


� Quantities to be determined in “Unit 
Weight” Test (Appendix II)

� Unit Weight

� Void Ratio

� Porosity

� Degree of Saturation

� Methods Available
� Volumetric Method

� Displacement Method



� Description

� Apparatus

� Procedure

� Computations

� Possible Errors



� The volumetric method consists of 
computing the total volume of soil from 
linear measurements of a regularly shaped 
mass.

� The procedure presented is based on 
obtaining a cylindrical specimen by 
progressive trimming in front of a 
calibrated ring-shaped specimen cutter. 



� The volumetric method should not be 
used for soils containing gravel, shells, 
or foreign materials that would 
interfere with advance trimming.

� The calibrated specimen cutter method 
is particularly suitable for obtaining 
volumes of silty and sandy soils having 
little cohesion. 



Procedure

� Remove the specimen from the 
volumetric cylinder using a guide 
cylinder, if available, and place it in a 
container.  Weigh the specimen and 
record this weight on the data sheet as 
the weight of tare plus wet soil.

� Place the soil and container in an oven 
and oven-dry the at 110º C ± 5º C, 
allow it to cool, and then weigh.  
Record this weight of tare plus dry soil.



Computations
� Quantities obtained in test.

� Weight of tare plus wet soil. The tare 
weight is subtracted from this value to 
obtain the weight of wet soil, W.

� Weight of tare plus dry soil.  The tare 
weight is subtracted from this value to 
obtain the weight of dry soil, Ws.

� The inside volume of the volumetric 
cylinder.  Volume, V, of the wet soil 
specimen is equal to this volume.  The 
volume, V, may also be computed from 
linear measurements of a specimen in the 
form of a cylinder or parallelepiped.



Computations

� Unit Weights



Computations

� Void Ratio

� Porosity



Computations

� Degree of Saturation



Possible Errors

� Imprecise measurement of 
volumetric cylinder (or of cylindrical 
specimen trimmed by other 
methods).

� Voids formed on side of specimen by 
trimming beyond cutting edge.

� Material lost while removing 
specimen from cylinder.



Displacement Method

� Description

� Apparatus

� Procedure

� Computations



Description

� The displacement method consists of 
determining the total volume of a soil 
by measuring the volume or weight of 
water displaced by the soil mass.

� The method particularly adaptable to 
irregularly shaped specimens and soils 
containing gravel, shells, etc.



Apparatus
� Balance, sensitive to 0.1 g.

� Wire basket of sufficient size to 
contain the soil specimen.

� Can, or container, of sufficient size to 
submerge the wire basket and 
specimen.

� Oven.

� Specimen container.  The container 
should be of metal that is resistant to 
corrosion. Seamless aluminium pans 
with lids are satisfactory.



Apparatus

� Paintbrush.

� Microcrystalline wax or paraffin. 

� Container for melting wax, preferably 
with a self-contained thermostat.

� Thermometer, range 0º to 50º C, 
graduated in 0.1º C.



Procedure

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

� Determine, if not previously 
established, the specific gravity of the 
wax to be used. (About 0.9 g/cm³.)

� Cut a specimen from the sample to be 
tested. Trim the specimen to a regular 
shape.



Procedure

� Determine and record the wet weight 
of the soil specimen.

� Cover the specimen with a thin coat of 
melted wax, either with a paintbrush or 
by dipping the specimen in a container 
of melted wax. Apply a second coat of 
wax after the first coat has hardened.

� Determine and record the weight of the 
wax-coated specimen in air.



Procedure

� Determine and record 
the submerged weight 
of the wax-coated 
specimen.  This is 
done by placing the 
specimen in a wire 
basket hooked onto a 
balance and 
immersing the basket 
and specimen in a can 
of water.



Procedure

� Remove the wax from the specimen.  It 
can be peeled off after a break is made 
in the wax surface. Use the entire 
sample, or as much as is free of wax 
inclusions, for a water content 
determination.



Computations

� The following quantities are obtained 
directly in the test:

� Weight of uncoated specimen, W.

� Weight of soil plus wax.  The weight of 
uncoated specimen, W, is subtracted from 
this value to obtain the weight of wax.

� Weight of soil plus wax in water



Computations

� Divide the weight of the wax by its specific 
gravity.  This gives the volume of the wax.

� Subtract the weight of the wax-coated 
specimen in water from its weight in air.  
The difference divided by the density of 
water at the test temperature is numerically 
equal to the volume of the coated specimen 
in cubic centimetres.

� Subtract the volume of wax from the 
volume of the coated specimen to obtain the 
total volume of the soil specimen, V.



Computations

� Compute the water content of the 
specimen. If the entire specimen is 
used for the water content 
determination, obtain the dry weight of 
specimen, Ws, directly. 

� Based on the above information, 
compute the unit weights, void ratio, 
porosity, and degree of saturation as 
specified previously. 



Possible Errors

� Voids on surface of specimen not 
filled by wax or air bubbles formed 
beneath wax.



Specific Gravity Tests

� Types of Specific 
Gravity

� Specific Gravity 
of Solids

� Apparent and 
Bulk Specific 
Gravity



Definition

� The specific gravity of solids, Gs of a 
soil is the ratio of the weight in air of 
a given volume of soil particles at a 
stated temperature to the weight in 
air of an equal volume of distilled 
water at a stated temperature.



Types of Specific Gravity
� Fine Soils (finer than No. 4 (4.76 mm) 

sieve)
� Specific gravity of solids, Gs

� Not applied to coarse particles because they 
normally contain voids 

� Coarse Soils (coarser than No. 4 Sieve)
� Apparent specific gravity, Ga

� With coarser particles it is more convenient to 
work with the apparent specific gravity 

� Bulk specific gravity, Gm

� Used in special calculations, such as corrections 
of density and water content for soils containing 
gravel sizes



Specific Gravity of Solids
� Definition

� Apparatus

� Calibration of Volumetric Flask

� Preparation of Sample

� Procedure
� Soil at Natural Water Content

� Oven Dried Soils

� Computation

� Possible Errors



Apparatus
� Volumetric flask, 500 cm³ capacity

� Vacuum pump, with piping and tubing 
for connections to each flask

� Oven

� Balance, sensitive to 0.01 g.

� Thermometer, range 0 to 50º C, 
graduated in 0.1º C.

� Evaporating dish.

� Water bath.

� Sieve, U. S. Standard No. 4 



Calibration of Volumetric 
Flask (Condensed)

� Fill the flask with deaired-distilled water and 
place in a water bath that is at a temperature 
between 30º and 35º C. Allow the flask to 
remain in the bath until the water in the flask 
reaches the temperature of the water bath. 
Remove the flask from the water bath.  Weigh 
the flask and water to the nearest 0.01 g.  
Immediately after weighing, determine the 
temperature of the water to the nearest 0.1º C.

� Repeat the procedure outlined in step (1) at 
approximately the same temperature.  Then 
make two more determinations at different 
temperatures.



Calibration of Volumetric 
Flask (Condensed)

� Draw a calibration curve showing the relation between 
temperature and corresponding weights of the flask 
plus water.  Prepare a calibration curve for each flask 
used for specific gravity determinations and maintain 
the curves as a permanent record.



Preparation of Sample

� The sample of soil may be at its natural 
water content or oven dried.

� The specific gravity value for the sample 
shall be the composite specific gravity 
relation based on the solid volume of the 
components.

� It may be necessary to use other liquids 
such as kerosene) in lieu of distilled water 
for testing soils containing soluble salts. 



Procedure:
Soil at Natural Water Content

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

� Place a representative sample of soil 
equivalent to approximately 50 to 86 g 
oven dry weight in a dish and, by means 
of a spatula, mix with sufficient distilled 
or demineralised water to form a slurry. 
Place the slurry in a volumetric flask and 
fill the flask approximately half full with 
distilled water.



Procedure:
Soil at Natural Water Content

� Connect the flask to the vacuum line as 
shown and apply a vacuum of 
approximately 29.0” of mercury. Agitate 
the flask gently at intervals during the 
evacuation process; commercially 
available mechanical agitators have been 
used for this purpose. The length of time 
that vacuum should be applied will 
depend on the type of soil being tested.  
The boiling process should be observed 
closely as loss of material may occur. 
Allow flask and contents to cool, 
preferably overnight, before filling and 
checking.



Procedure:
Soil at Natural Water Content

� Fill the flask with deaired distilled water to about 
¾” below the 500 cm³ graduation and apply a 
vacuum slightly less than that which will cause 
vigourous boiling.  This is to confirm deairing.

� Fill the flask until the bottom of the meniscus is 
coincident with the calibration line on the neck of 
the flask.  Thoroughly dry the outside of the flask 
and remove the moisture on the inside of the neck 
by wiping with a paper towel.  Weigh the flask 
and contents to the nearest 0.01 g.  Determine the 
temperature of the suspension to the nearest 0.1º C 
by immersing a thermometer to the middepth of 
the flask. 



Procedure:
Soil at Natural Water Content

� Carefully transfer the contents of the 
flask to an evaporating dish.  Rinse the 
flask with distilled water to ensure 
removal of the entire sample from the 
flask.  Oven-dry the sample to a 
constant weight at a temperature of 
110º ± 5º C. Allow the soil to cool to 
room temperature in a desiccator and 
determine the weight of the soil to the 
nearest 0.01 g.

� Record all weights on the data sheet.



Procedure:
Oven Dried Soil

� Oven dry soil and select 50-150 g sample. 
 Fill flask to ½ full.  Let stand overnight.

� Connect the flask to the vacuum line and 
apply a vacuum of approximately 29.0” 
of mercury for approximately 2 to 4 
hours.

� Complete test in same manner as with soil 
with moisture content.



Computation
� Quantities obtained by direct weighing:

� Weight of flask plus water plus solids at test 
temperature = Wbws in grams.

� Weight of tare plus dry soil in grams.  The tare 
weight is subtracted from this value to obtain the 
weight of dry soil, Ws.

� K = correction factor based on the density of water at 20 
C 

� Wbw = weight of flask plus water at test temperature .in 
grams.



Possible Errors
� Imprecise weighing of flask and contents.

� Temperature of flask and contents not uniform.

� Flask not clean.

� Moisture on outside of flask or inside of neck.

� Meniscus not coincident with mark on neck of flask.

� Use of water containing dissolved solids.

� Incomplete removal of entrapped air from soil 
suspension.

� Gain in moisture of oven dried specimen before 
weighing.

� Loss of material from oven dried specimen.



Apparent and Bulk Specific 
Gravity

� Definitions

� Apparatus

� Preparation of Sample

� Procedure

� Computation

� Possible Errors



Definitions
� Apparent specific gravity Ga

� The ratio of the weight in air of a given volume of the 
impermeable portion of a permeable material (that is, 
the solid matter including its impermeable pores or 
voids) at a stated temperature to the weight in air of an 
equal volume of distilled water at a stated temperature.

� Taken from oven-dried specimen

� Bulk specific gravity Gm

� The ratio of the weight in air of a given volume of a 
permeable material (including both permeable and 
impermeable voids normal to the material) at a stated 
temperature to the weight in air of an equal volume of 
distilled water at a stated temperature.

� Taken from surface dried specimen 



Apparatus

� Balance, having capacity of 5 kg or more 
and sensitive to 1.0 g.

� Wire basket of No. 6 mesh, 
approximately 8” in diameter and 8” high.

� Suitable container for immersing the wire 
basket in water, and suitable apparatus for 
suspending the wire basket from the 
centre of the balance scale pan.

� Thermometer, range 0 to 50º C, graduated 
in 0.1º C.



Preparation of Sample

� The material to be tested shall be 
separated on the No. 4 sieve and the 
material retained on the sieve used for 
the test.

� A representative sample of 
approximately 2 kg is required.

� Samples may be air -dried; however, 
oven-drying the sample before the test 
may affect the results and should be 
avoided when possible.



Procedure
� Record information identifying the specimen on the 

data sheet.

� Wash the specimen thoroughly to remove dust or 
other coatings from the surfaces of the particles.

� Immerse the specimen in water at 15 to 25º C for a 
period of 24 hours.

� Remove the specimen from the water and roll it in a 
large absorbent cloth until all visible films of water 
are removed, although the surfaces of the particles 
may still appear to be damp.  Wipe large particles 
individually.  Take care to avoid excess evaporation 
during the operation of surface drying.



Procedure
� Obtain the weight in grams of the saturated 

surface-dry specimen.  The specimen in this and 
subsequent weighings should be weighed to the 
nearest 1.0 g.

� Immediately after weighing, place the specimen in 
the wire basket and determine the weight of the 
specimen in water.  Determine and record the 
temperature of the water in which the specimen is 
immersed.

� Oven-dry the specimen to a constant weight at 
110º ± 5º C. After cooling to room temperature, 
weigh the specimen.

� Record all weights on the data sheet.



Computation

� Quantities obtained by direct weighing:
� Weight of tare plus oven dried soil in grams.  The 

tare is subtracted from this value to obtain the 
weight of dry soil, A.

� Weight of tare plus saturated surface-dry soil in 
grams. The tare weight is subtracted from this 
value to obtain the weight of saturated surface-dry 
soil, B.

� Weight of wire basket plus saturated soil in water 
in grams.  The weight of wire basket in water is 
subtracted from this value to obtain the weight of 
saturated soil in water, C.



Computation

� Apparent specific gravity:

� Taken from oven-dried soil

� K = correction factor based on the density 
of water at 20 C



Computation

� Bulk specific gravity:

� Taken from surface-dried soil

� K = correction factor based on the density 
of water at 20 C



Computation

� When a soil is composed of particles both 
larger and smaller than the No. 4 sieve, 
the specific gravity of the soil for use in 
engineering calculations shall be 
computed as follows:



Possible Errors

� Loss of moisture from saturated surface-
dry particles before weighing.  Unless 
the saturated surface-dry material is 
weighed promptly, evaporation may 
cause an increase in the computed bulk 
specific gravity.

� Failure to correct for the change in 
density of water with temperature.  This 
correction is often overlooked when 
computing either the apparent or the 
bulk specific gravity.



Example of Specific Gravity 
Calculation

� Given
� Mass of dry soil: 73.56 g

� Mass of volumetric flask plus water 
(calibrated): 577.12g

� Mass of volumetric flask plus water plus soil: 
623.18 g

� Experiment conducted at 20° C (K = 1)

� Find
� Specific Gravity of the Soil



Example of Specific Gravity 
Calculation

� Solution

� Notes
� If soil is moist, dry weight needs to be 

computed before final computation is 
made

� Water of moist soil is absorbed into test 
water during procedure

Gs�
73.56

73.56�577.12�623.18
�2.67



Questions?


