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Chapter 1: Introduction

1.1 Soil and Soil Engineering

Definition of soil: The term ‘soil’ in soil engineering is defined as unconsolidated material, composed of soil
particles, produced by the disintegration of rocks. The voids space between the particles may contain air, water

or both. The soil particles may contain organic matter.

Definition of soil mechanics:

e The term ‘soil mechanics’ was coined by Dr. Karl Terzaghi in 1925, who is also known as the father of
soil mechanics.

e According to Terzaghi, soil mechanics is the application of the laws of mechanics & hydraulics to
engineering problems dealing with sediments & other unconsolidated accumulations of solid particles
produced by the mechanical and chemical disintegration of rook, regardless of whether or not they contain
an admixture of organic constitute.

e Soil mechanics is therefore, a branch of mechanics which deals with the action of forces on soil and

with the flow of water in soil.
Definition of soil engineering:

e Soil engineering is an applied science dealing with the applications of principals of soil mechanics to
practical problems.

e It has a much wider scope than soil mechanics, as it deals with all engineering problems related with soils.
It includes site investigations, design and construction of foundations, earth-retaining structures and earth

structures.

Definition of geotechnical engineering:
e Geotechnical is a broader term which includes soil engineering, rock mechanics and geology.

e Sometimes geotechnical engineering is used synonymously with soil engineering.

1.2 Scope of Soil Mechanics:

Soil Mechanics is a basic subject and its scope will never end because all structures are built on soil and for
buildings and structures to perform well and for a long time, soil tests should be done so that to know about
the properties of soil and its characteristics.

1.3 Origin and formation of soil:

e Inabroad sense, soil may be thought of an incidental material in vast geological cycle which has been

going on continuously for millions of years of geological time.
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The geological cycle consists of 3 phases, Erosion, Transportation and deposition & Earth Movement.

a) Erosion Phase:

e The cycle starts with erosional phase in which there is degradation of exposed rock by weathering
process.
e The weathering process may be
i.  Physical weathering
ii.  Chemical weathering
Physical weathering :
The physical weathering process may be
¢+ Erosion of rock caused by the action of wind, water, glaciers.
+ Disintegration caused by alternate freezing and thawing in cracks in the rock.
The resulting soil particles retain the same composition as that of parent rock.
Their shape can be indicated by terms such as angular, rounded, flat and elongated.
Gravel and sand fall into this group.
Chemical weathering:
The chemical process results in changes in the mineral form of parent rock due to the action of water.
Chemical weathering results in the formation of group of crystalline particles of colloidal size (< 2p)
known as clay mineral.
If the products of rock weathering are still located at the place where they originated, they are called

residual soil.

b) Transportation/Deposition:

>

In the second phase, the fragmented material is transported by agent such as wind, water or ice to new
locations.
Soil transported from their origin by wind, water, ice or any other agency and has been deposited is
called transported soil. They have generally small grain size, large amount of pores.
According to the transporting agency, soils are classified as:

e Alluvial deposit — deposited by river water.

e Lacustrine deposit — deposited by still water like lakes.

e Marine deposit — deposited by sea water.

e Aeolian deposit — transported by wind.

e Glacial deposit — transported by ice.

e Colluvial soil — deposited by gravity. ( e.g. talus)



Chapter 2: Preliminary Definitions and Relationship

2.1 Soil as a three Phase system.

=

A soil mass consists of solid particles which form a porous structure. The voids in the soil mass may be
filled with air, with water or partly with air and partly with water. The three constituents are blended

together to form a complex material.

However, for convenience, all the solid particles are segregated and placed in the lower layer of the three

phase

diagram.

Likewise, water and air particles are placed separately, as shown in figure below.

The 3-phase diagram is also known as Block diagram.

It may be noted that the 3-constituents cannot be actually segregated, as shown.

A 3-phase diagram is an artifice used for easy understanding and convenience in calculation.

Soil can be either two-phase or three-phase composition.

Fully saturated soil and fully dry soil are two phase system.

Partially saturated soil are three phase system.
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Where

V.= Volume of air W.= Weight of air =0

Vw = Volume of water w = Weight of water

V = Total volume of Soil mass W; = Weight of soil solid

Vv = Volume of voids W = Total weight of soil mass

Vs = Volume of Solid Wsat = Saturated weight of soil mass

2.2 Important definitions:

1. Water content (w):

Water content or moisture content of a soil is defined as the ratio of weight of water to weight of solids

(dry weight) of the soil mass.

_Ww

W= x100; w=>0

Ws

It is denoted by the letter symbol w and is commonly expressed as percentage i.e. 20%, 50% etc.
The minimum value of water content is 0.
There is no upper limit for water content.

Generally fine grained soil have higher water content as compared to coarse grained soil.

2. Void ratio (e):

Void ratio (e) is the ratio of the volume of voids (Vv) to the volume of soil solids (Vs), and is expressed as

a decimal.

There is no upper limit of void ratio in soil suspension.
Void ratio of fine grained soil are generally higher than those of coarse grained soil.

Size of void in coarse grained soil are generally larger than that in fine grained soil.



3. Porosity (n):
e Porosity (n) is the ratio of the volume of voids to the total volume of soil (), and is expressed as a percentage.

r

m=—x100

e V=Vv+Vs, Vv=Vw+V,
e The porosity of soil cannot exceed 100% hence it has a upper limit of 100% or 1.

e Both porosity and void ratio are measured of denseness or looseness of soil.

Note:

Total volume V is a variable quantity. But, since solids are incompressible, Vsremain invariant in the total

volume V of the soil.

4. Degree of saturation (S):

e Degree of saturation of soil mass is defined as the ratio of volume of water in the voids to volume of

voids.
. S=X—W, 0<S<100

e For a fully saturated soil mass Vv =V, hence for the saturated soil mass S = 100% .
e For fully dry soil Vw =0, hence for a fully dry soil mass s = 0%
e For partially saturated soil mass degree of saturation of soil mass varies between 0 — 100%, which is

most common condition in nature.

5. Percentage Air voids (n,):

e Percentage air voids (na) is the ratio of the volume of air to the total volume.

. na:% x 100

6. Air content (ac):

e Air content (ac) is the ratio of the volume of air (\VVa) to the volume of voids V..



\% VaxVv _Vv 'V
22 - _x-2=nxg

° Na=
\% V X Vv \% Vv

Na=N X ac

7. Bulk unit weight (y;/v):

e Bulk unit weight of a soil mass is defined as the weight per unit volume.

w Ws + Wy,
* VtT Y T Ywrvarvs
\% Vw+ Va+Vs

o Itis generally expressed as KN/m?, N/m3, kgf/ KN/cm?
8. Unit weight of Solid (y):

o Itis defined as the ratio of weight of solids to weight of volume of solids. It is also called absolute unit

weight of soil mass.

—Ws

b YS_VS

9. Unit weight of water (y,,):

— Wy

b YW_VW

e The value of y,, changes with temperature but usually we take y,, as 9.81 kN/m? which is at 4°C.
10. Dry unit weight (yq):

e ltis defined as weight of soil solid ( or weight of dry soil) per total volume of soil.
e Unit is KN/m3 N/m3, kgf/ KN/cm?

_ W
* YaTY

e Dry unit weight is used as a measure of denseness of soil. A high value of dry unit weight indicates that

more solids are packed in unit volume of soil hence a more compact soil.
11. Saturated unit weight (Yqa0):

e Itis defined as the bulk unit weight of soil mass in saturated condition.

_ Wt of Saturated soil
® Ysat =

Volume of soil
12. Submerged unit weight (ysyp, OF v’):

e Itis defined as the weight of submerged soil per total volume of soil mass. When the soil exists below the

ground water table, the soil mass is said to be in submerged condition.
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_ Wt of Submerged soil
® Ysub—

Volume of soil

® Y =YVsat - Yw

Note:

Bulk unit weight = Saturated unit weight , ( when soil is fully saturated)

Bulk unit weight = Dry unit weight, ( when soil is completely in dry condition )

e When the soil exist below the ground water table, two forces are act on it.

e Oneis weight of soil, acting vertically downward and 2" is buoyant force/weight acting vertically upward

as shown in fig. below.

Buoyant weight/force = Submerged weight of soil

Y = Ysat - Yw

~_ Wt. of Submerged soil

Volume of soil
Wi. of submerged soil = total weight of soil sample — weight of water displaced by the sample = Buoyant weight
=W - Yw X Vv

L _W-yw XV _ W yy XV _
Y = vV _V' v = Ysat = Yw

13. Specific gravity of solids (G/Gs):

e Itis defined as the ratio of the unit weight of solids (absolute unit weight of soil ) to unit weight of water.

e G.=X=
Yw

e Itisaunit less quantity.
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e This is also known as Absolute specific gravity or Grain specific gravity.
14. Mass specific gravity (Gm):

e Itisthe ratio between the bulk unit weight of soil to unit weight of water

e Gn=Xt
Yw

5. Relative Density (Dy):

— ©max-e
o Dy=_Smax-e
€max- e in

e emax & emin represents the soil in very dense and loose conditions respectively. e is the void ratio of natural

soil.

Inter-Relations:

1. es=Gw
W=%= YoV _ P _ S =&
'W; Gs-?”w-‘r”: Gs'vs G.:P: Gs

w
2. Ws=——
1+w
\%
3. Vs=—
1+e
4. e=—
1-n
e
5. n=—
1+e
G+e.s
= X
6. n 1re W

12



Chapter 3: Index Properties of Soil

> In this chapter, we shall describe the methods of determining those properties of soil which are used in

their identification and classification.

> These include the determination of

>

>

>

>

>

i.
ii.
iii.
Iv.
V.

Vi.

Water content (w)
Specific gravity (G)
Particle size distribution
Consistency limits
In-situ density

Density index

These properties are known as index properties.

Water content (w):

Water content of soil is an important soil parameter which significantly influences the behavior of soil,

particularly cohesive soils.

Water content and unit weight changes during transportation and storage. Hence it is important to

determine it before carrying out any other tests.

Water content determination is also important because some physical state properties are calculated using

water content following the practical measurements of others e.g. dry unit weight from bulk unit weight.

The water content of a soil sample can be determined by any one of the following methods:

a)
b)
c)
d)
e)
f)
9)

Oven drying method
Torsion balance method
Pycnometer method
Sand Bath method
Alcohol method
Calcium carbide method

Radiation method

a) Qven drying method:

» The oven drying method is a standard laboratory method. This is very accurate method.

» The soil sample is taken in a small, non-corrodible, air tight container.
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> The soil sample in container is then dried at temperature of 105-110°C for 24 hour in laboratory. Above
110°C, water of crystallization may lost.
» Water crystallization is the water in the molecular structure.
> For soil containing significant amount of organic matter, a temperature of 60°C to 80°C is recommended.
> If W1 = weight of container, W> = wt. of container + wt. of moist soil and W3 = wt. of container + wt. of
dry soil, then water content is given by:
_ Ww _ w2-w3
T Ws  W3-wi
b) Pycnometer method:
> A pycnometer is a glass jar of about 1 liter capacity and fitted with a brass conical cap means of a screw-
type cover. The cap has a small hole of 6mm dia. At its apex.
< .
f
» The pycnometer meter method for determination of water content can be used only if the specific gravity
of solid (G) particle is known.
> First the weight of empty pycnometer is determined (W) in the dry condition. Then the sample of moist
soil, is placed in the pycnometer and its weight with the soil is determined (W>).
» The remaining volume of the pycnometer is then gradually filled with distilled water or kerosene. The
weight of pycnometer, soil and water is obtained (Ws).
> Lastly the bottle is emptied, thoroughly cleaned and filled with distilled water or kerosene, and its weight
taken (W.).
Water
Water
Moist soil Soil
Wi W, W3 W,
> WW= szwlst

14



_Ww _ Wz-w;-wg

W =
Ws Ws

W4—W1:W3—W1—Ws+%

Ws=[(W3-W4) xGs] / Gs—1
w = [(W2—W1) / [{(W3s—W,).Gs}/(Gs—1)]] -1

WZ— W4 % (GS—l) . l]
Wi_ Wy Gs

w =]

» Tish method is more suitable for cohesion less soil as in case cohesive soil removal of entrapped air is
difficult.

ii) Specific gravity of soil particles:

Ws
_Ys _ 7
> Weknow G ===

w VW

\% Mg X M
> IfVs=Vy G=—s=_—s"8-"5
Wy My Xg My

» Therefore Sp. Gravity of a soil particle is the ratio between mass of soil solid to mass of equivalent volume

of water at same temperature.

Determination of sp. Gravity:

Sp. gravity of soil is determined by 2- methods:

a) Density bottle method

b) Pycnometer method

Density bottle method is more accurate and suitable for all type of soil. But pycnometer method is suitable for

coarse grained soil.

a) Density bottle method:

Water

Water

Dry soil Soil

M, M, M3 Mg
15



G=-==

My,

M;—-M;
(Mg—Mqp)-(M3— M)

Procedure:

>
>

b)

A clean and empty density bottle is taken and weighted. Let the mass be M1.

Again the density bottle is poured with some dry soil whose sp. gravity is to determined and the whole
assembly is weighted. Let the mass be Ma.

Again the whole assembly is completely filled with water and weighted. Let the mass be Ma.

Again the density bottle is cleaned and filled with water alone and weighted. Let the mass be Ma.

. - Ms _ M;-M;
Then, the sp. gravity G = My (Ma— My)—(Ma— M)

MZ_ M1

When kerosene is used in case of water, then the sp. gravity of soil G =
(Mg—Mq)-(M3— M3)

X Gk.

Where Gk = sp. gravity of kerosene.

Generally sp. gravity test is carried out on 27°C.

. . G,7oc X vy of distilled water at 27°C
o — .0, — b27c XY
Then sp. gravity of soil at t°C = G{°c of distilled water at €C

Pychometer method:

This method is same as pycnometer method of water content determination with the difference that here

dry soil sample is taken instead of moist soil sample as was taken in water contents determination.

Water

Water

Dry soil Soil

Sp. gravity G =

W1 W W3 W4

wt. of solid

wt. of equivalent volume of water

Wi. of solid = W» - W1

W1. of equivalent volume of water = (W4 - W1) — (W3- W>)

16



Wo— W,

G= (W= W)-(W3—-Wy)

» Sp. gravity values are generally reported at 27°C.

iv) Particle size distribution:

» The classification of soils according to their size is known as particle size distribution.
> Itis done by 2-methods.
a. Sieve analysis

b. Sedimentation analysis for particles of size less than 75u

Particle Size ~ Type of Soil

SRS

Sieve analysis

> 300 mm Boulder
300 - 80 mm ~ Cobbles l ¥
Coarse sieve Fine sieve
analysis analysis
80 mm — 4.75 mm gravel e Adopted forvgﬁrévels = Adoptedforsand
i i e sicve sizes are 80, 20, e sieve sizes are 2 mm,
4' ‘5 S 2 1L Coar.se Sand S 10, 4175 mm (4 No's) - ‘ 1 mm, 600 i, 425 pn.
2mm — 0475 mm | medium sand poand | G - l . (271131 - 150 p, 75u
@il - 7 No's
0475 mm— 75 | fine sand - . |
analysis done v
S 1 , Dry or Wet.
1 s 2 i - Sﬂt : analysis done.
less then 2 1 clay Smallest sieve size = 75 p

» It is done for a soil which size lies more than 75p.
> In this process sieves are places one over another in decreasing order of their aperture size.
» The sieve analysis is of 2 types
i.  Coarse sieve analysis; which consist of sieving of soil through 40mm, 20mm, 10mm and
4.75mm IS sieve.
ii.  Fine sieve analysis; which consist of sieving of soil though 2mm, 1mm, 600y, 425, 212u, 150y,
75 IS sieve.

Procedure of sieve analysis:

» The soil sample is tested is dried, lumps are broken if necessary, and the sample is pass through the

series of sieves by shaking.

17



The fraction retained on and passing 2mm IS sieve are tested separately.

An automatic sieve shaker, run by an electric motor, may be used; about 10 to 15 minutes of shaking is
considered as adequate.

Larger particles are caught on the upper sieves, while the smaller ones is filter through to be caught on
one of the smaller underling sieves.

The material retained on any particular sieve should naturally include that retained on the sieves on the
top of it, since the sieves are arranged with the aperture size decreasing from top to bottom.

The weight of the material retained on each sieve is converted to a percentage of the total sample.

The percentage material finer than a sieve size is obtained by subtracting this from 100.

The materials passing the bottom most sieve, which is usually 75u sieve, is used to conduct the
sedimentation analysis for the fine fraction.

If the soil is clayey in nature the fine fraction cannot be easily passed through the 75u sieve in dry
condition.

In such case, the material is to be washed through it with water, until the wash water is fairly clean.

The material which passes through the sieve is obtained by evaporation. This is called wet sieve
analysis, may be required in case of cohesive granular soil.

The resulting data are conventionally presented as a grain size distribution curve plotted on semi log co-
ordinates, where the sieve size is on a horizontal logarithmic scale, and the percentage by weight of size
smaller than a particular sieve size is on the vertical arithmetic scale.

Logarithmic scales for the particle diameter give a very convenient representation of the sizes because a

wide range of particle diameter can be shown in a single plot.

Sieve size

Total wt. of

soil taken

Wt. retained on
a particular

sieve (gram)

Cumulative wt.

retained

Cumulative

%retained

% finer = 100 —
cumulative

%retained

» The resulting grain size distribution curve is as shown :

A~ I
60 |————— Note that | Dgo> Dyp=> Dy,
5| 30 ———— |
L=*3
| - i
= L |
|
L) [ee e oo e P et s e o |
- | | 4.75mm D, !
20mm {\D,;', !\D:m lmm 0.75mm
Size —> (log scale)
D,, = Size of the particle such that 60% particles are fines
than this size. Like wise we can define Dy, & D (-
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> Actually, sieve size is assumed to correspond to size of particle.

» The various types of curves obtained in sieve analysis are classified as follows:

Curve (a) is Well graded

Curve (b) 1s Poorly/uniformly graded coarse soil
Curve (c¢) is Poorly graded fine soil

Curve (d) is gap graded soil

Curve (a) and (e) are similarly graded soil.

% finer

Increasing «— size — decreasing

Well graded means soils of all sizes are present.

Poorly graded/uniformly graded means soil of predominantly one size is only present.

Gap graded means some of the soil particle size are missing.

Position of the curve indicates type of soil whereas shape of the curve indicates gradation.

As the slope of the curve decrease — gradation increase.

YV V. V V V V

D10 = effective size of Particle i.e. particle size which if present alone will cause the same effect as is
caused by the soil.

> Grain size distribution curve is used to find out the following shape parameters.
1. Co-efficient of uniformity (C,) = ?
10

2
D3p

2. Co-efficient of curvature (Cc) = —"—
60 10

If, Cu=1 - Soil is perfectly uniformly graded. (Curve will be vertical)
Cu> 4 — well graded gravel

Cu > 6 — well graded sand

1 <Cc< 3 —well graded soil

e For well graded sand, Cy > 6,1 <Cc<3

e For well graded gravel, Cy>4,1<Cc<3

Larger the value of Cy, larger is the range of particles in soil.

19



Sedimentation analysis: -

>

YV V V VY

>

>

YV V. V V V V

The soil particles less than 75u size can be further analyzed for the distribution of various grain size of the
order of silt and clay by ‘sedimentation analysis’ or ‘wet analysis’.

The soil fraction is kept in suspension in a liquid medium, usually water.

The particles descend at velocities, related to their size, among other things.

The analysis is based on Stokes law.

As per this law, if a single sphere is allowed to fall in an infinite liquid medium without interference, its
velocity first increase under the influence of gravity, but soon attain a constant value.

This constant velocity, which is maintained indefinitely unless the boundary condition change, is known
as the terminal velocity.

Coarser particles tend to settle faster than finer ones.

By Stokes law, the terminal velocity of the spherical particle is given by:

v = ¥syob?

TR where y, = unit weight of soil particles in N/m?

¥, = unit weight of liquid in N/m3, D — diameter of particles in meter, u- dynamic

viscosity in N.s/m2. then V will be in m/s.

_ 2
(G-1)gb , Where 9 — is kinematic viscosity in m?/s and G- sp. gravity, 9 = £, unit-

We can also write V =
189 p

m?/sec.

Stocks law is considered valid for particle diameters ranging from 0.2 to 0.0002 mm.

About 50gm of dry soil sample passing through 75 IS sieve is weighted accurately and is taken in a
porcelain dish.

About 50cc of dispersing agent is added to the soil sample.

Then some quantity of distilled water is added to form a soil slurry and it is gently stirred using glass rod.
The content of dish is then transferred to the cup of high-speed stirrer.

Then the soil slurry is transferred to a 1000ml sedimentation jar.

Then some water is added to the sedimentation jar, to make it 2000ml.

Then the mouth of jar is close tightly with the pam of hand and jar is inverted several times to ensure
uniform distribution of soil particles throughout the jar.

Then jar is placed in a level surface and stope watch is started simultaneously.

20



> At the end of different time intervals, t minutes (usually 1min, 2min, 4min, 8min, 16min, 30min, 1hr, 2hr,
4hr, 8hr, 16hr and 1day etc.) the size D mm of largest particle still in suspension at depth He cm and %
finer N is determined by using hydrometer method or pipette method.

I. Pipette method:

> ltisalaboratory method. A pipette, sedimentation jar, and a number of sampling bottles are necessary
for the test.

» The method consists in drawing off 10ml samples of soil suspension by means of the sampling pipette
from a standard depth of 10cm (i.e. He = 1cm) at various time intervals after the start of sedimentation
(usually 1min, 2min, 4min, 8min, 16min, 30min, 1hr, 2hr, 4hr, 8hr, 16hr and 1day etc.).

» The pipette should be inserted about 20 seconds prior to the chosen instant and the process of the
sucking should not be take more than 20 seconds.

» Each of the samples taken is transferred to a sampling bottle and dried in an oven. The concentration
of all particles are present in a particular volume at time t = 0.

> If after time ‘t” sample is taken out in pipette from height He then all particles having settling velocity
greater than % will have settle below height He.
» At this height at time ‘t* sample collected will have the same concentration of particles of settling

. H . . . .
velocity less than Te as was there in the original soil suspension.

» If settling velocity of particle size D = Te , then

% finer than D = (% x 100 ) %, where W, = wt. of soil particles finer than size Dmm per ml, still
v

is suspension at depth He at elapsed time interval t min., Wq = wt. of soil particles taken for
sedimentation analysis, V = vol. of soil suspension.

(s—yyp? _ He

Now, Tou o find ‘D’ from this formula corresponding to various time t and plot grain size

distribution curve. 7 e A

;— Pipette f

[] %

f

v

D—»

Notes: In pipette method, sample s collected from height He at various time intervals i.e. He is fixed.
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Nofe: e Let ?her‘e be 4-types of particles in the sample. Let in the original soil suspension before the start of
sedimentation the concentration of various particles be as shown below

<z
0 100g/!l [0T@ o %] [0® ~ |4y
e 200 g/l o::o o:-ks SICIEZ) § e
© 300g/l [O® o g°°’§
o O
w H0 g/l 8::: Oe o ¥

e If particle has settling velocity greater than Hc/t, then concentration of soil suspension collected at height H,
will be 600 g/I.
. concentration of sample collected at

time t from height H, 600

% fi i = : - — 100 = %100
Thws, orfiner Than Size & concentration of soil fromoriginal 650
soil suspension
. -

e If particle %« has size D, then % finer than size D is 650*100, where D is given by He_t_;.(!s lé;)
=

i) Hydrometer method: 099
[1.00]

=

» The hydrometer method differs from the pipette analysis in that the weights of

ﬂ
-

solids per ml in the suspension at a chosen depth at a chosen instant of time are

=
=

[

obtained indirectly by reading the sp. gravity of the soil suspension with the aid

=
&

|

Toke reading
at bottom

-/ of meniscus

=3
=

of a hydrometer.

[
[

=
2

» Hydrometer is the device which is use to measure the sp. gravity of liquids.

=
=3

[

» We have already discussed that % of finer than D =

wt.of the solid per cc at depth H, at time t

wt.of solid per cc in original soil suspension

(¥s— VZ)D E

» Where D is given by "

T
|
‘
'
I
|
i
i
i
i
i
i
i
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i
i
!
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» Thus, point at A; occupies the position Ax. Az is the center of volume of hydrometer.

Vh = Volume of hydrometer
Aj = Area of jar
h = length of bulb in hydrometer
> Volume of bulb can be thought of as the total volume of hydrometer.
» Hydrometer measures density of soil suspension at depth He which is given by:
Vh

h vV
He=H+-+-L&--L
2 ZAJ' Aj

» H will correspond to hydrometer reading Rn. Thus, He will be related to Rp.

Procedure of hydrometer method:

» The hydrometer in inserted in the soil suspension prepared in 1000ml sedimentation jar at the end of
different time interval, t min. (usually 1min, 2min, 4min, 8min, 16min, 30min, 1hr, 2hr, 4hr, 8hr, 16hr and
1day etc.) and the reading of the hydrometer i.e. Rx is noted.

» The reading of hydrometer Ry is corrected by using suitable correction. Then from the calibration chart
the effective depth He cm. is found corresponding to hydrometer reading Re.

» The size D mm. of largest particles still in suspension at depth He cm. at any elapsed time interval t min.
is computed by using following equations.

o fi - Yo M:E
» % finer than D (Wd ><100)%, ™ .

|4
where W, = wt. of soil particles finer than size Dmm per ml, still is suspension at depth He at elapsed time

interval t min., Wq = wt. of soil particles taken for sedimentation analysis, V = vol. of soil suspension.

Limitation of Stocks’ law:

» Stocks’ law is applicable for spherical particles only. But the fine clay particles are not spherical in shape.
So the concept of equivalent diameter may be used.

> It is assumed that every particle settles freely without interference, in an infinity liquid medium. The
sedimentation analysis is conducted in a one-liter jar, the depth being finite; the walls of the jar could
provide a source of interference to the free fall of particles near it. The fall of any particle is affected by
the presence of adjacent particles; thus, the fall may not be really free. However it is assumed that the
effect of these sources of interference is insignificant if suspension is prepared with about 50gm of soil

per litter of water.
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» The soil particles of soil specimen may have different values of specific gravity. But in computation avg.
value of sp. gravity may use.

Consistency of soil:

» Consistency represents the relative ease with which a soil be deformed.
» This term is mainly used for clayey soil and is related to water content i.e. how with change in water
content the consistency of soil changes.
> Atterberg classified the consistency in 4-stages. Behaviour of soil is different in different stages.
1. Solid stage
2. Semi solid stage
3. Plastic stage
4. Liquid stage

A
LR L i i
v,
i S Liquid
Assumed\\ ------------ Plastlc
Vo | Semi | |
Solid | Solid | |
' 1
Wi W, W,
€ £ &

ductile

W_ = liquid limit water content
Wp = Plastic limit water content
Ws = Shrinkage limit water content

VL = Volume of soil at liquid limit

24



Vp = Volume of soil at plastic limit

Vary = Volume of soil at shrinkage limit

25
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