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FOREWORD
Geotechnical investigations are prerequisite for any
construction whether railway formation, bridge or buildings.
In the recent past many structures failed as strength of soil
was
not
properly
assessed
during
geotechnical
investigations and lab testing. There are also cases where
no geotechnical investigations were carried out and soil
strength parameters have been assumed on conservative
side leading to over safe design of structures.
The various IS codes available are not so easy to
understand and field engineers faces challenges in
understanding the terminology and procedures. Most of the
available textbooks on soil mechanics and foundation
engineering describes only the concepts and principles, text
books which describes the importance, application of
various tests and step by step procedure to carry out the
test are rare.
In this book attempt have been made to describe the
importance of geotechnical investigation, case studies of
failure and over safe design. Various correlations of
sounding tests have been given in details so that for less
important structures foundation can be selected without
going in detailed lab testing of index and engineering
properties. The laboratory tests have been described in a
very lucid manner so that a beginner can easily perform the
complex test.
Necessity of a handy text book was demand of field officers
and supervisors of zonal railways from long time. Shri
Raghvendra Pratap Singh, Assistant Professor, IRICEN
have made sincere efforts to fulfil this necessity by bringing
out this book. I not only hope but feel confident that the
field engineer will find it extremely useful.
Suggestions for further improvement may be forwarded to
IRICEN for incorporating in future editions.
N.C. Sharda
Director/IRICEN/Pune
(iii)

PREFACE
Unlike other civil engineering material soil behaviour
changes with change in any of the environmental factors
such as, temperature, wetting and drying cycles etc. Soil
behaviour is also affected with its previous use, therefore
determination of its strength is not a straight forward task.
Due to the complexities involved soil mechanics is not
much explored by field engineers and disigners. Soil is the
ultimate foundation as no structure is possible without
resting on soil, thus study of soil behaviour is of utmost
importance. While interacting with trainee officers and
supervisors at IRICEN. It was felt that there are plenty of
failures cases of railway embankments and structures, one
of the reasons of unsafe construction is non availability of
hand books on geotechnical invistigation and laboratory
testing.
Under the guidance and leadership of Director IRICEN an
effort has been made to put the holistic picture of
importance of geotechnical investigation, starting from field
investigation to lab testing. All the test facility has been
developed, commissioned and demonstrated to trainee
officers at IRICEN so that practical issues can be
addressed
properly
while
describing
the
testing
methodology in book. For better appreciation photographs
of equipments and accessories have been taken at IRICEN
lab are included in this book. Application and significance of
all the test has been described at the beginning only for
better appreciation of readers.
Due care has been taken in printing this book, but still
there are chances of mistake and improvements. Author
will be highly obliged by readers of this book for bringing
out the short comings and suggesting improvements.
Raghvendra Pratap Singh
Asst. Professor/Track-III
rpsinghlucknow@gmail.com
(iv)
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CHAPTER - 1

Geotechnical Investigations
1.1 Introduction:
Geotechnical Investigation is a prerequisite for any civil
engineering project as it provides safe, economic and
feasible method of construction. As per BS:5930-1981
the objective of geotechnical investigations are:
i.

Suitability: To determine the suitability of the site
and the environment for the proposed work.

ii.

Design: To enable an adequate and economic
design including temporary works design which
can be provided.

iii.

Construction Method: To plan the best
construction method depending on the sources
of materials/waste.

iv.

Effect of Changes: To determine the changes that
will occur in the soil and surrounding
circumstances, either naturally or because of
work.

v.

Site Selection: When there is a site option, to
provide advice and guidance.

Apart from above requirement there are engineering/
technical requirements also. The technical objective of
the investigations can be defined as:
i.

Determine the sequence, thickness and lateral
extent of the soil strata and, where appropriate,
the level of bedrock

ii.

Obtain representative samples of the soils (and
1

rock) for identification and classification and, if
necessary for use in laboratory tests to determine
relevant soil parameters
iii.

Identify the groundwater conditions.

Geotechnical investigations are not only carried out
for new construction project as mentioned above but it
can also be useful for:
i.

To know the source of material to be used in
construction

ii.

Hydrogeology, hydrology and ground water
condition.

iii.

Selection of dumping ground or waste disposal
site

iv.

Determining the degree of contamination of soil
and ground water determination

v.

Determining the safety of existing structure when
new structure is constructed

vi.

Determining remedial measure for slope
stabilisation and underpinning

vii. Forensic investigations in case of failure

1.2 Importance:
Soil is a very complex engineering material; its
properties vary not only in vertical and horizontal directions
but also at the same location with different environmental
conditions (change in water content, temperature,
presence of chemicals etc). Therefore for designing any
geotechnical structure no readymade solutions are
available and each time engineer have to start from
scratch. For better appreciation of the importance of
geotechnical investigation few case histories have been
2

discussed in subsequent paragraphs.
1.2.1 Importance on account of Safety
There are frequent cases of foundation failures every
year due to improper or no geotechnical investigation.
For better appreciation of the importance of geotechnical
investigation few cases have been discussed:
1.2.1.1 Leaning tower of Pisa
Leaning tower of Pisa is one of the blunders which
became monument. The construction of tower started in
the year 1173 and was completed during 1370. After
construction it was observed that tower is having a tilt of
5.50 towards south direction. The structure was resting
on soft saturated clay which started consolidating over
the period of time and thus the tower started tilting. To
keep the structure stable a lot of ground improvement
work has been carried out.

Source : Google Images
3

Fig. 1.1 Leaning Tower of Pisa (Burland et al. 2009)
1.2.1.2 Failure of railway embankment in Southern
Railway:
In 2008, while carrying out construction of railway
embankment between Eranakulam and Mulanthuruthi
section just adjacent to the existing track, newly
constructed 6m high embankment failed suddenly. The
second attempt of reconstruction also ended with failure.
It was noticed that heaving occurred at 15m to 20m away
from toe.

Fig. 1.2 Failure of Newly Constructed Railway
Embankment
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After this failure when detail subsoil investigation has
been carried out, the borehole data and SPT test revealed
the presence of soft clay with SPT valve less than 5 at a
depth of 4.5m. The estimated pressure due to the
embankment was about 100 KN/m2 which was close the
bearing capacity and resulted into failure.
Comments: The construction Engineers involved
in doubling project assumed that the adjacent track
is running fine so no need of subsoil investigations.
1.2.2 Importance on account of economy:
Safety is of paramount and there could be no question
on it, therefore IS code as well as other codes
recommends appropriate factor of safety. The second
perspective of any construction project is to reduce the
cost. The role of Civil Engineer is to ensure safety as well
as optimising the cost. The following case study will give
better understanding of the importance of economy.
One office cum residential complex at Jodhpur was
planned for construction. The geotechnical investigation
carried out by a less experienced agency, they have taken
8 boreholes and in all boreholes rocky strata have been
found except at borehole 5 where rocky strata was
encountered at 1.5 m depth, where nothing was planned
to be constructed. Based on this the agency
recommended foundation depth of 1.5 m and entire area
were blasted. Blasting amounted to 25000 m3 boulder
and debris which was a herculean task to dispose off.

5

Fig. 1.3 Construction of Residential Complex
near Jodhpur
Comments: In this case only 10% area was required
to be blasted where open foundation is to be
constructed. The investigating agency recommended
1.5m foundation depth which could be reduced to
0.5m to 1m.
(Ref: Prof. V. S. Raju consultancy project)

1.3 Stages in Geotechnical Investigation
All Civil engineering project advances in stages e.g. if
new rail link between two cities is to be established or
existing railway link is to be extended upto a point then
before start of actual construction work four different
surveys (traffic, reconnaissance, preliminary and final
location surveys) are carried out. Similarly for building or
bridge construction there are three different stages of
investigation i.e. site reconnaissance, preliminary and
detailed investigations. On the similar lines the cost
estimation of the project is also done through abstract,
detailed or revised estimate.
6

1.3.1 Geotechnical Investigation during
Reconnaissance Survey
Field investigations are little costly therefore at initial
stage it is not recommended to carry out detailed soil
investigation like sampling, field and laboratory testing.
Site reconnaissance would help in deciding future program
of field investigations i.e. preliminary or/and detailed
investigations. The main constituents of geotechnical
investigations at this stage are:

1.3.1.1 Desk Study of database information
Desk study of database information is collection of as
much as existing information about the site as possible
and analysing them. Some of the constituents of desk
study are:
i.

Maps
a. Topographical
b. Air Photos:
Natural or man-made structures in the
region, changes in site over time, identifying
major borrow areas for filling
c. Geological Maps (Bedrock and surface
geology)
d. Coastal charts
e. Soil Survey Maps (Pedology)

ii.

Water well logs

iii. Previous reports
a. Internal Studies
b. Local authority records, local library, old
reports of the site and previous consultant’s
report
c. Local practices, foundation type for similar
7

structures nearby
d. Representative samples, nearby boreholes
1.3.1.2 Field observations
Inspection of the site is must at reconnaissance stage
as it gives better appreciation of site and overcomes some
of the obvious mistakes. While performing site inspection
some of the important points which are to be observed
are:
i. Slope failures
ii. Evidence of seepage
iii. Check outcrops or open cuts
iv. Check surface material
v. Problem with existing structures
vi. Shrinkage cracks
vii. Environmental contamination especially in
industrial areas.
viii. Interviewing residents
Interviewing residents is very important part as it gives
idea about previous use of site, even on untouched lands
where changes in topography, removal of overburden by
excavation, landslide, erosion, deposition, diversions of
streams, rivers and drainage conditions could affect the
performance of structure planned. In city or developed
areas, records of underground mining (like in Orissa),
mineral extraction, quarrying operations, waste tipping
underground tunneling and demolished properties will give
indications on probable issues.
Special attention is to be given for presence of utility
locations such as underground (power, telephone, optic
fibre, water, sewer etc.) and aboveground (power,
telephone, cable, etc.)
Geophysical methods may be used at reconnaissance
8

stage as it is simple and quick means for knowing
stratification. It helps in deciding the course of detailed
investigation. The most commonly used methods for
reconnaissance survey are electrical resistivity method
and seismic method.

1.3.2 Preliminary Geotechnical Investigation
The objective of preliminary exploration is to determine
depth, thickness, extent and composition of each soil
stratum, location of rock, location of ground water and
approximate information about strength and
compressibility of various strata. During preliminary stage
geophysical methods, tests with cone penetrometers and
sounding rods are useful.

1.3.3 Detailed Geotechnical Investigation
Detailed geotechnical investigation involves
determination of shear strength, compressibility, density,
natural moisture content and permeability of different types
of soil. Investigation is carried out before finalizing any
drawing for foundation of structures whether it is building,
bridge or even railway formation. In geotechnical
investigation primarily field testing is performed with
collection of disturbed and undisturbed soil samples for
detailed laboratory testing. Field and laboratory testing
for index as well as engineering properties of soils helps
in identification, classification as well as assessment of
strength/bearing capacity and settlement patterns.
The detailed investigation involves boring programme
and sampling to determine these properties. Field tests
which may be performed are in-situ vane shear tests and
plate load tests. Field permeability and tests for dynamic
properties may be performed where necessary. Methods
and procedures of geotechnical investigation are
9

discussed in subsequent paragraphs, whereas field and
laboratory testing has been discussed in chapters 2 and
chapter 4.

1.4 Methods of Investigation
Soil or ground is known as ultimate foundation as all
the load finally comes to ground only. If stress at any
particular location in the ground exceeds the bearing
capacity of the soil then shear failure occurs. The
magnitude of stress depends primarily on the load and
type of structure. For light structures such as single story
buildings foundations or low height embankments the
stress zone developed in the soil is insignificant after few
meters from ground level where as for high rise building
foundations and bridge foundation the stress zone could
be upto 20meter or 30 meter. Based on the stress zone,
soil samples are obtained either from trial pits or from
bore holes.

1.4.1 Open Trial Pits
For light structures the influence zone of stress below
the foundation is limited to few meters depth and soil
sample till that depth can be obtained through open
excavation popularly known as test or trial pits. These
pits are dug by hand or by excavating equipment and
normally are square in shape. In fine grained or cohesive
soils upto 3 m depth, vertical cuts without any support
can be made where as in coarse grained or cohesion
less soil braced excavation is required which is costly.

10

Fig. 1.4 Open Trial Pit

1.4.2 Sub surface sounding
The subsurface methods of sounding includes
penterometer test with or without geophysical methods.
The cone penetration data is correlated with density,
bearing capacity etc. Sounding method consists of
measurement of variation of resistance of the soil with
depth. It can be carried our either by Static Cone
Penetration test in soft soils like cohesive soils or by
dynamic cone penetration test in cohesion-less soil.
1.4.3 Exploratory Boring
Excavating test pits for a large depth requires more
labour, cost and area which is either not feasible or
uneconomical. Boring is preferred if depth of investigation
is more than 2 or 3 m. The different types of borings
methods are auger boring, wash boring, rotary drilling and
percussion boring. The selection of boring method
11

depends upon on various factors such as nature of soil,
water table depth, sample disturbance, accuracy of soil
exploration etc.

1.4.3.1 Auger Boring
Auger boring is carried out in soil which can stay without
casing support or drilling mud. This method is not suitable
for sandy or silty soil below water table. The procedure of
auger boring is as under :
i.

Auger is pushed in the soil and rotated so that soil
sample fills up in annular space.

ii. Withdraw the auger and clean it
iii. Add extension rod if requires and repeat step
i. and ii.
Auger Boring can be done with the help of hand auger
or power driven auger depending upon availability of auger
and depths of exploration. Sand bailers (heavy duty pipes
with cutting edge) with and without additional weight can
also be used for sandy and silty soils.

(a) Hand Held Augers
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(b) Power Driven Augers

(c) Sand Bailers

Fig. 1.5 (a) Hand Held Augers, (b) Motorised Auger,
(c) Sand Bailers (Source : Google Images)
Application: Roadway and Railway embankments as
well as shallow foundations for light weight structures.

1.4.3.2 Wash Boring
In wash boring, water is flushed under pressure through
an inner tube which may be rotated and moved upward
and downward inside a casing pipe. The lower end of the
pipe is fixed with sharp cutting edge which cuts the soil
and soil floats up through the casing pipe around the tube.
The samples collected with this method may not be useful
for laboratory testing.
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Fig. 1.6 Wash Boring (Source : Google Images)

1.4.3.3 Percussion Boring
This method consists of breaking up of the formation
by repeated blows from a bit or chisel. Water is added at
the time of boring and debris baled out at intervals. Where
the boring is in soil or into soft rocks and provided that a
sampler can be driven into them, cores may be obtained
at suitable intervals. The soil sample obtained is normally
disturbed but representative. This is the best method for
rapid drilling of bore holes in gravelly strata.

1.4.3.4 Rotary Boring
In rotary drilling, boring is effected by the cutting action
of a rotating bit which should be kept in firm contact with
the bottom of the hole. The bit is carried at the end of
hollow jointed drill rods which are rotated by a suitable
chuck. A mud-laden fluid or grout is pumped continuously
down the hollow drill rods and the fluid returns to the
14

surface in the annular space between rods and the side
of the hole. Protective casing usually not required.
The other method is simplified mud-boring method in
which the boring is advanced by a cutter fixed to drill rods
which are rotating by means of pipe wrench. Bentonite is
pushed simultaneously by a double piston pump. The
slurry flowing out from cutter bottom, mixes with the cut
soil and flows to the bore hole surface, settling tank and
back to the slurry tank

1.5 Investigation Scheme
Investigation scheme should be such that it could reveal
any major changes in thickness, depth or properties of
strata. The representative sample should cover the entire
footprint of building or structure as well as the depth upto
to which the influence of stress due to the structure is
significant. The major guidelines regarding number of
boreholes/trial pits and its depth is described below.

1.5.1 Disposition of Bore Holes/Trial Pits
The number and spacing of bore holes/trial pits
depends on extent of the site and the nature of structure
coming on it. General guidelines as per IS 1892- 1979
are as under:
1.

For 0.4 hectare compact building site one bore
hole/trial pit at each corner and one in the centre
is adequate. For less important structures on
same site one bore hole at centre will be sufficient.
For uneven site 1 or 2 additional boreholes may
be done.

2.

Boring or trial pits to be conducted as close as
possible to column location and strip footing
location.
15

3.

For very large areas covering industrial and
residential colonies, the geological nature of
terrain will be required for determining no. of bore
holes/trial pits. For clayey ground cone
penetration tests may be performed at every 50
m by dividing the area in grid pattern and for site
having gravelly or boulderous strata geophysical
methods may be useful.

Some government organisation like CPWD, Railways
etc. have their own guidelines and for the specific
purposes that may be used. Indian Railways have RDSO
guidelines GE: 001 and GE : 014 for construction of railway
embankments.

1.5.2 Depth of Exploration
The depth of exploration required depends upon the
influence zone of the stress expected due to construction
of the structure. The influencing factors which affect the
exploring depth would be the total weight, size, shape of
proposed structure and disposition of loaded area. It is
important to note that for same loading with different
footing shape stress pattern in ground is different and
hence depth of exploration will also be different.

16

Fig. 1.7 Stress Distribution in Square and Strip
Footing
Normally the depth of exploration is 1.5 to 2 times the
width of foundation below foundation level. In weak soils,
the exploration should be carried out to a depth at which
the loads can be safely transmitted by the stratum in
question without undesirable settlement and shear failure.
In any case, the depth to which seasonal variations affects
the soil should be considered as minimum depth of
exploration. But where industrial processes affect the soil
characteristics, this depth may be more. The presence of
fast growing and water seeking trees (Banyan, Peepal,
Neem etc.) contributes to the weathering process and
may require more depth of exploration. The depth of
17

exploration as per IS:1892:1979 is described in Table
below.
Table 1.1 Depth of Exploration
S. Type of
No. Foundation

Depth of
exploration

1

Isolated spread
footing or raft

1.5 times width (B)

2

Adjacent footing with
clear spacing less
than twice the width

1.5 times the length
(L)Adjacent rows of footings

3

Pile and well
foundations

1.5 times width of the
structure from the bearing
level (toe of pile or bottom of
well)

Road Cuts

Equal to bottom with of cut
2m below the ground or
height of the fill whichever is
greater

4

5

Fills (embankments)

Adjacent rows of
footings

As per Fig 1.6
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Fig. 1.8 Depth of Exploration (IS : 1892 : 1979)

1.5.3 Water Table monitoring
For foundations water logged ground is undesirable
because of its low bearing capacity and higher settlement,
when the soil gets saturated. On sites likely to be water
logged in wet season, it is recommended to determine
the fluctuation of the water table in order to ascertain the
directions of the natural drainage, and to obtain a clue for
the design of intercepting drains to prevent the influx of
ground water.
If in the earlier stages of investigation, dewatering
19

problems are anticipated then a detailed study should be
carried out to ascertain the rate of seepage flow.
For deep excavation, the location of water-bearing
strata should be determined and preventive measures
during excavations to be taken. After boring, water table
measurement should be taken for at least 24 hrs and
compared with water levels in the nearby wells. The
minimum and maximum ground water levels should be
obtained from local sources.
While making observations on ground water care
should be taken for perched aquifers, these are isolated
water bodies where water pressure is tremendous. By
installing piezometrs the water pressure can be measured
and accounted for in designing foundations.

1.6 Corrosive Soils, Water and Effluents
At certain locations, existing soil may be contaminated
due to dumping of waste material, effluents of industry or
due to other reasons. The constituents or the contaminants
may damage the foundation of structures e.g. concrete
may get attacked by sulphates/chlorides or iron/
reinforcement may get damaged due to chemical attack.
In such soils chemical analysis of soil should be carried
out for assessing the requirement of preventive/protection
measures. Ground water may be tested for salt content,
alkalinity or acidity etc. to understand its effect on
foundations.

1.7 Cost of the Geotechnical Investigation:
The cost of any geotechnical investigation depends
on the location and extent of the site, the nature of the
strata and the type of project under consideration. If the
20

project is larger and less critical the cost of investigation
will be less but for projects of high importance and critical
such as nuclear power plant or high rise building the cost
of the geotechnical investigation will be slightly higher. As
a rough estimate the cost of geotechnical investigation
lies between 0.1% - 2% of the total project’s cost. As the
cost of investigation is relatively less, from financial
perspective it is always justifiable.

“My design saved the cost of site investigation” Sarcastic remark by unknown author.
“We pay for soil investigation whether we carry out or
not. In fact we eventually pay more without a soil
investigation”

1.8 Summary
If site investigation on proposed ground is not done
properly then it would lead to faulty design assumptions
and mistakes. Sometime the problems associated with
ground leads to cost over run, time over run and
arbitrations on account of choice of the foundations. A
well investigated project at any site is always economical,
safe and completed on time.
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CHAPTER - 2

Field Testing of Soil
2.1 Introduction
Laboratory test rarely simulates the field conditions
accurately hence to be more sure of the soil behaviour
under loading, field tests are more commonly used for all
type of construction projects whether big or small. Based
on the utility these tests can be divided generally in three
segments and are summarised in Table 2.1.
Table 2.1 Field Tests based on Utility
Test for determining Soil
Strength (Direct and indirect
methods)

Tests for
Monitoring of
Estimation of Water Table
settlement

i.

Plate Load
Test

Standard Penetration
Test
ii. Static Cone
Penetration Test
iii. Dynamic Cone
Penetration Test
iv. Plate Load Test (EV2)
v. Field Density using
Sand Replacement*
vi. Field Density using
Core Cutter*
vii. Field Vane Shear Test
viii. Geophysical Methods

Piezometers
Test
Pumping in
and Pumping
out Test

• Insitu or field density of soil indicates the degree of
compaction of soil, which can be correlated with strength
of soil.
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2.2 Sub Surface Sounding Methods
2.2.1 Standard Penetration Test (SPT)
2.2.1.1 Application and significance:
(Reference : IS 2720-PART-28-1974 Reaffirmed-2010)
SPT is one of the most preferred test for geotechnical
investigations all over the world. The advantages of SPT
are :
a.

Low cost,

b.

No instrumentation involved

c.

Availability of various correlations with bearing
capacity factors, allowable bearing pressure,
cohesion (Cu), internal friction angle (φ)

d.

Representative disturbed sample is obtained from
split spoon sampler which is used for index
property determination

e.

Undisturbed sample can also be collected using
adaptor with shelby tubes which is used for
engineering property determination.

2.2.1.2 Concept and Principle:
The principle behind standard penetration test is dense
soil offer more resistance when some external object is
inserted in ground. In SPT a split spoon sampler is placed
on the bottom of 150 mm diameter bore hole and a
dynamic impact is applied by using 63.5Kg hammer, the
free fall of hammer is 750mm. SPT is usually done for
450mm penetration and intial 150 mm penetration value
is considered as seating load, for 300 mm penetration
the number of blows required are termed as SPT value or
N value.
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2.2.1.3 Equipment and accessories needed:
1. Metal Tripod with pully and Manila rope
2. Guiding rod for 750mm free fall
3. 63.5 Kg donut hammer
4. Coupling rods with adaptors
5. Split spoon sampler with collar Motorised Auger
to bore 150mm diameter hole
6. Shelby Tube with adaptor for undisturbed sample
7. Polybag to wrap the disturbed soil sample
8. Wax for sealing of undisturbed sample
9. Labels for identification of sample
Camera for taking photographs at different depths

2.2.1.4 Procedure:

Fig. 2.1 Arrangement at Field
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1.

Bore hole of 150 mm diameter is advanced to
desired depth and bottom is cleaned.

2.

Split spoon sampler is attached with drill rod and
rested on bore hole bottom.

3.

Driving mass of 63.5 Kg is dropped from a height
of 750 mm repeatedly to drive the sampler in
ground for a distance of 450 mm (150 mmx3).
The number of blows for each 150mm is recorded.

4.

First 150 mm is considered as seating load. The
number of blows required for remaining 300 mm
penetration (150+150 mm) is termed as SPT
value or N value.

5.

Split spoon sampler is recovered out of borehole
and disturbed sample collected from split barrel
is wrapped so as to preserve water content and
further indexing of soil.

6.

SPT is repeated at every 1000 mm or 1500 mm
intervals. When it is required to determine the
strength/engineering properties then Shelby tube
is attached with drilling rod and undisturbed
sample is recovered. SPT is repeated at 1500
mm intervals and alternatively at every 750 mm
split spoon sampler and Shelby tubes are placed.

7.

Under the following conditions the penetration is
referred as refusal and test is halted care shall
be taken to ascertain if refusal is due to presence
of boulders locally
a. 50 blows are required for any 150 mm penetration
b. 100 blows are required for 300 mm penetration
c. 10 successive blows produce no advancement
2.2.1.5 Corrections in SPT value
1. Correction for overburden:
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As depth increases the overburden pressure also
increases hence lateral earth pressure increases and
more energy is required to drive the sampler hence this
correction is applied.
N' = CN N
CN = 0.77 log10
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Where N’ = corrected value of observed N
C N = correction factor for overburden
pressure in kg/cm2
2. Correction for Dilatancy:
The correction is to be applied for fine sands and silts.
N" = 15 + 0.5 (N'-15)
else N” = N’

If

N' > 15

It is important to note that correction is to be applied in
sequence only i.e. first overburden then dilatancy.
2.2.1.6 Observations:
Borehole No.
Location/Chainage.
Ground Surface Elevation
Table 2.2 Sample Observation Table for SPT
Depth of
S. Depth of
No. of SPT
penetration blows value
No. bottom of
(mm)
bore from
(N)
ground
surface (m)
1

1.0 - 1.45

150
150
150

2

2.5 - 2.95

150
150
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Over
burden
correction
(N’)

Corrected
SPT
value
(N”)

Depth of
S. Depth of
No. of SPT
penetration blows value
No. bottom of
(mm)
bore from
(N)
ground
surface (m)
3

4.0 - 4.45

Over
burden
correction
(N’)

Corrected
SPT
value
(N”)

150
150
150

4

5.5 – 5.95

150
150
150

5

7.0 – 7.45

150
150
150

6

8.5 – 8.95

150
150
150

7

11.0 – 11.45 150
150
150

SPT may be continued further till refusal.
2.2.1.7 Conclusions
Generally SPT is carried out for collection of disturbed
but representative sample through split spoon sampler for
determining of index properties. If we put Shelby tubes with
suitable adaptor with the guiding rod then undisturbed
sample can also be collected which may be used for
determination of engineering properties i.e. shear strength
and consolidation properties. Shelby tubes are placed in
between the SPT locations i.e. in the sample observation
table for SPT mentioned in previous para the locations would
be at 1.75m, 3.25m, 4.75m, 6.25m, 7.75m, 9.25m and
11.75m.
27

Various researchers have developed correlation between
SPT value and soil properties. For less important structures
we may estimate the strength parameters of soil, bearing
capacity, settlement etc from these correlations. Few of
the correlations are given below:
1. Interpretation from SPT for Cohesionless soil:
Table 2.3 Relation Between N Value and Angle of
Internal Friction
φ

Relative Density
(Dr) %

Consistency

0-4

25-30

0-15

Very loose

4-10

27-32

15-35

Loose

10-30

30-35

35-65

Medium

30-50

35-40

65-85

Dense

>50

38-43

85-100

Very dense

N

2. Interpretation from SPT for Cohesive soil:
Table 2.4 Relation Between N Value and Cohesion
N
0-2

cu (kPa)
0-12

Consistency
Very soft

0-2

0-12

Very soft

Thumb can penetrate > 25mm

3-4

12-25

Soft

Thumb can penetrate 25 mm

5-8

25-50

Medium

Thumb penetrates with
moderate effort

9-16

50-100

Stiff

Thumb will indent 8 mm

17-32

100-200

Very stiff

>200

Hard

>32

Visual Identification

Can indent with thumb nail:
not thumb
Cannot indent even with
thumb nail
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3. Estimation of Angle of internal friction from SPT:
As per IS: 6403-1981 and Peck, Hansen and Thornburn
(1974) the angle of internal friction can be estimated with
SPT value. Bearing Capacity factors (Nc, Nq and N?) are
functions of angle of internal friction only therefore

Fig. 2.2 Relation Between SPT Value (N) and
Angle of Internal Friction (IS : 6403-1981)
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2.2.2 Static cone penetration test
2.2.2.1 Application and significance:
Static cone penetration test (SCPT) is widely used test
for determining insitu penetration resistance of soil in clay
and loose to medium dense sand/silt. This test is preferred
over SPT because while boring the insitu density is
disturbed by boring method and below water table SPT is
less reliable. The test is not suitable for dense sands. Pore
water pressure measurement can be done by using piezo
cone.
2.2.2.2 Concept and principle:
The principle behind cone penetration test is soil offers
resistance when some external object is inserted in
ground. In SCPT a cone is pushed in the ground at the
rate of 10 to 20 mm/sec into the soil and noting the frictional
resistance.
2.2.2.3 Equipment and accessories needed:
1.

Threaded Cone

2.

Unthreaded Cone

3.

Extension rods of 0.5 and 1.0m

4.

Adaptor for connecting rods

5.

Cone driving arrangements

2.2.2.4 Procedure:
11. The cone driving machine is placed and anchored
on ground.
2.

Cone is attached with the help of connecting rods
and driven in to the ground at a rate of 10 to 20mm/
sec
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3.

qs and qc is noted from the pressure gauges/
sensors meters mounted on pushing device

2.2.2.5 Calculation and corrections in SCPT
Correction in SCPT
Cn = (m + nm1) 10 kN/m2
Where m
m1
n

= mass of cone i.e. 1.1 Kg
= mass of each sounding rods i.e. 1.5 kg
= number of rods used

Friction Ratio
The correction is to be applied for fine sands and silts.

q
f r = s × 100 %
qc
where
fr
qs
qc

=friction ratio
= measured site/slip friction
= tip resistance/point resistance

Sensitivity of Soil (St)

St =

10
fr(in%)

×100

For cohesive soil ( undrained shear strength)

q −p
Su = c 0
Nk
where
po
Nk

= overburden pressure γ z
= cone factor (15 to 20) depends on
plasticity index of soil
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As per Sarvac & Opovic
qc
= 612.6 + 587.5 Ic (qc is measured in KPa)
Ic
= consistency index of soil
Relation between angle of internal friction &
undrained shear strength
For gravely silt

φ = (29+qc0.5 ) + 50

For silty sand

φ = (29+qc0.5 ) - 50

Correlation between SPT and SCPT
qc = K . N
where K depend on soil type
Table 2.5 Relation Between K Value and Soil Type
Sr. No. Soil Type

K

1

Silt, sandy silt and slightly cohesive
sand silt mix

0.1 to 0.2

2

Clean fine sand to medium sand &
slightly silty sand

0.3 to 0.4

3

Coarse sand & sand with gravel

0.5 to 0.7

4

Sandy gravel and gravel

0.8 to 1.0

2.2.2.6 Observations:
Site ............................ Bore hole reference .............
Test No. ..................... Location/Chainage. ..............
Ground Elevation ....... Ground Water Level .............
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Table 2.6 Corrected Value for Cone Penetration
Resistance
S.
No.
1

Depth from
ground
surface (m)
0.2

2

0.4

3

0.6

4

0.8

5

1.0

6

1.2

7

1.4

8

1.6

9

1.8

10

2.0

Gauge
reading
(KN/m2)

Corrected Value
of Cone penetration
resistance

Friction resistance measured at particular depths with
the help of friction jacket attached to the static cone
Correction:
1. Mass of friction jacket(kg)

=mf kg

2. Area of surface of friction jacket, (a)
(where d is outer dia and h is length of
friction jacket)

= π dh

3. Cone area at Base, b

= 10 cm2

4. Correction factor to be added

= 100.
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mf
a

Table 2.7 Corrected Frictional Resistance
Depth Total
below resistance
GL
(kN/m2)
(m)

X

Cone
Resistance
(Un
corrected)
(kN/m2)

Total
resistance
minus
Cone
resistance
(kN/m2)

Frictional
Resistanc,
z in
(kN/m2)

Corrected
frictional
Resistance
(kN/m2)

Y

X-Y

z = (x-y).b z + (mf/a)
a

2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80
2.90

CPT is to be to continued for deeper depths also
2.2.3 Dynamic cone penetration test
2.2.3.1 Application and significance:
(Reference : IS:4968 part II- 1976)
SPT is little cumbersome as it requires bore hole before
the trials. The alternate method is SCPT which does not
require borehole and cone is driven in the ground by using
hydraulic pressure. The disadvantage of SCPT is it
requires huge machinery and anchorage system to press
the cone in the ground at uniform rate. The Dynamic Cone
Penetration Test (DCPT) is alternative to both SPT and
SCPT where a large area can be tested with in very less
time, usually at one location in 30 mins to 1 hour. Although
34

DCPT have limitations of applicability in soft grounds and
no sample is recovered, it is quite useful for quick
determination of ground conditions.
2.2.3.2 Concept and principle:
The principle behind DCPT is soil offers resistance
when some external object is inserted in ground. In DCPT
a threaded or unthreaded cone is attached with extension
rod on the ground surface and a dynamic impact is applied
by using 65 Kg hammer, the free fall of hammer is 750mm.
For penetration of 300 mm in the ground the number of
blows required are termed as DCPT value and it has
correlation with SPT ‘N’ value.
2.2.3.3 Equipment and accessories needed:
1.

Metal Tripod with pully and Manila rope

2.

Guiding rod for 750mm free fall

3.

65 Kg donut hammer

4.

Coupling rods with adaptors

5.

Threaded Cone

6.

Unthreaded Cone
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2.2.3.4 Procedure:

Fig. 2.3 Dynamic Cone Penetration Test Setup
1.

Standard 600 cone is attached with drilling rods,
the driving head with the guide rod is connected
and properly fixed on the top of the drilling rod.

2.

This complete assembly is kept in position with
the cone resting vertically on the ground where
test is planned.

3.

Driving mass of 65 Kg is dropped from a height
of 750 mm repeatedly to drive the cone in ground
for a distance of 300 mm (100 mmx3). The
number of blows for each 100mm is recorded.

4.

Bentonite slurry is used if depth of sounding is
more than 6.0m to eliminate friction on the rods.
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2.2.3.5 Correlation of DCPT with SPT
Nc
Nc

and

=1.5 N for depths upto 4m
= 1.75 N for depths 4 to 9m

2.2.3.6 Observations & Calculation:
Site ............................. Bore hole reference ...........
Test No. ...................... Location/Chainage. ............
Ground Elevation ........ Ground Water Level ...........
Table 2.8 Observation Table for DCPT
S.
No.

1

Depth of
bottom of
bore from
ground
surface (m)
0 to 0.3

Depth of
penetration
(mm)

100
100
100

2

0.3 to 0.6

100
100
100

3

0.6 to 0.9

100
100
100

4

0.9 to 1.2

100
100
100

5

1.2 to 1.5

100
100
100

6

1.5 to 1.8

100
100
100
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No. of
blows

DCPT
value NC

2.2.3.7 Conclusion
This test helps in identifying variability of sub soil profile
and to locate soft pocket. DCPT can be used as a quick
check for verifying SPT data.
DCPT is not suitable for evaluating mechanical
properties of the soil at great depths when the friction along
the extension rod is significant.

2.3 Test for Indirect Determination of Soil Strength
2.3.1 Sand Replacement Method
(Reference : IS 2720-PART-28-1974 Reaffirmed-2010)
2.3.1.1 Application and significance:
This method of test is intended for determining the insitu density of soil. The apparatus described herein is
restricted to the tests in soils containing particles not larger
than 2” in diameter. 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, determination
of overburden pressure on underlying strata. It is a quality
control test, where desired compaction is to be achieved
e.g. embankment and pavement construction.
2.3.1.2 Concept and principle:
The in-situ density is defined as the bulk density of soil
measured at its actual depth. By conducting this test, it is
possible to determine the field density of the soil. The
moisture content is likely to vary from time and hence the
field density also. So it is also required to report the test
result in terms of dry density.
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2.3.1.3 Equipment and accessories needed:
1.
2.

Sensitive balance accurate to 0.1gm
Tray to contain Sand

3.

Standard sand-graded between 600 micron
and 300 micron

4.

Trowel

5.

Sand pouring Apparatus

6.

Calibrating Cylinder

7.

Soil tray with a central hole

8.

Container for water content determination

9.

Balance of 15kg capacity

10.

Oven

11.

Small pick chisels and Auger of 50 mm dia

Fig. 2.4 Equipment Required for Sand
Replacement Method
39

2.3.1.4 Procedure:
i.

Obtain the weight of sand occupying the cone of
the sand pouring apparatus
Pour sand into the apparatus with valve closed and
determine weight of apparatus and sand (W1). Place
the apparatus on a smooth glass plate and open the
valve to fill the conical portion. After the sand stops
running, close the valve sharply, and weight the
remaining sand into the apparatus (W2). The weight
(W1 – W2) represents the weight of sand required to
fill the cone of the apparatus.

ii. Density of sand
After the step 1, place the sand pouring apparatus (W2)
concentrically on top of the calibrating cylinder. Open
the shutter and allow the sand to drain out. When no
further movement of sand takes place in the apparatus,
close the shutter and weight the sand remaining in
the apparatus (W3).The weight (W2-W3) represents
the quantity of sand used in filling calibrating cylinder
and in the cone of the apparatus.
Now [(W2-W3) – (W1 – W2)] gives the weight of sand
required to fill the calibrating cylinder. Volume (Vc) of
the cylinder may be determined either by measuring
its internal dimensions or by filling it with water. Density
of sand can be computed using mass of sand filled in
cylinder and volume (Vc) of the cylinder.
iii. Density of soil
Prepare the surface of the location to be tested so
that it is a level plane. Keep the soil tray firmly on the
plain surface. Excavate with hand tools a hole of
diameter equal to that of the hole of the plate and about
10cm in depth with smooth walls and rounded bottom
edges. Place all loosened soil in a container being
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careful to avoid losing any material. Place the already
weighed sand pouring apparatus with sand on the hole
of the tray. Open the valve and after the sand has
stopped flowing close the valve. Weigh the apparatus
with remaining sand and determine the weight of sand
occupying the cavity. Weigh the material that was
removed from the test hole. Mix the material thoroughly
and weigh a representative sample for moisture
determination. Dry and weigh the sample to determine
moisture content.

2.3.1.5 Observations:
From the known density of sand and the weight of
sand occupying the hole, calculate the volume of hole.
From the weight of the soil scooped out of hole whose
volume is now known and the value of moisture content,
calculate the wet and dry density of soil.
Table 2.9 Moisture Content Determination
Description

Trial 1 Trial 2 Trial 3

Container No.
Wt. of empty container (W1)
Wt. of container + wet sample,( W2)
Wt. of container + dry sample, (W3)
Wt. of dry sample = W3 – W1
Wt. of water in the soil = W2 – W3
Water content (%)
w=

W2 − W3
× 100
W3 − W1
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Table 2.10 In Situ Density Determination
SN

Particulars

A

Weight of Sand pouring apparatus+
sand (W1)

B

Weight of Sand pouring apparatus+
sand after pouring on a flat surface or
glass sheet (W2)

C

Weight of Sand pouring apparatus+
sand after pouring in calibrating cylinder
(W3)

D

Weight of Sand in calibrating Cylinder
(in gm) {(W2-W3)- (W1-W2)}

E

Volume of Calibrating cylinder in c.c.
(V= π r2 h) r and h are internal radius and
depth of calibrating cylinder

F

Bulk density of standard Sand
(in gm/cc ) =

1

D
E

G

Weight of Sand pouring apparatus
+sand before Experiment (in gm)

H

Weight of sand pouring apparatus +
sand after Experiment (in gm)

I

Weight of sand drained out
(in gm) = G - H

J

Weight of sand occupying cone
(in gm) = A - B

K

Weight of sand occupying cavity
(in gm) = I - J

L

Volume of cavity (in cc) =
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K
F

2

3

SN

Particulars

M

Weight of soil scooped out from
the cavity (in gm)

N

Bulk density γ (in gm/cc) =

O

Moisture content (%) from
previous Table

P

Dry density
(in gm/cc) =

1

2

3

M
L

γ
1 + 0.01w

Average Moisture Content of the Soil Layer = ...%
Average Dry Density of the Soil Layer
= ...gm/cc
2.3.2 Core Cutter Method
(Reference: IS 2720-PART-29-1975 Reaffirmed-2005)

2.3.2.1 Application and significance:
This method covers the determination of the in-situ
density of compacted or natural soil by using core cutter.
The in situ density of natural soil is needed for the
determination of bearing capacity of soils, stability analysis
of slopes, determination of overburden pressure on
underlying strata, for the calculation of settlement and the
designing the underground structures. It is also a quality
control test to determine the degree of compaction in
embankment and pavement construction.
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2.3.2.2 Concept and principle:
Density is defined as mass per unit volume, this simple
concept is used in determination of dry density. A metallic
core of 1000 CC volume (approx) is inserted in the ground
with the help of rammer and weight of soil is measured.
The in-situ density is defined as the bulk density of soil
measured at actual depth. By conducting this test, it is possible
to determine the field density of the soil. The moisture content
is likely to vary from time and hence it is required to report
the test result in terms of dry density also.

2.3.2.3 Equipments and accessories needed
1.

Rammer

2.

Cutter

3.

Dolly

4.

Balance of 10 Kg Capacity with accuracy
of 0.1 gm

5.

Containers for moisture content determination

6.

Balance with accuracy of 0.01 gm

Fig. 2.5 Equipments Required for Core Cutter Method
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2.3.2.4 Procedure:
1.
2.
3.

4.
5.

In field drive the core cutter using the dolly over
the core cutter.
Stop ramming when the dolly is just around the
surface.
Dig out the cutter containing the soil out of the
ground and trim off any solid extruding from its
ends, so that the cutter contains a volume of soil
equal to its internal volume which is determined
from the dimensions of the cutter.
Determine the weight of the contained soil and
its moisture content.
Field density is determined by dividing the weight
of soil to volume of core cutter.

2.3.2.5 Observations and results:
(All weights are in grams and volume in cm3)
Table 2.10 Determination of Density by Core Cutter
Description

Tria 1 Trial 2 Trial 3

Empty Weight of Core Cutter
Weight Of Core Cutter with Soil
Weight Of Soil
Volume of Cutter (V=πr2 h) r and h
are internal radius and depth of
cutter
Bulk density of soil
Container No.
Wt. of empty container (W1)
Wt. of container + wet sample,
( W2)
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Trial 1 Trial 2 Trial 3

Description
Wt. of container + dry sample, (W3)
Wt. of dry sample = W3 – W1
Wt. of water in the soil = W2 – W3
Water content (%) =

w=

W2 − W3
×100
W3 − W1

Dry Density =

Bulk density
1 + 0.01w

Average dry density (g/cc)

2.4 Test for Direct Determination of Soil Strength
2.4.1 Plate Load Test
(Reference, IS 1888:1982, Reaffirmed 2002)
2.4.1.1 Application and Significance:
Plate load test, though useful in obtaining the necessary
information about the soil with particular reference to
design of foundation has some limitations. Test results
reflect only the character of the soil located within a depth
of less than twice the width of the bearing plate.
2.4.1.2 Concept and principle:
The allowable bearing pressure can be determined by
conducting a plate load test at site. Plates, round or square,
varying in sizes, from 30 to 60 cm and thickness of about
2.5cm are employed for the test.The load on the plate is
applied by making use of a hydraulic jack. The reaction of
the jack load is taken by across beam or a steel truss
anchored suitably at both the ends. The settlement of the
plate is measured by a set of four dial gauges of sensitivity
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0.01mm. The dial gauges are fixed to independent
supports which do not get disturbed during the test.
2.4.1.3 Equipment and Accessories required:
1)

Loading platform, truss of sufficient size

2)

Hydraulic Jack with measurment system

3)

Bearing plates: Circular or square bearing plates
of mild steel not less than 25mm thickness.

4)

LVDT with 25mm travel, capable of measuring
settlement to an accuracy of 0.01 mm

5)

Datum Beam or Rod

6)

Miscellaneous apparatus.

The test setup is done as shown in following images

Fig 2.6 : Plate Load Test setup
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Fig 2.7: Schematic View of Plate Load Test
(Ref. IS : 1888:1982)
2.4.1.4 Procedure:
1)

Excavate a pit of size not less than 5 times the
size of the plate. The bottom of the pit coincides
with level of the foundation.

2)

If water table is above the level of foundation, pump
out the water carefully and it should be kept just
at the level of the foundation.

3)

A suitable size of the plate is selected for the test.
Normally a plate of size 30cm is used in sandy
soils and bigger size in clay soils. The ground
should be leveled and the plate is seated over the
ground.

4)

A seating load of about 70 gm/cm2 is first placed
and released after sometime. A higher load is
next placed on the plate and settlements are
recorded by means of the dial gauges or LVDTs
Observations on every load increment shall be
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taken until the rate of settlement is less than
0.25mm per hour. Load increments shall be
approximately one-fifth of the estimated safe
bearing capacity of the soil.
5)

The averages of the settlements recorded by
4 LVDTs/dial gauges taken as the settlements of
the plate for each of the load increment.

Fig 2.8 : Measurment of Load and Settlements
6)

The test should continue until a total settlement
of 2.5cm or the settlement at which the soil fails,
whichever is earlier, is obtained. After the load is
increased, the elastic rebound of the soil should
be recorded.

2.4.1.5 Observation and Calculations
From the test results, a load-settlement curve should
be plotted.
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Fig 2.9 : Settlements Vs Bearing Preesure Plot
The allowable pressure of the prototype foundation for
an assumed settlement may be found and by making use
of the following equations as suggested by Terzaghi and
Peck.
For granular soils,

⎛ B (bp + 0.3) ⎞
⎟
S f = Sp⎜
⎜ b ( B + 0.3) ⎟
p
⎠
⎝

2

For Cohesive soils,

S f = Sp

B
bp

Where,
Sf

= Permissible settlement of the foundation in mm

Sp = Settlement of the plate in mm,
B

= Size of foundation in meters,

bp

= Size of plate in meters.

The permissible settlement Sf for a prototype foundation
should be known. Normally a settlement of 2.5cm is
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recommended. In the equation the values of Sf and bf are
known. The unknowns are either Sf or B. The value of Sf
for any assumed value of B may be found out from the
equation. Using the plate load settlement curve the value
of the bearing pressure corresponding to the computed
value of Sf is found out. The safe bearing pressure for a
given permissible settlement Sf may be worked out by
dividing it with facter of safety.

⎡B⎤
⎥ granular soil
⎢⎣ b p ⎥⎦

quf = qup ⎢

quf = qup in cohesive soil.
quf = Ultimate bearing cpapcity of foundation
qup = ultimate bearing capacity of test plate.
Limitations
1)

Plate load test is of short duration, consolidation
settlements cannot be predicted. The test gives
the value of immediate settlements only.

2)

Plate load test results should be used with caution
and the present practice is not to rely too much
on this test. If the soil is not homogenous to a
great depth, plate load tests give very misleading
results.

3)

Plate load tests is not at all recommended in soils
which are not homogenous at least to a depth
equal to 1.5 to 2 times the width of the prototype
foundation.

4)

Plate load tests may not be 100% relied upon to
determine the ultimate bearing capacity of sandy
soils as the scale effects give misleading results.
However, when the tests are carried on clay soils,
the ultimate bearing capacity as determined by
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the test may be taken as equal to that of the
foundation since the bearing capacityof clay is
essentially independent of the footing size.
2.4.2 Field Vane Shear Test
(Reference, IS 4434:1978, Reaffirmed 2002)
2.4.2.1 Application and Significance
The Vane shear test is most appropriate for
determination of the shear strength of saturated clays,
especially of the ‘soft’ and ‘medium’ consistency. This test
is suitable for determining the shear strength of sensitive
soils which
are highly susceptible to sampling
disturbances.
2.4.2.2 Concept and Principle
The shear vane consists of four plates welded
orthogonally to steel pipe as shown in the schematic
diagram. The vane is inserted in soil mass directly in bore
hole at the site at suitable depth. The applied torque is
measured by calibrated torsion spring, angle of twist being
read for special gauge.
The vane is rotated quickly enough to ensure that the
test is carried out under undrained conditions. The vane
shears a cylindrical failure surface, where the shear stress
at failure is the same at the upper and lower horizontal
circular areas and the vertical cylindrical surface. The
calculated torque is the resistance against the shear
stresses along these surfaces.
There are two methods of this test, i.e., (i) testing from
bottom of a bore-hole and (ii) by direct penetration from
ground surface.
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2.4.2.3 Equipment and Accessories required
For Test from Bottom of Bore-Hole
1
Vane
2
Torque applicator
3
Rod system with extention pipe.
4
Dummy rod
5
Guides for rod
6
Drilling equipment
7
Jacking arrangement
For Tests by Direct Penetration from Ground Surface
1

Vane

2

Rod system

3

Torque applicator

4

Extension pipes

Fig.2.10 : Field Vane shear Test
a. Equipment,
b. Arrangement for collection from bottom of bore hole,
c. Arrangement for direct penetration from ground surface
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Fig. 2.11 : Schematic Diagram of Vanes and
Connection for Extension of Pipes.
2.4.2.4 Procedure
Tests from Bottom of Bore-Hole
•

Sink the bore hole up to the depth required and
extend the casing up to the full depth. If the casing
is loose, secure it so that it does not move during
the tests. Fix the torque applicator anchor plate
to the casing.

•

Connect the vane of suitable size to the rods and
lower it to the bottom of the bore-hole, putting
guides at suitable intervals but not more than
about 5 m as the rods are extended. Push the
vane with a moderate steady force up to a depth
of five times the diameter of the bore-hole below
the bottom of bore-hole. Make sure that no torque
is applied to torque rods during the thrust.
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Hammering is not permitted. Fix the torque
applicator with frame to the anchor plate and
connect the rods to it. Tighten the torque applicator
to the frame properly.
•

Allow a minimum of five minutes after insertion of
the vane. Turn the gear handle so that the vane is
rotated at a rate of 0.10/second. Note the
maximum torque value attained. Preferably, note
the torque reading at every half-minute interval
and continue rotating the vane until the reading
drops appreciably from maximum.

•

Just after the determination of maximum torque,
rotate the vane rapidly through a minimum of ten
revolutions. The remolded strength should then
be determined within one minute after completion
of revolutions.

•

Remove the vane testing assembly, continue
boring and collect soil sample from the level of
the vane testing for laboratory analysis to ascertain
whether the deposit will behave as a purely
cohesive soil.

•

In case where a sleeve is not provided for the
vane rod and the soilis in contact with the rod,
determine the friction between the soil and the
vane rod by conducting tests at appropriate depths
using the dummy rod corresponding to that of the
vane used in the test. The test should be
conducted as with the vane except that the vane
is replaced by dummy rod. The test should be
conducted in an adjacent bore-hole at the
samedepth at which the vane tests were
conducted. The dummy rod should be pushed
into the ground to the same distance as the vane
rod at that depth.
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Test by Direct Penetration from Ground Surface
•

Lock the vane in-place inside the protecting shoe
and jack or drive it to the required depth. Care
shall be taken to see that the rods remain tight
while the vane is lowered. Place guides about
every 3 m to centralizeand reduce friction
between the rods and extension pipes.

•

When the vane and protecting shoe have
penetrated to the required depth, push the vane
steadily, without twisting, a distance of 5 times
the diameter of the shoe, into the undisturbed soil
below the protecting shoe. Rotate the vane till the
soil fails as in previous method.

•

Remove the torque measuring instrument and
pull back the vane fully into its protecting shoe
before advancing for another test or before being
removed from the ground taking precautions that
the vane is not damaged by the shoe.

•

In the case where soil is in contact with the torque
rods, determinethe friction between the soil and
the rod by means of torque tests conducted on
similar rods at similar depths with no vane
attached. Conductthe rod friction test at least once
on each site; this shall consist of a series of
torque tests at varying depths. A dummy should
be used instead of the vane if the vane rod is not
provided with sleeve.

2.4.2.5 Observations and Calculations
Boring Details (if any)
Location: ________Cased/Uncased: _______
Reference elevation/Ground elevation: ______
Level of water in bore hole / level of ground water
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Method of making the hole: _________

(at the time of test: )

Log of soil conditions: __________ (Notes on driving conditions: )

Vane Test Details
Test from bottom of bore-hole:
Test by direct penetration from ground surface:
Vane test apparatus no.:
Vane constant :
Vane size:
Conversion factor for torque measuring equipment:
Diameter of dummy rod if used:
Table 2.11 : Observation Table for Field Vane Shear Test

D U

R D

U R

D

U

R

Depth of vane tip
below bottom of bore
hole
Time to failure
Maximum reading on
torque measuring
equipment
Maximum torque
Number of revolutions
for remoulding
Shear strength of
undisturbed soil, (kN/
m2)
Shear strength of
remoulded soil, (kN/
m2)
Sensitivity

D – test with dummy if used or any other test for
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determination of friction of vane rod and/or torque
rods.
U – test with vane in undisturbed sample.
R – test with vane in remoulded sample.
Calculations:
For a rectangular vane, calculate the shear strength of
the soil using the following formula:

⎡
⎤
⎢
⎥
M
3⎥
⎢s =
×10
⎢
⎥
⎛ D 2 H D3 ⎞
⎟⎟
+
⎢ π ⎜⎜
⎥
6 ⎠
⎝ 2
⎣
⎦
where
S = Shear strength in kN/m2;
M = Torque, to shear the soil in N.m (corrected for
vane rod and torque rod resistance, if any);
D = Overall diameter of vane in mm; and
H = Height of vane in mm.
Remarks:
*

The vane shear test is useful when soil is soft
and its water content is nearer to liquid limit of
soil.

*

This test is generally recommended for soils with
shear strength less than 30 kPa
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2.5.

Geophysical methods

Geophysical methods are indirect methods for
determination of soil strength, change in soil stratum
boundaries, water table, bedrock, detecting organic soil,
etc. Investigation through geophysical methods is only
reliable when correlation between geophysical data and
information gathered through boring or trial pits is available.
The biggest advantage of this method is that it is very
quick and a wide area can be covered in short span of
time. The various geophysical methods commonly utilized
are electrical resistivity and seismic methods.
2.5.1 Electrical resistivity method
Electrical resistivity method records the mean resistivity
or apparent specific resistance of different soils. Each type
of soil has different resistivity which depends on water
content, degree of compaction and its composition. The
resistivity is low for saturated silt and high for loose dry
gravel or solid rock. The test is conducted by driving four
metal spikes to serve as electrodes into the ground along
a straight line at equal distances as shown in Fig. And
Fig. The test can be repeated at different spacing of
electrodes.

Fig. 2.12 : Field Setup of Electrical Resistivity Method
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Fig. 2.13 Schematic Diagram of Electrodes in
Electrical Resistivity Method
A direct voltage is applied between two outer
potentiometer electrodes and the potential drop is
measured between the inner electrodes. The electrical
resistivity is defined as:

ρ = 2π D

E
I

ρ = Mean resistivity (ohm-cm)
D = Distance between electrodes (cm)
E = Potential Drop between inner electrodes (V)
I = Current flowing in outer electrodes (A)
For correct interpretation of the resistivity data for
knowing the nature and distribution of soil formation, it is
necessary to make preliminary trials on known formation.
Average values of resistivity for various rock and minerals
are given in Table below.
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Table 2.12 Mean Resistivity of Different Materials
S. No. Material

Mean Resistivity ( ρ ) in ohm-m

1

Limestone (Marble)

1012

2

Quartz

1010

3

Rock Salt

104 -107

4

Granite

5000-106

5

Sandstone

35-4000

6

Moraines

8-4000

7

Lime stones

120-400

8

Clays

1-120

2.5.2

Seismic methods

The various seismic methods used for investigation are
i.

Seismic Refraction Method

ii.

Cross-Hole Test

iii.

Down Hole Test & Up-Hole Test

iv.

Spectral Analysis of Surface Wave (SASW)

v.

Multichannel Analysis of Surface Waves (MASW)
method

Seismic refraction method is one of the most common
methods, and in this method shock waves are created
into the soil at ground level or at certain depth below it by
striking a plate on the soil with a hammer or by exploding
small charge in the soil. The radiating shockwaves are
picked up by the vibration detector (geo-phone), where
the time of travel is recorded. The geophones are arranged
in a sequence at known distance, the velocity of waves
can be calculated as the ratio of distance and time.
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Alternatively one geophone is fixed and location of strike
can be changed.
Some of the Primary waves travel along the ground
surface and are picked up by the geophones where as
few primary waves travels in downward direction and get
refracted at the interface of changing strata. If the
underlying layer is denser, then the refracted waves travel
much faster and as the distance of geophone increases,
the refracted waves travel time proportionally decreases
as compared to direct waves. The distance versus travel
time results are plotted on graph.

Fig. 2.14 Wave Propagation in Seismic Refraction
Method
(Ref: http://www.geologicresources.com/seismic_
refraction_method.html)
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Fig. 2.15 Measurement at Geophone

Fig. 2.16 Measurement at Geophone
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The velocity for different materials is given in Table
below.
Table 2.13 Seismic Wave Velocities in Different
Materials
S.No.
1

Materials
Sand and Top soil

Velocity (m/s)
180 to 365

2

Sandy Clay

365 to 580

3

Gravel

490 to 790

4

Glacial Till

550 to 2135

5

Rock Talus

400 to 750

6

Water in loose materials

1400 to 1830

7

Shale

915 to 2740

8

Granite

3050 to 6100

9

Limestone

1830 to 6100

64

CHAPTER - 3

Soil Sampling and Preparation of Test
Samples
3.1 Introduction and Importance
Soil is three phase system, a complex combination of
air, water and solids. When soil gets fully submerged in
water for long time then it becomes 2 phase or saturated
soil, or if soil is oven dried then it becomes dry soil (2
phase system). Normally the strength of soil depends
more on water content and degree of compaction,
therefore it is very important to determine the in situ water
content of soil specimen.

Fig.3.1 Transformation of Soil from 3 Phase to 2 Phase
It is also important to determine the shear strength of
soil. In situ soil remains in stressed condition due to vertical
overburden pressure and lateral earth pressure whether
active, passive or rest. When structure is built over any
soil then due to increase in vertical pressure the principal
and shear stresses get changed and plane of principle
and shear stresses may also get altered depending on
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the surface slope and direction of loading. Therefore while
determination of shear strength of soil along the potential
failure plane, it is important to know the location of soil
specimen, water table and confinement effect.

Fig.3.2 Development of Shear Stresses at Failure
Plane

3.2 Type of Sample
The different types of soil samples which can be
obtained from insitu sampling are disturbed, disturbed but
representative and undisturbed.
3.2.1 Disturbed sample
Disturbed samples are those which have particle size
distribution same as the in-situ soil, but soil structure has
been damaged/modified. These samples are used for
classification, determination of index properties and
compaction tests. They are usually obtained through open
pits or from boreholes using augers.
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Fig.3.3 Disturbed Sample
3.2.2 Disturbed but representative
If in disturbed sample water content can be preserved
then it is termed as disturbed but representative sample.
The sample obtained from split spoon sampler used during
SPT test is of this type. The soil sample after recovery
must be preserved in air tight non corrosive containers
and water content to be determined at the earliest.

Fig.3.4 Split Spoon Sampler to Collect Disturbed
Representative Sample
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3.2.3 Undisturbed sample
No sample which is removed from its original location
and tested in lab can be termed as undisturbed sample.
But for all practical purposes we consider those samples
as undisturbed in which along with water content, soil
structure is also preserved. These samples are obtained
through thin wall sampler known as Shelby tubes. Just
after sample is recovered top and bottom portion are
sealed with molten wax of 25 mm thickness.

Fig.3.5 Shelby Tube Sampler for Collection of
Undisturbed Soil Sample
Quality and type of sample is based on soil properties
to be determined The various categories can be grouped
as follows(Ref: Soil Mechanics by R. F. Craig):
Class
No.

Objective

Class 1:

Class 3:

Classification, water content,
density, shear strength, deformationand consolidation tests
Classification, water content,
density
Classification, water content tests

Class 4:
Class 5:

Classification only
Strata identification only

Class 2:

Type of
sample
required
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Undisturbed
Undisturbed
Disturbed but
representative
Disturbed
Disturbed

3.2.4

Undisturbed sampling criteria

For collection of undisturbed samples from bore holes
properly designed sampling tools are required. Sampling
tools for undisturbed samples should have very less inside
wall friction and the tube should be well lubricated. For
cohesion less soil it should have proper non-return valve.
The design criteria of cutting edge for thin wall tubes i.e.
shelby tubes to collect cohesive soils are as under:

Fig.3.6 Thin Wall Tube Sampler
3.2.4.1 Inside clearance (Ci)
Inside clearance criteria is to reduce the frictional drag
of the soil when it enters into the tubeItalso allows elastic
expansion of soil as it inters into the tube. The inside
clearance should be between 1 and 3.

Ci =

D3 − D 2
D 2 x 100%

3.2.4.2 Out side clearance (Co)

C0 =

D1 − D 4
D 4 x 100%
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Outside clearance facilitates withdrawl of sampler from
the ground. It should be less than inside clearance.
3.2.4.3 Area ratio (Ar)

Ar =

D12 − D 22
x 100%
D 22

Area ratio should be as low as possible.For very stiff
formation it should be less than 20 and for other soils it
should be less than 10. Where it is not possible to maintain
the above criteria instead of thin tubes, piston sampler to
be used.
3.2.4.4 Recovery ratio (Rt)

Rt =

L
x 100%
H

Where L is length of sample recovered and H is depth
of penetration of sampling tube. This value should
preferably be more than 90 %.

3.3

Soil Sampling During Field Testing

The commonly used methods for soil sampling during
field testing are:
.
3.3.1 In Open pits
If open pits have been made then disturbed as well as
undisturbed samples can be taken. For disturbed sample
soil is just taken through trowel or any excavation tools.
Disturbed samples can also be taken during core cutter
or sand replacement test.
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Fig.3.7 Disturbed Sampling
For undisturbed samples shelby tubes can be inserted
in the ground and required samples (for consolidation,
unconfined compression, and triaxial tests, etc.) can be
extracted through sample extractor (Refer section 3.5).

Fig. 3.8 Undisturbed Sampling
(a, b) shelby tubes, (c) 38mm dia undisturbed
sampling tubes for UC, UU, CU, CD test, (d) CBR
mould with cutting shoe, (e) Consolidation mould, (f)
Direct shear sampler.
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3.3.2

During standard penetration test

3.3.2.1 Disturbed representative sample
During Standard Penetration Test disturbed
representative sample is collected in split spoon sampler
at every 1.5m depth. After opening the split spoon sampler,
physical description of soil strata with depth is recorded
and then the sample is preserved in air tight plastic bag
for further testing. Care should be taken to perform water
content determination test at the earliest.

Fig.3.9 SPT Test Setup and Split Spoon Sampler
3.3.2.2 Undisturbed sample
Undisturbed soil sample can also be obtained through
SPT. If SPT at any borehole location is planned at 1.5m
depth interval then Shelby tube is planned in between
two SPTs i.e. at 0.75m. Shelby tube will be inserted at
depth where undisturbed sample is required. After that
bore hole will be drilled and at next 0.75m SPT will be
carried out again after 0.75m depth Shelby tube is inserted
for collecting undisturbed sample. The process will
continue till desired depth.
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When Shelby tube is to be placed then split spoon
sampler is removed and through adaptor shelby tube and
extension rod can be attached.

Fig.3.10 Shelby Tube Attached with SPT Test Setup
Sample obtained in Shelby tubes is to be sealed by
molten wax and the transported to laboratory. In laboratory
through sample extruder desired sample can be extracted
(Refer para 1.5).

3.4

Sealing of Sampling Tubes

After obtaining the samples, sampling tubes whether
Shelby (100mm dia) or UDS (38mm dia) to be sealed
with molten wax to avoid any moisture loss. The wax
thickness should be minimum 25mm. Sample must be
tested in the laboratory within 1 week of extraction.
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Fig.3.11 Sealing of Sampling Tube

3.5 Sample Preparation for Various Lab Tests
For determination of engineering properties such as
strength and settlement various test such as direct shear
test, consolidation test, unconfined compression test,
triaxial test (UU, CU, CD) are performed. Specimen for
these tests can be prepared from undisturbed or disturbed
sample.
3.5.1 Test Specimen from Undisturbed Soil Sample
3.5.1.1 Preparation of sample for triaxial (UU,CU,
CD) test and UC test
After removing wax from Shelby tube, it is placed on
sample extractor and pushed upward. Top 25mm soil (just
below the wax)is removed then 200 mm long UDS tubes
of 38mm dia are placed above it. A suitable plate of sample
extractor is then set so that sample can be transferred in
these UDS tube from Shelby tube. Again from UDS tubes
38mm diax76mm height sample are extracted from
extractor and used for testing
74

Fig.3.12 Transfer of Undisturbed Sample
(a) From Shelby tube to 3 UDS tubes (b) Transfer of
sample in single UDS tube, (c) extraction of sample from
UDS tube
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3.5.1.2 Preparation of test specimen for
consolidation test
Consolidation ring is fixed in sample extractor and
Shelby tube sample is pushed upward. Sample collected
in the ring should be enough in height so that it can well
trimmed and smoothened.

Fig.3.13 Transfer of Sample in Consolidation
Ring from Shelby Tube
3.5.2 Test Specimen from Disturbed Soil Sample
If soil sample is disturbed then for preparing the
specimen we have to determine following:
i.

Field density and corresponding moisture content

ii.

Maximum dry density (MDD) and Optimum
moisture content (OMC)

iii.

Volume of mould (Consolidation ring, or 38mm
dia and 76mm height sample for UC, UU, CU,
CD test)

Oven dried soil is mixed with adequate water to attain
MDD/field density and sample is rammed in the mould.
For achieving MDD/Field density, trials may be required
to find how much compaction is required to achieve this.
After transferring the required quantity of soil in mould
sample is tested for desired properties.
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(a) Direct Shear Mould

(b) Oedometer Ring

(c) UC Test mould
Fig.3.14 Preparation of Test Specimen from
Disturbed Sample
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CHAPTER - 4

Determination of Index Properties of Soil
4.1 Introduction
After collection of soil sample the first task is indexing
or classification of soil. Indexing gives an idea about the
behaviour of the soil. After indexing, depending on the
soil properties and type of structure proposed on the
ground, a judicious decision is taken to plan the type and
extent of testing for engineering properties. The various
tests for Index properties are described below:

4.2 Water Content Determination
4.2.1

Water content determination using oven dry
method

Reference: IS: 2720 (Part II) – 1973 (Reaffirmed 2010)
4.2.1.1 Application and significance:
Water is one of the components of soil. The soil
behaviour depends more on its water content than any
other thing. It is one of the basic parameters defining the
soil condition.
4.2.1.2 Concept and principle
Water content of soil is generally measured as a ratio
of the weight of water to the weight of solids, expressed
as a percentage.
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4.2.1.3 Equipment and Accessories Required:

Fig. 4.1 : Equipments Required for Water Content
Determination
1

Thermostatically controlled oven, to control and
maintain temperature between 105-1100 C

2

Weigh balance with an accuracy of 0.01 gm

3

Dessicator

4

Container

4.2.1.4 Procedure:
Table 4.1 : Quantity of Soil Specimen
Size of particles more
than 90% passing (mm)
0.425

Minimum quantity of
soil specimen to be
taken for test Mass in gm
25

2

50

4.75

200

9.50

300

19

500

37.50

1000
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2.

Clean the container with lid, dry and Weigh ( W1)

3.

Take required quantity of the soil specimen in the
container crumbled and placed loosely

4.

Weigh the container with soil specimen with lid
(W2)

5.

Keep the container for drying in an oven with lid
removed and maintain the temperature of the
oven 105 – 1100 C for 24 hours.

6.

Remove the container from oven and allow them to
cool in dry air, Dessicator may be used for the purpose.

7.

Weigh the container with lid and dried soil sample
(W 3).

4.2.1.5 Observations:
Table 4.2 Observation Table for Water Content
Test No.
Container No.

1

2

Empty Weight of Container (W1)
Weight of container and wet soil (W2)
Weight of container and dry soil (W3)
Water Content (%) =

W2 − W3
× 100
W3 − W1

Average

4.3 Grain Size Analysis
4.3.1 Determination of specific gravity
Reference:IS-2720-Pt.III 1980 (Reaffirmed-2002)
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3

4.3.1.1 Application and significance:
The specific gravity of soil is used in relating weight of
soil to its volume and in calculation of phase relationship,
i.e. the relative volume of solids to water and air in a given
volume soil. The specific gravity is used in the computation
of different parameters obtained from laboratory tests, and
is needed in calculations for nearly all stress/pressure,
settlement, and stability problems in soil engineering.
4.3.1.2 Concept and principle:
The specific gravity of a soil is the ratio of the mass of
a given volume of the material at a stated temperature to
the mass of an equal volume of de-aired or gas-free
distilled water at a stated temperature. The specific gravity
of a soil is used in the phase relationship of air, water,
and solids in a given volume of the soil.
4.3.1.3 Equipment and accessories needed:
1. Specific gravity- glass bottle of 50 ml capacity with
a fitted glass stopper
2. Distilled water
3. Balance - 0.01 g sensitivity
4. Oven - capable of 1050 C to 1100 C
5. Thermometer
6. Funnel
7. Hot plate
4.3.1.4 Procedure:
1.

Weigh a clean and dry specific gravity bottle ‘W1’
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2.

Take pulverized soil passed through 2mm sieve.
Transfer the oven dried soil sample to the specific
gravity bottle (about 50gm when the 250ml
volumetric flask is used, about 10-20gm when
50cc stopper bottle is used or 100gm when 500ml
pyconometer is used).

3.

Weigh the bottle with the soil ‘W2’

4.

Add distilled water to fill the bottle about three
fourth of its volume.

5.

Remove the entrapped air by boiling it on the hot
plate for about 30 minutes without any spill out.
Remove the stopper while boiling.

6.

Then cool to room temperature and fill the bottle
with distilled water up to the mark and clean and
dry the outside surface with a clean, dry cloth and
note down the temperature.

7.

Determine the weight of the bottle with water and
soil, ‘W3’

8.

Then remove the soil and water from the bottle
and clean it

9.

Again weigh ‘W4’ after filling with distilled water
up to the mark and drying outside

10. From data obtained determine specific gravity of
the soil.
4.3.1.5 Observations:
Test No.

1

Temperature ºC
Bottle No.
Weight of Specific Gravity Bottle
(W1) (in gm)
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2

3

Weight of Specific Gravity Bottle
+ Soil (W2) (in gm)
Weight of Specific Gravity Bottle +
Soil + Water (W3) (in gm)
Weight of Specific Gravity Bottle +
Water (W4) (in gm)
Specific Gravity of Soil at
Temperature at ºC
G's =

ws − w1
( w4 − w1 ) − ( w3 − w2 )

Temperature Correction, K27
( see K27 from Table 4.1 )
Specific Gravity of Soil at
Temperature at 27 ºC
Gs = K27 x G's
Average value of Specific Gravity

The specific gravity of the given sol is = (No unit)
Determine the type of soil according to your
interpretations from specific gravity of the soil
4.3.1.6 Results
Average of three determinations shall be taken as the
Specific gravity of the soil particles and shall be reported
to the nearest 0.01. If two results differ by more than 0.03
the test shall be repeated.
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Table 4.3 Correction Factor K27 for Variation in
Specific Gravity of Water Due to Temperature
Temperature
0
C
15

K 27
1.0026

Temperature
0
C
28

K27
0.9997

16

1.0024

29

0.9994

17

1.0023

30

0.9991

18

1.0021

31

0.9988

19

1.0019

32

0.9985

20

1.0017

33

0.9982

21

1.0015

34

0.9979

22

1.0013

35

0.9975

23

1.0010

36

0.9972

24

1.0008

37

0.9968

25

1.0005

38

0.9964

26

1.0003

39

0.9961

27

1

40

0.9957

4.3.2 Wet and Dry Sieve Analysis
4.3.2.1 Application and significance:
The results of testing will reflect the condition and
characteristics of the soil aggregation from which the
sample is obtained. Therefore while sampling, it is
important to obtain a disturbed but representative sample
that is representative of the source being tested because
the distribution of different grain sizes affects the
engineering properties of soil.
4.3.2.2 Concept and principle:
Soil gradation (sieve analysis) is the distribution of
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particle size expressed as a percent of the total dry weight.
Gradation is determined by passing the material through
a series of sieves stacked with progressively smaller
openings from top to bottom and weighing the material
retained on each sieve.
4.3.2.3 Equipment and accessories needed:
1.

A series of sieve sets ranging from 4.75mm to
75µm (4.75mm, 2.36mm, 2.00mm, 1.18mm,
600 µm, 425µm, 250µm, 75µm, pan and lid)

2.

Motorised Sieve Shaker

3.

Balance sensitive to ± 0.01g

Fig. 4.2 Dry Sieve Analysis
4.3.2.4 Procedure:
The soil particles passing 4.75mm I.S. Sieve and
retained on 75micron I.S, contains no fines and can be
directly dry sieved rather than wet sieving.
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Dry Sieving:
1.

Take 500gm of the soil sample from disturbed
representative sample.

2.

Conduct sieve analysis using a set of standard
sieves as given in the data sheet.

3.

The sieving may be done either by hand or by
mechanical sieve shaker for 10 minutes.

4.

Weigh the material retained on each sieve.

5.

The percentage retained on each sieve is
calculated on the basis of the total weight of the
soil sample taken.

6.

From these results the percentage passing
through each of the sieves is calculated.

7.

Draw the grain size curve for the soil on the semilogarithmic graph.

Wet Sieving:
If the soil contains a substantial quantity (say more than
5%) of fine particles (< 75 μ size), a wet sieve analysis is
required.
All lumps are broken into individual particles.
1.

Take 500gm of oven dried soil sample and soaked
in water.

2.

For heavy clays if deflocculating is required, 2%
calagon solution is used instead of water.

3.

The sample is stirred and left for soaking period
of at least 10 minutes.

4.

The material is sieved through 75 micron sieve.

5.

The material is washed until the water filtered
becomes clear.
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6.

The soil retained on 75 micron sieve is collected
and dried in oven for 24 hrs.

7.

The oven dried soil portion is then dry sieved
through the sieve shaker for ten minutes and
retained material on each sieve is collected and
weighed.

8.

If soil retained on 4.75 mm Sieve is of significant
quantity, then different sieves between 4.75 mm
and 80 mm to be used.

9.

The material that would have been retained on
pan is equal to the total mass of soil taken for dry
sieve analysis minus the sum of the masses of
material retained on all sieves.

10. Draw the grain size distribution curve for the soil
in a semi-logarithmic graph.
Alternatively
1.

Take 1000 gm of soil sample and wash it over
4.75mm IS Sieve. Theparticles retained over
4.75mm is to be oven dried and sieved separately.

2.

The washed soil suspension to be kept for
minimum 24 hrs for sedimentation and after that
water is removed carefully.

3.

The liquid suspension is kept in oven for 24 hrs
and after that washed through 0.075mm IS Sieve.
The soil particles retained over 0.075mm IS Sieve
to be kept in oven for 24 hrs and washed soil
suspension is kept for sedimentation for minimum
24 hrs.

4.

The soil retained over 0.075mm and oven dried
is sieved through different set of Sieves between
sizes 0.075mm and 4.75mm.
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5.

If the soil passing through 0.075mm is more than
10% ( which is the most common case) then after
sedimentation of suspension water is removed
cautiously and soil sample is kept in oven for 24
hrs. Out of this soil 50-55gm soil is taken for
hydrometer analysis.

Observations and Results:
(All weights are in gms)
Sample Details: ___________________
Weight of Sample taken for Sieve Analysis = ______ gms.
Location: _____________________________

Table 4.4 Observation Table for Sieve Analysis
S I.S.
N. Sieve
No.

Empty
Weight of
Sieves
in gm

Weight of
Sieves +
Soil
in gm

Weight Cumulative Cum
Cum
weight
retained
(%)
(%)
retained
in gm
weight weight
in gm
retained passing

1. 4.75mm
2. 2.36mm
3. 2.00mm
4. 1.18mm
5. 600 µ
6 425 µ
7 250µ
8 75 µ
9 Pan
(< 75 µ)

4.3.3 Grain size distribution using Hydrometer
4.3.3.1 Application and significance:
For Silty and Clayey soil where the size of soil particle
is less than 0.075mm then it is very difficult to carry out
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sieve analysis. For such soil particle size distribution is
carried out through sedimentation analysis.
4.3.3.2 Concept and principle:
The method is based on Stoke’s law governing the rate
of sedimentation of particles suspended in water
4.3.3.3 Equipment and accessories needed:
1.

2 Glass cylinders of 1000-ml

2.

Beaker of 500 cc capacity

3.

Beaker of 1000 cc capacity

4.

Thermometer

5.

Glass stirrer

6.

Squeeze Bottle with Distil water

7.

Electric mixer with dispersing cup

8.

Hot Plate

9.

Stop watch

10.

Thermostatically Controlled Oven

11.

Balance sensitive to ± 0.01g

12.

Sodium Hexametaphoshpate
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Fig. 4.3 Equipments for Hydrometer Test
4.3.3.4 Procedure:
It is recommended that soil which passed through
0.075mm IS Sieve in wet sieve analysis is to be used for
hydrometer analysis. The soil + water which passed
through 0.075mm sieve is kept for sedimentation in tub or
bucket and soil is allowed to settle for 24 hrs, after that
the clean water is removed carefully from the top and soil
suspension is kept in oven for next 24 hrs or more till it is
fully dried.
1.

Take 50gm of the oven dry soil sample after
removing soluble salts and organic matter if any.

2.

It is then mixed with 4% solution of dispersing
agent in water to get a known amount of
suspension by volume and stirred well. (
Dispersing solution of 4% means mix 5 g of
sodium hexa-metaphosphate in de-ionized water
of 125 ml)

3.

This suspension should be made 24 hrs before
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testing. Alternatively it can be heated on hot plate
for 15-20 minutes then allowed to cool for next 30
minutes.
4.

After 24 hours, the suspension is again mixed
using electric mixer with dispersing cup.

5.

Following stirring with mixer, the suspension which
is made up to 1000 ml in the measuring cylinder
is turned end to end for even distribution of
particles before the time ‘t’ begins to be measured.

6.

The hydrometer readings are recorded at regular
intervals as indicated in the data sheet. From the
data obtained the particle size distribution curve
is plotted in the semi-logarithmic graph sheet
along with the dry sieve analysis results

Corrections required
Meniscus correction (Cm):
Since the suspension is opaque, the readings will be
taken at the top of the meniscus while the actual should
be from the bottom of the meniscus. It is constant for a
hydrometer (Always positive).
Temperature correction (Ct):
If the temperature is less than 270C, the correction is
negative and vice-versa. Temperature should be measured
from starting till end of the test at regular intervals and are
averaged. Then it is compared with the standard
temperature (270C)
Dispersion agent correction (Cd):
Addition of calgon always increases the specific gravity
of the specimen. Hence, this correction is always negative.
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Alternative corrections (combined):
Composite correction for dispersion agent and
Temperature, (Ct – Cd):
Insert the hydrometer in the comparison cylinder
containing dispersant solution in distilled water with the
same concentration as used for making the soil
suspension. The Composite correction (C t – Cd) is
negative of the hydrometer reading corresponding to the
top meniscus. It has to be taken every 30 minutes
throughout the test.
4.3.3.5 Observation and Calculations:
1. Sample No:
2. Soil’s specific gravity oil (Gs) =
3. Weight of oven dried soil
4. Hydrometer No. =
5. Dispersing agent correction (Cd)

=

6. Temperature correction (Ct) =
7. Meniscus correction (Cm) =
8. Cross-sectional area of the jar =
9. Weight of soil for sieve analysis (W) = 500 g
10. Weight passing from 0.075 mm sieve (Wf)
In suspension (WS)

= 40 g
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=
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Elapsed Hydrometer
Reading
time ‘T’
(RH)
(in min)
30 sec
1 min
2 min
5 min
10 min
15 min
30 min
1 hr.
2 hrs.
4 hrs.
8 hrs.
24 hrs.

Gs . R
.100
(Gs - 1). Ws

N'% =

wf
x N '%
W

R= R’H +
R’H / =
(RH + Cm) (Ct – Cd)

Where GS = Specific Gravity of Soil
WS= Dry Wt. of Soil sample

N'% =

Calculation:

Actual
time in
IST

L,
Effective
Depth

K

L/T (L in
cm &
T in min)

L/T

Particle size
D=K L/T
(in mm)

Table 4.5 Observation Table for Hydrometer Test
Percent
Finer
N' %

% Finer on the
total wt.
N

4.4 Determination of Atterberg Limits
4.4.1

Determination of liquid limit using
casagranade apparatus

Reference: IS: 2720 (Part 5) – 1985 (Reaffirmed-2006)
4.4.1.1 Application and significance:
Liquid limit is important to know the stress history and
general properties of the soil met with construction. From
the results of liquid limit the compression index may be
approximately estimated. The compression index value
will help us in settlement analysis. If the natural moisture
content of soil is closer to liquid limit, the soil can be
considered as soft. If the moisture content is less than
liquid limit, the soil is relatively brittle and stiffer.
4.4.1.2 Concept and principle:
The liquid limit is the moisture content at which the
groove, formed by a standard tool into the sample of soil
taken in the standard cup, closes for 10 mm on being
given 25 blows in a standard manner. This is the limiting
moisture content at which the cohesive soil passes from
plastic state to liquid state.
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4.4.1.3 Equipment and accessories needed: .
1.

Weighing balance,

2.

Cassagrande’s Liquid limit device,

3.

Calibration Bar

4.

Porcelain dishes,

5.

Empty container for moisture

6.

Spatula,

7.

Electrical oven,

8.

Distil water in squeeze bottle

9.

ASTM and Casagranade grooving tool,

Fig. 4.4 Liquid Limit Test
4.4.1.4 Procedure:
1.

Take 250 gm of oven-dried soil, passing through
425 mm sieve, into a porcelain dish. Add distilled
water into the soil and mix it thoroughly to form
uniform paste. (The paste should have a
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consistency that would require 30 to 35 drops of
cup to cause closure of standard groove for
sufficient length.)
2.

Place a portion of the paste in the cup of Liquid
Limit device and spread it with a few strokes of
spatula.

3.

Trim it to a depth of 1 cm at the point of maximum
thickness and return excess of soil to the dish.

4.

Using the grooving tool, cut a groove along the
center line of soil pat in the cup, so that clean
sharp groove of proper dimension (11 mm wide
at top, 2 mm at bottom, and 8 mm deep) is
formed.

5.

Lift and drop the cup by turning crank at the rate
of two revolutions per second until the two halves
of soil cake come in contact with each other for a
length of about 13 mm by flow only, and record
the number of blows, N.

6.

Take a representative portion of soil from the cup
for moisture content determination.

7.

Repeat the test with different moisture contents
at least five more times for blows between 15 and
35.

4.4.1.5 Observations:
Details of the sample:
Natural moisture content:
Room temperature:
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Table 4.6 Observation Table for Liquid Limit
Determination (Casagrande Apparatus)
Determination Number

1

2

3

4

5

6

Container number
Weight of container (w1)
Weight of container +
wet soil (w2)
Weight of container +
dry soil (w3)
Weight of water
(Ww=w2-w3)
Weight of dry soil
(Ws= w3- w1)
Moisture content (%) =
(Ww/Ws)
No. of blows

Calculations:
Plot the relationship between water content (on y-axis)
and number of blows, N (on x-axis) on semi-log graph.
The curve obtained is called flow curve. The moisture
content corresponding to 25 drops (blows) as read from
the graph represents liquid limit. It is usually expressed to
the nearest whole number.

Fig. 4.5 Flow Curve
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Liquid limit, WL

Flow index,

= (At 25 blows, from semi loggraph of water content vs. No.
of blows)
If

= (W2-W1) / log(N1/N2)
= slope of the flow curve

4.4.2 Determination of Plastic Limit
4.4.2.1 Application and Significance:
Plastic Limit (PL or WP) is the water content in percent,
of a soil at the boundary between the plastic and semisolid states. The plastic limit of soils is also used
extensively either individually or together with other soil
properties to correlate with engineering behaviour such
as compressibility, permeability, compactability, shrinkage
- swelling and shear strength.
4.4.2.2 Concept and Principle:
The plastic limit (PL) is determined by rolling out a
thread of the fine portion of soil on a flat, non-porous
surface. The plastic limit is defined as the moisture content
where the thread breaks apart at a diameter of 3.2 mm
(about 1/8 inch). A soil is considered non-plastic if a thread
cannot be rolled to 3.2 mm diameter at any moisture
content.
4.4.2.3 Equipment and accessories needed:
1.

425 micron IS sieve with lid and pan

2.

Ground glass plate for rolling the specimen

3.

3 mm dia copper wire

4.

Spatula

5.

Squeeze bottle with distil water
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6.

Porcelain dish.

7.

Balance of sensitive to 0.01gm

8.

Containers to determine the moisture content
Oven thermostatically controlled with interior of
non-corroding material to maintain the
temperature around 1050 and 1100C..

Fig. 4.6 Plastic Limit Test
4.4.2.4 Procedure:
1.

Take 20 gm of oven-dried soil, passed through
425 micron sieve (In accordance with IS 2720:
part-1), into an evaporating dish. Add distilled water
into the soil and mix it thoroughly to form uniform
paste (the soil paste should be plastic enough to
be easily molded with fingers).

2.

Prepare several ellipsoidal shaped soil mass by
squeezing the soil between your fingers. Take one
portion of the soil mass and roll it on the glass
plate using your fingers. The pressure of rolling
should be just enough to make thread of uniform
diameter throughout its length. The rate of rolling
shall be between 60 to 90 strokes per min.
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3.

Continue rolling until you get the thread diameter
of 3 mm.

4.

If the thread does not crumble at a diameter of 3
mm, knead the soil together to a uniform mass
and re-roll.

5.

Continue the process until the thread crumbles
when the diameter is 3 mm.

6.

Collect the pieces of the crumbled thread for
moisture content determination. (Prepare threads
at least with 10gm of soil for water content
measurement).

7.

Repeat the test at least 3 times and take the
average of the results calculated to the nearest
whole number.

4.4.2.5 Observations and results:
Table 4.7 Observation Table for Plastic Limit
No. Description
1 Container No.

Trial 1 Trial 2 Trial 3

2 Wt. of empty container (W1)
3 Wt. of container + wet sample,( W2)
4 Wt. of container + dry sample, (W3)
5 Wt. of dry sample = W3 – W1
6 Wt. of water in the soil = W2 – W3
7 Water content (%) =

w=

W2 -W3
×100
W3 -W1

8 Average Plastic Limit, (%)
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Plasticity Index, (Ip) = (LL - PL)
=
Toughness Index
= Ip / IF
Liquid Limit and Plastic Limit test can also be performed
using cone penetrometer for silty soils.

4.5 Tests for Density Determination
4.5.1 Standard proctor or light compaction test
Reference IS 2720 Part VII
4.5.1.1 Application and significance:
This test consists of determination of the relationship
between the moisture content and density of soil
compacted in a mould of a given size with a 2.6 kg rammer
dropped from a height of 31cm. The results obtained from
this test will be helpful in defining the density and moisture
content of fill material for embankments and other
applications, thus ensuring higher bearing capacity of
foundations, reducing the undesirable settlement of
structures, controlling undesirable volume changes,
reduction in hydraulic conductivity, improving the stability
of slopes, etc.
4.5.1.2 Concept and principle:
In geotechnical engineering, soil compaction is the
process in which a stress applied to a soil causes
densification as air is displaced from the pores between
the soil grains. It is an instantaneous process and always
takes place in partially saturated soil (three phase system).
The Proctor compaction test is a laboratory method of
experimentally determining the optimal moisture content
at which a given soil can be compacted to become very
dense and achieve its maximum dry density.
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4.5.1.3 Equipment and accessories needed:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

Proctor mould having a capacity of 944 cc with an
internal diameter of 10.2 cm and a height of 11.6 cm
Detachable Collar
Base Plate
Rammer of 5.08 cm diameter face, 2.5 kg weight
and free fall of 31 cm
Sample Extruder
A balance of 15 Kg capacity with accuracy 1 gm
A sensitive balance of with accuracy 0.01 gm
Mixing pan
Wooden mallet
Trowel
Spatulla
Straight edge
Graduated Cylinder
Moisture Tins

Fig. 4.7 Equipments for Proctor Test
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4.5.1.4 Procedure:
1.

Take a representative oven-dried sample,
approximately 5 kg in the given pan. Thoroughly
mix the sample with sufficient water to dampen it
with approximate water content of 4-6 %.

2.

Weigh the proctor mould without base plate and
collar. Fix the collar and base plate. Place the soil
in the Proctor mould and compact it in 3 layers
giving 25 blows per layer with the 2.5 kg rammer
falling through. The blows shall be distributed
uniformly over the surface of each layer.

3.

Remove the collar; trim the compacted soil even
with the top of mould using a straight edge and
weigh.

4.

Divide the weight of the compacted specimen by
944 cc and record the result as the bulk density

γ

bulk

5.

Remove the sample from mould and slice
vertically through and obtain a small sample for
water content.

6.

Thoroughly break up the remainder of the material.
Add water in sufficient amount to increase the
moisture content of the soil sample by one or two
percentage points and repeat the above
procedure for each increment of water added.
Continue this series of determination until there
is either a decrease or no change in the wet unit
weight of the compacted soil.

4.5.1.5 Observations:
Mould Diameter ………... cm, Height ………… cm,
Volume ………. cc,
Weight ………… gm
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Table 4.8 Observation Table for Density Determination
Density
No Determination No.
1

Weight of water added,
Ww (gm)

2

Weight of mould +
compacted soil (gm)

3

Weight of compacted soil,
W (gm)

4

Average moisture
content, w %

5

Bulk density(gm /cc) =
W / (Mould volume)

6

Dry density (gm/cc) =
Bulk density/(1+w)

1

2

3

4

5

6

1

2

3

4

5

6

Water content
7

Container No.

8

Wt. of container (gm) = Wc

9

Wt. Of container +
wet soil (gm) = W1

10 Wt. Of container +
dry soil (gm) = W2
11 Watercontent, w =
(W1–W2)/(W2–Wc)x 100%
Note: Plot dry density vs. moisture content and find out the
max dry density and optimum moisture for the soil.
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Fig. 4.8 Compaction Curve
4.5.1.6 General remarks:
• The peak point of the compaction curve:
The peak point of the compaction curve is the point
with the maximum dry density, ?d max. Corresponding to
the maximum dry density ?dmax is a water content known
as the optimum water content (also known as the optimum
moisture content, OMC). Note that the maximum dry
density is only a maximum for a specific compaction effort
and method of compaction. This does not necessarily
reflect the maximum dry density that can be obtained in
the field.
•

Zero air voids curve:
The curve represents the fully saturated condition
(S = 100 %). (It cannot be reached by compaction)

4.5.2 Modified proctor or heavy compaction
Reference IS 2720 Part. VIII
4.5.2.1 Application and significance:
This test consists of determination of the relationship
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between the moisture content and density of soils
compacted in a mould of a given size with a 4.9 kg rammer
dropped from a height of 450 cm. The results obtained
from this test will be helpful in defining the density and
moisture content of fill material for embankments and other
applications, thus ensuring higher bearing capacity of
foundations, reducing the undesirable settlement of
structures, controlling undesirable volume changes,
reduction in hydraulic conductivity, improving the stability
of slopes, etc.
4.5.2.2 Concept and principle:
In geotechnical engineering, soil compaction is the
process in which a stress applied to a soil causes
densification as air is displaced from the pores between
the soil grains. It is an instantaneous process and takes
place in partially saturated soil (three phase system). The
Proctor compaction test is a laboratory method of
experimentally determining the optimal moisture content
at which a given soil can be compacted to become very
dense and achieve its maximum dry density.
4.5.2.3 Equipment and accessories needed:
1.

2.

Proctor mould having a capacity of 1000 and
2250 cc approx with internal diameter of 10 cm
and 15 cm approx.
Detachable Collar

3.

Base Plate

4.

Rammer of 5.08 cm diameter face, 2.5 kg weight
and free fall of 31 cm and 4.9Kg weight with free
fall of 45 cm

5.

A balance of 15 Kg capacity with accuracy 1 gm

6.

A sensitive balance of with accuracy 0.01 gm
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7.

Mixing pan

8.

Wooden mallet

9.

Trowel

10. Spatulla
11. Straight edge
12. Graduated Cylinder
13. Moisture Tins
4.5.2.4 Procedure:
A. If most of the soil particle is of size less than 19mm
(use 1000 cc Mould).
7.

Take a representative air-dried sample passing
through 19mm IS Sieve, approximately 5 kg in
the given pan. Thoroughly mix the sample with
sufficient water to dampen it with approximate
water content of 4-6 %.

8.

Weigh the proctor mould without base plate and
collar. Fix the collar and base plate. Place the soil
in the Proctor mould and compact it in 5 layers
giving 25 blows per layer with the 4.9 kg rammer
falling through 45 cm height. The blows shall be
distributed uniformly over the surface of each
layer.

9.

Remove the collar; trim the compacted soil even
with the top of mould using a straight edge and
weigh.

10. Divide the weight of the compacted specimen by
volume of mould and record the result as the
bulkdensity γ bulk.
11. Remove the sample from mould and slice
vertically through and obtain a small sample for
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water content.
12. Thoroughly break up the remainder of the material.
Add water in sufficient amount to increase the
moisture content of the soil sample by one or two
percentage and repeat the above procedure for
each increment of water added. Continue this
series of determination until there is either a
decrease or no change in the wet unit weight of
the compacted soil.
13. If soil is susceptible to crushing (like limestone
etc.) use 5-6 samples of air dried sample of 2.5
Kg each and mix water separately in increment
of 4% approx.
B. If the soil particle is of size greater than 19mm say
upto 37.5 mm. (Use of 2250 cc mould) (e.g. Blanket
Material for Railway Embankment)
1.

Use mould of size 2250 cc and give 55 no. of
blows required in each layer. All other steps will
remain same as mentioned in A.

4.5.2.5 Observations and Calculation
Mould Diameter ………... cm,
Volume ………. cc,

Height………… cm,
Weight ………… gm

Table 4.9 Observation for Dry Density Determination
Density
Determination No.
1

1

Weight of water added,
Ww (gm)

2

Weight of mould +
compacted soil (gm)
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2

3

4

5

6

3

Weight of compacted soil,
W (gm)

4

Average moisture content,
w%

5

Bulk density(gm /cc) =
W / (Mould volume)

6

Dry density (gm/cc) =
Bulk density/(1+w)

Water content
Container No.

1

7

Wt. of container (gm) = Wc

8

Wt. of container +

2

3

4

5

6

wet soil (gm) = W1
9

Wt. of container +
dry soil (gm) = W2

10 Water content, w =
(W2–W1)/(W1–Wc)x 100%
Note: Plot dry density vs. moisture content and find out the
max dry density and optimum moisture for the soil.

Fig. 4.9 Compaction Curve
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General Remarks:
• The peak point of the compaction curve:
The peak point of the compaction curve is the point
with the maximum dry density, γ dmax. Corresponding to
the maximum dry density γ dmax is a water content known
as the optimum water content (also known as the optimum
moisture content, OMC). Note that the maximum dry density
is only a maximum for a specific compactive effort and
method of compaction. This does not necessarily reflect
the maximum dry density that can be obtained in the field.
• Zero air voids curve:
The curve represents the fully saturated condition
(S = 100 %). (It cannot be reached by compaction).
4.5.3 Relative Density Test
Reference IS 2720 Pt. XIV-1983 Reaffirmed-2006
4.5.3.1 Application and significance:
Relative density is the measure of relative compaction
of coarse grained soil (e.g sand) with respect to its loosest
and densest state . Determination of relative density helps
in knowing the compaction state and is an indirect
measure of the safe bearing capacity in sandy soil.
Relative density test is performed for blanket material and
for subgrade material if it is made up of sand or coarse
grained material.
4.5.3.2 Concept and principle:
Relative density can also be expressed as ratio of
difference between void ratio of a soil in its loosest state
and existing natural state to the difference between its
void ratio in the loosest and densest state. The term void
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ratio or porosity depends upon shape of grain, uniformity
of grain and condition of sedimentation and compaction
changes the void ratio or porosity.
4.5.3.3 Equipment and accessories needed:
1.
2.

Relative Density Test table of 75cmx75cm with
3600 rpm.
Two cylindrical moulds, 3000 cc and 15000 cc

3.

10mm thick surcharge base plate with handle
for each mould

4.

Surcharge weights, one for each size having a
weight equal to 140 gm/ cm2

5.

Dial gauge holder

6.

Guide Sleeves with clamps for each mould
separately

7.

Calibrating bar 75x 300x3mm

Fig. 4.10 Relative Density Test Setup
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4.5.3.4 Procedure:
1.

Dry the sample in thermostatically controlled
electric oven

2.

Cooling the sample in dessicator, breaking the
lumps and sieving through required sieve size

3.

Measure inside diameter of mould at different
depth using a bore gauge and take average
(accuracy 0.025mm)

4.

Calculate the volume

5.

Calculate the volume of mould using water also
(fill the mould with water fully, place a glass plate
over it and measure weight, then measure the
empty weight with glass plate, divide the mass of
water in mould to density of water) temperature
corrections to be applied if required

6.

7.

Determination of minimum density
a.

Pour the dry soil through a funnel in a steady
stream, the spout is adjusted so that free fall
is 25mm. While filling, the spout to be moved
spirally. Filling to be continued above 25mm
from top.

b.

The top is levelled and weight is calculated

c.

Height is determined and volume is calculated
and minimum density is determined.

d.

The void ratio in loosest state is determined

Determination of maximum density
a.

Guide Sleeve to be assembled and clamped
properly

b.

Surcharge baseplate to be placed on the soil
surface and weight is lowered on the base
plate
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8.

c.

Vibrator control should be set to maximum
amplitude and the loaded soil should be
vibrated for 8 minutes

d.

The surcharge and guide sleeve is to be
removed and dial gauge reading on two
opposite sides is to be taken and the average
is recorded.

e.

Maximum dry density is calculated

f.

Minimum void ratio is calculated

Natural Dry density
Natural dry density or dry density of compacted
railway bed may be calculated as per sand
replacement method IS 2720 Part. 28

4.5.3.5 Observations:
Calculation for maximum void ratio:
Volume of mould

Vc

=

Mass of dry soil Ms (W1-W)

=

Minimum dry density (Yd)min

=

Maximum void ratio emax

= Gs. γ w / γ d min -1

Calculation for minimum void ratio:
Volume of soil in mould Vc’

=

Mass of dry soil Ms (W1-W)

=

Maximum dry density ( γ d)max =
Maximum void ratio emin
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= Gs. γ w / γ d max -1

Calculation for void ratio of soil in field
Dry density of soil is determined from from sand
replacement method

γd

=
= Gs. γ w / γ d -1

Void ratio (e)
Relative Density of Soil

emax − e
emax − emin x 100

Dr (%)

=

Dr (%)

γ
(γ - γ
)
= max d min x 100
γ d (γ max - γ min )
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CHAPTER - 5

Testing for Determination of Engineering
Properties of Soil
5.1

Introduction

SPT results and Index properties gives an idea about
the behaviour of soil and structures can be designed with
information obtained from these tests. For important
structures such as foundations of bridges, multi-storeyed
buildings, high railway embankments, dams etc. designer
needs precise engineering properties to maintain a balance
between safety and cost of constriction helps designer in
optimising the construction cost by full utilisation of soil
strength as well as maintain desired level of safety. The
index property of soil helps in deciding the type of tests to
be performed for determining the engineering properties.
The engineering properties of soil includes shear strength,
consolidation parameters and dynamic properties. Shear
strength parameters are required for estimation of bearing
capacity, friction resistance in piles, slope stability analysis,
design of retaining structures etc. The shear strength
parameters are cohesion (c) and internal friction angle
(f).
The equipment’s for performing the test may be of two
types
i)

Conventional equipment’s with dial gauges and
proving rings in which parameters are required
to be taken at fixed interval about 30 seconds.

ii)

Modern equipment’s with Load cell and LVDTs.
There is a data logger also to record all the values
of tests performed over the years. There is
analysis software also, which analys the results
and print the reports in specified format with
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graphs. It is preferred to have digital equipment’s
with data logger and analysis software for
verification at later stage.
The various tests for determination of engineering
properties are discussed below

5.2 Lab Test for Determining the Engg Properties
5.2.1

Direct shear test

5.2.1.1 Application and significance:
The value of internal friction angle and cohesion of the
soil are required for design of foundations, retaining walls,
bridges, sheet piling, etc. Direct shear test can predict
these parameters quickly. The test is used preferably for
silty and sandy soil.
5.2.1.2 Concept and principle:
The concept of direct shear is simple and mostly
recommended for granular soils, sometimes on soils
containing some cohesive soil content. The cohesive soils
have issues regarding controlling the strain rates for
drained or undrained loading. In granular soils, loading can
usually assumed to be under drained conditions. A
schematic diagram of shear box shows that soil sample
is placed in a square box which is split into upper and
lower halves. Lower section is fixed and upper section is
pushed or pulled horizontally relative to other section; thus
forcing the soil sample to shear/fail along the horizontal
plane separating two halves. Under a specific Normal
force, the Shear force is increased from zero until the
sample is fully sheared. The relationship of Normal stress
and Shear stress at failure gives the failure envelope of
the soil and provide the shear strength parameters by
(cohesion and internal friction angle).
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5.2.1.3 Apparatus required:
1)

Direct shear box apparatus and Loading frame
(motor attached).

2)

Two Dial gauges, Proving ring, Weighing Balance
with accuracy of 0.01g.

3)

Sample Extractor (Undisturbed sample) /
Sampler for preparation of remoulded sample of
dimension (60mm*60mm*25mm).

4)

Tamper, Straight edge, Spatula.

5)

Filter paper

6)

Two porous stones

7)

Two corrugated metallic plates with perforation
(drained) / metallic non-perforated plates with
corrugation (undrained)

8)

Metallic Pressure pad

Direct Shear Equipment:
Strain controlled direct shear machine consists of shear
box, soil container, loading unit, proving ring/load cell, dial
gauge/ILVDT to measure shear deformation and vertical
deformation. A proving ring/load cell is used to indicate
the shear load taken by the soil along the shearing plane.
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Fig.5.1 Direct Shear Test Setup

Fig. 5.2 Direct Shear Test Apparatus and
Schematic View of Direct Shear Mould

118

5.2.1.4 Procedure:
1.

Check the inner dimension of the soil sampler,
and put the parts of the direct shear apparatus
together.

2.

Calculate the volume of the sampler. Weigh the
sampler.

3.

Place the soil inside the sampler in three smooth
layers (approximately 10 mm thick each before
tamping). If dense sample is desired, tamp the
soil with appropriate equal number of blows in
each layer for the required density.

4.

After completing three layers, level the top layer
and weigh the soil sampler with soil. Find the
weight of wet soil and calculate the density of soil
to confirm that the required density is achieved.

5.

Place the soil specimen inside the direct shear
apparatus and put the upper porous stone,
pressure pad and loading block on top of soil.

6.

Adjust the dial gauges/LVDT and proving ring/load
cell to zero position after setting up the specimen
set up. Apply the desired normal stress say 0.5
kg/cm2 , add water at the top of direct shear box
set up and wait for at least 20 minutes to ensure
saturation and remove the shear pin.

7.

Measure the final vertical dial gauge/LVDT reading
which measures the deformation in vertical
direction due to saturation.

8.

Record the initial reading of the dial gauge and
proving ring/load cell values before starting the
shearing.

9.

Check all adjustments to see that there is no
connection between two parts except sand/soil.
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10. Fix the strain controlled frame to the required strain
rate. Start the motor. Take the reading of the shear
force in proving ring/load cell with respect to the
change in horizontal dial gauge/LVDT reading and
vertical deformation in vertical dial gauge till failure.
11. The steps from 1to 10 has to be repeated for
another two normal stresses
(1.0 kg/cm2 and 1.5 kg/cm2).
5.2.1.5 Observation and Calculation
Data calculation sheet for direct shear test:
Normal stress =0.5 kg/cm2
Size of the sample = 60x 60x 25mm
Area of the sample (Cross Sectional ) = 36 sq.cm
Volume of the sample = 90 cm3
Weight of the sample (gm) = _______
Density of the sample (gm/cc) = _______
Water content (%) = _______
Least count of dial gauge (Horizontal) = _____
Least count of dial gauge (Vertical) = _____
Proving Ring No. = _______
Proving ring constant = _______
Normal stress (Kg/ sq.cm) = _______
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Table 5.1 Observation for Direct Shear Test
Time (min) 1

2

3

4 5

6 10 15 20 25 30 35 40 45 50 55 60 90 120

Vertical
Dial
Reading

Horizontal Dial reading

20

40 60 80 100 120 140 160 180

Proving Ring Reading
Shear Stress (Kg/sq.cm)
Horizontal Dial reading

200 220 240 260 280 300 320 340 360

Proving Ring Reading
Shear Stress (Kg/sq.cm)
Horizontal Dial reading

380 400 420 440 460 480 500 520 540

Proving Ring Reading
Shear Stress (Kg/sq.cm)
Horizontal Dial reading

200 220 240 260 280 300 320 340 360

Proving Ring Reading
Shear Stress (Kg/sq.cm)
Horizontal Dial reading

200 220 240 260 280 300 320 340 360

Proving Ring Reading
Shear Stress (Kg/sq.cm)
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*L.C – Least Count, P.R.C – Proving Ring Constant
Water content calculation:
Name of container
Weight of container,
w1
Weight of container and wet soil, w2
Weight of container and dry soil, w3
Water content, (%)

=
=
=
=
=

w 2 − w3
×100
w 3 − w1

Repeat the process for 1 kg/cm2 and 1.5 kg/cm2
Calculations:
1.

Shear stress (t) on the horizontal failure plane are
calculated as t = S/A; Where S is shear force. A
is the cross sectional area of the sample, which
decreases slightly with the horizontal
deformations.

2.

Corrected area Acorr needs to be calculated for
computing the shear stress at failure.
Acorr = A0-(6*d), where d is horizontal displacement
due to shear force applied on specimen. A0 is the
initial area of the soil specimen. A0 and d are in
cm.

3.

i. Shear Stress = (Proving ring reading x Proving
ring constant) / Acorr
ii. Horizontal displacement = Horizontal dial gauge
reading x Least count of horizontal dial gauge
iii. Vertical displacement = Vertical dial gauge
reading x Least count of vertical dial gauge

4.

Shear stress at failure needs to be calculated for
all three tests performed at three different normal
stresses to plot the failure envelope.
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General remarks:
1.

In the shear box test, the specimen is not failing
along its weakest plane but along a predetermined
or induced failure plane i.e. horizontal plane
separating the two halves of the shear box. This
is the main drawback of this test.
Moreover, during loading, the state of stress
cannot be evaluated. It can be evaluated only at
failure condition i.e. Mohr’s circle can be drawn
at the failure condition only. Also failure is
progressive.

2.

Direct shear test is simple and faster to operate.
As thinner specimens are used in shear box, they
facilitate drainage of pore water from a saturated
sample in less time. This test is also useful to
study friction between two materials – one
material in lower half of box and another material
in the upper half of box.

3.

The angle of shearing resistance of sands
depends on state of compaction, particle size,
shape and roughness of grain surface and
grading. It varies between 280 (uniformly graded
sand with round grains in very loose state) to 450
(well graded sand with angular grains in dense
state).

4.

The volume change in sandy soil is a complex
phenomenon depending on gradation, particle
shape, state and type of packing, orientation of
principal planes, principal stress ratio, stress
history, magnitude of minor principal stress, type
of apparatus, test procedure, method of preparing
specimen etc. In general loose sand expands and
dense sand contracts in volume on shearing.
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There is a void ratio at which either expansion or
contraction in volume takes place. This void ratio
is called critical void ratio. Expansion or
contraction can be inferred from the movement
of vertical dial gauge during shearing.
5.

The friction between sand particles is due to
sliding, rolling friction and interlocking action.

The residual values of shear parameter for both loose
sand and dense sand approximately attain the same value
so, if angle of friction value is calculated at residual value,
slight disturbance in density during sampling and
preparation of test specimens will not have much effect.
5.2.2 Triaxial Test, Unconfined Compressive
Strength (UCS)
(Reference IS-2720-PART-10-1991)
5.2.2.1 Application and significance:
Bearing capacity determination by using plate load test
is very cumbursome and expensive. UCS test is
exclusively for clayey type of soil which gives quick results.
Sometimes it is cheaper to take the undisturbed soil
sample and test its strength in the laboratory. Also to
choose the best material for the embankment, one has to
conduct strength tests on the samples selected. Under
these conditions it is easy to perform the unconfined
compression test on undisturbed and remoulded soil
sample.
5.2.2.2 Concept and principle:
Unconfined compression test also known as uniaxial
compression test, is a special case of a triaxial test, where
confining pressure is zero. UC test does not require the
complete triaxial setup and is simple and quick to perform
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on loading frame which have measuring system for load
and displacement. In this test, a cylindrical specimen of
soil without lateral support is tested to failure in simple
compression, at a constant rate of strain. Compressive load
per unit area required to fail the specimen is called
unconfined compressive strength of the soil.
5.2.2.3 Equipment and accessories needed:
1.

Loading frame with constant rate of movement.

2.

Proving ring of 0.01 kg sensitivity for soft
soils;0.05 kg for stiff soils.

3.

Soil trimmer

4.

Sample extractor

5.

Split mould for remoulded sample preparation

6.

Frictionless end plates (Perspex plates)

7.

Dial gauge (0.01 mm accuracy),

8.

Stop Watch

9.

Vernier callipers

10. Balance of sensitivity 0.01 g.
11. Thermostatically controlled oven
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Fig. 5.3 Unconfined Compression Test Setup
5.2.2.4 Preparation of specimen:
A

Undisturbed specimen

1.

Note down the sample number, bore-hole number
and the depth at which the sample was taken.

2.

Remove the protective cover (paraffin wax) from
the sampling tube.

3.

Place the sampling tube on the extractor (internal
diameter of 38 mm) and push the plunger till
desired length (25mm) of sample moves out.

4.

Trim the projected sample using a wire saw, and
push the plunger until a 76mm long sample
comes out.
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5.

Cutout this sample carefully and hold it on the
split sampler so that it does not fall.

6.

Take about 10 to 15 g of soil from the tube for
water content determination.

7.

Note the container number and take the net weight
of the sample and the container.

8.

Measure the diameter at top, middle, and bottom
of the sample. Find the average and record the
same.

9.

Measure the length and weight of the sample and
record.

B

Remoulded sample

1.

Calculate the weight of the dry soil (Ws), required
for preparing a specimen of required dimensions
(diameter and height)

2.

Add required quantity of water, Ww, to this soil.
Ww = Ws x

w
100

Where W = water content in field or OMC
3.

Mix the soil thoroughly with water.

4.

Place the wet soil in a tight thick polythene bag in
a humidity chamber.

5.

Take the soil from the humidity chamber and place
the soil in a constant volume mould, of required
dimensions (equivalent to selected dimension of
the sample). Refer Para 3.6.2

6.

Place the lubricated mould with plungers in
position in the load frame.

7.

Apply the compressive load till the specimen is
compacted to the required height.
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8.

Eject the specimen from the constant volume
mould.

8.

Record the height, weight and diameter of the
specimen.

5.2.2.5 Procedure:
1.

Take two frictionless bearing plates of diameter
equivalent to that of the sample dimension.

2.

Place the specimen on the base plate of the load
frame (sandwiched between the end plates).

3.

Place a hardened steel ball on the top bearing
plate.

4.

Adjust the center line of the specimen such that the
proving ring and the steel ball are in the same line.

5.

Fix a dial gauge to measure the vertical
compression of the specimen.

6.

Adjust the gear position on the load frame to give
suitable vertical displacement.

7.

Start applying the load and record the readings
of the proving ring and compression dialgauge
at every 30 seconds.

8.

Continue loading till failure or 20% axial strain
(whichever is reached earlier), and then draw the
sketch of the failure pattern in the specimen.

5.2.2.6 Observations & Calculations
Data sheet for unconfined compression test
Project: ..................... Tested by : ........................
Location: ................... Boring No. :.......................
Depth : ......................
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Type UD/R: soil
description

Specific gravity

Water content (%)

Bulk density = g/cc

Diameter (Do) of the
sample (mm)

Degree of
saturation(%)

Initial height (Lo) of the
sample (cm)

Area of crosssection cm2

Dial gauge constant

Proving ring constant

Table 5.2 Observation for UCS Test
S. Elapsed
No. time
(minutes)

Compression
dial
reading (L)
(mm)

Strain Area A Proving Axial Compressive
ring
load
stress
( Δ L / Ao /
2
(1
reading
(kgf)
)
(kg/cm
Lo).
e/100)
(Divns.)
100
2
(e %) (cm )

1
2
3

Calculations:
1.

Axial stress = (Proving ring reading x Proving ring
constant) / Acorr

2.

Acorr = Ao / (1-e); Ao is initial cross-sectional area
of the soil specimen, e is the axial strain at that
point of loading.

3.

Maximum axial stress is obtained, which is also
considered to be the failure point of the specimen.

4.

Repeat the test 3 times. Find the average value
of maximum axial stress obtained in all three UC
tests.
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5.

Unconfined compression strength of the soil,
qu = average value of maximum axial stress of
three tests

6.

Cohesion, C =

7.

Sensitivity =

qu
2

qu for undisturbedsample
qu for remoulded sample

General remarks :
•

Minimum three samples should be tested;
correlation can be made between unconfined
strength and field SPT value.

•

UC test is recommended for cohesive soils, or
soil which can stand without lateral support

•

Water content in a sample is most important
factor. Example - A sample in dry condition
may give even 10 to 15 times more strength
value than sample tested in saturated
condition.

5.2.3 Triaxial Test, Unconsolidated Undrained (UU)
(Reference: IS 2720 Part XI : 1993, Reaffirmed 2002)
5.2.3.1 Application and Significance:
During construction phase of any structure the load
increases as construction progresses. If Soil beneath the
foundation is of fine grained material then water remain
entrapped in the soil matrix and does not drain out, this
state is known as unconsolidated and undrained state.
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The UU test simulates this field condition. The parameter
obtained by this test are cohesion‘c’ and internal friction
angle‘ φ ’ (It is to be noted that the internal friction angle
value obtained is very less as water does not get a chance
to escape out hence friction could not be mobilized).
5.2.3.2 Concept and Principle:
A cylindrical soil specimen is subjected to compressive
stresses in three mutually perpendicular directions. The
specimen is kept in an impermeable membrane and
confining pressure ( σ 3 ) is applied through water around
it. Vertical stress applied through loading frame is the major
principle stress ( σ1 ). Deviator stress ( σ d ) is the difference
of σ1 and σ 3 .

Fig. 5.4 Schematic View of Stress on the Sample
5.2.3.3 Equipment and Accessories Needed:
1.

Loading Frame with constant rate of movement

2.

Tri-axial cell
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3.

Soil trimmer.

4.

Sample extractor.

5.

Split mould for re-moulded sample preparation.

6.

Frictionless end plates (Perspex plates)

7.

LVDT and Load cell with data acquisition system

8.

Computer with tri-axial testing software

9.

Non-Porous stone

10. O-rings
11. Latex membrane

Fig. 5.5 Different Stages in Test Specimen
Preparation
a. Split Mould
c. Membrane stretcher

b. Remoulded sample
d. Stretched membrane
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Preparation of Sample:
Refer to UCS Text Para 5.2.2.4
5.2.3.4 Procedure:
1.

20 L distilled water is needed. De-air the distilled
water in the reservoir using vacuum pump. Keep
the vacuum pump running till there are no air
bubbles on reservoir walls.
2. Enclose the specimen in a latex membrane
(minimum 100 mm long) using membrane stretcher.
3. Put non-porous discs on each end of the
specimen inside the latex membrane.
4. Place the specimen on the pedestal at the center
of the base. Seal it from bottom by placing the Oring in the pedestal groove with latex membrane
in-between O-ring and pedestal.
5. Loading cap is placed on top and sealed with Oring similar way as above.
6. Close the cell. Open the air valves and allow water
to fill till water starts coming out from air valves
on top. Then close the air valves.
7. Mount the sample on the loading frame. Place
the steel ball on the loading piston. Lower the
loading frame to make all contacts. Ensure the
loading piston is in contact with the loading cap.
8. Place the LVDT on the top of the cell.
9. Apply a confining pressure of 1.0 kg/cm2 in the cell.
10. Apply a strain rate of 0.625mm/min or suitable
strain rate. Start the data acquisition system and
compression loading frame simultaneously.
11. Machine is allowed to run till either the sample
fails or 15% strain is reached.
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12. Above steps are followed for similar specimens
using confining pressures of 1.5 kg/cm2 and 2.0
kg/cm2.

Fig. 5.6 Placement of Sample in
a. Triaxial cell

b. Triaxial frame

5.2.3.5 Observations:
Data Sheet for Unconsolidated Un-drained Tri-axial test
Project:
Tested by:
Location:
Boring No:
Depth:
Sample Details
Type UD/R: soil
description

Specific
gravity (Gs)

Water Content (%)

Bulk Density =

Diameter (Do) of the
sample

mm

Degree of
saturation (%)

Initial height (Lo) of
the sample

Area of crosssection Ao

Confining Pressure

Strain Rate
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g/cc

Fig. 5.7 Recording of Observations
Table 5.3 - Time-Observation Data for Triaxial
(UU) Test
S. Elapsed Compression
No. time (min) (ΔL)

Strain
( ε %)

(

ΔL
x100)
L

Area
(Acorr)
Ao
cm 2
ε%
)
100

(1-

Axial Compressive
Load stress
(kg) (kg/cm2)

1.
2.
3.
4.
Calculations:

1.

Ao
Acorr= (1- ε%) ; Ao is initial cross-section area; ε is
100
axial strain at that point of loading
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2.

Plot axial stress versus axial strain curves for
three different confining stresses i.e., 1.0 kg/
cm2,1.5 kg/cm2 and 2.0 kg/cm2.

3.

Deviator stress σ d at failure = σ 1 max – σ 3.

4.

Modified Failure envelop (q-p curve) is drawn
using UU test data, which provides ‘a’ & ‘ ζ ’
parameters. ‘a’ is intercept of q-p curve and ‘ ζ ’ is
the slope angle of q-p curve.

q=
5.

(σ1 − σ 3 )
,
2

p=

(σ1 + σ 3 )
2

Shear strength parameters (c & φ ) can be
calculated by using following equations.
c cos φ = a, sin φ = tan ζ

Fig. 5.8 Mohr Circle of U.U. Test
Remarks:
•

The condition of the failure of the sample is
generally approximated by a straight line drawn
as a tangent to the Mohr circles, the equation of
which is y = c + x tan ( φ ). The value of cohesion,
c is the intercept of the shear stress axis, and the
angle of shearing resistance ( φ ) is angle between
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the tangent and a line parallel to the normal stress.
•

In total stress analysis on saturated soil, the φ
value for UU test should come out to be zero and
the tangent of Mohr Circles will be almost parallel
to X-axis.

5.2.4 Triaxial Test, Consolidated Undrained (CU)
(Reference, IS 2720: Part XII, 1981, Reaffirmed 2002)
5.2.4.1 Application and significance:
CU triaxial test is recommended for all types of soil
including cohesive and cohesion less soils. Pore pressure
evolution with in the soil mass can be studied in CU tests
along with stress-strain response of soil. In a scenario
where a structure is constructed over a clayey soil type
and is standing there for enough time to let the soil beneath
it to consolidate naturally. To find soil strength for this case,
CU test is used to simulate the similar conditions by
consolidating the sample and then testing it for strength
in un-drained conditions. This test provides the effective
stress parameter (c', φ ') when pore water pressure is
also measured.
5.2.4.2 Concept and principle:
In CU test, drainage is only allowed during the saturation
and isotropic consolidation of soil specimen. There is no
excess pore water pressure on completion of
consolidation. Shearing is done in un-drained condition
by keeping the drainage line closed. During the un-drained
loading, development of excess pore water pressure is
measured continuously throughout the loading. The total
and effective stresses are different at failure, and separate
modified failure envelopes are drawn in terms of total and
effective stresses. CU triaxial test provides the shear
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strength parameters for total stress analysis (c, φ ) as
well as effective stress analysis (c', φ ')The total stress
parameters c and φ are of smaller values as compared
to effective stress parameters (c' and φ ').
5.2.4.3 Equipment and accessories needed:
1.

Loading frame with constant rate of movement

2.

Triaxial cell

3.

Pore water pressure transducer

4.

Soil trimmer.

5.

Sample extractor.

6.

Split mould for remoulded sample preparation.

7.

Frictionless end plates (Perspex plates)

8.

LVDT with data acquisition system

9.

Computer with triaxial testing software

10. Porous stone
11. Filter paper
12. O-rings
13. Latex membrane
Preparation of sample:
Please refer to UCS test para 5.2.2.4
5.2.4.4 Procedure:
1.

Repeat the procedure of Unconsolidated Undrained test till 6.

2.

Saturation of sample:

a.

Saturation of sample is done by supplying water
from bottom of the specimen and allowing it to
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flush the sample by going out from top of the
sample.
b.

The water used for flushing needs to be distilled
and de-aired.

c.

The force saturation of the sample is performed
by applying cell pressure and back pressure at
constant increments and constant difference
between these two pressures. The cell pressure
should always be greater than back pressure. The
sample is allowed to saturate for some time for
each increment in cell and back pressure.

d.

After each increment in pressure values, check
the saturation value (B), also known as
Skempton’s Pore Pressure parameter. The
sample is said to be fully saturated if ‘B’ value is
greater than 0.95.

e.

The saturation value ‘B’ is obtained as a ratio of
increase in pore water pressure to increase in
cell pressure, i.e., B = Δ u / Δ σ 3

3.

Then isotropic consolidation is done by applying
confining pressure and keeping the drainage valve
open, and the volume change is observed. The sample
is said to be consolidated when no further volume
change is observed. The sample is ready to be tested
against shearing stress in un-drained condition.

4.

Mount the sample on the loading frame. Place
the steel ball on the loading piston. Lower the
loading frame to make all contacts. Ensure the
loading piston is in contact with the loading cap.

5.

Place the LVDT on the top of the cell.

6.

Apply a confining pressure of 1 kg/cm2 in the cell.

7.

Apply a rate of 0.625mm/min. Start the data
acquisition system and compression loading
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frame compression simultaneously.
8.

No drainage is allowed during the shearing stage
and pore pressure is measured throughout the
test using pore pressure transducer.

9.

Machine is allowed to run till either the sample
fails or 15% strain is reached.

10. Above steps are repeated for similar specimens
using confining pressures of 1.5 kg/cm2 and
2 kg/cm2.
5.2.4.5 Observations and calculations:
The three CU tests need to be performed at three
different chosen confining pressures.
Test 1: Confining Pressure = ______ kPa.
Weight of Sample: ___________

In-situ Density: ______________

Initial Water Content: ____________

Strain Rate: ______________

Sample Diameter: _____________

Sample Height: _____________

Area (A0): ____________

Volume: ______________

Cell Pressure: _____________

Back Pressure: _____________

Confining Pressure (s3): ___________ Saturation Value (B): ____________

Table 5.4 Observation for CU Test
Time Load Axial Excess Corrected Deviator
Area
Stress
(min) (kN) Strain Pore
Pressure ACorr =
σd=
(ε )
(u)
A0/
Load/
(%)
(kPa)
ACorr
(1- ε )
(kPa)
(m2)
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Effective
minor
principle
stress
σ 3’ = σ 3
–u
(kPa)

Major Effective
principle major
stress principle
σ 1 = σ 3 stress
+ σ d σ 1’ = σ 1
(kPa)
–u
(kPa)

1.

Deviator stress versus Axial strain curve and
Excess pore pressure versus axial strain curves
are plotted for all three CU triaxial tests.

2.

The failure point of soil specimen can be defined
as the point of peak stress in stress-strain
relationship of each test.

3.

Modified Failure envelops are obtained by
drawing q-p curve for total stress analysis and qp' curve for effective stress analysis.
σ +σ
σ −σ
σ '+ σ3 '
p = 1 3 , q = 1 3 = q ' , p' = 1
2
2
2

σ1 = σd + σ3
σ1 ' = σd ' + σ3 '

4.

q-p curve provides ‘a’&‘ ζ ’ parameters. ‘a’ is
intercept and ‘ ζ ’ is the slope angle of q-p curve.
Shear strength parameters (c & φ ) can be
calculated by using following equations.
c'cos φ ' = a, sin φ '= tan ζ

5.

Similarly, q-p' curve provides shear strength
parameters (c' & φ ') which can be calculated by
using following equations.
c'cos φ ' = a, sin φ '= tan ζ
where ‘a’ is intercept of q-p' curve and ‘ ζ ’ is the
slope angle of q-p' curve.

Remarks:
1.

In this test,it is assumed that the volume of the
sample remains constant and that the area of the
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sample increases uniformly as the length
decreases. The calculation of the stress is based
on effective area.
2.

The strain and corresponding stress is plotted with
stress abscissa. The maximum compressive
stress at failure and the corresponding strain and
cell pressure are found out. The stress results of
the series of triaxial tests at increasing cell
pressure are plotted on a Mohr stress diagram.

3.

The failure envelope of the sample is generally
approximated to by a straight line drawn as a
tangent to the circles, the equation of which is
y = c + x tan φ . The value of cohesion (c), where
it is cut by the tangent to the Mohr circle, and the
angle of shearing resistance ( φ ) is angle between
the tangent and a line parallel to the shear stress.

5.2.5 Triaxial Test, Consolidated Drained (CD)
This test is similar to CU test, volume change is
additional parameter which is observed in CD Test, typical
method is described below
Procedure:
•

The distilled water in the reservoir is de-aired using
vacuum pump keeping the vacuum pump running
till there are no air bubbles on water surface.

•

The specimen is enclosed in a latex membrane
(about 100 mm long) using membrane stretcher.

•

Porous disc and filter paper are placed on each
end of the specimen inside the latex membrane (
Porous disc should be saturated)

•

The specimen is placed on the pedestal at the
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centre of the base and sealed from bottom by
placing the O-ring in the pedestal groove with latex
membrane in-between O-ring and pedestal.
•

Loading cap is placed on top and sealed with
O-ring similar way as above.

•

Cell is closed and air valves are opened to allow
water to fill in till they start coming out of air valves
on top. Then the air valves are closed.

Saturation of sample:
•

•

•

•

•

Confining pressure is applied and back pressure
is applied less than the confined pressure (i.e. If
confining pressure is 1 Kg/cm2 then back pressure
will be 0.8 or 0.9 Kg/cm2. The reason behind this
is the water will go inside (in sample for
saturation) only when the confining pressure will
be more than back pressure.)
The sample is allowed to saturate, after some
time say 1 hour increase confining pressure by
0.5 Kg/cm2 ( back pressure is closed at that time)
it is checked that how much pore pressure has
generated.
In saturation phase sample is saturated by water
from the bottom, at that time drainage valve of
sample which is connected at top of the sample
is open so that the air inside the sample releases
easily.
Now B factor is calculated (B = Ratio of Change
in pore water pressure to change in confining
pressure).
If B is less than 90 percent then again back
pressure is applied less than confining pressure
(back pressure is increased by 0.5 Kg/ cm2 so
that it is always less than confining pressure).
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•

•

Time is taken by the soil to reach 90 percent
saturation which depends on the type of soil and
its compaction hence we need 3- 4 trials to reach
90 percent saturation.
When 90 percent saturation is achieved then
saturation is done.

Consolidation:
•

Consolidation is the phase in which water is
allowed to exit without replacement of water by
air. In this phase effective pressure is applied.

•

The drainage valve is opened so that volume
change can be measured.

•

Volume change is measured until no change in
volume is observed.

Shearing:
•
•

•
•
•

•
•

The sample is mounted on the loading frame and
steel ball is placed on the loading piston.
Loading frame is lowered to make all contacts
Ensure the loading piston is in contact with the
loading cap.
The displacement sensor is placed on the top of
the cell.
Now effective confining pressure of 1 kg/cm2 is
applied in the cell.
Stain rate of 0.625mm/min is applied and data
acquisition system and loading frame
compression simultaneously are started.
Machine is allowed to run till either the sample
fails or 15% strain is reached.
Above steps are followed for similar specimens
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using confining pressures of 2 kg/cm2 and 3 kg/
cm 2.
5.2.6 Laboratory Vane Shear Test
5.2.6.1 Application and significance:
The test gives the undrained strength of the soil. The
undisturbed and remolded strength obtained are also
useful for evaluating the sensitivity of soil. The data
acquired from vane shear test can be used to determine:
•

Undrained shear strength

•

Evaluate rapid loading strength for total stress
analysis

•

Sensitivity of soil to disturbance

•

Analysis of stability problems with embankment
on soft ground

5.2.6.2 Concept and principle:
The objective of this test is to find the shear strength
of soil. This test is performed to find shear strength of a
given (generally soft to very soft) soil specimen. Vane
shear test is a useful method of measuring the shear
strength of soft clay. It is a cheaper and quicker method.
The test can be conducted in field as well as in laboratory.
The laboratory vane shear test for the measurement of
shear strength of cohesive soils is useful for soils of low
shear strength (usually less than 0.3 kg/cm2) for which
unconfined tests cannot be performed.
5.2.6.3 Equipment and accessories needed
1.
2.

Vane shear apparatus
Specimen container
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3.

Vernier Caliper

4.

Sensitive weighing balance with 0.01 g accuracy

5.

Soft Soil Specimen

Fig. 5.9 Vane Shear Test Setup
5.2.6.4 Procedure:
1.

In case of remoulded soil specimen, the dry
weight of soil and the required water content to
be taken depends on the requirement (usually insitu dry density and water content will be taken
for sample preparation).

2.

Prepare eight specimens of the soil sample by
rapidly mixing the soil with the water taken until
uniform soil sample is obtained.
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3.

The uniformly prepared sample is filled in the
specimen container whose height is 76mm and
diameter is 38mm (Having (H/D) aspect ratio
of 2).

4.

The application of torque can be done using
springs of different stiffness referred as spring
constants (2, 4, 6, 8 kg-cm). To start with, the
spring of stiffness (spring constant, 2 kg-cm) is
attached to the vane shear apparatus.

5.

Mount the specimen container with the specimen
on the base of the vane shear apparatus. If the
specimen container is closed at one end, it should
be provided with a hole of about 1 mm diameter
at the bottom.

6.

Gently lower the shear vanes into the specimen
to their full length without disturbing the soil
specimen. The top of the vanes should be at least
10 mm below the top of the specimen. Note the
initial readings of the (upper and lower) needles
of angle of twist before applying torque.

7.

Both needles should essentially be at the same
angle before starting the experiment.

8.

Rotate the vanes at a uniform rate (say 0.10 per
second) by suitably operating the torque
application handle until the lower needle of angle
handle reverts back which signifies the failure of
soft soil specimen.

9.

Note the final reading of the angle of twist by
measuring the upper needle’s indicated angle.

10. Find the value of blade height in cm and find the
value of blade diameter (total width) in cm.
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11. The same procedure needs to be done by
changing the springs of other stiffness/spring
constant say 4, 6, 8 kg-cm.
12. The repetition of tests for all springs of different
stiffness is mandatory for reporting the results.
5.2.6.5 Observations:
S=

Where, S

T
⎡H D⎤
πD ⎢ + ⎥
⎣2 6⎦
2

= Undrained shear strength of soil in
kg/cm2;

T

= Torque in cm-kg (corrected for the
vane rod and torque rod resistance,
if any);

D

= Diameter of vane (in cm);

H

= Height of vane (in cm)

Soil Description: ……………………………..
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4
6
6
8
8

4

5

6

7

8

G=
2

3

⎛ HD
D ⎞
⎟
π ⎜⎜
+
2
6 ⎟⎠
⎝

1

S=T x G
(kg/cm2)

Avg. S
(kg/cm2)

Note: This test is useful when the soil is soft and its in-situ water content is nearer to liquid limit

4

3

2

2

Spring
T=SpringConstant (Constant*
(kg-cm)
Difference)/
180
(kg-cm)
2

Difference
(Deg.)

1

Final
Sl Initial
No Reading Reading
(Deg.)
(Deg.)

Table 5.5 Observation Table for Lab Vane Shear Test

5.3 California Bearing Ratio
5.3.1 Application and significance
California Bearing ratio test is one of the oldest test to
determine the strength of pavement. It is usually carried
out on coarse grained material of size more than 4.75mm
and less than 19 mm. Indian Railways in its latest
guidelines also included this test for strength determination
of blanket material and subgrade.
5.3.2 Concept and principle:
California Bearing Ratio (CBR) is defined as the ratio
expressed in percentage of force per unit area required
penetrating a soil mass with a circular plunger of 50 mm
diameter at the rate of 1.25 mm/min to that required for
corresponding penetration in a standard material. Tests
are performed out on natural or compacted soils in water
soaked or un-soaked conditions and the results so
obtained are compared with the curves of standard test.
5.3.3 Equipment and accessories required:

Fig. 5.10 CBR Test Setup
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Fig. 5.11 CBR test Apparatus with Schematic View
of Mould with Specimen
1.

CBR mould with detachable perforated base plate

2.

Spacer disc with a removable handle (to be placed
inside the mould)

3.

Collar of 50mm high

4.

Penetration plunger of 50 mm diameter

5.

One annular and a few slotted surcharge masses
2.5 kg each
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6.

Rammer (2.6 kg with 310mm drop for standard
proctor results) and (4.9 kg with 450mm drop for
modified proctor results)

7.

Straight cutting edge

8.

Loading machine of 50 kN capacity fitted with a
calibrated proving ring/load cell to which plunger
has to be attached

9.

Penetration measuring dial gauge/LVDT of
0.01mm accuracy.

10. Soaking tank
11. Swelling gauge consisting of perforated plate with
adjustable extension stem
Mould specification:
Diameter of the mould = 150mm
Height of the mould = 175mm
Height of the CBR soil specimen 125mm
Soil specification:
Particle size = should pass through 19mm sieve
Soil particles of size greater than 19mm should be
replaced by particles of size between 4.75mm and 19mm
5.3.4 Procedure:
1.
2.

3.

Take the weight of empty mould
Keep the spacer disc on the base plate and a
filter paper on the disc and fix the mould to the
base plate with the disc inside the mould and then
attach the collar over the mould.
Add water to the specimen and compact it in
accordance to Standard proctor test or modified
proctor test.
152

4.

After compaction, remove the collar and level the
surface using cutting edge.

5.

Detach the base plate and remove the spacer disc.

6.

Take the weight of mould + compacted specimen
and determine the bulk density of the specimen

7.

Take sample for moisture content determination
and hence find the dry density

8.

Place filter paper on the perforated base plate.

9.

Fix the mould upside down to the base plate so
that surface of the specimen which was
downwards in contact with spacer disc during
compaction is now turned upwards on which the
penetration test is to be performed (for unsoaked
condition).

10. For soaked condition, Fix adjustable stem and
perforated plate on the compacted soil specimen
in the mould along with 2.5kg surcharge load
11. Place the above set up in the soaking tank for
four days (ignore this step in case of unsoaked
CBR).
12. After four days, measure the swell reading and
find % swell with the help of dial gauge reading
13. Remove the mould from the tank and allow water
to drain.
14. Then place the specimen under the penetration
piston and place total surcharge load of 4kg
(2.5kg during soaking + 1.5 kg during testing)
15. The load and deformation gauges shall then be
set to zero
16. Load shall be applied to the plunger into the soil
at the rate of 1.25 mm per minute.
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17. Reading of the load shall be taken at penetrations
of 0.5, 1.0, 1.5, 2.0, 2.5, 4.0, 5.0, 7.5, 10.0 and
12.5 mm
18. Remove the plunger and determine the water
content of the soil.
19. Plot load versus deformation curve.
Alternatively: In new type of CBR machine dial gauge
and proving rings are replaced with LVDT and Load Cell.
The entire data can be recorded and stored in Data
Acquistion System (DAQ) and analysis softwares are
available which can prepare the CBR report including
graphs.

5.3.5 Calculations:
Expansion ratio:
Expansion ratio =

df − ds
x 100
h

Where,
df = final dial gauge reading in mm(after 96 hrs of
soaking),
ds = initial dial gauge reading in mm, and h=initial height
of the specimen
California Bearing Ratio (CBR):

California Bearing Ratio =

pt
x 100
ps

Where,
PT = corrected unit (or total) test load corresponding
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to the chosen penetration from the load
penetration curve
PS = unit (or total) standard load for the same depth of
penetration as for PTtaken from the table given
below.
Penetration
Depth (mm)

Unit Standard
Load (Kg/cm2)

Total Standard
Load (Kgf)

2.5 mm

70

1370

5.0 mm

105

2055

Generally, the CBR value at 2.5 mm penetration will be
greater than that at 5 mm penetration and in such a case,
the former shall be taken as the CBR value for design
purposes. If the CBR value corresponding to a penetration
of 5 mm exceeds that for 2.5 mm, the test shall be
repeated. If identical results follow, the CBR corresponding
to 5 mm penetration shall be taken for design.
5.3.6 Corrections in load vs. deformation curve:
The curve plotted may be convex upwards although
the initial portion of the curve may be concave upwards
due to surface irregularities. A correction shall then be
applied by joining the tangent to the curve at the point of
maximum slope. The corrected curve shall be taken to be
this tangent, together with the convex portion of the original
curve, with the origin of strains shifted to the point where
the tangent cuts the horizontal axis for penetration.
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Fig. 5.12 Load vs Penetration Curve for CBR Test
(Reference IS 2720 Pt.XVI)
Note:
CBR test is performed for both soaked and unsoaked
soil specimen. Usually, the unsoaked CBR value will be
greater than the CBR value for soaked condition. The
CBR values for unsoaked specimen are suitable for (i)
arid regions, (ii) where comparatively thick bituminous
surfacing of an impermeable nature is provided in top and
where the water table is very deep. For other cases,
soaked CBR results are preferred.
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5.3.7 Observations:

Table 5.6 Observation Table for CBR Test
1
2

Maximum dry density of the
specimen to be prepared
Optimum moisture content to be taken
Weight of the empty mould

3

g/cc
%
g

Weight of the soil specimen and
mould before soaking

g

4

Volume of the soil specimen

cm 3

5

Bulk density of the specimen

g/cc

6

Water content of the specimen

7

Dry density of the specimen

8

Diameter of plunger

9

Area of plunger

10

Deformation rate

11

Proving ring constant

12

Standard pressure for 2.5mm

cm
mm/min
kN/div
kg/cm2

Standard pressure for 5mm
penetration

14

g/cc
sq.cm

penetration
13

%

kg/cm2

Final dial gauge reading in mm
(after 96 hrs soaking) = df

15

Initial dial gauge reading in mm = ds

16

Initial height of the specimen =h

17

Expansion ratio
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No.

Dial gauge
reading in
divisions

1

0

2

50

3

100

4

150

5

200

6

250

7

400

8

500

9

750

10

1000

11

1250

Penetration Load in Load in Pressure
in mm
division
kN in kg/cm2

CBR
(after
correction)

5.4 Test for Settlement Estimation
5.4.1 Consolidation Test- (Oedometer Test)
5.4.1.1 Application and significance
In fine grained soil when soil is saturated or partially
saturated pore pressure get developed and with passage
of time due to drainage, it get dissipated this process is
known as consolidation. Due to consolidation huge
settlement or differential settlement is observed and
effective pressure on soil gets increased. Hence, it is
important to predict the settlement behaviour of soil and
so consolidation test is carried out. The test is conducted
to determine the settlement due to primary consolidation.
Following parameters can be computed by consolidation
test:
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a.

Rate of consolidation under normal load.

b.

Degree of consolidation at any time.

c.

Pressure-void ratio relationship.

d.

Coefficient of consolidation at various pressures.

e.

Compression index. (Cc)

The above information can be used to predict the time
rate and extent of settlement of structures founded on finegrained soils. It is also helpful in analyzing the stress
history of soil.
5.4.1.2 Concept and principle:
When a compressive load is applied to soil mass, a
decrease in its volume takes place, the decrease in volume
of soil mass under stress is known as compression and
the property of soil mass pertaining to its tendency to
decrease in volume under pressure is known as
compressibility. In a saturated soil mass having its void
filled with incompressible water, decrease in volume or
compression can take place when water is expelled out
of the voids. Such a compression resulting from a long
time static load and the consequent escape of pore water
is termed as consolidation. Then the load is applied on
the saturated soil mass, the part of load is carried by pore
water in the beginning. As the water begins escaping from
the voids, the pore water pressure gets gradually
dissipated and the pressure is transferred to the soil
particles which increases effective stress on them, as a
result the soil mass decrease in volume. The rate of
escape of water depends on the permeability of the soil.
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5.4.1.3 Equipment and accessories required
1.

Consolidometer consisting essentially
a)

A ring of dia = 60mm and h = 20mm

b)

Two porous stones

c)

Guide ring.

d)

Outer ring.

e)

Water jacket with base.

f)

Pressure pad.

Loading device consisting of frame, lever
system, loading yoke dial gauge fixing device and
weights
2.

Dial gauge or LVDT (accuracy of 0.01 mm),
Thermostatically controlled oven

3.

Stopwatch

4.

sample extractor

5.

balance

6.

soil trimming tools

7.

spatula

8.

filter papers

9.

sample containers

160

Fig. 5.13 Consolidation Test Setup
5.4.1.4 Procedure:
Sample preparation:
a.

Undisturbed Sample:
From the sample tube, extrude the sample into
the consolidation ring. The sample should project
about one cm from outer ring. Trim the sample
smooth and flush with top and bottom of the ring
by using wire saw. Clean the ring from outside
and keep it ready for weighing. (Refer para 3.5.1.2)

b.

Remoulded sample:
Choose the density and water content at which
sample has to be compacted from the moisturedensity curve, and calculate the quantity of soil
and water required to mix and compact.
Compact the specimen in compaction mould in
three layers using the standard rammer.
Extrude the specimen from the mould using the
sample extractor.
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1.

Saturate two porous stones either by boiling in
distilled water about 15 minutes or by keeping
them submerged in the distilled water for 4 to 8
hrs.

2.

Assemble the Consolidometer, with the soil
specimen and porous stones at top and bottom
of specimen, and provide a filter paper between
the soil specimen and porous stone.

3.

Position the pressure pad centrally on the top
porous stone. Mount the mould assembly on the
loading frame, and centre it such that the load
applied is axial. Make sure that the porous stone
and pressure pad are not touching the walls of
mould on their sides.

4.

Position the dial gauge/LVDTs to measure the
vertical compression of the specimen. The dial
gauge holder should be set so that the dial gauge
is in the beginning of its release, and also allowing
sufficient margin for the swelling of the soil, if any.

5.

Fill the mould with water and apply an initial load
to the assembly. The magnitude of this load should
be chosen by trial, such that there is no swelling.
It should be not less than 50 g/cm2 for ordinary
soils & 25 g/cm2 for very soft soils. The load
should be allowed to stand until there is no change
in dial gauge readings for two consecutive hours
or for a maximum of 24 hours.

6.

Note the final dial reading under the initial load.
Apply first load of intensity 0.1 kg/cm2(Approx.)
and start the stop watch simultaneously. Record
the dial gauge readings at various time intervals.
The dial gauge readings are taken until 90%
consolidation is reached. Primary consolidation
is gradually reached within 24 hrs.
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7.

At the end of the period, specified above take the
LVDT/dial reading and time. Double the load
intensity and take the dial readings at various time
intervals. Repeat this procedure for successive
load increments. The usual loading intensity is
as follows (Approx.): 0.1, 0.2, 0.5, 1, 2, 4 and 8
kg/cm2.

8.

After the last loading is completed, reduce the load
to ¼ of the value of the last load and allow it to
stand for 24 hrs. Reduce the load further in steps
of ¼ the previous intensity till an intensity of
0.1 kg/cm2 is reached. Take the final reading of
the dial gauge.

9.

Reduce the load to the initial load, keep it for
24 hrs and note the final readings of the dial
gauge.

10. Quickly dismantle the specimen assembly and
remove the excess water on the soil specimen in
oven, note its dry weight.
5.4.1.5 Calculations and observations
1.

Height of solids (H S) is calculated from the
equation
HS = WS/ (GS. γ w A)

2.

Void ratio: Voids ratio at the end of various
pressures are calculated from equation
e = (H – HS)/HS

3.

Coefficient of consolidation: The Coefficient of
consolidation at each pressure increment is
calculated by using the following equations:

i.

Cv = 0.197 d2/t50 (Log fitting method)
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ii.

Cv = 0.848 d2/t90 (Square fitting method)

In the log fitting method, a plot is made between dial
readings and logarithmic of time, and the time
corresponding to 50% consolidation is determined.
In the square root fitting method, a plot is made between
dial readings and square root of time, and the time
corresponding to 90% consolidation is determined. The
values of Cv are recorded in Table.
4.

Compression Index. To determine the
compression index, a plot of voids ratio (e) vs log
(t) is made. The virgin compression curve would
be a straight line and the slope of this line would
give the compression index Cc.

5.

Coefficient of compressibility. It is calculated
as follows

6.

Δe
Δσ

av

=-

Δe

= Change in void ratio

Δσ

= Change in vertical stress

Coefficient of permeability. It is calculated as
follows
k = Cv.av. γ w / (1+eo).

Graphs:
1.

Dial reading versus log of time or

2.

Dial reading versus square root of time.
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3.

Voids ratio versus log Δ σ (average pressure for
the increment).

General Remarks:
1.

While preparing the specimen, attempts has to
be made to have the soil strata orientated in the
same direction in the consolidation apparatus.

2.

During trimming care should be taken in handling
the soil specimen with least pressure.

3.

Smaller increments of sequential loading have to
be adopted for soft soils.

5.4.1.6 Observations
Observation Table for Consolidation Test: TimeDisplacement Relationship
Ring Dimensions:
Area (cm2):
Initial Data:
Specific Gravity of Soil:
Weight of Ring (g):

Diameter (cm):
Height (cm):
Specimen Ht (cm):
Weight of wet soil + Ring (g):
Bulk Density (g/cc):

Table 5.7 : Observaton Table for Consolidation
Test
No Pressure

0.1 0.2

(Kg/cm )
2

Time (min)
1
2
3
4

0
0.25
1
2
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0.5

1

2

4

8

5
6
7
8
9
10
11
12
13

4
8
15
30
1 hr
2 hrs
4 hrs
8 hrs
24 hrs

Table 5.8 : Observation and Reading (Unloading)
No.
1
2
3
4
5
6
7
8

Removed
Pressure
(kg/cm2)
0
4
2
1
0.5
0.3
0.1
0.1

Retained
Pressure
(kg/cm2)
8
4
2
1
0.5
0.2
0.1
0.05 (Seating pressure)

Dial
Gauge/LVDT
reading

Water content determination:
Weight of Saturated Sample + Ring (g):
Weight of oven dried soil +Ring (g):
Water Content (%):
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0.1

0.5

2.0

8.0

4.0

2.0

1.0

0.5

0.2

0.1

0

Applied Final dialChange in
Final
Height Height
of
Pressure reading Specimen Specimen
of
Height
Height
solids voids
Void
Average
ratio Height during
Consolidation
Fitting
Time, t90

Coefficient of
Consolidation,
cv

Table 5.9 : Data Sheet for Consolidation Test: Pressure-Voids Ratio

CHAPTER - 6

Test on Problematic Type of Soil

6.1

Introduction

The soils which behave abnormally is to be treated
before any construction of foundation on these soils. The
soils which are chemically active, dispersive or expansive
in nature are to be identified first so that necessary
treatment required can be carried out. Some of the basic
tests to identify these soils are discussed in this chapter.

6.2 Physical Tests
6.2.1 Free Swell Index or Differential Free Swell Test
6.2.1.1 Application and Significance:
(Reference: IS: 2720 (Part 40) 1977)
Free swell index of a soil helps to identify the potential
of soil to swell in presence of water. Black cotton soil or
expansive type of soil exhibits volume expansion when
water is added. Structures on these types of soil foundation
will be unstable. Free Swell Index is a very quick and
simple test to check whether soil is expansive in
nature.which might need further investigation like swelling
pressure under different field condition.
6.2.1.2 Concept and Principle:
Soils which have montmorinolite mineral shows
expansive nature when water is added and when dried
cracks of significant width are noticed. To determine the
quantum of swelling simple concept of soaking in active
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and inactive liquid is used and difference in volume
expansion is noticed.
6.2.1.3 Equipment and Accessories Needed:
1.

425 micron IS sieve

2.

Graduated glass cylinders 100 ml capacity

3.

Glass rod for stirring

4.

Balance of capacity 500grams (sensitivity 0.01
gram)

Fig. 6.1 Measerment of Free Swell Index
6.2.1.4 Procedure:
1.

Two representative oven dried soil samples each
of 10 grams passing through 425 micron sieve
are taken.

2.

Each soil sample are poured in to each of the
two glass graduated cylinders of 100ml capacity.

3.

Now one cylinder is filled with kerosene and the
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other with the distilled water up to the 100ml mark.
4.

The entrapped air in the cylinder is removed by
gentle shaking and stirring with a glass rod.

5.

Now the sample is kept for more than 24 hours
so that soil sample can attain equilibrium state of
volume without any further change in the volume
of the soils.

6.

The final volume of the soils in each of the cylinder
is recorded.

6.2.1.5 Observation and Calculation:
Free Swell Index (%) = (Vd – Vk) / Vk x 100%
Where,
Vd = Volume of the soil specimen read from the
graduated cylinder containing distilled water.
Vk = Volume of the soil specimen read from the
graduated cylinder containing kerosene.
Table 6.1 Observation Table for Free Swell
Index Test
Sample Date Time Time
Volume of
No.
elapsed Soil in
Cylinder
containing
Kerosine
(Vk in CC)
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Volume of
Soil in
Cylinder
containing
distil
water
(Vd in CC)

Free
Swell
Index

6.2.1.6 Results
Degree of Expansiveness(DE) and Differential Free
Swell (DFS) is summarised in Table6.2 below
Table 6.2 Relation between DE and DFS
(as per IS 2911 Pt.III 1980)
Degree of expansiveness
Low

DFS (%)
Less than 20

Moderate

20 to 35

High

35 to 50

Very High

Greater than 50

In areas where the soil have high or very high degree
of expansiveness, shallow foundation for lightly loaded
structures may be unsafe.
6.2.2

Swell PressureTest

(Reference IS 2720 part 41 1977)
6.2.2.1 Application and Significance
This test is exclusive to expansive soil i.e. the soils
that expand when water is added and shrink when they
dry out. This continuous change in soil volume can cause
structure built on this soil to move unevenly and crack.
Therefore, it is extremely necessary to determine the
swelling pressure of a soil before designing any structure
on it.
6.2.2.2 Concept and principle
This test can be performed on both undisturbed or
remoulded soil. There are two methods to determine the
swelling pressure;
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(A) Consolidometer method, volume change of the soil
is permitted and the pressure required to bring the soil
back to its original volume is recorded; (Equipment used
in Para 5.4.1)
(B) Constant volume method, the volume change is
prevented and the consequent pressure is recorded.
A. Consolidometer Method
6.2.2.3 Apparatus Required
1.

Consolidometer

2.

Dial guage

3.

Water reservoir

4.

Soil trimming tools

5.

Oven

6.

Desiccator

7.

Balance

8.

Containers

6.2.2.4 Sample Preparation
1.

Reject at least 30mm (more if desired) sample
from one end of the sample.

2.

Clean the consolidation ring and gradually insert
the consolidation ring in the sample by pressing
with hands and carefully removing the soil around
it.

3.

The soil specimen cut shall project around 10mm
on either side of the ring.

4.

Trim, smooth and flush the specimen with both
ends of the ring and fill all the voids if any.
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5.

Clean the ring from outside.

6.

From disturbed sample compact the soil with
desired field density and moisture content and
then repeat the above procedure.

6.2.2.5 Procedure
1.

For assembly Refer Consolidation test.
(Para 5.4.1)

2.

The free swell reading under the seating shall be
recorded at different time intervals till the
equilibrium is reached. It takes around 6-7 days
to reach equilibrium. (table 1)

3.

Consolidate the swollen sample under different
pressures (table 2) record the compression dial
readings till the sample reaches steady state for
each load.

4.

Increase the consolidation loads until the
specimen attains its original volume.

6.2.2.6 Observation and Calculation
Table 6.3 Observation Table for Swelling
No.

Elapsed
time
(hours)

Swelling
dial readings
(mm)

1

0

24

2

0.5

36

3

1

48

4

2

60

5

4

72

6

8

96
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Elapsed
time
(hours)

Swelling
dial readings
(mm)

7

12

120

8

16

144

9
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Table 6.4 Observation Table for Change in
Thickness

No. Applied
pressure
(kgf/cm2)

Change in
Thickness
of specimen

Applied
pressure
(kgf/cm2)

1

0.05

2

2

0.1

4

3

0.2

8

4

0.5

16

5

1.0

Change in
Thickness
of specimen

Calculation
Plot swelling dial reading (table 1) with elapsed time as
abscissa and swelling dial reading as ordinates on natural
scale. If the curve so drawn becomes asymptotic with
the abscissa, the swelling has reached its maximum and
hence the swelling phase shall be stopped, and the
consolidation phase shall be started.
The compression readings (table 2) shall be plotted
with change in thickness of expanded specimen as
ordinates and consolidation pressure applied as abscissa
in semi- logarithmic scale. The swelling pressure exerted
by the soil specimen under zero swelling condition shall
be obtained by interpolation.
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(B) Constant Volume Method
6.2.2.3 Apparatus Required

Fig. 6.2 Swell Test Pressure Apparatus
6.2.2.4 Procedure
1.

Assembly is same as for consolidation test but
instead of placing the sample on the loading
frame, place it on the Loading Unit.

2.

Add distilled water to the specimen.

3.

Note the initial reading of the proving ring.

4.

The dial gauge will measure the change in the
volume of the specimen. To keep the specimen
at constant volume, adjust the setup so that the
dial gauge always shows the original reading.
Adjust the sample at every 0.1 mm of the swell or
earlier.

5.

Perform the test till equilibrium is reached.
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6.2.2.5 Observation and calculation
Table 6.5 Observation Table for Swell Pressure
Date Time Strain
dial
reading
before
adjustment

Proving Swelling Load Swell Remarks
ring
reading
Pressure

Calculation
The difference between initial and final readings gives
the total load in terms of divisions. The Swelling Pressure
can be calculated as:
⎛ kgf ⎞ ( Final dial reading − Initial Dial Re ading )
Swelling Pr essure⎜ 2 ⎟ =
× P.R.Cont.
Area of the Specimen
⎝ cm ⎠

General remarks
During trimming care should be taken in handling the
soil specimen with least pressure.The sample should be
placed perfectly horizontal.
6.2.3 Shrinkage Limit Test
(Reference : IS 2720: Part 5:1985)
6.2.3.1 Application and Significance:
As soil loses moisture, it changes from liquid to plastic
to semi-solid to solid state. Volume decreases with change
of state. But at reaching a particular limit of moisture
content, further reduction in moisture content does not
cause any decrease in volume. This is the shrinkage limit.
It is useful in areas where soils undergo large volume
changes due to change in water content in soil.
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6.2.3.2 Concept and principle:
Shrinkage limit is the water content at which water just
fills the voids and saturates. Any further decrease in water
content does not cause any reduction in volume.
Shrinkage limit is lower than plastic and liquid limit.
6.2.3.3 Equipment and accessories needed:
1.

Evaporating Dish of Porcelain

2.

Spatula and Straight Edge

3.

Balance-Sensitive to 0.01 g minimum

4.

Shrinkage Dish - Circular, porcelain or noncorroding metal dish

5.

Glass cup. 50-55 mm in diameter and 25 mm in
height

6.

Glass plates - Two, 75´75 mm one plate of plain
glass and the other prongs

7.

Thermostatically controlled Oven

8.

Wash bottle containing distilled water

9.

Graduate-Glass, with capacity of 25 ml

10. Mercury
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Fig. 6.3: Equipments Required for Shrinkage
Limit Test
6.2.3.4 Procedure:
1.

Take 30 gm of oven-dried soil, passed through
425 micron sieve, into an evaporating dish. Add
distilled water and mix it thoroughly to form uniform
paste (the soil paste should be plastic enough to
be easily moulded by fingers).

2.

Coat the shrinkage dish with a thin layer of grease
so that the soil does not stick to the dish.

3.

Fill the dish with the soil paste in three layers.
After each layer tap the container on a firm base
to avoid trapping of air bubbles. After the third layer,
clean the dish from outside.

4.

Record the weight (W2) immediately.

5.

Air dry the soil for 6-8 hrs until the colour of the
soil pat turns light from dark.

6.

Then oven dry the soil pat for 12 hrs.

7.

Record the weight (W3).
178

8.

Determine the volume of the shrinkage dish by
pouring mercury. Level it by pressing a plain glass
plate to remove excess mercury. Measure the
volume of mercury in graduated cylinder. This is
the volume (Vs) of wet soil pat.

9.

Take a glass cup and fill it with mercury and level
it. Wipe the outer surface of glass dish and place
it another larger dish.

10. Place the dry soil pat in mercury and press it to
level using a glass plate with prongs. Excess
mercury will spill out in the larger dish.
11. Measure the volume of mercury in the larger dish.
This is the volume (Vd) of the dry soil pat.
6.2.3.5 Observations and Results:
Table 6.6 Observation Table for Shrinkage Limit
S. Determination no.
No.
1 Wt of container in gm,

Trial 1 Trial 2 Trial 3
W1

2

Wt of container+wet soil W2

3

Wt. of container + dry soil W3

4

Wt. of oven dry soil W0 =(W3-W1)

5

Wt. of water in gm = (W2-W3)

6

Moisture content (%)
W = (W2-W3)/ (W3-W1)*100

7

Volume of wet soil in (Vs) cm3

8

Volume of dry soil (Vd) in cm3

9

Shrinkage limit
(WS) =[W – {(V-Vd)/Wo}] x 100

10 Shrinkage ratio (R) =
{(V1-Vd)/Vd} / (W-WS)*100
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Shrinkage Limit=____________
Shrinkage Ratio=____________
6.3

Other Tests

6.3.1

Chemical Tests

To be performed if the ground is affected by industrial
wastes such as (PH, Sulphide, Chloride, Iron etc)
6.3.2

Tests for Dispersive Soil

Pinhole test, Crumb Test to be performed if soil is
dispersive in nature
6.3.3

Furnace test to determine the organic
content in soil is to be carried out
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