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Soil Composition
Weight and Volume Relationships



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

Soill Is a combination of:

Soll material in particles
Alr
Water

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



Phase diagram helps
to separate the
different constituents
of the soll

Assumptions and
Definitions:

Weight of air =0
Dry Soil: Water weight
and volume =0

“Volume of voids”
Include all non-soill
volume, both air and
water



Saturated Soll: Air
volume =0

Only water and solids
appear in completely
saturated soll
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Volume and Weight Relationships
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Wet and Dry Unit Weight or Density
Water Content

Void Ratio

Porosity

Degree of Saturation



Unit Weight

Wet

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

Formulayy =W/V_

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

Formulaty, = W/V
Density

Wet.p = M/V_

Dry: py,, = MJ/V_



Definition: the ratio of the weight of water In
the soll to the weight of the soll solids.

W, percent WW><100
, P W,

W

W=—T—
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Definition: the ratio of the volume of voids to
the volume of solid particles in a given soill
mass.

_ Volume of Voids
Volume of Solids




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

100xVolume of Void
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P Total Volume
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Definition: the ratio (expressed as a
percentage) of the volume of water in a given
soil mass to the total volume of voids.

VW
S, percent——x100

V

Vv




TABLE 6
Typical Values of Soil Index Properties

Particle Size and Gradation Yoids(1) Uit Weight{Z} (1b,/cu. fe.)
Approx. . i Suhmergead
Ap proximate Ranpe Void Ratio Parosity (%) Bry Welsht Rev Welbehe Welght
3ize Range ApproX. TniForm
{mm) D1 Coefflclient
(mm) Cu
100%
e eor endpn Tnax ?in Min Mod. | Max Min Max Min Max
| — Dyt !onse dense Tocse ense locse | AASHO | dense| loose | dense | loose | dense
CRANULAR MATERIALS
tniform Materials
A« Equal spheres
(theorericail values) - - - 1.0 0.92 - 0.35 47.6 26 - - - - - - -
b. Standard Ottawa SAND 0. 84 0.59 0.67 1.1 0.80 0.75 0.50 i 31 92 - 110 93 111 57 69
¢. Clean, wniform SAND
{fine or mediim) - - - 1.2 £t 2.0 1.0 0.80 D.4a0 50 29 83 115 118 Ba 136 52 73
de  Und form, Inorganic
SILT 0.053] 0.005 0.012 |1.2 o 2.0 1.1 - D40 52 29 80 - 118 81 136 51 73
Well-graded Materials
a. 51lty SAND 2.0 G.005 002 5 ko 1O .90 - 0.30 47 23 87 122 127 88 142 54 79
b. Clean, fire to coarse
SAND 2.0 0.05 0.09 4 to b 0.95 0.70 D.20 49 17 a5 132 138 86 148 53 86
c. Micaceous SAND - - - - 1.2 - 0.40 55 29 - - 120 77 138 48 76
d. S1lry SAND & GRAVEL {9.4] 0.005 t.02 i5 ro 300 0.85 - .14 46 12 89 - 1a6l? 90 155(3) 56 92
MIXFD SOILS
Sandy or Silty CLAY 2.0 0.001 0.003 10 to 30 1.8 - 0.25% ¥ 20 60 130 135 10 147 38 85
Skip-graded Silty CLAY
with stones or vk fgmts| 250 3.001 - - 1.0 - 0.20 SO 17 84 - 140 11% 151 53 a9
Wel l1-graded GRAVEL, SAND,
SILT & CLAY mixture 250 0,001 0.002 7?5 to LOOO 0.70 - 0.13 41 11 100 140 14818 125 15648 p2 Y4
ClAY SOILS
CLAY (}MZ-507 clay sizes} 0.05 O.5K 0.001 - 2.4 - 0.50Q 71 32 0 103 112 94 133 31 7l
Colloidal CLAY
(—0.002 wmm:  SOX) 0.01 102 - - 12 - n.60 9z 7 13 )] 106 71 128 2] 66
DORCANIC SCOILS
Drpanile SILT - - - = 3.0 - .55 75 35 40 - 110 a7 131 25 69
Drganic CLAY
(30% - % clay sizes) - - -~ - A4 - 0. 70 81 &5 0 100 =1 125 18 B2




Given:

Total Volume =1 cu. ft.

Total Weight = 140 Ib.

Dry Weight = 125 Ib.
Find

Water Content

Wet Unit Weight

Dry Unit Weight



By Definition:
Dry Unit Weight = Dry Weight = 125 IbAt
Wet Unit Weight = Total Weight = 140 |b/ft
Solve for Weight of Water
W_=W_ +W_
140 = 125+W
W =15 Ib/f¢

Solve for Water Content
w =W /W_=W /125 = 15/125 = 0.12 = 12%



Given:

Total Mass = 18.18 kg

Total Volume = 0.009

Dry Mass = 16.13 kg

Specific Gravity of Solids = 2.7
Find

Wet Density

Dry Unit Weight

Void Ratio

Water Content

Degree of Saturatio



Compute Mass of Water
M, = M+M_
18.18 = 16.13+M
M _=2.05kg
Compute Water Content
w=M /M
w = 2.05/16.13 =.127 = 12.7%



Compute Volumes

Volume of Water
V.=M /p,
VW = 2.05/1000 = 0.002059

Volume of Solids
V= M/p .= MJ(Gp,)
V_=16.13/((1000)(2.7)) = 0.00597m

Volume of Air
Va = Vt - VW — VS
Va = 0.009-0.00205-0.00597 = .00098 m



Compute Wet Density

p,..= M /V_=18.18/0.009 = 2,020 kgfm
Compute Dry Unit Weight

Pay = MJV, = 16.13/0.009 = 1,792 kghm

Yay = Pord = (1792)(9.81)/1000 = 17.58 kN/m
Void Ratio

e =V/V_= (V +V)IV_=
(.00205+0.000976)/.00597 = .507



Compute Degree of Saturation
S=V/V +V)
S = .00205/(.000976+.00205) = .677 = 67.7%



Given

Saturated Soll

Void Ratio = 0.45

Specific Gravity of Solids = 2.65
Find

Wet Unit Weight

Water Content



Assumptions
V =0
V. =1
V. +V =1
Y, o= 62.4 I0/fE
Solve for Volumes
e=V,/V_=0.45
V_=0.31f
V_=0.69 ft



Compute Wet Unit Weight

Weight of Soils =y V G_= (62.4)(0.69)(2.7) =
114 Ib

Weight of Water =y V =(62.4)(0.31) =19.4 Ib

Total Weight =114 + 19.4=133.4 Ib

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

Compute Water Content
w=W /W_=19.4/114 =0.17 = 17%



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



Set sample volume = It
Total Volume =1=V +V_+V_
Void ratio e = 0.57 = VIV _
V.=1=2.754V +V_ (1)
Porosity = n = (WV )V, =0.365=V+V_
(2)
Solving (1) and (2) for Yand \, then \,
V_=0.00305 ft
V_=0.362 ft
V_=0.635 ft



Degree of Saturation S = MV _+V ) =
.362/(.362+.0031) = .99 = 99%

Soll is for practical purposes saturated
Dry Unit Weight

W_ =y GV_=(62.4)(2.65)(.635) = 105 Ib#ft
Weight of Water

W =y V =(62.4)(.362) = 22.6 IbAt
Wet Unit Weight

W =W +W =127.6 Ib/f?



Phreatic Surface
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FIGURE &
Tntercepting Drains for Roadways on & Slope




Welight of the Shp

Welght of the
Water Digplaced



ysubmerged: Ytotal — Y displaced water

G.—1

ysubmerged: 1+ e Y'w

Y wet
ysubmerged_ 2

(approximately

Y submerged” ¥ sat™ ¥ w




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



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

Approximate Methody = 133.4/2 = 66.7 pcf
Saturated Methody__ = 133.4 —62.4 = 71 pcf






Test Definition
Apparatus

Specimen Preparation
Procedure

Recording of Data
Computations

Possible Errors



Definition

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




Apparatus

Oven, preferably of the forced-draft type,
automatically controlled to maintain a uniform

temperature of 110 £ 5 °C 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.




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 2" diameter container Is
adequate.



Specimen

Amount of material used depends on:

t
t
t

ne maximum size of particles,
ne amount of material available,

ne 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.



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 soll by weighing
on an appropriate balance.



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 °C. 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.



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.



Computations

Properties Obtained by Direct Weighing

Weight of tare plus wet soil (\W+W), g.
Weight of tare plus dry soil, (\WW ), g.

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

1
. =100~
. +w.)-w, v

H




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)




Find
Water content w
Void ratio e
Unit Weight of Soll
Submerged Unit Weight of Saoll



Compute Water Content

72.49-61.28

w=100x mz 39 percen

Compute Weights of Water and Soll

Water Weight = 72.49-61.28=11.21¢g
Soil Weight = 61.28 — 32.54 = 28.74 ¢



Compute Volumes of Water and Soll

Water Volume = 11.21/1 =11.21 ém
Soil Volume = 28.74/2.69 = 10.68 ém

Compute Porosity

n =100 V/(V,+V) = 11.21/(11.21+10.68) =
51.3%

Compute Void Ratio
e=V/V_=11.21/10.68 = 1.05



Compute Volumes of Water and Soll

Water Volume = 11.21/1 =11.21 ém
Soil Volume = 28.74/2.69 = 10.68 ém

Compute Unit Weight of Soll

y =W/V =(11.21 + 28.74)/(11.21 + 10.68) =
1.83 g/cm(also specific gravity)

Compute Submerged Weight of Soll
Y.,= 1.83-1=0.83 g/ctn



Possible Errors

Specimen not representative. The specimen must
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
significant amount of water unless weighed within &
short period.



Possible Errors

Incorrect temperature of oven. The oven-dry weigt
of many soils is dependent on the temperature of tl
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 specimi



Possible Errors

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

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






