Chapter 2:  The Soil Environment
Problem Solutions


2.2
An experiment is to be conducted with 250 g dry soil.  If the soil, in its natural condition, has a moisture content of 18% by weight, then how much of the wet soil is needed to account for 250 g dry soil?

Solution:



Mass of solids
=
Ms = 250 g.



Moisture content
=
 = 
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 = 0.18



Mw
=
(0.18) (250) = 45 g water



Mass of wet soil
=
Ms + Mw = 250 + 45 = 295 g.

2.3
A soil core, 10 cm in diameter and 10 cm high, is found to have a mass of 1690 g.  After drying in an oven at 105oC, the mass of solids is found to be 1465 g.  Assuming the soil has a particle density of 2.66 g/cm3, then:

a.
What is the moisture content of the soil on a weight basis?

b.
What is the porosity of the soil?

c.
What is the air filled porosity?

Solution:

1.
Develop a diagram on which are listed known and unknown values.  Keep in mind that the mass of air is considered negligible.
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Given:
Mt = 1690 g,
Ms = 1465 g, 
s = 
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= 2.66 g/cm3
1.
Determine Vt  



Vt
=
(r2) (core height) = () (5 cm)2 (10 cm) = 785.4 cm3
2.
Moisture content,   




=
 EQ \f(Mw,Ms)  

Mw
=
Mt​ - Ms = 1690 - 1465 = 225 g.



=
 EQ \f(225,1465)  = 0.154 = 15.4%

3.
Porosity,   



=
 EQ \f(Vvoids,Vt)  =  EQ \f(Va + Vw,Vt) 

Vt
=
Va + Vw + Vs = 785.4


Vs
=
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 =    EQ \f(1465 g,2.66 g/cm3)   =  550.8 cm3

Vw
=
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=  EQ \f(225 g,1 g/cm3)  = 225 cm3

Va
=
Vt - Vs - Vw = 785.4 - 550.8 - 225 = 9.6 cm3


=
 EQ \f(Va + Vw,Vt)  


=
 EQ \f(9.6 + 225,785.4)  = 0.299 = 29.9%

4.
Air filled porosity 



air
=
 EQ \f(Va,Vvoids)   =  EQ \f(Va,Va + Vw)  



=
 EQ \f(9.6,9.6 + 225)  = 0.041 = 4.1%

2.4
A soil sample, 1000 cm3, has a porosity of 0.25, a wet bulk density of 2.14 g/cm3 and a moisture content of 7.9% by weight.

a.
What is the particle density of the soil?

b.
What is the volumetric moisture content of the soil?

c.
What volume of water would need to be added to the soil to bring it to saturation?

Solution:
1.
Particle density = s =  EQ \f(Ms,Vs)   
2.
Determine Ms and Vs




=
 EQ \f(Va + Vw,Vt)  = 0.25



Va + Vt
=
(0.25) (1000 cm3) = 250 cm3
 

Vs
=
Vt - (Va + Vw)  = 750 cm3


bwet
=
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= 2.14 g/cm3


Mt
=
(2.14 g/cm3) (1000 cm3) = 2140 g = Mw + Ms




=
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  = 0.079


Solving for Ms,



2140
=
0.079Ms + Ms



Ms
=
1983.3 g



Mw
=
156.7 g

3.
  Particle density, s


S
=
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  =   EQ \f(1983.3 g,750 cm3)  = 2.64 g/cm3
4.
  Assuming w = 1 g/cm3 



Vw
=
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 =   EQ \f(156.7 g,1 g/cm3)  = 156.7 cm3 




=
 EQ \f(Vw,Vt)  =  EQ \f(156.7 cm3,1000cm3)  = 0.157

5.
  For soil to become saturated air voids must be filled with water, therefore,



Water added
=
Va = Vt - (Vs + Vw) 




=
1000 - (750 + 156.7) = 93.3 cm3 = 0.093 liter
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