Graded Soil

10
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13



Soil Classification Systems

• USCS……………………

• AASHTO…………………

• USDA……………………..

• FAA………………………..

• MIT

• ASTM
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Unified Soil Classification System

Liquid Limit
Plastic Limit
Plasticity Index
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Casagrande Chart
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American Association of State Highway and Transportation Officials (AASHTO) soil classification system

Group Index (GI): GI = 0.2 a + 0.005 a.c + 0.01 b.d
a = %P #200 – 35 
b = %P #200 – 15 
c = LL – 40 
d = LL – 10 

GI to the nearest whole number (integer)
Never negative ⟶ (0)
High GI ⟶ low quality material
EX:   A-7-6(5),      A-7-6(18)
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USDA - Soil Texture Triangle
Grain Size Distribution

1- Sieve Analysis 2- Hydrometer Analysis
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New Soil 
Percentages

Example 1:
Given: Soil sample 
without gravel

Sand = 26%
Silt = 35%
Clay = 39%

Sum =           
100%

Soil is Clay Loam

Example 2:
Given: Soil sample

Gravel = 13%
Sand = 14%
Silt = 34%
Clay = 39%

Sum =           100%

Drop the Gravel and recalculate 
the ratios.
Sand = 14%
Silt = 34%
Clay = 39%
Sum 87

Sand = 14/87 = 16%
Silt = 34/87 =    39%
Clay = 39/87 =  45%
Sum 100%

Soil is Clay

For soil with gravel, 
subtract the gravel 
from the soil and 
calculate the new 
percentages
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