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Drying Method
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AIM :
To determine the water (moisture) coritent of a given soil sample expressed as a percentage of the oven dry

weight.
SCOPE & APPLICATION OF THE TEST :
Moisture content plays an important role in understanding the behavior of fine grained soils and field

compaction control.

THEORY :
Th.e soil has a porous.structure with a skeleton of solid particles and the voids or pore spaces being mostly
filled with water and /or air. The moisture content is defined as the ratio of mass / weight of water to the mass

/ weight of solids and may be expressed as

Wy My

i et

Ws M

where M, or W = mass or weight of water
M, or W, = mass or weight of soil solids
The mass of water used in the above expression is the mass of free pore water only. So for the determination

of moisture content, the soil samples are dried to a temperature at which only pore water is evaporated. For fine
grained soils, this temperature may be 105 °C to 115°C where the pore water is subjected to appreciable surface
tension in capillaries. But for granular soils this may happen at a lower temperature or it may take less time
.However, for soils containing gypsum or other minerals having loosely bound water of hydration or forsoils
containing significant amounts of organic material, drying may be done at approximately 60- 80°C.

There are several laboratory and field methods for determination of moisture content namely oven drying
nce or infra-red moisture meter, calcium carbide or alcohol burning

method, pycnometer method, torsion bala

method.

APPARATUS REQUIRED :
(0)) Containers (non- corrodible, air tight) for soil sample.
ght of the soil taken for the test.

“~"(2) Balance of accuracy 0.04 percent of the wei
(3) Oven — thermostatically controlled with interior of non—corroding material to maintain temperature

ces . gievelY T

" at110° 5°C.
(4) Desiccators — with any suitable desiccating agent.

(5) A pair of tongues.
rmination of moisture content depends upon the gradatic
mmended f

SPECIMEN / MATERIALS REQUIRED :
The quantity of soil sample to be taken for the dete ey
z s as y of weighing. The following quantities are reco

and maximum size of particles as well as accurac

the laboratory use.
[1]
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o ' Minimum quantity of soi
" Soilh " 3 ¥ les more
f Soil bvpe Kipe of particles mo spyec imen to be tak_en_ f(,f_!_l-_;c test
/ than O passing ] | Ih . 258
/L Silt & clays 750 ol
| Fine sand 425 e
Medinm sand 2 mim 2068
Coarse sand 475 mm it
'J Fine gravel 9.5 mm .q(m:
/ Medium gravel 19 mm _l i
Course gravel 37.5 mm

— — T : test.
However, drier the soil. the greater shall be the quantity of the soil to be taken for the tes

PROCEDURE : . )
(1) The container is cleaned, dried and weighed with lid (M,). _
(2)  The required quantity of soil specimen is taken in the container, crumbled and placed loosely and

weighed with lid (M.,). g g s
(3) Then it is kept in an éven with the lid removed and the temperature of the oven is maintained at 110

+ 5°C or 60 — 80°C for organic soil or for soils containing gypsum.. . . '
(4)  The specimen is dried in the oven for 16 — 24 hours in normal condition, so that it attains a constant

mass. . _
(5) After drying, the container is removed from the oven, the lid is replaced and it is cooled in the

desiccator.
(6) The dried soil in the container with lid is weighed M,).

PRECAUTIONS : _
(1) The wet soil specimen should be placed loosely in the metal container.

(2) Over heating of soil specimen is to be avoided to guard against breaking of soil structure.
red before weighing as it is likely to

(3) Dried soil specimen in the container should not be left uncove
catch moisture from the surrounding atmosphere.

OBSERVATION AND CALCULATION :
The percentage moisture or water content is calc ulated as follows :

w= My =M, x 100
Y
It is reported to two significant figures.
S / Particulars Container No.
No. 1 2 3

' Mass of the container with lid (M))g W
Mass of the container with lid + wet soil (M,)g W

Y ey

; 3. Mass of the container with lid + dry soi] M,)g
4 Mass of water M,=M,- M,)g \
5. Mass of dry soil M=M,- M)g w
6. Moisture content W= i . x 100
M; - M,

[2]




Specific Gravity of Fine Grained Solls @

AIM .
g sieve. ,--

To determine the specific gravity of the soil particles passing 4.75 mm |
SCOPE & APPLICAFION OF THE TEST : . it wel

_ Specific gravity finds application in the determination fo the degree of saturation anq unlr_mg-
soils. which, in turn are needed in pressure, settlement and stability problems n i
THEORY : '

Specific gravity of soil is the ratio of the mass/weight of a given volume of dY SOI'I i
iy /weight of an equal volume of distilled water at a temperature of 4°C. The specific & be employed -
widely used in the derivation of weight volume relationships. Although specific gra\fl-t)’ g ils because
the identification of minerals, it is of little importance for identification OF classification of 9‘: for 500 puting
specific gravity values of most soils fall within a narrow range. It is an important factor r'eqllfl'e hydrometer
most of the soil properties i.e void ratio of soil, unit weight, and particle size determination o
method, degree of saturation of soil etc.

Mathematically, it is expressed as;
o Gm-m) __ GlihoM)
Specific gravity of soil particles G = (W2 _ m) —(W3 e W4) - (M1 - M,) -(M3 = Mz)

where G = specific gravity of liquid used ,at constant temperature.
M, or W = mass or weight of the density bottle.

M, or W,= mass or weight of the bottle + dry soil.

M.or W= mass or weight of the bottle +soil+ liquid.

M, or W= mass / weight of the bottle when full of liquid only.

APPARATUS REQUIRED :
(1) Two density bottles of approximately 5
(2) A water bath maintained at a constant tempe
(3) A vaccum desiccator (a convenient size is one
(4) A desiccators (a convenient size is one about 200

Oml capacity with
rature to within £0.2°C.
about 200 mm to 250 mm in diameter).

silica gel.
(5) A thermostatically controlled drying oven, capable of maintaining a temperature of 105 to 110°C.

(6) A balance readable and accurate to 0.01g.
(7) A source of vacuum, such as a good filter pump or a vacuum pump.

(8) A spatula(a convenient size is one having a bl
small enough to go through the neck of the densi

and 3 mm diameter.
A wash bottle preferably made up of plastics, containing air-free distilled water.

[4]
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stoppers or pycnometer of 1 litre capacity.

mm to 250 mm in diameter) containing anhydrous

ade 150 mm long and 3mm wide ; the blade has to t
ty bottle) or a piece of glass rod about 150 mm lot



Specific Gravity of Fine Grained Soils

(10) A sample divider of the tiple
(11) Length of rubber tubin e slot type (riffle hox) with 7 mm width of opening
& to it the vacuum pump and the desiocator .

(12) 2mm /7 4.75 mm 1S sieve.
(13) Balance acourate to 0.5g and 0.001g

(14) Thermometer {0-50°C).
MATERIALS REQUIRED :

(1) Sample of soil.
(2) Distilled water / kerosene / white spirit.

F. Pycnometer.
ig. 2.1 Pycnometer Fig. 2. 2 Specific Gravity Bottle

PROCEDURE :
(1) The complete density bottle with stopper or the pycnometer with cap is dried at 105°C to 110°C

cooled in the desiccator and weighed to the nearest 0.001g (M,).
About 50g of soil sample (in case of density bottle or 500gm of soil sample (incase of pycnometer)

2

sieved through 4.75mm L.S. sieve and dried in an oven is tak di [

ki Sy en and if necessary is ground to passa?2

(3) A5tol0g c3f sub _sample (in case of density bottle) or 200g to 250 g of sub sample (in case of
pycnometer) is obtained by riffling (sample divider ) and oven dried at 105 to 110°C.

This sample is transferred to the density bottle /pycnometer direct from the desiccator in which it has

“4)
been cooled. The bottle (pycnometer) and contents together with the stopper (cap) is weighted to the

nearest 0.001g (M,).
(5) Sufficient air free distilled water is added so that the soil in the bottle/pycnometer is just covered.
(6) The bottle/pycnometer containing the soil and liquid, but without the stopper /cap, is placed in the
vaccum desiccator, which is then evacuated gradually. The pressure is reduced to about 20mm Hg In

case of pycnometer, it may be shaken well before connecting to.the vacuum pump.
(7) When using a water pump, because of variation in mains pressure, care is taken to ensure that the

m is maintained. Care is also taken during this operation to see that the air trapped in.

| drops of suspension being lost through

required vaccu
the soil does not bubble too violently, so as to prevent smal
at least 1 hour until no further loss of air is

the mouth of the bottle /pycnometer.

(8) The bottle is allowed to remain in the desiccator for
apparent. The vacuum is released and the lid of the desiccator removed.

rred carefully with the spatula/glass rod or the bottle/pycnomete

/glass rod from the bottle/pycnometer, the particles of so

(9) The soil in the bottle /pycnometer is sti
is vibrated. Before removing the spatula :
free liquid. The lid of the desiccator is agal

adhering to it is washed off with a few drops of air-

replaced and the desiccator evacuated again.
[5]
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Qivil Engineering Labor atory et ively, the entrapped
1 s

at
g3 oil. Altern
(10) The above Procedure is repeated until no more air is evolved from the s sand further air—free

h or
: ater bat
4IF can be removyed by getting heated the pycnometer placed on a W . cators

(1) The bottle (Pycnometer) and its contents .
- : ! e is then _temperature
liquid is added until the bottle /pycnometer is full The stopper/ cap | e constant—te ever
; fthe bath. However,

. k in th
(12) The stoppered bottle or capped pycnometer is immersed up to the nc; perature © be carried out
bath for APproximately one hour or until it has attained the constant te d not

nee
x : : X Occd]]re

if the constant temperature room or cabinet is available, then this pr tip of the
' a water bath 1id added up to the tip

. i g iqu ced.
(I3) If there is ay apparent decrease in the volume of the liquid, rurthcr_“:nd the stopper repla dontn
PYenometer or by removing the stopper of the density bottle to fill it e after this opera

. O elaps
(14) The bottle is then returned to the bath and sufficient time is allowed toaturs of the bath. s
ehsure that the bottle and its contents again attain the constant temper: Jcapped pycnom

€

(I5) This process is repeated til] the bottle /pycnometer is full. The smppcrednbe(::;st 0.001g (M,)-

is then taken out of the bath ,wiped dry and the whole weighed to ﬁ.le ir free liquid (the StOPF;er

(16) Then the bottle /Pycnometer is cleaned out and filled completely with E:nstant temperature betbiler
being inserted in case of density bottle) and the whole immersed in the con
I hour or until it hag attained the constant temperature of the bat_h- . e Al

(17) If there is an apparent decrease in the volume of the liquid, further liquid is a
Pyenometer (up o the tip of the cap or removing and replacing the stopper). ient time is allowed to

(18) The Stoppered bottle /, apped pycnometer is then returned to the bath and_ spthe tents again attain the
elapse after this Operation to ensure that the bottle / pycnometer and its CEP © rocess is repeated.
constant temperature. If the bottle /pycnometer is still not completely full, this p- ed to the nearest

(19) The bottle /pycnometer is then taken out of the bath, wiped dry and “fe whole, ‘ye‘g:om eter, then the
t00.001g (M,). If this method js used to find the volume of the density bottle /pyc

test may be carried oyt gt any temperature provided it is constant throughout the test.
(20) Two determinations of specific gravity of the same soil sample are made.
PRECAUTIONS .
(1) Ifa density bottle is used, then i
oven. It may be dried by rinsing

through it. o
(2) Oven drying of the soil is done for convenience at about 105°C to 110°C. If there is possibility of
e soil should be dried at not more than

change of specific gravity due to loss of water of hydration, th

80°C.This fact is to be reported. ' i
(3) The soil grains whose specific gravity is to be determined should be completely dry and the dried soil

taken for testing should have the soil grains of its original size. So if on drying, soil lumps are

formed, they should be broken to its original size.
(4) For the soils containing water soluble salts of for very fine grained soils kerosene (paraffin oil) or

. = b an
n order to avoid distortion, it should not be dried by pla.cmg itin ”
with acetone or an alcohol-ether mixture and then blowing warm a

(5) Inaccuracies in weighing and failure to completely eliminate the entrapped air are the main sources



S

Specific Gravity of Fine Grained Soils
vacuum gives quicker result, A, .

:h“ there is no leakage when the ;m‘:“;":‘:‘:“:‘:“‘:‘:‘h‘““d - PR
h case of pycnometer, ca show Prope sy

cap should be screwed uvpto lhe‘:.n::e mark i ‘tfe::ﬂ onbsand TRE A k. e
Many soils may have s TR RO the test
valqu for the spec i:ic L;t;:t;:;::. Mimber of heavier or lighter particles. Such soils give erratic
value, of repeated tests may he needed to obain a good average
OBSERVATION AND CALCULATION :
The specific gravity of the soil part
air free liquid then the following equati

N

®)

lell:es G 18 measured at room temperature If w
on 18 used

Ater has been used as the
¢ __._A.J._l____ h!l §
(Ma - M!)‘(Ma - Mz]
If some other air free liquid in place of water
with G, the specific gravity of

'8 used, the numeratq ft eS8100 1s multiplied
the liquid concerned. "0 the above expression i -
The specific gravity is calculated at

correction is to be done.

27 °C. If the foom temperature is different from 27°C the following
G'=KG / where G'

= corrected specific gravity at 27 °
— =Relative density of water at Toom temperature

Relative density of water at 27°C
The average of the values obtained i

OBSERVATION SHEET :
(i) Test temperature T, %C=
(i) Relative density of water at T,°C=
(iii) Relative density of water at 27 °C =
(iv) Correction factor due to temperature,
(if)

K= (_"5=

Sl. No. Particulars | TestNo.-1 | TestNo.-2
1. |' Mass of density bottle or pycnometer (M) \ \
2 Mass of density bottle or pycnometer with dry soil (M) \ \
3 Mass of density bottle or pycnometer with soil & water (M.) \ \\
4 Mass of density bottle or pycnometer full of water (M,) \ \
3. Mass of dry soil =(M,—M)) \ \
6 Mass of equal volume of water =(M,-M ) -(M,-M)) b
: r \
4 Sp. Gravity of soil at T°C, G = (6) \ \ .
8 Sp. Gravity of soil at 27 °C=(7) K

171



AIM :

6‘" —plac

TEST =being thecore cutter.

-place dens;j
COompacteq s0i]
\_—= ‘__.-?' T

ty of fin
s free from ®

*density of soil. ! Mt
[~ APPARATUS REQUIRED .
Ra ¥, (1) Cyli_ndrical core cutter —
- wall thickness of 3mm, beveleq at on
greased or ojled.

(4) Balance- accurately to 1 g.
(5) Palette knife — A convenient size is one having a blade approximately 20
cm long and 3cm wide
(6) Steel rule.
(7)  Grafting tool or spade or pick axe. '
(8) Straight edge —A steel strip about 30 cm long, 2.5 cm wide and 3 to 5 mm
thick, with one beveled edge.

(9) Apparatus for determination of water content (Drying oven and container @
for water content determination, rapid moisture meter etc.) -

(10) Aﬁpararus for extracting samples from the cutter — optional.

Fig. 3. I Core Cutte
[9]

grained (not less than 99
: T
aggregates using a core Cutter. S




o et ]
Fig. 1.2 noags

MATERIALS REQUIRED :
i) Grease

terna olume

mm and the ! =

PROCEDURE : (025
(1) The inside dimensions of the core cutter are measured to the nearest o

(V) of the core cutter in cubic centimeters is calculated. .

(2)  The core cutter (with out dolly) is weighed to the nearest gram ( ;)ted is exposed and W"’d )
(3) A small area, approximately 30 cm square of the soil layer to be tes rammed down vertically 1t
1S e being taken not

. mbl
The steel dolly is placed on the top of the cutter ,and the assembly the surface,

4)
the soil layer until only about 15mm of the dolly protudes above
some soil to project from

to rock the cutter.
(5) The cutter is then dug out of the surrounding soil, care being taken to allow
the lower end of the cutter. — of the straight edge.

The ends of the soil core are then trimmed flat to the ends of the cutter b
The cutter containing the soil core is weighed to the nearest gram (W) ) )
The soil core is removed from the cutter and a representative sample is placed in an air

and its water content (w) determined. . -
The test is repeated at least at three locations nearby to average the results to take into accoun

density variation of soil from point to point.

PRECAUTIONS :
(1)  Essential dimensions of the core cutter are to be accurately measured.

(2) The cutting edge is to be kept sharp and to avoid damage it should not be used in stony soil.
(3) The number of the repeat determinations should be such that an additional one would not alter the

(6)
)
(8)

—tight container

9)

average significantly.

DBSERVATION, CALC ULATION & REPORTING :
The bulk density %, that is the weight / mass of the soil per cubic centimeter is calculated from the

ollowing formula

W, -w,
Vs =—“——'——( ‘SV dg/cmz
,

where W, = weight of the soil and core cutter in g.
W_= weight of the core cutter in g

[10]



Field Density of Soil by Core Cutter Method

V_= volume of the core cutter in cm °,
The dry density Y. that is the weight of the dry soil per cubic centimeter is calculated from the following

formula.

where y), = bulk density.

w = water content of the soil (%).
The dry density of the soil is reported to the second place of decimal in g/ cm? and water content of the soil

(%) to two significant figures.
OBSERVATION SHEET
Particulars of the test \ T
! 2 | 3 )

Bulk Densi

Determination No.¥
Weight of core cutter + wet soil (W).g

X FSI. No.

I
2
3. Weight of core cutter (W ),g
4. Weight of wet soil (W.-W),g
5 Volume of core cutter (V).,em?

6. Bulk density, ¥» == —=g/cm’
Waterﬂcontent

7. Moisture can or container No.
8. Weight of the container with lid (W).g
9. Weight of the container with lid + wet soil (W).g
10. Weight of the container with lid + dry soil (W)).g
11 Water content, W = _‘““_—( %) x 100(%)

’ ) (w; -w))

Dry Density

12 Dry densi - ’

{ ensity,y = —— —, g/cm

T =" ¢
~  RESULT:

P i ]-) The water content of the soil =
(2) The dry density of the soil =

CONCLUSION :
(Comment on the result by comparing with standard values).

DISCUSSION :
Generally this method is adopted for field control of compaction in predominantly cohesive soil (claye
soil) and not suitable for cohesionless soils (sandy soils) because of retention problem of such soils in t!

[11]



Praticle Size Gradation of Sand /
_Gravel by Sieve Analysis @

. A
I Yy

0

e

» @:0 determine the grain size distribution of soil by sieve analysis. )
SCOPE & APPLICATION OF THE TEST : :
It is applicable to coarse grained soils and th
. : ' ‘ e results of grain size analysis are widel i i
classification.The data obtained from grain size distribution curves is used in the design lo; ?‘:I::;d fo:'ne:t‘l:

dams & to determine the suitability of soils for road construction
THEORY :

in th Gra'm J1ep a'?a'y sis quantitatively expresses the proportions by mass of the various sizes of particles present
in the soil. In a soil, the gravel, sand, silt and clay fractions are recognized as containing particles of decreasing

magnitude.. The actual range of dimensions of particles for boulders are more than 300mm. for cobbles 80mm
to 300mm ,for gravel 4.75Smm to 80mm ,for sand 4.75mm to 75 and for silt & clay fractions less than 75p.

Thus soil particles larger than 751 size are termed as coarse grained soils.
There are two methods for finding the distribution of grain sizes larger than 75u IS sieve ; the first

method, wet sieving is applicable to all soils and the second dry sieving is applicable only to soils which do not
have an applicable amount of clay ( say less than 5% ) . Sieving consists of shaking the soil by a mechanical
device through sieves of known aperture size .The particle size, therefore, is defined by the dimensions of
square hole of the sieve .The soil particles being generally flaky in shape, in this analysis only the width of
the flake is measured .The results of grain size analysis are represented graphically in the form of a grain size

distribution curve in which the cumulative percentages finer than the known equivalent grain sizes are plotted
against these sizes, the later being on 4 logarithmic scale.

For convenience, the course fraction (>75p ) is divided into two broad categories for sieve analysis i.e.
fraction retained on 4.75 mm LS sieve (Dry sieving ) and the fraction passing 4.75 mm LS sieve and retained on

75u IS sieve (Dry sieving or wet sieving ).
(I) Sieve Analysis of Soil Fraction Retained on 4.75 mm LS Sieve

APPARATUS REQUIRED :

(1) LS sieves of sizes (450 mm or 300 mm dia. preferably)-100 mm,75 mm, 40 mm, 25mm, 19mm,
12.5mm, 10 mm, 6.5mm and 4.75mm. )

(2) Rubber pestle and mortar.
(3) Balance — Sensitive to 0.1 percent of the weight of sample to be weighed .

(4) Oven
(5) Desiccator

(6) Tray etc.
MATERIALS OR SPECIMEN REQUIRED :
The soil sample received from the field is prepared as per IS: 2720 (Part 1) [Methfyds of
]. The soil fraction retained on and passing 4.7

Preparation of dry soil samples for various tests
taken separately for the analysis .
[13]

test for soils:
5 1S sieve i
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i Practice
Qivil Engineering Laboratory
PROCEDURE :
() A Suitable
in it js take

; ntained
3 rticle size co
. aximum pa
Quantity of gyven dried soil sample depending upon the m
0 for analysis as per the following table:

Max"_ gire of material present in Mass to be taken
Substantial quantities (mm) for the test (kg)

75 1 60

10 25

25 [ 13

19 6.5

12.5 3.5

10 1.5

6.5 0.75

04

2 : ss recorded as the
(2)  The Portion of the soil sample retained on 4.75 mm IS sieve is weighed and the ma
Mass of the sam

ple Uncorrected for hygroscopic moisture, ] IS sieves. While
T"he Sample js Separated into various fractions by sieving through the spec1_ﬁed setlz: o wiln
gh each sjeye the sieve is agitated so that the sample rolls in regu

A3)

(4) Any particje it falls through but it is not to be pushed thorougb.The m?:tcrs’:;
from the sjey if necessary | with the rubber pestle in the mortar. ta.kl-n o cone o 1
that indjvidyaj soil particles are not broken and re-sieved tomake sure that only individual particles
are retained .

(5) The quantity taken
Material retained on
fo.‘lowing table:

may be tested to see if
€ may be rybpeq

ach time for sieving on each sje

Ve is to be such that the maximum weight of the
each sieve at the completion o

fsieving does not exceed the values given in the

LS. sieve 450 mm dia, 300 mm dia.
Designation (mm) sieves (kg ) sieves (kg)
80 15 6 |
20 4 2
4.75 I 05 |
(6) The mass of the materia| retained on each sjeye 1S recorded

(9) For further analysis, a fresh portion of the fraction Passing 4.75 mm S sieve is to be taken,
SERVATION AND CALCULATION :

The percentage of soil retained on each sieve js calculated on the basis of t

otal mass of 5o sample taken,
rom the results; the percentage passing through each of the sieves s calculated,




Praticle Sime Gradation of Sand / Gravel by Sieve Analysis

Mass of total soil sample / taken for analvsis -

Water content =
IS . sieve Muss of s0il | Mass of | Mass of Crmviative | Soil retaved | Soit n-mnﬁu T Commives % Remarks
designahon|  rethined ' mass | container] soil retained]  mines of e Y% of a% M of phResing a8
{mm) of containel soil retained | svmple taken | cample mken| %% of t_ﬂtnl
e — i il S - } e soil sample
(D ) 3 | @ 5 | ® (1) @ | o
S SR T |

100

75

40 o % '
. ___\________..%___
\
\
\
|

: =
6.5 \
\ \

4.75
(IT) Sieve Analysis of Soil Passing 4.75 mm IS Sieve and Retained on 75p LS. Sieve.

APPARATUS REQUIRED :
IS sieves of sizes (200mm dia. ) — 2mm, 850,600 11,4251,300p,150p and 75p.

(1
(2) Balance — sensitive to 0.1 percent of the mass of sample to be weighed.
Oven — Thermostatically controlled to maintain the temperature between 105 to 110°C with interior

3)

of non- corroding material.

(4) Trays or bucket — two or more large metal or plastic water tight trays or a bucket about 30cm in
diameter and 30 cm deep. (tray 45 to 90 cm” and 8 to 15 cm deep )

(5) Brushes — Sieve brushes and wire brush or similar stiff brush.

(6) Mortar with a rubber covered pestle.

(7) Mechanical sieve shaker.

(8) Riffler
(9) Rubber pestle & mortar.

Fig. 4.3 Stirring Apparatus

Fig. 4.1 Mechanical sieve shaker Fig. 4.2 Sleve Set

REAGENTS AND MATERIALS REQUIRED : '
(1) Sodium hexa metaphosphate (chemically pure)ora mixture of sodium hydroxide and sodium carbonate
(analytical grade) or any other suitable dispersing agent.
(3) Sample of soil.

(2) Water
[15]
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ing Laboratory Practice
Civil Engineering
PROCEDURE :

| fines]
. § Sﬂbstan“a o C. .
[A] ANALYSIS BY WET SIEVING [for clayey soils or soils M ried at 105 to 110 c;tained This is to be
/ (1) The portion of the soil passing 4.75 mm 1.S sie\;‘e ":'a‘:ﬁ:fcnnvenie"t miss |;‘0|S sieve or less if the
. £ 3. ; ractic 75 m

2 aterial is then riffled so that a . ses the 4.
et 213:1;:0:; : ::;':sdta::ia? proportion of the material only, just pass

largest size is smaller .

recorded.
nd the mass
i< total mass a
(3)  The fraction is to be weighed to an accuracy of 0.1 percent of its

ith water.
cket and covered Wit r liter of
(4) The riffled and weighed fraction is spread out in a large tf:y :;:Tg of sodium carbr[;:tfzresoaking.
(5) 2g of sodium hexametaphosphate or 1g of sodium hy S c] roughly stirred and 1€ d in order of
water used is then added to the soil, if required. The mix is t 1O'ﬁed set of sieves neste
(6) The soil soaked specimen is washed thoroughly over the speci

. il the water
. tinued unti
Washing 1s con
their fineness with the finest sieve (75 p IS sieve) at the bottom . Washing

passing each sieve is substantially clean.
(7) Care is tak

. for which

€n to see that the sieves are not overloaded i the pmi-zf;fows :

maximum mass of sample on the 200 mm diameter sieve is to be as
| LS sieve Designation |

Max™ mass of the sample
2 mm 200g
- - 2% ial in
i i loss of matert
(8)  The fraction retained on each sieve should be carefully emptied without any lo

S€parate trays. o

i i sses recorded,
(9) Then it is oven dried at 105 to 110°C and each fraction weighed separately and the ma
Alternarively :
(6) The soaked soil specimen is

. T tiall
washed on the 751 IS sieve until the water passing the sieve is substantially
clean.

Ve Is weighed separately and the masses recorded.
[B] ANALYSIS BY DRY SIEVING :
(1) The portion of the soil passing 4.75 mm LS sieve is oven dried at 105 to 110°C and weighed to 0.1 %
of its total mass.
(2) The sieve or sieves are agitated so that the sample rolls in irregular motion over the sieves.
(3) No particle is pushed through the sieve. However the material retained on the sieve may be rubbed
with the rubber pestle in mortar and re-sieved to ensure that only individual particles are retained on
the sieve.
(4)  The amount retained on the sieve is weighed.
(5) The material retained in t

1€ receiver is transferred to a steel tray and the receiver fitted to the next
largest sized sjeve.



PruﬁclcstseGmda&mofSund/ Gravel by Sieve Analysis
PRECAUTIONS :

(1)  Whiledrying the soil, the temperature in the oven shou
may cause some permanent changes in the material

(2) During shaking, the soil sample should not gpill over the rim of the sieve and the sieving should be
done for sufficient time so that it is complete.

d not exceed 105°C hecause higher temperature
finer than 75

(3) In wet analysis, all cohesive soil adhering to the large

size particles should be removed by water.
Also. while removing the clear water from the bucket,

care should be taken so that no soil particle
. flows with water out of the bucket.
(4)  While calculating, the percentage finer should be determined with respect to the total soil taken for
the initial analysis.

OBSERVATION AND CALCULATION :

The cumulative mass of soil fraction retained on

retained on each sieve is calculated on the basis of t
the initial analysis. The combined gradation on th

each sieve is calculated. The percemtage of soil fraction
he mass of the sample passing 4.75 mm 1S sieve taken for

e basis of the total soil sample taken for analysis  is then
calculated.
Mass of partial soil sample taken for analysis =
Water content =
LS. sieve Mass of soil | Mass of Mass of | Cumulative | Mass of soil | Mass of soil Combined %| Remarks
designation | retained+mass| container soil retained mass of retained as | passing as passing as
(mm) of container

soil retained| % of partial | % of partial % of total
sample taken | sample taken| soil sample

() ) G| @ (5) (6) () ® | ® |

\\ \ \

\ \ \

600 p \ \ \ \
. \ \ \ \
| \ \ \
| L)

A gl:airl size distribution curve is drawn on a semi- logarithmic chart, plotting the particle size on the lo
scale against the % finer than the corresponding size on the ordinary scale.

RESULT:

TS S A N T 1 Y  eixve |
== = 12E MEDIUM | FINE | BA Y A SIS MR, |
Lobllle'ye= Pa ':%lt‘,ﬁ_i TS| T
Gravel % = D,,= : E’lﬁt_l- -ui‘wﬁ% Ik e
‘ 3wttt U WL -,
Sand %= D = S
Silt & clay % = C= :
CU= %
Gradation & classification = 4

CLAMETER 'w am
F'-g 4.4 Paricls size Distribution cunvs

[17]



Liquid Limit of Soil .
by Casagrande’s Ap ar:tuf _
E:.-A_L—h..ﬂ_mh_-.__ﬁ-"_"' NI __.___-—F-—:—_“w& Y

AlM :
To determine the liquid limit of soil by mechanical method.

Ui].

SCOPE OF THE TEST :
Itindicates the cohesive properties or plasticity characteristics ¢
THEORY : on between the liquid stay,
gth ) of consistency of asoil . Thus jy

T ; P nsiti
Liquid limit is the water content corresponding to the arbitrary limit of tra
f the liquid state having ,

(zero shear strength )and initiation of plastic state (infinitesimal stren .
' he margin ©

g which can be measured by

ntent at which a part of soj)

may be defined as the minimum water content at which the soil is att i
small shearing strength of about 0.17 N/cm? (17.6 g/cm?) against ﬂOW;" co
er :
f12 mm under an impact of 25

standard available means. For determination purpose, liquid limit is that wa
-cut b}’_ﬂ groove of standard dimensions .will flow together fora dma[.‘ce- o it is constant .i.e. the critica]
blows in a standard liquid limit device . For all soils, shear strength at !lq%ﬂd hmcl‘] is independent of soil type. |
shear strength at liquid limit water content arises out of force field equilibrium Z“ Id the cone method for the

. : i thod an :

There are three methods, namely mechanical method , one point me d may be applicable for

determination of liquid limit .One point method may be an approximate ITlethOd an 'S, Epper i
which. constants are obtained based upon test results of a particular region. The Casag

' ici ils ) due t
suitable for predominantly clayey soils and is not suited to soils of low plasticity (Sagdy soene)tromet;
difficulty of cutting groove in such soils and the tendency of soils to slip rather than flow. Cone p

forms an alternative method to overcome these inhereri: ;hort comings. o
NOTE : Liguid limits over about 120 percent is obtained ¢ither by Casagrandes method or cone pene er
method. One point method is not used for highly organic soils.

APPARATUS REQUIRED : .
(I) Mechanical liquid limit device (Casagrande’s type )
(2) Grooving tools Type A (BS types),Type B (ASTM type), Type-C (Casagrande’s type)

(3) Porcelain evaporating dish —about 12 to15 c¢m in diameter.
Or Flat glass plate -10 mm thick and about 45 cm square or larger (for mixing soil and water ).

(4) Spatula —flexible ,with the blade about 8cm long and 2 cm wide for mixing soil and water in the
porcelain evaporating dish .
Or, Palette knives —two ,with the blade about 20 cm long and 3em wide for mixing soil and water

on flat glass plate .

(5) Balance — sensitive to 0.01g.

Oven - thermostatically controlled with interior of non — corroding material to maintain temperature

(6)
between 105°to 110° C.
(7) Wash bottle or beaker — containing distilled water
(8) Moisture can or containers — air tight and non-corrodible for determination of moisture content.
(9) Measuring cylinder
(10) Desiccator.
[28]
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Liquid Limit of Soil by Casagrande’s A

Liquid timit device

p——31 11
e

grooving tool ASTM groaving tool
All dimensions in mm

2. ¢ de’s
Fig. 6.1 Casagrande’s liquid limis “P"rsf;f‘:( N i 6.3 Gt Bk
. o
DIVIDED SO0, CARE SOIL CANL AFTER
BLFORE TEST TEST

mm

Fig. 6.3 Closing of groove.
MATERIALS REQUIRED :
; , . . S

block and the adjustment plate s
through exactly one centimeter for one revolution of the handle.

(2) About 120 gm. of air dried sample passing 4251 1.S sieve is thoroughly mixed with distilled water in
the evaporating dish or on flat glass plate to from a uniform paste.

(3) The soil is left for sufficient time so that water may permeate throughout the soil mass. In case of fat
clays, this maturing time may be up to 24 hours. w.ight textured soils (of low clay content) may be
tested immediately after thorough mixing with water. For average soil thorough mixing of about 15
to 30 minutes may be sufficient. but for clayey soil, it should be remixed before the test after maturing,

(4) A portion of the paste is taken with the spatula and placed in the cup above the spot where the cup
rests on the base, squeezed down and spread with a few strokes of spatula to level off the top of the
wet soil symmetrically so that it is parallel to the rubber base -At the same time, it is trimmed to a
depth of one centimeter, at the point of maximum thickness, returning the excess soil to the dish .

(5) The soil in the cup is divided by firm strokes of the grooving tool along the diameter through the
center line of the cam follower holding the tool normal to the surface of the cup so that a clean ,sharp
groove of proper dimensions (2mm wide at the bottom ,11mm at the top and 8mm deep ) is formed.In
case where grooving tool type A does not give a clear groove as in sandy soils , grooving tool type

B or type C are to be used . |
(6) The cup is lifted and dropped by turning the crank at the rate of two revolutions per second unti! the

two halves of the soil cake come in contact with the bottom of the groove along a distance of about
12mm. This length is measured with the end of the grooving tool or a ruler. The number of drops
required to cause the groove to close for the length of 12 mm is recorded.

(7) A little extra of the soil mixture is added to cup and mixed with the soil in the cup. The pat is madi
in the cup and the test is repeated. In no case, the dried soil is to be added to the thoroughly mixed soi

that is being tasted.
[29]



1 L 2. | Container No.

-
. practice
Ol Engineening Laboretory jve the same numbey ..

g 5 ,
neecut1ve run of the cup instead of

ik ¢ on the qurfact

() The " ted
Procedure given in (6) & (7) are repeate tend to slid

dmp_s for the closure of the groove. Some soils {is rer"f""’d' :nding from abg,
"Wing. If this wocurs, the rosult is discarded and the feS | b of the spatula, eXICT of the B
"epresentative slice of the soil of npprmrmmd\r‘ the widt 1| including that portion s idéit rgrfxw,
.Ms' 10 edge of the soil cake at right angles to the groove r_mt and its moisture content GelcTMineg
M Which the soil flowed together . is taken in a suitable :_-.nnla'"".'-c’“"" and the cup and the grooving tog|
Temaining soil in the cup is transferred to the pvaparating =i
cleaned 'hl"ﬂ‘ﬂlg‘hh
(10) The operations qwiﬁnj above[ (4) 10(9)] is repeated for at least t!
of four in all ) with the soil collected in the e\*apnmling dish or ﬂ.' s
Water is added to bring the soil to a more fluid condition In each €7
NG ?;::mrdmi an:{ the moisture content determined as before ’
e amount of water to be added to the soil depends upon the 1ype .
Jomistency that requires 25 +10 drops of the cup to cause require d
The test shouid aly avs proceed from the drver (more blows) 10 the weler
~oil The test ma: also he rrmdm;rt’d from rhc; wetter to drier condition pro 20
kneading the wer soil and not by adding dry soil.
PRECAUTIONS . ' :

(1)

(")

dditional trials (minimum
plate . to which requireq
the number of blows jg

\ree mnrc a
at plass

of soil and the paste is 10 :{me Such
ed closure of 1he standa g’to"vt.
ster (less blows) condition of

led drying is achieved by

he cup, up to six strokes of
trokes is permitted .Each
he bottom of the cup

To a\‘?id tearing of the sides of the groove or slipping of the soil cake ont
grooving tool. from front to back or from back to front counting as 0ne¢ S
stroke penetrates a litt]e deeper until the last stroke from back to front scraps t
) clean .The groove is made with as few strokes as possible. .

(1) When grooving tool type B is used , it inserts a wedge into the pat of soil causing il
the pat to slide at the cup - soil interface .Hence during the test ,the tendency 1S then for the soi 'to
slide back again on this same face instead of flowing as it should do. It should therefore be used with
caution.
(1) Care is taken to see that the soil paste does not dry out too rapidly between repeat tests as diEaie
of blows for closure will increase gradually as the sample dries out. -
(iv) The soil used for liquid limit determination should not be oven dried prior to testing and only distilled
water is to be used in order to minimize the possibility of ion exchange between the soil and any
impurities in water.

the two halves of

OBSERVATION AND CALCULATION :
Moisture contents are determined from the following table;

|'s
[

I. No. l Particulars ] Determination

I. | Noofblows [ 1 2 3 4

[ Mass of container + wet soil (MIJ(M L)

Mass of container + dry soil (M,)| w 2/

Mass of water (M,-M,) ( WM, ,—T/\L)

|

/ [

l Mass of container,M, QM ,)
l Mass of dry soil, (M,~M,) lv]ﬁ - W;)

Mo =0 i

2 3

Moisture content w =

- i
W\ 7 '60 ;
_,,ﬂf/M/‘ X
Ma,”

A

.,Ilb



Liquid Limit of Soil by Casagrande’s Apparatus

: ; the
: the arithmetic scale and
; v ok ting water content on \ agh
i semi logarithmic graph e ly as possible thro
nume(:l:; sd::)e .f Lﬁ\n;\i(:;giarithmic scale .The flow curve is a stn'ught line :rawn as ::::‘rim tif)\e curve shall be
the four or mo;l')e plotted points .The moisture content cnrrespotldlflg 0 2_5 "’Ps;:‘:e 7
rounded off to the nearest whole number and reported as the liquid limit (w,) 0

_-!ﬁ__ i —1"‘ _._l.rl_‘ - 1T - —

o R

fimama T

éEBoT_T_ Lyl ‘

& § 0 . =

& 10— l l \m
GE'—J&EJ [_l_ 1'; -

234 6 8w p
number of blows ‘N
(109 xcale )

N 40 60 00

Fig. 6.4 Determination of liquid limit
Flow index 1 -
end so as to intersec
difference in water

. gy .« extended at either
The flow curve (straight line) plotted in the semi logarithmic gr::?h ;isnzixpressc'ﬂ as the
t the ordinates corresponding to 10 and 100 drops .The slope of this

: : be calculated
contents at 10 drops and at 100 drops is reported as the flow index .Also it may
form the following equation

) b,

f N,
log,, —%

1

Where w = water content corresponding to N, drops (%)

and w_= water content corresponding to N, drops (%)
RESULT : |
(1) Liquid limit of the given sam
(2) Flow index ()=
CONCLUSION :

ple of soil =

(Commient on the result by comparing with standard values).

DISCUSSION :

Liquid limit of the soil depends upon the type of clay particles present in the soil Liquid limit of mixec
sandy soil ranges up to 30- 35% and that of cla

yey soil is generally more than 40%, Organic clays posses:
liquid limit greater than 50%. Expansive clays like black cotton soils have liquid limi
liquid limit greater than 100 i

tnot less than 70 %, /
s uncommon for inorganic clays of non- voleanic origin, Bentonite, a materiz
consisting of chemically disintegrated volcanic ash has a liquid limit rangjn g from 400 to 600 because it contain
considerable amount of scale like particles of colloidal size.

REFERENCE :

1S: 2720 (Part -5) Method of test for soils -Determination of liquid and plastic limit,

[31]
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Plastic Limit of Soil

SRS o o T TR T - T
m_“_uw_ 31—4.—; v :‘\,\ﬂ\ R DU T

AlIM :

SCOPE & APPLICAITON OF THE TEST :

To determine the plastic limit of soil.

It indicates the cohesive properties or plasticity characteristic of soil

THEORY :

A
b

state

Plastic limit is the water content corres
s of consistency of a soil .t is defined

APPARATUS REQUIRED :

://3) Surface for rolling —ground glass plate about 20 x 15 cm.
(

\)fl) Porcelain evaporating dish — About 12 cm in diameter.

Or, Flat glass plate -10mm thick and about 45 cm square or larger.

) Spatula: - Flexible, with the blade about 8cm long and 2 cm wide (for use with porcelain dish for
mixing soil and water).

Or, Palette knives — two, with the blade about 20 ecm long and 3cm wide (for use with flat glass plate for
mixing soil and water).

4) Moisture can / containers —air tight to determipe moisture content

(5) Balance - sensitive to 0.01 g.
(6) Oven — thermostatically controlled with interior of non-

corroding material to maintain the temperature between 105
to 110°C. PLASTIC LIMIT SET

\J(:i) Rod — 3mm diameter and about 10cm long. Fig. 7.1
<7 MATERIALS REQUIRED :

Sample of soil weighing about 20 g from the thoroughly mixed portion of the material passing 425p IS

sieve.

PROCEDURE : _ | o -
\,d ) The soil sample is mixed thoroughly with distilled water in an evaporating dish or on a flat glas:

1

plate till the soil mass becomes plastic enough to be easily moulded with fingers. r
; s v l
(2) In case of clayey soils, the plastic soil mass is left to stand for sufficient time (24 hours) to ensu

T uniform distribution of moisture throughout the soil.

(33]



ice — 11
Civil Engineering Laboratory Practice
on the fingers and the giags

we
and rolled bet o diameter through out it

(3) Aball js formed with about 8 g of this plastic soil masﬁmread of unifor

plate with just sufficient pressure to roll the mass into a
length .
(4" The rate of rolling is to be between 80 to 90 strokes /min ¢
of the hand forward and back to the starting position again
Imm diameter ; i ss of alternate
' in .This proce
(5) The soil shall then be kneaded together to a uniform mass and roliedh"ga ressure required for rolling
rolling and kneading is continued until the thread crumbles under the pre
and the soil can no longer be rolled into a thread . han 3mm “This is considered 3
©) Th? crumbling may occur when the thread has a diameter greater than ameter immediately
satisfactory end point , provided the soil has been rolled into a thread
before . .
. iameter by allowing the
(7). Atno time an attempt is to be made to produce failure exactly at I dl;rzte)ntiming the rolling
thread to reach 3mm , then reducing the rate of rolling or pressure or both an
with : ; : :
s out further'deformation until the thread falls apart . ot container and the moisture
€ process of crumbled soil thread shall be collected in an air tig
content determined.
PRECAUTIONS :

(1)  The distilled water is to be used in order to minimise the possibility of ion exchange between the
" soil and any impurities in water . ; :

(2) Soil used for plastic limit determination should not be oven dried prior to testing as heating of a soil
may alter its plastic limit by causing the particles to subdivide or agglomerate by drlvm'g off adsorbf{d
water which is not completely regained on rewetting or by effecting a chemical change in any organic
matter in the soil.

() Wet soil taken in the containers for moisture content determination should not be left open in the air
even for some time and the container with dry soil samples should either be placed in the desiccator
or immediately weighed after cooling.

OBSERVATION AND CALCULATION :

The plastic limit is determined for at least three portions of the soil passing 42511 1S sieve .The average of
the results calculated to the nearest whole number is reported as the plastic limit of the soil.
SI. No. Particulars Determination No.

] 2 3

ke asone complete motigy,

! stro
ounting a done till the threads are of

The rolling 18

Imm indi

1. Container No.

Mass of container + wet soil (M,)

2

3. -Mass of container + dry soil (M,)
4} Massof water, (M, —M,)
5

6

Mass of container, M,
Mass'of dry soil (M- M,)

(4) M-M
. e =—=x100=———=x100
7. Plastic limit, ¥, (6) M, - M, .

Plasticity Index (1) - It is calculated as the difference between its liquid limit and plastic limit.
i.e. Plasticity Index (I ) = Liquid limit w,— plastic limit w,

[34]



Plastic Limit of Soil
NOTE:;

| o > determined, the
(1) I case of sandy Soils, plastic limir Is determined first When pric Imitccm or O ciereri:
Plasticip, index (1) is

reported as mon Pastic) N
2) When the Plastic limiy § ” : is reported as zero .
: Uis equal ¢ s imit . the plasticity index is rey
RESULT . qualto greater than liquid limit , the p

(1) The plastic fim;

(2) The Plasticity index P| value=7 - "
CONCLUSION o » —_—

C .
(Comment oy the resyly by Comparing witl, Standard values)

ined o soj fractions smaller than fine sand size i.e. passing 425
S are supposed to start below this range although particles < 75u

also used directly in specifications for con
been related to various other Properties o

> liquid limit valye gives an idea regarding quality ofclay particles
of soil) whereas Ppj value indicates the quantitative measure
il. For embankment or subgrade, soils having liquid limit exceeding

. arly, the maximum permissible limit of LI, and Pl value
for granular sub-base layers are 25 and 6 percent respectively. Cohesionless soils have zero plasticity index.
of plastic and non plastic soils ) the

1 lower than PpI, giving there by a
negative Pl value which are reported as N, (non- plastic ) . Two soils having same plasticity index (PI) value

may differ in their physical properties if they possess different flow indices . Fat clays (highly plastic ) have
a lower flow index (flatter slope ) and lean clays (low plastic) have a hj gher flow index (steeper slope), thus
indicating larger cohesive strength at  plastic limits in case of the former. Also the flow curve of the former
is located above the flow curve in the case of later. [norganic clays are characterized by high values of w, and
I, whereas organic clays through have high values of w, posses§ ’lov\f value of I, since their plastic-lifnit W,
values are also equally higher .The correlation between the plasticity index, soil type, degree of plasticity and
degree of cohesiveness is as follows :

P.I. Value Soil type Degree of plasticity Degree of cohesiveness
0 Sand Non Plastic Non cohesive
<7 Silt Low-Plastic Partly cohesive
7-17 Silty clay Medium-Plastic Cohesive .

L >17 clay High-Plastic Highly cohesive

[35]




MDD & oMC of 8°
Light / heavy Co™P

T R R =
soil by light or REAYY compag;

——

]

e R S SN e B
erme

n dry density of

N am

¥ . ximur
To determine the optimum moisture content and ma
f mixin Wate

ount 0 g o b,

method.
SCOPE & APPLICATION OF THE TEST: dotermine the PrOPE” an:vhich i
The purpose of a laboratory compaction test is t0 be ccle ree of denseness "’
used, when compacting the soil in the field and the resulting d¢8
compaction at optimum moisture content.
. the air v0idS; but water playsa;, -
educing and helps in closer Packing of

THEORY :
' e " : r
/[ Compaction is the process of densification of soil mass byts - ubricant

role in the soil compaction. Up to certain water content, water ac the space 0
soil particles and when it exceeds certain limit, water starts to 0CCUPY

closer packing of grains .,
The degree of compaction of a soil is measured in terms of its d \
en compact!

' : ' il .For a giv .
moisture content,compaction energy and type of soil .Fora g d optimum moisture content .

maximum dry density at a particular water content which is calle

APPARATUS REQUIRED :
(1) ~Compaction mould “A cylindrical mould (capacity 1000

-~ height 127.3mm ) or ( capacity 2250cc ,internal diameter 150 mm, €
 (2)-/Metal rammé?j,— for light compaction (face diameter S0mm, mass of 2.6 kg ,free drop of 310 mm)¢&

f soil grains and hinders in

- density , which mainly depends upon j;,
( oh energy ,every soil attains j,

cc, internal diameter 100 mm, effective
ffective height 127.3mm)

for heavy compaction (mass = 4.89kg, free fall 450 mm )
(3) Mould accessories — (detachable base plate, removable collar )

\ﬁ) I.S sieves —4.75 mm and 19mm .
(5) Steel straight edge — a steel straight-edge about 30cm in length and having one beveled edge.

_ (6)” Mixing tools — tray or pan, scoop, trowel and spatula or a suitable mechanical device for thoroughly
' mixing the sample of soil with water. :

N Graduated jar for measuring water.

(8) Moisture can or drying crucibles.
(9) Balances — one of capacity 10kg, sensitive to 1g and other of capacity 200g ,sensitive to 0.01g

(10) Oven — thermostatically controlled for temperature of 105 to 110°C.

(11) Desiccator.
(12) Sample extruder (optional) - for extruding compacted specimen from the mould

[S0]




MDD & OMC of Spit by Light / heawy Compaction
Ao T\

a0
a/ |: \&S‘ F ni~1
N i:‘\( Iy Ui/
WOOTH Py \§ = f, \ ' ".-':J-lj | 'j
WRTINGS mms, L Meon
| g | |

T e ‘ 1]
Aren : UIDE LEwaty. | | [omAvmEn 1o thi
* 3 u'?ffo"!!.' 10 mm >> h M weenr e

My L-me |

1 1 nlq 159
- 4] : | - I Wmm THICK

o SR W, T | Al

0 = baagd baoge

== i
AL DIMENg
SECTION xx ARE W
/q \H Fig. 10.1 Line sketch of Procgo; mould Fig. 102 f {
\>/ : + i Layout of Typical metal rammer for compaction
 MATERIAL REQUIRE = !
Sample of soil, water

), PROCEDURE -

N2 1A] Preparation of soil specimen

\'/.-(l) A representative portion

\

(2) This portion is sieved ona

(3)  Aggregations of particles

: of air dried soj| teri
Passing a 19mm 1§ sjeve (f aterial

Sinodl large enough to provide about 6 kg of material
s  SOlls not susceptible to crushing during compacti : 5 kg of
! . _ paction) or about 15 kg of

material passing a 19mm l.lsgswvel(for soils susceptible to crushing during compaction ) is taken .
M m IS sieve and the coarse fraction rejecte i i f
total sample has been recorded Jected after its proportion of the

is broken down so t

Sl hat, if the sample is sieved o
Separated individual parti

na4.75 mm IS sieve, only
cles would be retained,
[B] Compaction test in small size

) Soil not susceptible to crushi

(M

)

&)
(4)

©)

mould;

ng during compaction;
A 'S kg sample of air dried soil pass]

percent below the plastic limit of cohesive soils) in a pan
or tray.

With clays of high plasticity or where hand mixing is employed, it may be difficult to distribute the
water uniformly through the air dried soil by mixing alone and it may be necessary to store the
mixed sample in a sealed container for a minimum period of about 16 hours for maturing .

The mould with the base plate attached is wei

ghed to nearest 1 g (M)
It is placed on a solid base such as concrete floor or plinth and the moist soil is compacted into it,
with the extension collar attached, in three layers of approximately equal mass, each layers being
given 25 blows from the 2.6kg rammer dropped from a height of 310 mm above the soil for light

compaction or in five layers, each layer being given 25 blows from the 4.89 kg rammer dropped from
a height of 450mm for heavy compaction.

The blows are disturbed uniformly over the surface of each layer ensuring that the tube of the rammer
is kept clear of soil so that the rammer always falls freely.
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no y

to the to
fTicient 10 fill t led off Carcﬁl”)' Plof thy
(6) The amount of soil used m to beﬂ"::r is removed. Jted soil is leve
Struck off when the extension ¢ d the compac ixing tray Th
¢ (7) The extension collar is f_vn"“";d:” (M,). jaced On the mixing fray . The "‘*at[:r
mould by means of a straight & 8 Ii to 1g accura ly (M, d and pla
(8)  The mould and soil is then weighec

oul , IS test sieve g
rom the mot . m IS tes Nd ¢,
’ ’ is dc'erﬂ’“ﬂc( g lhe l 9 m tn

) . vel
) The compacted soil specimen is remo hhed a—— h

.. men
content of representative snm{wle of -Rp;::akcﬂ up, ru ;
(10) The reminder of the soil apecimen 15 | sample. velly soils an
mixed with the remainder of the origina for sandy and gra he above Pr
(11) Suitable increments of water (1to2 percent mple repeating .
iy ¢ ; 1d mixed into the samp: f moisture content ig Sugy
Soils) is added successively ai d the range © i< withiii thet
of water added. ) de is at least five an occurs, 18 fang,
(12) The total number of determinations '"al ":~h the maximum
~— that, the optimum moisture content at whic

(1) Soil susceptiple 1, crushing during compaction.

2 to 4 percent for 1::0113,“,’e
ocedure for each illcremErn

dry density

: is taken.
test sieve ! h
; : 19mm I.5. & itable range of moj

(1) Five or more 2.5 kg samples of air dried soil passing the ve a suit Sturg

fwater to gl ich the maximup,
(2)  Eachsample is mixed thoroughly with di nffercnt amo;::tiziswre content at which dry
sontents (depending upon the type of soil) so that t d
density occurs s within that range. ing is followed.
(3) The plt'yocedure same as for soil not susceptible to crushing is fo
(4)  The remainder of each soil specimen is discarded. .
/<7 Compaction lest in large size mould- ) aterial up to 37.5 mm size and whep the
(1) For soi containing larger proportion e L r:];1() ml mould is used.
percentage retained on 19mm sieve is more than 3, the 22 ove is used for the test.
(2) A sample weighing about 6 kg and passing the 40mn'1 LS srev:: of the 2.6kg rammer in case -
() Soil is compacted in there layers ,each layer being given 55 blows from the 4.89 kg rammer f,,
: light compaction or in five layers , each layer being given 55 blows
heavy compaction .

(4) Rest of the procedure j same as for the small size mould.
PRECAUTIONS :

(1) Each layer of the compacted soil is to be scratched with a sharp tool before pouring the soil for the
next layer for Proper bond between the layers .

S€parate sample method js used.

(3) The removaj of small amounts of stone (upto 5 percent ) retained on a 19mm IS sieve does not
affect the density appreciably, but | is i

€S1ve soils where a substantia] quantity of

water is added to the air dried soil.

(5) Itis hecessary to control the tota] volume of sojj ¢
after removing the extension s to

(6) The water added for each stage of the test js to be such
which s .

-ty



action
MDD & OMC of Soil by Light / heavy ComP

in
cach layer manually of
(7)  While ramming. blows should be uniformly distributed over the surface of
auto-compactor. . 110y _mas Gry Dens?
OBSERVATION, CALCULATION AND REPORTING: | b mimmsmaAS “
CALCULATION : gl N
Bulk density - y in each compacted specimen is calculated from : | '.I :
the equation y = M-, (p/ce % e : \
v ) 4 ‘ '. \
where MI = mass in g of the mould and base b |
M, = mass in g of mould, base and 50il. j
V = volume of the mould in m|. ‘“ '. s
Dry density; i —— :—J/r-/ % h

©

Y4 is calculated from the equation Yy= . .

content of soil expressed as decimal.
Moisture - density curve :

- . - . 1 i re
The dry density y, obtained in a series of determinations is plotted against the corresponding et
content w. A smooth curve is drawn throu

. ‘ 1 rve
. gh the resulting points and the position of the maximum On this cu
is determined.

. URE 1N PERCENTAGE  —
where w is the water o

; tent
Fig. 10.3 Dry density v/s moisture conie

Reporting of results:

(1) The dry density corresponding to the maxim

um point is reported as the maximum dry density to the
nearest 0.01 g.

(2) The percentage moisture content corresponding to the maximum dry density is reported as optimum
moisture content and quoted to the nearest 0.2 for values below 5 percent , to the nearest 0.5 for

values from 5 to 10 percent and to the nearest whole number for values exceeding 10 percent .
(3) The amount of stone retained on the 19 mm IS sieve is reported to the nearest | percent.

(4) | The method used (light / heavy compaction) and the procedure used (single sample or separate
g} A ."-\ -.sample) along with the size of the mould s also reported. '
" (_Observation sheet :
,‘Ifg” Method of test = light / heavy compaction. Procedure used = single / separate sample.
= Volume / size of the mould = 1000cc/ 2250cc  Soil retained on 19 mm sieve = %
5 ) Determination No. 1 21 31 4T 571 6 |
1. Mass of mould + base (M)
2. Mass of mould +base + wet soil M,)
3. Mass of wet soil (M,-M,)
4.  Bulk density Y, = (M,;-M))/V
5
6

Moisture can No

Mass of empty can (m,)
7. Mass of can +wet soil (m,)
8.  Mass of can +dry soil (m,)
9. Mass of water = (m,-m.)
10. Mass of dry soil = (m, —m )

' _m —m,
11.  Water content (%) ¥ = " x 100
12. Drv densi =i_

C OV T L,
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