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Weight-volume relationships

Three-phase systems 
1. soil solids 
2. water 
3. Air

• 𝑉 = 𝑉𝑠 + 𝑉𝑣 = 𝑉𝑠+𝑉𝑤+𝑉𝑎
• 𝑊 = 𝑊𝑠+𝑊𝑤

where 𝑉𝑠 = volume of soil solids 

𝑉𝑣 = volume of voids 

𝑉𝑤 = volume of water in the voids 

𝑉𝑎 = volume of air in the voids

𝑊𝑠 = weight of soil solids 
𝑊𝑤 = weight of water



Volume relationships

• Void ratio: 𝑒 = 𝑉𝑣/𝑉s

• Porosity: 𝑛 = 𝑉𝑣/𝑉

• Degree of saturation (%): 𝑆 = 𝑉𝑤/𝑉𝑣
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Weigth relationships

• Moisture content: ω =
𝑊𝑤

𝑊𝑠

• Unit weigth or moist unit weigth: 𝛾 =
𝑊

𝑉
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• Dry unit weight: 𝛾𝑑 =
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• Mass densities of soil: 𝜌 =
𝑚

𝑉
(  𝑘𝑔 𝑚3)

𝛾𝑑 = 𝑝𝑑𝑔 = 9.81𝑝𝑑 (  𝑁 𝑚3)



Weigth relationships

• Conversion factors for unit weight from English to SI units

• 1  𝐼𝑏
𝑓𝑡3 =0.1572 𝑘𝑁/𝑚3

• 1  𝐼𝑏
𝑓𝑡3 = 16.0256 𝑘𝑔𝑓/𝑚3

• Unit weigth of water, 62.4  𝐼𝑏
𝑓𝑡3

𝛾𝑤 = 9.81  𝑘𝑁
𝑚3

1000 𝑘𝑔𝑓/𝑚3



3.2 Relationships among Unit Weight, Void Ratio, 
Moisture Content, and Specific Gravity
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3.2 Relationships among Unit Weight, Void Ratio, 
Moisture Content, and Specific Gravity
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3.3 Relationships among Unit Weight, Porosity, and
Moisture Content
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3.3 Relationships among Unit Weight, Porosity, and
Moisture Content

• 𝛾𝑠𝑎𝑡 =
𝑊𝑠+𝑊𝑤

𝑉
=

1−𝑛 𝐺𝑠𝛾𝑤+𝑛𝛾𝑤

1

= [ 1 − 𝑛 𝐺𝑠 + 𝑛]𝛾𝑤

• 𝜔 =
𝑊𝑤

𝑊𝑠
=

𝑛𝛾𝑤

(1−𝑛)𝛾𝑤𝐺𝑠
=

𝑛

(1−𝑛)𝐺𝑠



3.4 Relative Density

 Relative density: 𝐷𝑟 =
𝑒𝑚𝑎𝑥−𝑒

𝑒𝑚𝑎𝑥−𝑒𝑚𝑖𝑛
, e = 𝑒𝑚𝑎𝑥; 𝐷𝑟 = 0

• Compacting a granular soil to a relative density greater than about 
85% is difficult.
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3.4 Relative Density



3.4 Relative Density

ASTM test Designation D-4253 (2007) provides procedure for
determining the minimum and maximum dry unit dry unit weights of
granular soils so that they can be used in Eq. (3.35) to measure the
relative density of compaction in the field. For sands this procedure
involves using a mold with a volume of 2830 cm3.

minimum dry unit weight

• Sand is poured loosely into the mold from a funnel with a 12.7mm  
diameter spout

• The average height of the fall of sand into the mold is maintained at 
about 25.4mm.



3.4 Relative Density

minimum dry unit weight

• The value of 𝛾𝑑𝑚𝑖𝑛 then can be calculated by using the following 
equation;

𝛾𝑑𝑚𝑖𝑛 =
𝑊𝑠

𝑉𝑚
=

𝐺𝑠𝛾𝑤

1+𝑒𝑚𝑎𝑥

where 𝑊𝑠 = weight of sand required to fill the mold 

𝑉𝑚 = volume of the mold



3.4 Relative Density

maximum dry unit weight

• The maximum dry unit weight is determined by vibrating sand in the 
mold for 8 min.

• a surcharge of 14 kN/𝑚2 is added to the top of the sand in the mold. 

• the mold is placed on a table that vibrates at a frequency of 3600 
cycles/min and that has an amplitude of vibration of 0.635 mm. 

• the value of 𝛾𝑑(𝑚𝑎𝑥) can be determined at the end of the vibrating 
period with knowledge of the weight and volume of the sand



Summary&Essential Points 

This chapter discussed weight-volume relationships. 

Weight-volume relationships include relationships among parameters
such as void ratio, porosity, degree of saturation, moisture content,
and weight. The parameters are fundamental to the study of
geotechnical engineering.

Relative density is commonly used to indicate the in situ denseness
or looseness of granular soil.


