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Important Water Content of Soil and Related

Formulas

1) Bulk Unit Weight of Soil given Dry Unit Weight of Soil in Water Content Formula 
Formula

γ = γd ⋅ � 1 + ws �

Example with Units

7.245kg/m³ = 4.5kN/m³ ⋅ � 1 + 0.61 �

2) Dry Unit Weight of Soil given Water Content Formula 
Formula

γd =
γ

1 + ws

Example with Units

3.1056kN/m³ =
5kg/m³

1 + 0.61

3) Dry Unit Weight of Soil given Water Content in Total Volume Formula 
Formula

ρd =
Wt

V ⋅ � 1 + ws �

Example with Units

3.1649kg/m³ =
80kg

15.7m³ ⋅ � 1 + 0.61 �

4) Total Volume of Soil given Water Content given Total Volume Formula 
Formula

V =
Wt

γd ⋅ � 1 + ws �

Example with Units

11.0421m³ =
80kg

4.5kN/m³ ⋅ � 1 + 0.61 �

5) Total Weight of Soil given Water Content given Total Volume Formula 
Formula

Wt = γd ⋅ V ⋅ � 1 + ws �

Example with Units

113.7465kg = 4.5kN/m³ ⋅ 15.7m³ ⋅ � 1 + 0.61 �

6) Total Weight of Soil given Water Content in Total Weight of Soil Formula 
Formula

Wt = Ws ⋅ � 1 + ws �

Example with Units

113.827kg = 70.7N ⋅ � 1 + 0.61 �
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7) Water Content given Dry Unit Weight of Soil in Water Content Formula 
Formula

ws = �
γ
γd
� - 1

Example with Units

0.1111 = �
5kg/m³

4.5kN/m³
� - 1

8) Water Content given Total Volume Formula 
Formula

ws = �
Wt

V ⋅ γd
� - 1

Example with Units

0.1323 = �
80kg

15.7m³ ⋅ 4.5kN/m³
� - 1

9) Water Content given Total Weight of Soil Formula 
Formula

ws =
W
Ws

- 1

Example with Units

0.6973 =
120N

70.7N
- 1

10) Water Content of Soil from Pycnometer Formula 
Formula

ws = ���
w2 - w1

w3 - w4
� ⋅ �

G - 1
G

�� - 1�

Example with Units

0.1981 = ���
800g - 125g

1000g - 650g
� ⋅ �

2.64 - 1
2.64

�� - 1�

11) Water Content of Soil given Saturated Unit Weight Formula 
Formula

ws = ��γsaturated ⋅
1 + e

Gs ⋅ γwater
� - 1�

Example with Units

0.1001 = �� 22.0kN/m³ ⋅
1 + 0.3

2.65 ⋅ 9.81kN/m³
� - 1�

12) Water Content of Soil given Total Weight of Sample Formula 
Formula

ws = ��
Wt

Ws
� - 1�

Example with Units

0.1315 = ��
80kg

70.7N
� - 1�
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13) Water Content of Soil with respect to its Mass Formula 
Formula

ws = ��
Σfi
Ms

� - 1�

Example with Units

0.1111 = ��
4g

3.6g
� - 1�

14) Water Content with respect to Mass of Water Formula 
Formula

ws =
Mw

Ms

Example with Units

0.2778 =
0.001kg

3.6g

15) Water Content with respect to Practical Value of Water Content Formula 
Formula

ws =
w'

1 - w'

Example

0.1765 =
0.15

1 - 0.15

16) Weight of Solids given Water Content in Total Weight of Soil Formula 
Formula

Ws =
Wt

1 + ws

Example with Units

49.6894N =
80kg

1 + 0.61

17) Weight of Solids with respect to Water Content of Soil given Total Weight of Sample
Formula 

Formula

Ws = Wt ⋅
100

ws + 100

Example with Units

79.515N = 80kg ⋅
100

0.61 + 100

18) Weight of Water given Practical Value of Water Content with respect to Total Weight
Formula 

Formula

WWater =
w' ⋅ Wt
100

Example with Units

0.12kg =
0.15 ⋅ 80kg

100

19) Practical Value of Water Content Formulas 
19.1) Mass of Solids given Practical Value of Water Content with respect to Mass of Solids

Formula 
Formula

Ms = Mw ⋅ � � w � - 1 �

Example with Units

0.79g = 0.001kg ⋅ � � 1.79 � - 1 �
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19.2) Mass of Water given Practical Value of Water Content with respect to Total Mass Formula

Formula

Mw =
w ⋅ 100 ⋅ Σfi

100

Example with Units

0.0072kg =
1.79 ⋅ 100 ⋅ 4g

100

19.3) Practical Value of Water Content with respect to Mass of Solids Formula 
Formula

w =
Mw

Mw + Ms

Example with Units

0.2174 =
0.001kg

0.001kg + 3.6g

19.4) Practical Value of Water Content with respect to Total Mass Formula 
Formula

w =
Mw

Wt

Example with Units

1.3E-5 =
0.001kg

80kg

19.5) Practical Value of Water Content with respect to Total Weight Formula 
Formula

w =
WWater

Wt

Example with Units

0.004 =
0.32kg

80kg

19.6) Practical Value of Water Content with respect to Water Content Formula 
Formula

w =
w'

1 + w'

Example

0.1304 =
0.15

1 + 0.15

19.7) Practical value of water content with respect to water content in percentage Formula 
Formula

w =
w'

1 + w'

Example

0.1304 =
0.15

1 + 0.15

19.8) Total Mass given Practical Value of Water Content with respect to Total Mass Formula 
Formula

Wt =
Mw

w ⋅ 100

Example with Units

5.6E-6kg =
0.001kg

1.79 ⋅ 100
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19.9) Total Weight of Soil Given Practical Value of Water Content with respect to Total Weight
Formula 

Formula

Wt =
WWater ⋅ 100

w'

Example with Units

213.3333kg =
0.32kg ⋅ 100

0.15
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Variables used in list of Water
Content of Soil and Related

Formulas above

e Void Ratio

G Specific Gravity of Soil Solids

Gs Specific Gravity of Soil

Ms Mass of Solids (Gram)

Mw Mass of Water (Kilogram)

V Total Volume of Soil (Cubic Meter)

w Water Content of Soil

w' Practical Water Content

W Weight of Soil (Newton)

w1 Weight of Empty Pycnometer (Gram)

w2 Weight of Empty Pycnometer and Moist Soil

(Gram)

w3 Weight of Empty Pycnometer, Soil and Water

(Gram)

w4 Weight of Empty Pycnometer and Water
(Gram)

ws Water Content of Soil from Pycnometer

Ws Weight of Solids (Newton)

Wt Total Weight of Soil (Kilogram)

WWater Weight of Water (Kilogram)

γ Bulk unit Weight (Kilogram per Cubic Meter)

γd Dry Unit Weight of Soil (Kilonewton per Cubic
Meter)

γsaturated Saturated Unit Weight Of Soil

(Kilonewton per Cubic Meter)

γwater Unit Weight of Water (Kilonewton per
Cubic Meter)

ρd Dry Density (Kilogram per Cubic Meter)

Σfi Total Mass of Sand (Gram)

Constants, Functions,
Measurements used in list of Water

Content of Soil and Related
Formulas above

Measurement: Weight in Kilogram (kg), Gram (g)
Weight Unit Conversion 
Measurement: Volume in Cubic Meter (m³)
Volume Unit Conversion 
Measurement: Force in Newton (N)
Force Unit Conversion 
Measurement: Density in Kilogram per Cubic
Meter (kg/m³)
Density Unit Conversion 
Measurement: Specific Weight in Kilonewton per
Cubic Meter (kN/m³)
Specific Weight Unit Conversion 
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