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ENCE 361ENCE 361
Soil MechanicsSoil Mechanics

Soil Composition
Weight and Volume Relationships



Basic ConceptsBasic Concepts

�Soil is a collection of particles that do not form 
an totally solid substance

�Soil is a combination of:

� Soil material in particles

� Air

� Water

�The relationship between this combination 
defines much of what any particular soil can do 
to support foundations



Phase DiagramPhase Diagram
�Phase diagram helps 

to separate the 
different constituents 
of the soil

�Assumptions and 
Definitions:

� Weight of air = 0

� Dry Soil: Water weight 
and volume = 0

� “Volume of voids” 
include all non-soil 
volume, both air and 
water



Saturated SoilSaturated Soil

�Saturated Soil: Air 
volume = 0

�Only water and solids 
appear in completely 
saturated soil



Computing Soil CompositionComputing Soil Composition



Important VariablesImportant Variables

�Wet and Dry Unit Weight or Density

�Water Content

�Void Ratio

�Porosity

�Degree of Saturation



Wet and Dry Unit Weight or Wet and Dry Unit Weight or 
DensityDensity

�Unit Weight

� Wet

� Definition: the weight (solids plus water) per unit of total 
volume of soil mass, irrespective of the degree of saturation. 

� Formula: �
wet

 = W
T
/V

T

� Dry: the weight of oven dried soil solids per unit of total 
volume of soil mass.

�  Formula: �
dry

 = W
s
/V

T

�Density
� Wet: �

wet
 = M

T
/V

T

� Dry: �
dry

 = M
s
/V

T



Water ContentWater Content

�Definition: the ratio of the weight of water in 
the soil to the weight of the soil solids.

w, percent�
Ww

Ws

�100

Ws�
WT

1�
w

100



Void RatioVoid Ratio

�Definition: the ratio of the volume of voids to 
the volume of solid particles in a given soil 
mass.

e�
Volumeof Voids
Volumeof Solids

e�
V v

V s



PorosityPorosity

�Definition: the ratio (usually expressed as a 
percentage) of the volume of voids of a given 
soil mass to the total volume of the soil mass. 

n, percent�
100�Volumeof Voids

Total Volume

n�
V v

VT

�100



Degree of SaturationDegree of Saturation

�Definition: the ratio (expressed as a 
percentage) of the volume of water in a given 
soil mass to the total volume of voids.

S, percent�
VW

V v

�100



Typical PropertiesTypical Properties



Illustration 2-1Illustration 2-1

�Given:

� Total Volume = 1 cu. ft.

� Total Weight = 140 lb.

� Dry Weight = 125 lb.

�Find

� Water Content

� Wet Unit Weight

� Dry Unit Weight



Illustration 2-1Illustration 2-1
�By Definition:

� Dry Unit Weight = Dry Weight = 125 lb/ft3

� Wet Unit Weight = Total Weight = 140 lb/ft3

�Solve for Weight of Water

� W
T
 = W

s
 + W

w

� 140 = 125+W
w

� W
w
 = 15 lb/ft3

�Solve for Water Content

�  w = W
w
/W

s
 = W

w
/125 = 15/125 = 0.12 = 12%



Illustration 2-2Illustration 2-2
�Given:

� Total Mass = 18.18 kg

� Total Volume = 0.009 m3

� Dry Mass = 16.13 kg

� Specific Gravity of Solids = 2.7

�Find

� Wet Density

� Dry Unit Weight

� Void Ratio

� Water Content

� Degree of Saturation

V total�V air�V water�V soil

Wtotal�Wwater�Wsoil



Illustration 2-2Illustration 2-2

�Compute Mass of Water

� M
t
 = M

s
+M

w

� 18.18 = 16.13+M
w

� M
w
 = 2.05 kg

�Compute Water Content

� w = M
w
/M

s

� w = 2.05/16.13 = .127 = 12.7%



Illustration 2-2Illustration 2-2

�Compute Volumes

� Volume of Water

� V
w
 = M

w
 / �

w

� V
w
 = 2.05/1000 = 0.00205 m3

� Volume of Solids

� V
s
 = M

s
/�

s 
= M

s
/(G

s
�

w
)

� V
s
 = 16.13/((1000)(2.7)) = 0.00597 m3

� Volume of Air

� V
a
 = V

t
 – V

w
 – V

s

� V
a
 = 0.009-0.00205-0.00597 = .00098 m3



Illustration 2-2Illustration 2-2

�Compute Wet Density

� �
wet

 = M
T
/V

T
 = 18.18/0.009 = 2,020 kg/m3

�Compute Dry Unit Weight

� �
dry

 = M
s
/V

T
 = 16.13/0.009 = 1,792 kg/m3

� �
dry
����

dry
g = (1792)(9.81)/1000 = 17.58 kN/m3

�Void Ratio

� e = V
v
/V

s
 = (V

w
+V

a
)/V

s
 = 

(.00205+0.000976)/.00597 = .507



Illustration 2-2Illustration 2-2

�Compute Degree of Saturation

� S = V
w
/(V

w
+V

a
)

� S = .00205/(.000976+.00205) = .677 = 67.7%



Illustration 2-4Illustration 2-4

�Given

� Saturated Soil

� Void Ratio = 0.45

� Specific Gravity of Solids = 2.65

�Find

� Wet Unit Weight

� Water Content



Illustration 2-4Illustration 2-4

�Assumptions

� V
a
 = 0

� V
t
 = 1

� V
s
 + V

w
 = 1

� �
water

 = 62.4 lb/ft3

�Solve for Volumes

� e = V
w
/V

s
 = 0.45

� V
w
 = 0.31 ft3

� V
s
 = 0.69 ft3



Illustration 2-4Illustration 2-4

�Compute Wet Unit Weight

� Weight of Soils = �
w
V

s
G

s
 = (62.4)(0.69)(2.7) = 

114 lb

� Weight of Water = �
w
V

w
 = (62.4)(0.31) = 19.4 lb

� Total Weight = 114 + 19.4 = 133.4 lb

� Since volume is unity, total weight is also net unit 
weight = 133.4 pcf

�Compute Water Content

� w = W
w
/W

s
 = 19.4/114 = 0.17 = 17%



Well Graded Sand IllustrationWell Graded Sand Illustration

�Given

� Well Graded Sand

� Specific Gravity of Solids = 2.65

� Void Ratio = 0.57

� Porosity = 36.5%

�Find

� Degree of Saturation

� Wet and Dry Unit Weight of Soil



Well Graded Sand IllustrationWell Graded Sand Illustration
�Set sample volume = 1 ft3

�Total Volume = 1= V
w
 + V

a
 + V

s

�Void ratio e = 0.57 = V
w
/V

s

�V
t
 = 1 = 2.754 V

w
 + V

a
 (1)

�Porosity = n = (V
a
+V

w
)/V

t
 = 0.365 = V

a
 + V

w
 

(2)

�Solving (1) and (2) for V
a
 and V

w, 
then V

s

� V
a
 = 0.00305 ft3

� V
w
 = 0.362 ft3

� V
s
 = 0.635 ft3



Well Graded Sand IllustrationWell Graded Sand Illustration

�Degree of Saturation S = V
w
/(V

w
+V

a
) = 

.362/(.362+.0031) = .99 = 99%

� Soil is for practical purposes saturated

�Dry Unit Weight

� W
s
 = �

w
G

s
V

s
 = (62.4)(2.65)(.635) = 105 lb/ft3

�Weight of Water

� W
w
 = �

w
V

w
 = (62.4)(.362) = 22.6 lb/ft3

�Wet Unit Weight

� W
t
 = W

w
 + W

v
 = 127.6 lb/ft3



Water TableWater Table

Phreatic Surface

Submerged Soil

Submerged Soil



BuoyancyBuoyancy

Weight of the Ship

=

Weight of the
Water Displaced



Submerged SoilSubmerged Soil

�submerged��total��displaced water

�submerged�
�wet

2
�approximately	

�submerged��sat��w

�submerged�
Gs�1

1�e
�w



Illustration 2-4 SubmergedIllustration 2-4 Submerged

�Given

� Net unit weight = 133.4 pcf

� Specific Gravity of Solids = 2.65

� Void Ratio = 0.45

�Find

� Submerged Weight by the following methods:

� a) “Exact” method

� b) “Half unit weight” method

� c) “Subtract from saturated weight” method



Illustration 2-4 SubmergedIllustration 2-4 Submerged

�Solution

� Exact Method: �
sat

 = 62.4(2.65-1)/(1+0.45) = 71 pcf

� Approximate Method: �
sat

 = 133.4/2 = 66.7 pcf

� Saturated Method: �
sat

 = 133.4 – 62.4 = 71 pcf



Overview of Laboratory Soil Overview of Laboratory Soil 
TestsTests



Elements of Test ProceduresElements of Test Procedures

�Test Definition

�Apparatus

�Specimen Preparation

�Procedure

� Recording of Data

�Computations

�Possible Errors



Water Content – GeneralWater Content – General

�Definition

� Water content, w, is defined as the ratio, expressed 
as a percentage, of the weight of water in a given 
soil mass to the weight of solid particles



Water Content – GeneralWater Content – General

�Apparatus

� Oven, preferably of the forced-draft type, 
automatically controlled to maintain a uniform 
temperature of 110 ± 5 ºC throughout the oven.

� Balances, sensitive to:

� 0.01 g for samples weighing less than 50 g;

� 0.1 g for samples weighing 50 g to 500 g;

� 1.0 g for samples weighing over 500 g.



Water Content – GeneralWater Content – General

�Apparatus

� Specimen Container.  Seamless metal containers 
with lids are recommended.  The containers should 
be of a metal resistant to corrosion (aluminium is 
satisfactory). They should be as small and light in 
weight as practicable in relation to the amount of 
material to be used in the determination.  For 
routine water content determinations in which 
specimens weighing between 100 and 200 g are 
used, a 2” high by 3 ½” diameter container is 
adequate.



Water Content – GeneralWater Content – General

�Specimen

� Amount of material used depends on:

� the maximum size of particles,

� the amount of material available,

� the requirement that the specimen be 
representative of the material for which the 
determination is made.

� Specific amounts of material are required for water 
content determinations for other laboratory tests; 
the test procedures should be consulted to 
determine the proper amounts.



Water Content – GeneralWater Content – General

�Procedure

� Record all identifying information for the 
specimen, such as project, boring number, sample 
number, or other pertinent data, on a data sheet.

� Record the number and tare weight of the 
specimen container.

� Place the specimen in the container, set the lid 
securely in position and immediately determine the 
weight of the container and wet soil by weighing 
on an appropriate balance.



Water Content – GeneralWater Content – General

�Procedure

� Before the specimen is placed in the oven, remove 
the lid; the lid is usually placed under the container 
in the oven.  Then place the specimen and 
container in the oven heated to 110 ± 5 ºC. Leave 
the specimen in the oven until it has dried to a 
constant weight.

� Specimens consisting of clean sands and gravels 
should be oven dried for a minimum of 4 hours.  
For most other soils, a minimum drying time of 16 
hours is adequate.



Water Content – GeneralWater Content – General

�Procedure

� After the specimen has dried to constant weight, 
remove the container from the oven and replace 
the lid.  Allow the specimen to cool until the 
container can be handled comfortably with bare 
hands.

� After the specimen has cooled, determine its dry 
weight and record it on the data sheet.



Water Content – GeneralWater Content – General

�Computations

� Properties Obtained by Direct Weighing

� Weight of tare plus wet soil (W
ws

+W
t
), g.

� Weight of tare plus dry soil, (W
t
+W

s
), g.

� The water content in percent of oven-dry weight of 
the soil is equal to:



IllustrationIllustration
Inclusion of Tare WeightInclusion of Tare Weight

�Given

� Weight of Wet Sample Plus Tare = 72.49 g

� Weight of Dry Sample Plus Tare = 61.28 g

� Weight of Tare (glass petri dish) = 32.65 g

� Specific gravity of solids = 2.69 (from another 
test)

� Sample fully saturated (taken, for example, below 
the water table)



IllustrationIllustration
Inclusion of Tare WeightInclusion of Tare Weight

�Find

� Water content w

� Void ratio e

� Unit Weight of Soil

� Submerged Unit Weight of Soil



IllustrationIllustration
Inclusion of Tare WeightInclusion of Tare Weight

�Compute Water Content

�Compute Weights of Water and Soil

� Water Weight = 72.49 - 61.28 = 11.21 g

� Soil Weight = 61.28 – 32.54 = 28.74 g

w�100�
72.49�61.28
61.28�32.54

�39 percent



IllustrationIllustration
Inclusion of Tare WeightInclusion of Tare Weight

�Compute Volumes of Water and Soil

� Water Volume = 11.21/1 = 11.21 cm3

� Soil Volume = 28.74/2.69 = 10.68 cm3

�Compute Porosity

� n = 100 V
v
/(V

v
+V

s
) = 11.21/(11.21+10.68) = 

51.3%

�Compute Void Ratio

� e = V
v
/V

s
 = 11.21/10.68 = 1.05



IllustrationIllustration
Inclusion of Tare WeightInclusion of Tare Weight

�Compute Volumes of Water and Soil

� Water Volume = 11.21/1 = 11.21 cm3

� Soil Volume = 28.74/2.69 = 10.68 cm3

�Compute Unit Weight of Soil

� � = W
t
/V

t
 = (11.21 + 28.74)/(11.21 + 10.68) = 

1.83 g/cm3 (also specific gravity)

�Compute Submerged Weight of Soil

� �
sub

 = 1.83 -1 = 0.83 g/cm3



Water ContentWater Content
GeneralGeneral

�Possible Errors

� Specimen not representative.  The specimen must be 
representative of the sample as required for the 
purpose of the determination. 

� Specimen too small.  As a rule, the larger the 
specimen, the more accurate the determination 
because of the larger weights involved.

� Loss of moisture before weighing wet specimen.  
Even in a covered container, a specimen can lose a 
significant amount of water unless weighed within a 
short period. 



Water ContentWater Content
GeneralGeneral

�Possible Errors

� Incorrect temperature of oven.  The oven-dry weight 
of many soils is dependent on the temperature of the 
oven, so variations in temperature throughout the 
interior of an oven can cause large variations in the 
computed water content.

� Specimen removed from oven before obtaining a 
constant oven dry weight. 

� Gain of moisture before weighing oven-dry specimen.



Water ContentWater Content
GeneralGeneral

�Possible Errors

� Weighing oven-dry specimen while still hot.  The 
accuracy of a sensitive balance may be affected by a 
hot specimen container. 

� Incorrect tare weight.  The weights of specimen 
containers should be checked periodically and should 
be scratched on the containers to avoid possible errors 
in reading such weights from lists.



Questions?Questions?


