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Determination of water content by Oven drying method.

Determination of water content by Pycnometer

2
B 3 Determination of soil field density by core cutter method
4 Determination of soil field density by sand replacement method
5 Determination of Specific Gravity By Pycnometer.
6 Determination of Consistency Limits (i) Liquid Limit (ii) Plastic Limit (iii) Shrinkage Limit
7 Determination of liquid limit of soil by cone penetrometer.
8 Grain size analysis by sieve shaking method
9 Grain size analysis of fine grained soil by sedimentation using (i)pipette (ii) hydrometer.
10 rﬁz:;;r:ination of coefficient of permeability of soil by- (a) constant head method (b) variable head
_n Determination of compaction parameters by- (a) light compaction, (b) h
1 ‘ 2L ALIES ’ eavy compaction.
Direct Shear test
. 13 Triaxial Test
14

Unconfined Compression Strength Test
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GEOTECHNICAL ENGINEERING

w |  LABOUTCOMES e -
o1 [Students will be familiar with soil properties like OMC , DD, MC,
density, PL,LL, plasticity index , color of soil

Lo2  [Specific gravity , grains texture and composition and classification of
the soil can be done after the lab test :

L03  Permeability, porosity , compaction , and shear of soil can be found

 |Angle of cohesion and friction parameters cab be found

LOS TLiquid state and particle properties can be studies as per IS codes
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EXPERIMENT NO 1

DETERMINATION OF WATER CONTENT BY OVEN DRYING METHOD

A To determine the water content of soil solids by Oven Drying method.

The water content (w) of a soil sample is equal to the mass of water divided by
the mass of solids.

Specifications:

This test is done as per IS: 2720 (Part Il) — 1973.
representative of the soil mass. The quantity of the speci

the gradation and the maximum size of the particles. For more than 90% of the particles
passing through 425 micron IS sieve, the minimum quantity is 25g.

The soil specimen should be

Equipments Required:

a) Non-corrodible airtight containers.
b) Paltance weighting to accuracy of 0.04% of the weight of the soil takenfor
est,

¢) Desiccators with suitable desiccating agent,
d) Thennostaticallyco

ntrolled oven to maintain te
€) Other accessories, Mperature 110

soil in the field. Water ol A idea of the state of
: . ass g
in the voids to the mass ofackd: . 1 IS defined as the ra

o WEW2W3)(W3- W10 o
- Where, W1= Weight of emp container j

ontainer + wet soil in gramsg
Wetght of Container + dry soil in ggrams
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Precautions:

t soil samples are between 350 to 400g. Larger samples take too long to
) ggsﬁiiltgimaller samples lead to inaccurate results.

Ensure that the oven temperature is maintained at 110° C + 5° C. Do not allow the
° nsu

door to stay open for too long, as it takes a while for the oven to regain the
oven
drying temperature.

Do not put moist samples in the oven on a shelf below dry samples. Moist samples
L ]

should be placed on the top shelf and all partially dried samples placed on the lower
shelf.

Do not over-load the oven, as this will create a much longer drying time.

* Do not allow dried samples to pick up moisture after they are removed from the
oven. Weigh them immediately after drying.

 Soils and aggre

gates may contain bacteria and/or organisms which can be harrpful
for one's health. Wearing dust masks and protective gloves when handling materials
is advised. The use of heat resistant gloves/mitts or pot holders to remove samples
from the ovens is recommended.

* Prior to handling oven, t

esting or disposing of any waste materials, students are
required to read do’s and don'ts of the Geotechnical

engineering laboratory.

Procedure:

g; glelan the container with fig and find the massg (W1 ing).
elect the required quantity of moist soj| sample, place it j i
the d on i, and weigh it (W2 in g). PP " the container, place
¢) Keep the container in the oven with lid rem
temperature of 110 °C till the mass remain

R_emove the container from the oven, rep|
Find the magg W3in q).

e) Determine the wat
Repeat the experi

oved and dry it for at least 24 hr. atg
S constant,

ace the lid, ang cool it in desiccators.
er constant w by usi
ment with other test

Ing the above
Samples

€quation.

S -
e e v 9 v 9w .
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Table: Weights of container

TestNo1 | TestNo2 | Test No3
S| | Particulars (wi) w2) (w3)
?0 Weight of empty container (W1), g
2| Weight of container + wet soil (W2), g
3 | Weight of container + dry soil (W3), g
4 Water content, w
5 Average water content, w = (w1+ w2 +
| w3)/3

Specimen calculations:

w= (W2-W3)/(W3-W1)x100 %
Result:
AVERAGE w=
Verification/ Validation:

Soil mass is generally a three phase system. It consists of solid particles, liquid
and gas. The phase system may be expressed in SI units either
volume or weight vol

in terms of mass.-
_ Ume relationships. Water content value is Qo for dry soil ang its
magnitude can exceed 100%.
Conclusion:
The €xperiment ig conducted ag per the
of the soil sa

=—%. The value is verifieg and
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EXPERIMENT NO 2

DETERMINATION OF WATER CONTENT BY PYCNOMETER METHOD

Aim:
To determine the water content of soil solids by Pycnometer bottle Method.

To determine water content by this method, the value of G should have been
determined prior. '

Specifications:

This test is done as per IS: 2720 (Part Il

— 1973. This method is suitable for
coarse grained soils from which the entrapped

air can be easily removed.
t Equipments Required:

. 1. Pycnometer of 1000 ml ca
2. Balance accurate to1g.
' 3. Glass rod other accessories.

pacity with a brass conical cap.

, Theory
-, A Pycnometer is a glass jar of about 1 liter Capacity, fitted with a brass conical
| cap by mear}s of a screw type cover. The cap has g small hole of aboyt 6mm

v.dtameter a.t its apex. For many soils, the water content may be an extremely
i Lm;:lortant index used for establishing the relationship between the way a soil

€haves and its Properties. The Consistency of a f
ne-

) depends on | 4 v
)

_ given volume of soil,
Water content, w of g 80il mass is de |

. ined as the ratjo ;
voids to the mass of solj ds: e of mass.of water in the

Water content, W = [W2-w1 MON3-Wa))x (G-1)/G)1 1100

Whére.' Wi= We{ght ofﬂ'empty' 'py_chome_ter in gramsl _
i, W2 = Weight of Pycnometer + wet soil in grams
s ' Aty sail in grams
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Procedure:

and dry the pycnometer and weigh it (W1 ing). .
Etg (S::;ggt a masn; of wet soil of about 300 gm and place the same in pycnometer and
weigh it (W2 in g). _ . _ .
c) Fill gt’he ;E:gnometer with distilled water up-to half its height and stir the mix with a
glass rod. Keep on adding more water till the mix is flush with the hole in the
conical cap. Dry the pycnometer outside and find the mass (W3 in g).

d) Remove the contents of PM and clean it. Fill with clean water up-to the top level of
the hole in the cap weigh it (W4 in g).

e) Now use the above e

quation for'determining water content, where, G value is taken
from Experiment No

1 (Determination of specific gravity by pycnometer method) for

the given soil.
_ Table : Weights of pycnometer
:L Particulars Test No1 | TestNo2 | Test No3
| _ (w1) w2 w3
1 We!ght of empty pycnometer (W1), g e o
i 2| Weight of pycnometer + wet sof| W2),
' 3 [Weightof
eight of pycnometer + sojl + water
eight of pycnometer + water (W4
' S__ | Water confent w 4.9
6 Average water content, Avg w
e —)
' Specimen calculations:
' W% = [(W2-W1 )I(W3-W4))x(((G-1)IG)-1)]><100

Average water content, w = (WI+w2+w3)/3
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Result:

Average water content, w = %

Verification/ Validation:

Soil mass is generally a three phase system. It consists of solid particles, liquid
and gas. The phase system may be expressed in Sl units either in terms of mass-

volume or weight volume relationships. Water content value is 0% for dry soil and its
magnitude can exceed 100%.

Conclusion: .
Pycnometer method is a simple method to determine the water content of a soil.

Experiment is carried out using the soil specimen collected from the college itself. All

foreign matters are removed, clods broken and water content we got for the soil
specimen is

Comparing with the oven drying method, the value is
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EXPERIMENT NO 3

DETERMINATION OF IN-SITU DENSITY BY CORE CUTTER METHOD

Aim:

To determine the field density or unit weight of soil by Core cutter method.

Field density is used in calculating the stress in the soil o-iue to its overburden
pressure. It is needed in estimating the bearing capacity of soil foundation system,
settlement of footing, earth pressu

res behind the retaining walls and embankments.
Stability of natural slopes, dams, embankments and cuts is checked with the help of
density of soil. It is the density that controls the fi

eld compaction of soils, Permeability of
soils depends upon its density. Relative density

of cohesionless soils is determined by
knowing the dry density of soil in natural, loosest and densest states. Void ratio, porosity
and degree of saturation need the help of density of soil.

Specifications:

This test is done to determj
as per 1S-2720-Part-29 (19

medium cohesive soils, in wh

ich th
cutter into harg and boulder s

oils.

gth with th '
Curacy of 1g. ¢ foot ang staff aboyt 900mm
5) Palette knife, Straight edge, steel r

ule etc,
6) Square metal tray - 300mm x 300mm x 40mm
7) Trowel, s e

Theory:

= ne dolly over the
'@ Surface. Dig oyt the cutter

Scanned with CamScanner




ining tf i i i ing from its ends, so
the soil out of the ground and trim off any solid extruding from .
tcf::ar:tzzg?mer contains a volume of soil equal to its internal vc_)lume w;hu_:h is determmgd
from the dimensions of the cutter. The weight of the contained soil is found and its
moisture content determined.

Equations are;

Ps = pd(1+w) gm/cm?

OR  w=v/(1+w) kN/m?
Where, p. = dry density in g/em®,
*s = dry unit weight in g/em?,
P = field moist density in g/om®
1 =field moist unit weight in glem®.
W =waler content %/100.
Tw = U weight of water = G 81 KN/m?

Precautions:

1. Core cutter method of ind ,
grained soil

ground half way :

3. Bgfgre liing the core cutier, soll around t S0t in the core
minimize the disturbance.,

4. While lifti :

e incm?,

field wherg “ﬂ‘?.?Mrat.em1 8 W1ing),

e) Place the dolley wmﬂwm lensity is E breegl:g‘:m;zd be foung out,
ks g the rammer, 3o o' Ut -
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) Remove the soil sumounding the core cutter by digging using spade, up to the
botiom level of the cutier. Lift up the cutier and remove the dolley and trim both
sides of the cutter with knife and straight edge.

g) Clean the outside surface of the cutier and determine mass of the cutter with the
soil (V2 in g).

h)

Remove the soil core from the cutter and take the representative sample in the
water content containers to determine the moisture content

i) The field test may be repeated at other places if required.
) The water content of sample collected is determined in the laboratory as per
Experiment no 3 (Determination of water content

of soil solids by Oven Dryi
Method). =
K) Use the above equation, given the theory section, for determining density of soil
('fd CR Pa-
Observations:
Length of core cutier I= cm

Dia:ne!erofcoremuer@-——_m

Volume of core cutter=Vc=

cm
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Table: Weights of core cutter

e e ——————
e —————

e

e Tostnos. f
" SLNo. | Particulars

1(par) | 2(paz) | 3 (ps)

i

1. Weight of empty cutter (W1), gms

2. ] Weight of cutter + wet soil (W2), gms

3. = Volume of core cutter (V¢) cm?® ¢
4 1 Weight ass of empty container (W3), gms 1

5. 5 Weight of container + wet soil (W4), gms

@

i; Weight of container + dry soil (WS5), gms

-~

: Water content (w)=(W4-W5)/(W5-W3)

- | Field moist density p, (kN/m?) = (W2-W1)\/ec
8. 1 Dry density pq (kN/m?) = py /(1+w)
10-7& Average density, Avg pq

Result

Average in-sity field dry density; =
Verificationy Validation:

e e

The dry density of mo :
: st soils varies withi e Rl L
deanMnbeashmhas16wan; iﬂlnﬂ\erangaog11_1ﬁ s
low as 1.1 g/iem®. “dﬂy‘wwﬂsww‘ N sandy soils, dry
Conclusion; | R

The value of dry | i i
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EXPERMENT NO 4

ITY BY SAND REPLACEMENT
INATION OF IN-SITU DENS
DETERM HEhch

Aim:

To determine in-situ density of natural or compacted soil using Sand replacement
Method.

The in-situ density of natural soil is needed for the determination of bearing
capacity of soils, for the purpose of stability analysis of slopes, for the determination of
pressures on underlying strata for the calculation of settlement and the design of

underground structures. Moreover, dry density values are relevant both of embankment
design as well as pavement design.

Specifications:

This test is done to determine the in
> per 1S-2720-Part-28 (1975). In order
clean sand passing through 600 micron IS

-situ dry density of soil by core cutter method
to conduct the test, select uniformly graded

sieve and retained on 300 micron IS sijeve.
Equipments Required:

e) Metal container
f) Metal tray, 300
at the centre
a) Weighing balance _ N RO
, Glluoisture contentcang ... ... il g lug e}
j)) Ovaezs plate apout 450!1’1"!/300 mm squareand 10mm thlck % o
- X)- Dessicator ... Tt Gl

to collect excavateqd soil g /]
MM square and 40n_1m._t_!e__ap'_w_lth a hole of 100mm in diameter

- Theory:
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By conducting this test, it is possiblef to determine the field density. of the soil. The
moisture content is likely to vary from time and hepce the field density also. So it is
required to report the test result in terms of dry density. In s_and replacement method, a
small cylindrical pit is excavated and the weight of the §0|I excavated from the pit is
measured. Sand whose density is known is filled into the pit. By measuring the weight of
sand required to fill the pit and knowing its density, the volume of pit is calculated.
Knowing the weight of soil excavated from the pit and the volume of pit, the density of
soil is calculated. Therefore, in this experiment there are two stages, namely

1. Calibration of sand density
2. Measurement of soil density

Field density is defined as weight per unit volume of soil mass in the field at in

-situ
conditions. Equations are:

Pd = p/(1+w) gm/cm?
OR Ta = /(1+w) KN/m?

Where, pd = dry density,
yd = dry unit weight,
pt = field moist density,

1t =field moist unit weight,
W =water constant,

Pd= pi/(1+w)

_ Where-_Vu = Volume of hole made in the fielq
e s Wk weight of the sand that fills the l:uole
. W=weight of moist soij| remove '
~° . W=moisture content of soj
. Pt=molst soil in-situ density,
 Pa=dydensiyofthesol,

= s’_'pgc'iﬂc gra
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Precautions:

' ther than 12 em, the

it is necessary to excavate the pit to a deplp o ' )

: {mda% Z%;?Sliltgésc:an should be replaced by one with an internal height same as
a .
St:andepth of pit to be made in the ground.. N e
tce should be taken in excavating the pit, so that it is not enlarged by levering, as
are : )
lh?; will result in lower density be_mg recprded.
No loose material should be left in the r?lt.t t
uld be no vibrations during this test. ' _

Eehrzu?g?\ol be forgotten to remove the tray, before placing the SPC over the pit.

Procedures:

Stage1 -Determination of mass of sand that fills the cone

a) Measure the internal dimensions (diameter, d and height, h) of the calibrating can
and compute its internal volume, V. = rd?h/4

b) With the valve closed, fill the cylinder with sand
Weight of sand filled in the cylinder+cylinder W'=--——-- gms.

¢) Keep the cylinder on a glass plate, which is kept on a horizontal surface.

d) Open the valve and allow the sand to fill the cone completely. Close thevalve.
Weight of sand in the cylinder +cylinder W*= -—gms

€) Determine the mass of the sand left in the cylinder.
VWeight of sand fills the conical portion=W,=W'-W"

f) The difference between the mass of

the welght of sand 1o o sand taken prior to opening of the valve and
we sand left in the cylinder after openi the valve gives the weight of
sand that fills the cone. Let the mass be W;. i oo "

Determination of byl density of sand

a) Measure the internal dimensions of

Length of calibrating container | the calibrating Container and find its volume.

e )
Diameter of calibrating container dlmm e
Volume of calibrating Oﬂﬂhhwvs'mm’ 1
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Weight of cylinder +sand in the cylinder W2= ...... 0
Weight of sand filled in the cylinder Wo=W2-W1= ......g

Let the welght of sand filled be Wo.

¢) Open the valve of the cylinder and allow the sand to flow into the container
When no further movement of sand is seen, close the valve, Find the weight of
the sand left in the cylinder

Weight of cylinder +sand after filling the calibrating container W3= gms.
Determine the weight of sand that fills the calibrating container We=W2-V/3=
d} The bulk density of sand ps is
ps = Wc/ Ve.

Stage 2 - Determination of in-situ density:

8) Level the area where the density is required.

b} Place the metal plate on the surface, which is having a circular hole of about 10

om diameter at the centre. Dig a hole of this diameter up to about 15 cm depth
coliect all the excavated soil in a container. P =

Let the weight of the soil removed =W2=—__ g

- gl e Wa-We= g
ume of the hole, Vi = W/ o, where o,
' R'Md&ﬂmtyo!sami
9 Bukdensity of soilin-sity, ot
ﬁ‘WfVﬁ“M]dep’ =y
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Weight of container + wet soil (W6) =-----g

Weight of container + dry soil (W7) = -----g

Water content (w) = (WE-WT7)/(W7-W5)

3
Dry density of sand pd = py/(1+w)= glem

Result:

1) Weight of wet soil from the hole, W=__ gm
2) Water content of the soill, w=___ 9%

3) Weight of sand that fills the hole = gm

4) Volume of the hole Vh=Ws/ ps = cm?

S) Bulk density of the soi pt=W/Vh = gam/cm?
6) Dry density pd = pt/(1+w) = gm/ cm?

a) Dry density of soj| =

glem®
b) Water content of the soij| =

%

Verification and Valldatlons:

Sand replace
basic principle is to
€xcavated from the
density of materia| is
volume. The dry den

ment method is an Indirect method of finding the density of soil. The
volume of hole from which the material was
wielghtbOft l;sant:! Iw|i1m known density filling in the hole. The in-situ
given by the weight of the excavateq Material gj in-si
sy o mpal_s_olls s _ divided by the in-sity

rios withlntha fange of 1,1.1.6 g/em?®, In sandy
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. 3 soils and aggregated loams, it
1. dry density can be as high s 1.6 glem’, in clayey e me !
S '

can be as low as 1.1 glem’.

- 9 ' ith the in-situ density

b coraT:t?ni?r::t';\S;td?’. ?1:;?: cs:?ilLlsss the same J:;eﬁgn;z:gli: The type of soil is silty-
S
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