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Principles of Soil Mechanics

Weight–Volume Relationship



What we discussed last class?
• Differences between soils & rocks and Other 

engineering Materials.
• Soils as particulate materials.
• Three Phase system of soils

* Solid phase – always present
* Liquid phase – usually present
* Gas phase – present when liquid does not fill voids 

completely
• Hazardous effects of gas in soils other than air



What we will discuss today?

• Phase diagram or weight-volume relationship.
• Different soil parameters



Weight–Volume Relationship

• Weight-Volume relationship is to identify the relative 
proportions of solids, water and air in a soil, because 
these proportions have a significant effect on its behavior.

• Geotechnical engineers have developed quantitative 
methods  of assessing these components.



Phase Diagrams
• Phase diagram indicate the relative proportions of solids, 

water and air in a soil.

• Left side of the diagram indicate the weight or mass of 
each component, while those on the right side indicate 
their volumes. 



Three-Phase of Soil

Figure: Phase diagram describe the relative proportions of solids, water and air in a 
soil.  One side presents weights or masses, while other side presents volumes.



Definition of Weight-Volume Parameter
• Geotechnical engineers have defined several 

weight-volume parameters based on the dimensions 
shown in the phase diagram.

• Parameters give important information on the 
composition of a particular soil, and form part of the 
basic language of soil mechanics.



Moisture Content and Degree of Saturation

Moisture Content or Water Content (w):
• One of the most common soil parameters, which can be 

expressed  either in terms of weights or mass.



►  



Degree of Saturation (S)
• Percentage of void filled with water.

• Holding as much moisture as possible
• S=0 when there is no water..

• S has the maximum value 100%, when all of the voids are filled 
with water called saturated condition. Below the GWT, soils are 
generally saturated. (When soil is being called saturated condition?)

• Values above GWT are usually between 5 to 100%, although value 
approaching zero can be found in very arid region.



Why saturation conditions are not used to determine the 
GWT?
• In saturated condition, capillary effects can draw water upward 

from the GWT, often producing soils with S=100% well above the 
GWT.

• Saturation computations are not used to determine the location of 
GWT.

Capillary action/effect:
Capillary action is the ability of a liquid to flow 
in narrow spaces without the assistance of, or 
even in opposition to, external forces like gravity.



Unit weight and Density
►  



Unit weight and Density

►  



Variations of Unit Weight

►  



►  



Why unit weight is more useful than density in geotechnical 
computations?

• Unit weight is used to compute stresses due to weight of the soil.

• In dynamic analysis, it is required to consider inertial (Inertia is 
the resistance of any physical object to any change in its velocity) 
effects that are best presented in terms of masses.

• For example, test programs are performed in order to study 
general statistical trends in the response of soils under 
simulated earthquake conditions.



Specific Gravity of Solids

►  



Typical values of Specific Gravity Values of Soil Solids

►  



.

Olivine Sand  (green) Beach in Hawaii



Void Ratio and Porosity 

►  



Relation between porosity (n) and void ratio (e)

►  



Relative Density

►  



Derived Equation:

By combining definitions and the phase diagrams, we can derive a 
series of new weight-volume equations:
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Thanks


