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Index properties of soil helps in
classification and identification of soil.

z Soil Mechanics

Water content

Unit weight

Specific gravity

Particle size distribution
Consistency

Sensitivity

Thixotropy

Activity

Collapsibility
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Water Content

Water content can be determined using
any of the following methods.

. Oven drying method

Sand bath method
Alcohol method

. Calcium carbide method
Radiation method

Torsion Balance Method and infrared
method

G. Pycnometer Method

mmo 0o e

5. Soil Mechanics l .

A. Oven Drying Method

» This is most accurate
method.

> In this method moist sample of soil is
placed in empty container of known
mass (W,) and after placing, it is
weighed again (W,).

» Container with moist soil sample is
placed in temperature controlled oven
for drying.

laboratory

> Soil Mechanics

» » For soil having gypsum,
temperature is limited to 80°C in order
to avoid, loss of water of crystallization
(Structural water).

; Index Properties ol Soil.........Contd. |

[

» For Inorganic soil, temperature is
maintained between 105°C to 110°C for
24 hours.

» For organic soil, temperature is not
increased beyond 60°C in order to
avoid oxidation of organic matters.4
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i ® Soil Water
NOTE: |
In no case, temperature is increased g ! | n * é .
beyond 110°C because it results in t::":t”ra' Adj;’{é’fd 1";;2’;" F’e‘aat:‘”ty
destruction of soil solids causing loss
of structural water.
NOTE : In oven drying, all types of soil
water (free water, capillary water, Structural
absorbed water) are removed, except Water
structural water or water of
crystallization (if present).
7 8
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> After drying container with dry soil |s
again weighed (W) and water content
is measured as follows

i w, - w.
_ We'lght of wa.ter <100 = 12 3 100
Weight of solids w; -w,
Moist Soil | [ven Dry Soil
Sample 24 hrs.
& W2 105t01000c M5
<60°C
9 < 80°C

D. Calcium Carbide Method

» Itis one of the quickest methods to find
water content of soil which gives the
result within 5 to 7 minutes.

> ltis field method.

10 i
L Index Frujcrll!!i ol Soil..........Contd.

5 Soil Mechanics

> In this method 4 to 6 g (fixed weight is
taken due to calibration) of sample is
placed in moisture meter and calcium
carbide is added in it which reacts with
the water present in the sample
resulting in the formation of acetylene
gas that exerts pressure over the
gauge which is further calibrated to
give water content of soil is terms of
total mass of soil. { )

. Soil Mechanics [E

B . @
g/P o = 0=y -
Calibrated

chart P T T 1L CHe
gas

CaC,

SRARAR
L

Falatala'a'a'avN

////////////// //12.‘:,,‘;,1

CaC,+H,0 — C,H, T+ Ca(OH),
Acetylene
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G. Pycnometer Method Steps of Observation:
» It is quick method gives results within 1 ] I
10 to 20 mins. :
» This method is used for those soil for +':T°i:%t
which (sp. Gravity) is known. ¥ T
» Pycnometer is 900 ml flash having v, w,
conical top with 6 mm diameter circular = L 4
hole at its centre for the removal of air. 1
» This method is suitable for L - ... P
cohesionless soil (because remove of e remairing et e
entrapped gases in difficult from sample Uk,
» cohesive soils). it
= Index Properties of So:l.........Contd = Index FIDEEVUES ol Soil......... Contd.
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Weight of water in moist soil sample = W, - W, - W, W ) v
W, =W, -W, + = =—2=G
4 3 s G,Yw Tw j’Ys vs Yw
It can be seen that, if from W,, weight of
solid is removed and replaced by the weight W —W. = W. 11— 1
of an equivalent volume of water, the weight 3 A s G
W, is obtained.
G
w.=w, -Ww, - (A
W,=W;-W,+V, , s 3 4(61] (A)
Weight of water having equivalent volume Weight of water 100
o water content = - -
Ve=Vs E ater content = \eight of solids
; Index Properties of Soil.__._ Conld Index FruﬁcrlluscﬂSDll .........Conld.
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wzwx1ou=(u_1]x1oo
A

s

® = WZ_W1(G4)—1 %100
w,-w,\ G

. Soil Mechanics [E

2. Specific Gravity

» Specific gravity of soil can be computed
using 50 ml density bottle, 500 ml flask
or by pycnometer.

» Specific gravity of solids is given as

_ Weight of solids of given volume
Weight of water having same volume
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A . . e D Weight o
Step of observation: In this method dry soil ‘ . . :
P z S gry soll Woeight of solids = Dry cut of soil mass = W, - W, = W,
sample is used in pycnometer
| " Weightof waterinlll = W, - W,
+water | Weight ot water in IV = W, - W,
+ Dry
soil

T T T Weught of water having same volume ) . ) )

y Solid W v s that of soil solids (v,)] = Weigh! of water in IV Wright of waler is
s s
4 4 = W W (- W)= W Wy W W,
W, W,
Empty Wt of W, + weight Wt of
Pycnometer Pycnometer of water Pycnometer
* filled in +
Dry soil remaining Water filled
sample volume fully in
19 pycnometer 20

= =1 Index Properties of Soil.......... Contd.
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_ Weight of solids of given volume
Weight of water having same volume

W, -W, W

G= = WZ — I’V1 Ts
W, -W,+W, -w, W,-w,+Ww, G = X Gy = ——xGy
4 2 2 1 o S g W4 - WS + WZ E= WI Y kerosene
(G, = specific
= ¥s e Tk = Js gravity of
Yk ' . Ta kerosene)
. a

- Index Properties of Soil.__.__ Conld Index FHIN‘HlIES of Soil.........Contd.

NOTE : Kerosene is used instead of water
for fine grained soil. Because it is better
wetting agent than water. If kerosene is
used instead of water, then SG is calculated
as

5 Soil Mechanics

Unit Weight of Soil

Core —Cutter method

Water displacement method
Sand replacement method
Submerged density metho

Core-Cutter Method:

It is field method.

Core cutter of known volume 1000 CC
is pushed into the ground and then
core containing soil is taken out from
the ground.

DO mew

v V>

: Soil Mechanics [E

» Weight of core with soil sample (W,)
and empty core (W,) is measured.
Hence bulk unit weight is given as

_ Weight of soil W, - W,

Th
Volume 14
24
| Index Properties of Soil.......... Contd.
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» By measuring water content of given
sample, dry unit weight can be
calculated as Hammir
Dolly
de - Yb //woocc
1+
» This method is generally not suitable
for gravels, sand and dry soil.
» It is generally used for soft silt and
clay.
25 26
= I Prop i o I=a Index Properties of Soil.......... Contd.
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B. Water Displacement Method:

» This method is generally used for
cohesive soils that are highly sticky in
nature.

» In this method, sample of soil is
trimmed into more or less uniform
shape and weighed (W,)

» Sample is then coated with paraffin
wax and is again weighed (W,), coating
prevent entry of water into sample.

- Indox Properties of Soil___.. Contd

Water Displacement Method

w, W,

Wit. Wt. of soil

of + = =3

soil wt. of Volume of soil
paraffin wax. +

paraffin wax.

2 |
Index Properties of Soil ... ... Contd.

5 Soil Mechanics

» The coated specimen of soil is
immersed slowly in a container, that is
completely filled with water and volume
of water displaced by coated specimen
isV .

W,-W, _W,-w

Y Pw - Gew Yo

Volume of paraffin wax =

V = Volume of soil + Volume of paraffin
wax.

~ Soil Mechanics [E
Volume of soil = V — Volume of paraffin wax
=V - W2 - WI
]
Yew
Unit weight of soil = Wi lghtsof 50|'I = Wi
Volume of soil {Wz -w, J
v, -| —2———
PW
30
| Index Properties of Soil......... Contd.
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C. Sand Replacement Method:
> ltis field method.

» A small pit is excavated and the
excavated soil sample is a weighted.

> A calibrated cylinder containing sand is
placed over the excavated pit and is
filled with sand.

» Volume of the pit is obtained from the
calibrated cylinder

z Soil Mechanics [E

»  The bulk unit weight is calculated as

_ Weight

75 = Volume

» ltis suitable for gravel, sand and dry

soil.
31 32
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Bl : Sand pouring 4. Particle Size Distribution Analysis
ha »—cylinder Gravel 475mm to 80 mm
Coarse
grained
Shutter ol
Sand 75 um to 4.75 mm
0.075 mm to 4.75 mm
Fi Silt 2um to  75um
ine
AN W TR grained 0.002 mm to 0.075 mm
soil
i ™ Pit Clay <2um
L < 0.002 mm
33 34
- Index Properties of Soil.__._ Conld Index ancrllus ol Soil.........Contd,
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Particle Size Analysis

!

Sieve Analysis
(for coarse grained soil)

J
} }

Coarse/Gravel sieving Fine/Sand sieving
(for 4.75 mm < d < 80 mm) (0.075 mm < d < 4.75 mm)

! }

Dry Wet

Sedimentation Analysis
(for fine grained soil)

Pipette method
r

[
Hydrometer method

. Soil Mechanics [E

Sieve Analysis

» Sieve analysis is done for the soil
fraction size greater than 0.075 mm. It
means particles which are retained
over 75 sieve.

» As per 15460:1962 sieves are designed
by the size of the square opening in
mm (or) m (1 micron = 10-°m = 10-3
mm=1 m)
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» In this method different sieves are arranged
one over each other is descending order of
their size.

» An oven dried sample of soil is placed over
top most sieve and sieving is done atleast
for 10 min either manually or in sieve
shaker.

> Weight of soil fractions retained over each
sieve is noted to compute the percentage
finer corresponding to given size of sieve.

% finer (%N) = 100 - cumulative % weight

a1___retained.
= Index Properiies of Soil.........Contd
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(a) Coarse Sieve / Gravel Sieving:

> It is done for soil fraction having size
greater than 4.75 mm. It means retained
over 4.75 mm sieve.

» Standard sieves used are 80 mm, 40 mm, 20
mm, 10 mm and 4.75 mm

5 Soil Mechanics [E

For Example :

YN

SO+ Qumuative | 100-Cumuiative sieve. .
VUU || Sevesize(mm| W. Retained %A Fetained %M. Retained %M. Retained » Standard sieves used are 2 mm, 1 mm, 600 ,
ome4H T e | ow e e we 425 ,212 ,150 ,75 .
20nm e % | ;g 3 W 6% » The result of the sieve analysis represented in
10 - 4 . %o .= W e e terms of size of the particle and corresponding
ry W L (NS T . N .. RO = % finer.
—— T il 13; e B8 L TN e » It is generally preferred to wash the sail
= fraction that passes through 4.75 mm sieve
before carrying out sieving in order to separate
clay and silt particles present over sand this
s ek choton o B Tl E process is termed as wet sieving.

> Soil Mechanics [;3

(b) Fine Sieving/ Sand Sieving
» It is done for soil fraction that passes through
4.75 mm sieve but are retained over 0.075 mm

5. Soil Mechanics
(c) Sedimentation Analysis

» Sedimentation analysis is carried out for
the soil fraction having size less than 0.075
mm or which passes through the 0.075 mm
sieve.

» Particles having size less than 0.2 (0.0002
mm) can not be analyses even by
sedimentation. For them special techniques
like electron microscope and X-ray
diffraction techniques are used.

. Soil Mechanics [E

> Sedimentation analysis is based on stoke’s
law, according to which velocity of particle
undergoing settlement within infinite
medium is depend upon size, shape and
mass of the particle.

> According to stokes law, terminal velocity

is given as
V. = (Ys — Yo)d? _(G —1)y,d?
s 18 18

Where, =Dynamic viscosity of water; d = Particle size

42
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= At, 20°C, dynamic viscosity of water is 0.01
poise and suppose, G = 2.65 then

m mm
v, = 899250 f/ m/s vy =0.899 /JZ/ m/s

= At 29°C, dynamic viscosity of water is
0.00855 poise, then

mm
Vg = 1.07/m/s

-i‘ Soil Mechanics [E
(d) Limitation of Stoke’s law

1. Particles undergoing settlement is assumed
to be spherical but in actual, fine grained
particles are flaky in nature.

2. The medium in which settlement takes
place is assumed to be infinite but in actual,
sedimentation jar has finite dimension.

3. The particles is assumed to be undergoing
discrete settling. But in actual fine grained
particles aggregates during the settlement

= [— Index Properties of Soil ......... Contd.
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4. Stoke’s law is valid for the particles having
size range between 0.2 mmto 0.2 m.

» If the size of particle is greater than 0.2 mm
gravity acceleration sets wup during
settlement due to turbulent motion as a
result of which constant velocity is not
achieved throughout the settlement.

» If the size of particle is less than 0.2 m,
then Brownian motion setup which does
not allow settlement of particle.

= Indax Properties of Soil_ .. Contd

eneral P 5

ieneral Procedure for Sedimentation Analysis:

[@

» Sedimentation analysis can be carried out
either by pipette method or by hydrometer
method.

Method of preparation of soil suspension is
same in both method as follows:

Pretreatment

> Before preparing soil suspension, organic
matter and calcium compounds present in
soil should be removed in order to avoid

E the aggregation of solids during settlement.

Index Properties of Soil..........Contd.

5 Soil Mechanics .

» Organic matters are removed by oxidizing
agents like hydrogen peroxide (H,O,) which
carries out oxidation of organic matters and
calcium compounds are removed by 0.2 N,
HCL.

» Soil passing through 75 m sieve is mixed in
water to prepare standard volume of soil
suspension.

» In pipette method, 12 to 30 gram of soil is
added in water for preparation of 500 ml soil
suspension total volume and In hydrometer
method, 24 to 60 g of soil is added in water for
preparation of 1000 ml of soil suspension.

Index Properties of Soil..........

Contd.

. Soil Mechanics [E

Post treatment

> After preparing suspension, dispersing
agents or deflocculating agent is added in it
to prevent the flocculation of solids during
the settlement.

» Commonly used deflocculating agents are

sodium hexa metaphosphate, sodium
carbonate, sodium oxilate, sodium
phosphate.

T
a
@
>
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S
2
5
@
I
o
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2
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Pipette Method

Z Soil Mechanics [H
» In this method 10 ml of sample is collected

from soil suspension at fixed sampling
depth at 10 cm at different time intervals.

» The collected sample is turther being tested
for mass of solids (m,) present in it by oven

drying method.
FixedJH‘{[ ggg b » The size of particles that settles in the soil
10Em suspension suspension by distance of sampling depth
(He = 10 cm) is computed using Stoke’s law.
49 50
= Index Properties ol Soil........ .Contd = Index Properties of Soil ......... Contd.
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8 G -1
L = ;( )Ymdz - He % finer (%N) corresponding to computed size
18u t of particle ‘d” which settles in suspension by
- 184 E He in given time t is analyzed as
(G -1 : :
G-Mv, t ‘ Mass of solids/unit volume at
depth He at time 'f
18 He He %N = P _
=JGe-n V7t - k 5 Mass of solids per
G-y, unit volume initially
where, t=Time is
18 second after which
where, = [T etteis _(mg TVR) . 400
(G -1y, immersed in soil MV
51 suspension. E )
=l Index Properties of Soil..........Contd.

5 Soil Mechanics
Where,

my : mass of solids in collected sample from
sampling depth He at time ‘t

Vp : Volume of pipette (10 ml)

M : Mass of solids added initially of the
preparation of soil suspension (12 to 30 g)

V : Total volume of suspension (500 ml)

> Soil Mechanics

If effect of
dispersing
agent is also to
be considered

We have to draw
Particle size distribution

Where, n7 : Mass gung
of dispersing

agent added for %N
the preparation

of soil

suspension.

log(d)

B
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Hydrometer Method
» Hydrometer is a device which is used for the

Z Soil Mechanics [E
» Volume of hydrometer below the centre of
its bulb is approximate 50% of its total

measurement of density of the suspension volun.xe. .
/specific gravity of soil suspension at depth > Reading on the hydrometer increase
He at time & downward.
Pes = 1+ Rh » For calibration, reading on the hydrometer
§s 1000 is marked as
G pss pSS 1 Rh Rh= ( - 1) x 1000
= = =14+
ss
o, 1glcc 1000
Where, Ry, : Corrected hydrometer reading
a Index Properties of So:l.........Contd iﬁ lndexFlDEerllEsol i1 Contd.
5 Soil Mechanics INE| .~ Soil Mechanics [x3
4 R ) ' :

h ') > In hydrometer method %N (m,) is computed
indirectly by noting density of suspension
at sampling depth He at different time
intervals.

» In pipette method, sampling depth was
- ; constant (He = 10 cm) whereas in
s hydrometer method sampling depth goes on
increasing with increase in time and
settlement of particles, due to which
calibration of hydrometer and sedimentation

jar is done before each test.

Heavy metal L

57 58 :
- Index Properties of Soil _...Contd Index Fruﬁcrlluscﬂ Soil..........Contd.

5 Soil Mechanics

> The size of particles that settle in
suspension by a distance of sampling depth
He in any time t is given as

. Soil Mechanics [E

> %N corresponding to noted size of particle
d is computed indirectly by noting density
of the suspension at sampling depth He at
any time tas

R, G
OA)N:1000 G—1><100

X

<I=

10
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Let m,is mass of solids per ml of suspension
at sampling depth of He at given times t.

T o,

i Soil Mechanics [E

Volume of solids = —1d
Gp,

Volume of water = 1 ml -

my

Gp,

Mass of water = (1 ml— m"] Pw
Gp,,

Total mass of 1 ml suspension =

R, X[ G J
=%x100
|4

%N

M : Mass of the solids added initially (in grams)
V': Total volume of soil suspension (1000 ml)

S == md+(1ml—£1d )pmzmd+(1—%]
Tml \water &
B T 52 =1 g/cc
5" Soil Mechanics [INE|  Soil Mechanics [x3
m
Mass Mo +1- Gd Ry, _(G-Nmy
Density of 1 ml suspension = Y7 T— = T 1000 G
R G
. 5 me- B 8]
=my+1-" 2 ..(i) 100016 -1
) Mass of solid per unit volume
As per hydrometer reading, - at He at time ¢ -
o _—
R Mass per unit
Density, p,, =1+ 1030 ... (i) volume initially
o E ‘
= Index Properties of Soil_.__._ Contd Index Properties of Soil ... ...Contd.
) Soil Mechanics 2 Soil Mechanics
' m. 1ml " The observed reading of hydrometer are further
= L %100 being corrected for the following:
miv 1. Meniscus Correct (C,)

Actual reading (R,)

R,=R, +C,
C,, = Meniscus correction

11
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» Due to presence of turbidity in soil
suspension upper level of meniscus is
noted instead of lower, which leads to

the reduced value of the observation

.i‘ Soil Mechanics [H

g, Temperature Correction (Cy)
» The calibration of hydrometer is done at 27°C.

» If the temperature during the test is greater
than 27°C, it results is reduced value of
observation being noted. Hence correction
applied is positive and vice versa.

being noted. Hence meniscus Temp > 27°C CT = 4+ve
correction applied is positive. Temp < 27°C C;=-ve
ﬁ I Propert i C EB Index Properties of Soil......... Contd.
5 Soil Mechanics INE|  Soil Mechanics [x3

3. Dispersing Agent Correction (C,)

» Addition of dispersing agent is suspension
increase its density, which results in increased
value of observation being noted. Hence
dispersing agent correction applied is
negative.

R,= R,/ -Cp
Composite Correction:
C = Cm x CT_ CD
R =R'xC

60 h f

Particle Size Distribution Curve

» In this curve, %N (finer) is expressed on y-
axis and corresponding size of particle is
expressed on x-axis is log-scale.

» This curve helps in analyzing the type and
gradation of soil.

» The soil may be termed as well graded soil,
Poorly/uniformly graded soil & gap graded
soil.

70 i
Index Properties of Soil ... ... Contd.

5 Soil Mechanics

» If the soil has good representation of all the
sizes of the particle present in it, it is termed
as well graded soil.

» If the soil consists of excess of one size of
particles or is in deficient of another size of
particles (or it consist of same size of
particles) it is termed as poorly graded soil
[or uniformly graded soil-in later case]

» If certain size of particles is missing from
soil, it is known as gap graded soil.

. Soil Mechanics [E

Well graded

Poorly graded/

Uniformly graded mm

Gap graded

12



Coefficient of Uniformly (C,)

» It represents particle size
distribution curve.

range of

» It is defined as ratio of D, size of particles to
the D,, size of particles.

_ Do
D10

C,

[ Index Properties of Soil._..._. Contd
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‘Curve A : Uniformly/poorly graded coarse grained soil
Coarse grained Fine grained Curve B : Well graded coarse grained soil
100 ! Curve C : Gap graded coarse grained soil
90 ' Curve D : Well graded fine grained soil
80 !
;g i : From particle size distribution curve, D,y, Dy, D;,, can be
%N 50 - ! found out.
40 i
30 ! ‘ ! D,, - Effective size, defined by Allen Hazen, size in mm
20 1 | : such that 10% of particles are finer than this size.
10 —---------- ARREE St , D,, - Size in mm such that 30% of particles are finer than
0 i L ; this size.
‘ ! T ' D, - Size in mm such that 60% of particles are finer than
Dgy Dy Dyy log (0.075 mm) this size. e
(
73 74
= Index Properties of Soil
5 Soil Mechanics PE " Soil Mechanics [x3

» For uniformly graded soil, C, 1 (or less than 2)
~ For well graded sand, C,> 6

» For well graded Gravel, C, > 4

76
Index Properties of Soil ._.......Contd.

5 Soil Mechanics

Coefficient of Curvature (C)

» If represents shape of particle size distribution
curve

» ltis defined as

C. = D%O
c =
DgoDyg

=

> Soil Mechanics I]a

> For well graded soil, C, should be in the
range of 110 3

> If C. is less than 1 or greater than 3, then
soil is gap graded soil.

goooao

13
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