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Lecture 13

Phase Relations of Soils



Nature commonly hasfour phases of matter: Solids, Liquids, Gases and Plasma.
Thefirst threearefound in soils, with the solid particles (solid phase) surrounded with
voids which arefilled with water (liquid phase) and air (gas phase).

An imaginary box with a soil skeleton and voidsis converted into a Block Diagram.



Basic Concepts and Formulas for the Phases of Soils.




(A) Volumetric Relationships:

1. - Voidsratio e, € \V/ ranges from O to infinity.
S

Typical values of sands are very dense 0.4 to very loose 1.0
Typical values for clays are firm 0.3 to very soft 1.5.
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2. - Porosity n n= Vi x100% ranges from 0% to 100%.
The porosity provides a measure of the permeability of a soil.
V,
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3. - Saturation S, \/ ranges from 0% to 100%.
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(B) Weaght Raeationships:

_ Wy
4. - Water contentw, W= —-+x100%
S
Ranges from 0% to over 500%; also known as the moisture content.
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5. - Unit weight of a soil VoV +V, +V,

The unit weight may range from being dry to being saturated.

Some engineers use the “bulk density " to refer to the ratio of mass
of the solids and water contained in a unit volume (in Mg/m®). Note

that,
g:g: rg :Vmg which isthe equivalent of F = ma.
N _Ws_ g
6. - Dry unit weight 4, Y4 = vV 1+w

The soil is perfectly dry (its moisture is zero).



/.- The unit weight of water
a, :% whereg=rg (F =ma)
VW
g, =624 pcf =1g/ml =1kg/liter =9.81kN/m’
Note that the above is for fresh water. Salt water is 64 pcf, etc.
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8. - Saturated unit weight of a SOIl g, _ISAT V, +\, +0

9. - Buoyant unit weight of a soil , gb :g :gSAT B gw
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10. - Specific gravity of the solids of a soil G,

G. =%
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Mineral Composition Absolute specific gravity Gs
Anhydrite CaSO, 2.90
Barites BaSO, 4.50
Calcite, chalk CaCOg3 2.71
Feldspar KALSI3Og 2.60t0 2.70
Gypsum CaS0, 2H,0 2.30
Hematite FeOs 5.20
Kaolinite Al4Si4010(OH)g 2.60
Magnetite Fes0y 5.20
Quartz (silica) SO, 2.65
Peat Organic 1.0 or less
Diatomaceous earth Skeletons of plants 2.00




Other useful phase relationships:
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Uit weight refationships
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