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Introduction
Economic and effective solution of geotechnical engineering problems can be obtained
with the application of the concepts of soil mechanics, geology and exploration data of
specific project site, experience in handling similar projects, economics and engineering
judgement. The design of structures can not be made in an intelligent and satisfactory
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manner unless the designer has at least a reasonably accurate conception of the physical
properties of the soil. The structures may be divided into three categories.
1. Structures for which the basic problem is the interaction of the structure and the
surrounding ground. Such structures include foundations, retaining walls, bulkheads,
tunnel and buried pipelines.
2. Structure constructed of earth such as highway fills, earth and rockfill dams, bases
and subbases of pavements, backfill behind retaining walls. Besides the interaction
of the earth structure with the adjacent ground, properties of the construction
materials are required for determining the action of the earth structure itself.
3. Structures of natural earth and rock as natural slopes and cut slopes. In this case
knowledge of the properties of the natural materials is required.
The types of subsurface information required for design include, but not limited to, the
following:
1. Areal extent, depth, and thickness of each identified soil stratum within a limited
depth dependent on the size and nature of structure, together with the description of
the soil including its degree of density if cohesionless and degree of stiffness in case
of cohesive soil.
2. Depth to top of rock and the characteristics of the rock, including such items as
lithology, areal extent, depth, and thickness of each stratum; strike, dip and spacing
of joints and bedding planes; presence of fault and shear zones; and state of
weathering or decomposition.
3. Location of ground water and the presence and magnitude of artesian pressures.
4. Engineering properties of the soil and / or rock in situ such as permeability,
compressibility and shear strength.
The field and laboratory investigations required to obtain this essential information
constitute the soil exploration.
Besides the design of structure the exploration data also help in the assessment of
liquefaction resistance of soil to study the extent of disaster likely to take place for a given
earthquake magnitude. In case of identified liquefiable soil stratum some preventive /
remedial measures can be adopted to mitigate liquefaction hazard.
Planning and exploration program
The basic purpose of an exploration program is to provide the engineer with knowledge of
the subsurface conditions at the site of an engineering project. Normally, the explorations
provide information required for the safe and economical design of a project and inform the
construction engineer about the materials and conditions he /she will encounter in the field.
At times, the explorations may be used to obtain information for the analysis of the failure of
an engineering structure.
Explorations are normally accomplished in phased sequence as follows:
1.
2.
3.
4.

Reconnaissance investigation
Exploration for preliminary design
Exploration for detailed design
Exploration during construction
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Each phase of explorations together with the engineering done in that phase discloses
problems that require further investigation in the next phase. Not all the phases are required
for all the projects. The fourth is generally not necessary.
Number of Bore Hole
The number, type, location, size and depth of explorations are dependent upon the
nature and size of the project and on the degree of complexity and critical nature of
the subsurface condition.
In case of building certain guidelines are given in IS 1892 regarding number of bore hole:
i)
For small and less important building – One bore hole at the centre of the plot.
ii)
For compact building site on about 0.4 hector – five bore holes, one at centre and
other four at each corners.
In case of exploration for highways, the spacing of bore holes in general could be stated as
one at every interval of 200 m. This spacing may be reduced to 50 m when the subsoil is
highly erratic and may be increased to 500 m when the subsoil is uniform.
At least 3 bore holes for a small site has to be done. At the corner of a building borehole
should be located.
Depth of bore holes
The depth up to which bore hole should be sunk is governed by the depth of soil affected by
the foundation bearing pressure. The standard practice is to take the boring upto a depth at
which the excess vertical stress caused by a fully loaded foundation is of the order of 20% or
less of the net imposed vertical stress at the foundation base level. The depth of bore hole
as per this practice is about 1.5 times of the least width of the foundation from the base level
of the foundation.
However, the General rule is that the bore hole must be penetrated through all layer which
are unsuitable for foundation;
Unsuitable layer –
weak soil, Unconsolidated fill, peat, organic silt, very soft and
compressible layers.
In case rock is met at shallow depth, foundation may have to rest on rocky strata. The boring
should also explore the strength characteristics of rocky strata in such cases.
Specifications for different tastings are to be strictly specified during preparation of term of
reference during contract so that all the required design parameters for specific project
should be available in the soil report.

Influence of size of project on exploratory program:
In the preparation of a program for soil exploration the magnitude of the job must also be
considered. If the proposed construction operation involves only a small expenditure, the
designer cannot afford to include more in the investigation than a small number of
exploratory boring and a few classification tests on representative soil samples. The lack of
accurate information concerning the subsoil conditions must be compensated by the use of a
liberal factor of safety in design. On the other hand, if a large-scale construction operation of
the same kind is to be carried out under similar soil conditions, the cost of even a through
and elaborate subsoil investigation is usually small compared to the savings that can be
realized by utilizing the results in design and construction, or compared to the expenditures
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that would arise from a failure due to erroneous design assumptions. Hence, on large
projects extensive subsoil investigations are likely to be justified.
In order to adopt the exploratory program to the requirements of a given job and obtain
the essential data at minimum expenditure of time and money, the engineer in charge must
be familiar with the tools and processes available for exploring the soil, with the methods for
analyzing and digesting the results of laboratory and field tests, and with the uncertainties
involved in the results obtained by the different methods of soil exploration. These subjects
are discussed in the following two articles.
Cause of misjudgement of subsoil conditions
No matter what may be the subsoil conditions and the program for boring and soundings,
the exploration furnishes information only concerning the sequence of materials along
vertical lines , commonly spaced no closer than 20 m, and concerning the significant
physical properties of what are believed to be representative samples. On the basis of this
rather fragmentary information, the designer is compelled to construct a soil profile by
interpolation between drill holes and samples, to divide the subsoil into zones consisting of
materials with approximately the same engineering properties, and to estimate for each zone
the average values of the soil parameters that appear in his equations. Thereafter he forgets
the real soils and operates with fictitious materials. Hence, the degree of reliability of the
result of his computations depends entirely on the differences between the real and the ideal
subsoil. If an unfavourable difference of an essential nature has escaped his attention, the
design he has prepared on the basis of his data may turn out to be unsatisfactory in spite of
conscientious subsoil exploration.
Experience has shown that the cause of fatal misjudgement of the subsoil conditions
may be divided into three categories.
 Influence on the test results of excessive sample disturbance or of significant
difference between test and field conditions.


Failure to recognize or judge correctly the most unfavourable subsoil conditions
compatible with the field data.



Inadequate contact between the design and construction organizations, resulting in
failure to detect significant departures of conditions or of construction procedure from
those the designer anticipated or specified

Observations during construction
Design on the basis of the most unfavourable assumptions is inevitably uneconomical,
but no other procedure provides the designer in advance of constructions with the assurance
that the soil-supported structure will not develop unanticipated defects. However, if the
project permits modifications of the design during construction, important savings can be
made by design during construction, important savings can be made by designing on the
basis of the most probable rather than the most unfavourable possibilities. The gaps in the
available information are filled by observations during construction, and the design is
modified in accordance with the findings. This basis of design may be called the
observational procedure. The observational procedure has been practiced successfully
throughout the ages in tunnel engineering, because the construction of permanent tunnel
linings is usually preceded by the installation of temporary supports, and the observation of
the performance of the temporary supports furnishes all the information required for adapting
the design of the permanent lining to unanticipated unfavourable subsoil conditions. On the
other hand, in earth-dam and foundation engineering the permanent structures are designed
before the construction operations start, and the consequences of unanticipated sources of
trouble do not appear until the structure is in an advance state of construction. In order to
use the observation procedure in earthwork engineering, two requirements must be satisfied.
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First of all, the presence and general characteristics of the weak zones must be disclosed by
the results of the subsoil exploration in advance of construction. Secondly, special provisions
must be made to secure quantitative information concerning the undesirable characteristics
of those zones during construction before it is too late to modify the design in accordance
with the findings. These requirements could not have been satisfied until the mechanics of
interaction between soil and water were clearly understood and adequate means for
observation were developed.
Soil Exploration
Activities involved in Soil Exploration
Activities involved in subsurface Exploration (overlapping phase)
Part I - Determination of G.W.T. Different Soil strata along with the sequence, thickness
extent and approximate identity.
Part II - Collection of samples
Type of sample, disturbance, position of sample, quantity, no of sample, and size.
Part III - Minor observation (geological Condition)
Boring - Advancement of the borehole and collection of sample.
Bore holes might be uncased or cased
Indirect Methods
Seismic method
Shock or seismic waves are created by denoting small charge or by sticking a rod or
a plate near the surface. The readings of waves are picked up and time of travel from
source recorded by detected known as geophones or seismometer or reflected waves
are detected.
i.
Refraction method
In this method time of arrival of wares refracted at interferes between
different strata are recorded.
Use: To determine depths to rock or significant differing soil strata. This
method can be used only when velocity of travel in lower layers is
significantly greater than upper one. Limited to 30 m deep in single
stratum.
ii.
Reflection Method
Here seismometer record the travel time of seismic waves reflected from
interface between adjoining strata.
Use: To determine depth of bed rocks. Generally applied when the depths
exceeding 600m.
iii.
Electric resistivity method:
In this method, 4 metallic spikes to serve as electrodes are driven into the
ground at equal interval along a line. A known potential is then applied
between the outermost electrodes and potential drop is measured
between the innermost electrodes. Flow of current is also measured. This
enables to measure resistivity of stratum.(Nature of soil)
Use: To determine vertical and horizontal extent of layers. Limited to 30 m
depth.
Seismic wave velocity:
Coarse sand below 1000-1900 m/s
Clay sand below 1250-1500 m/s
Gravel sand below 1500-1900 m/s
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Direct
Test Trenches and Open cuts:
Test pits, trenches or any other type of open excavation can be carried out manually or
by machines.
Use: Visual examination, disturbed or undisturbed sample collection. Limited for
shallow depth 3-5 m.
Advantages of Accessible boring:
1. The soil can be inspected directly
2. Samples can be collected with least disturbance.
3. Large size sample can be collected in comparison with bore hole made with other
method.
4. Important insitu test of soil can be performed because of accessibility.
5. Valuable information may be available regarding the situation prevailing in the soil in
respect of excavation, compaction or other processes to be adopted later.
Disadvantage:
1. Uneconomical and slow in many situation.
2. Accessible boring is extended under dry conditions. Therefore it is not suitable below
ground water table.
Semidirect
Essential equipments of boring
1. Drilling and sampling equipment
2. Clean out equipment
3. Drilling rods cables
4. Motors and winces for lowering, operating & withdrawing drilling tools, drill rod and
casing
5. Tripod or mast
6. Pumps for circulation of water as drilling fluid to remove materials from bore holes in
wash boring.

Continuous Sampling
It may be required in soft soil or in very stiff clay. The advantage of continuous sampling is
that it is more reliable and detail information of soil condition than any other method. The
method is more expensive and slow than other methods of borings where intermediate
sampling is done.
Displacement Method
The bore hole diameter sunk in this method is about 25 to 75 mm. This method is used for
short depth and the borehole is created through displacement of soil. It is the easiest and
cheapest method. The advancement of bore hole is made by pushing piston sampler. During
pushing it stabilize soil. Disadvantage of the method: It disturbed the soil at the bottom of a
bore hole.
From the resistance of the soil against driving of the tube changes in strata are realised.
Displacement method will be obstructed by the presence of boulder, gravels etc.
Wash boring
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The most primitive equipment in common use for making a wash boring usually includes a
set of 5ft lengths of pipe 2.5 inch in diameter, known as casing, which serves to support the
walls of the hole; a weight for driving the casing into the ground , a derrick for handling the
weight and casing; and wash pipe, 1 inch in diameter, in 5 ft or 10 ft lengths. A hose
connection is made through a swivel head to the top of the wash pipe, and the lower end of
the pipe is fitted with chopping bit provided with water ports so that the wash water can be
pumped down the wash pipe and forced out of the ports. The equipment also include a tub
to store the water and a hand or power-operated pump.
In order to start a wash boring, the derrick is erected and a 5 ft length of casing is driven
about 4 ft into the ground. A tee is attached to the top of the casing with its stem in a
horizontal position, and a short pipe is inserted horizontally in the stem. The tub is placed
under the end of the short pipe and filled with water. The wash pipe is lifted to a vertical
position by means of a hand rope that passes over a pulley at the top of the derrick and is
lowered into the top of the casing. The pump is started and water is circulated from the tub
through the swivel head into the wash pipe, when it emerges at the chopping bit and rises in
the annular space between the wash pipe and the casing. It returns to the tub, carrying
cuttings of soil, through the tee and horizontal pipe at the top of the casing. As the water
circulates, the wash pipe is churned up and down and is rotated at the bottom of each stroke
to cut the soil loose. The hole is advanced by the churning and washing, and additional
casing is driven as needed.
Whenever a conspicuous change is noticed, the wash water is turned off and a spoon
sample is taken. Spoon sample are also secured, one for each 5ft of depth, if the character
of the subsoil appears to remain unaltered. Departure from the procedure should not be
tolerated, because they may lead to serious misjudgement of the subsoil conditions. Even if
the sampling is conscientiously done, the presence of clay strata with a thickness of several
feet, located between sand strata, may remain unnoticed.
The simple equipment described in the preceding paragraphs has the advantage that an
experienced driller by the feel of the wash pipe as it is churned and rotated and by the colour
of the wash water, can usually detect the change in the character of the material.

Auger Boring
Auger boring process are adopted in 3 specific situation
1. General exploration purpose along with collection of representative sample.
2. For advancement and cleaning of bore hole between depth at which
undisturbed sample is to be taken this with sampler.
3. Drilling large accessible bore holes for preliminary direct inspection of the soil
insitu.
Shallow borings are almost universally made by means of auger. Hand operated
augers can work up to 6 m, but beyond this depth power driven augers are used. The
auger, usually turned into the soil for a short distance and then withdrawn with the
soil clinging to it. The soil is removed for examination, the auger again inserted into
the hole and turned further. If the hole fails then casing should be used to stop
collapse of the side of the bore hole. The casing should be driven to a depth not
greater than the top of the next sample and should be cleaned out by means of the
auger. Auger boring can not be made in sand below the water table because the
material will not adhere to the auger.
Percussion Drilling
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Used for deep exploration. Dia of bore hole preferable 150-200 mm.
Cutting equipment- heavy drill bit.
Weight of bit- 400kg – 1000kg
Drop-0.5m to 1.5m.
Frequency of drop of about 40 to 60 times/ min
Removal of cuts by bailer or sand pump with drilling fluid. In this type of drilling the
material removes give average sample of about 1.0 m making the identification of
layer somewhat difficult. The change of layer is identified by the rate of advancement
of bore hole. The main advantage is that the drill rod is eliminated and as such a
deeper hole can be made but due to the type of cutting procedure, it is difficult to get
undisturbed sample. It is used to penetrate hard rock.
Rotary Drilling
The drill bit cuts, grinds and chips
Motor operated so it is a rapid process. Cleaning of bore hole by pumping water(for
small depth) or drilling fluid.
Casing-upto a certain depth.
Rotary drill bits are used
Types of drill bit depends upon character of material cuts.
Soft soil- fish tail or two bladed
Stiff soil or soft rock 3-4 two bladed.
Hard rock-two core, 3 core rock bits.
Less than 100 mm dia of bore is not suitable usually 150-200mm. dia holes are
drilled by the method.
The progress is rapid in this system but rotary drilling is unsuitable in deposits of
coarse gravel, numerous stone, boulder deposits, fissured rocks and at position of strong
ground water flow, which may wash out the drilling fluid. Due to the machine operation and
design of the drill bits clean bore holes of uniform diameter are made in this process and the
soils at the bottom of the bore holes are least disturbed leading to undisturbed sample.
Limitations: Large diameter is not possible. Without adequate experience the change of
layers can not be detected accurately because of first mechanised drilling and removal of
cuts through circulation of fluid. However from the rate of progress of bore hole the change
in character of soil can be identified.
Because of high progress of drilling this method is always used for exploration work.
Stabilization of Bore Hole
 By casing
 By water
 Bentonite (Drilling fluid)
For prevention of caving of sides and from the bottom of bore holes and to avoid
disturbance of sampling, stabilization of bore hole is done. Uncased bore holes are stable for
shallow depth above the ground water table.
Stabilization with water- In porous soil water will start to flow through the porous soil as a
result of which capillary action will start with water – the characteristics of the ground water
will be disturbed pore water seepage for ground water table.
Stabilization with drilling fluid or drilling mud-Specification of drilling fluid - high colloidal,
gelforming, thixtropic clay. Bentonite with chemicals.
The chemicals are added to control dispersion, thixtropy, viscosity and gel strength. The
drilling fluid stabilises the bore hole sides better then the water due to its higher specific
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gravity of the solution and due to formation of mud cake lining on the surface of the bore
hole. Drilling fluid decreases swelling of cohesive soil stabilizes cohesionless soil and helps
cutting and removal of soil from the bore hole as it increases the specific gravity of the soil.
The following table presents method of boring used based on soil types
Types of soil
Common Cohesion and plastic soils

Method of boring
Displacement, Wash, Auger Continuous
sampling(percussion, Rotary)

Slightly Cohesive and Brittle soils
including Silt ,Loose Sand above Ground
Water

As above but keep boring dry for undisturbed
sampling above ground water.

Very Soft and Sticky Soils

Displacement, Wash Bailer, Sand pumps
Continuous Sampling(Auger, Rotary)

Saturated Silt and Loose sand

Displacement, Wash Bailer, Sand pumps
Continuous Sampling(Rotary)

Compact or Stiff and Brittle Soils including
Dense sand, Partially Dried Soils

Wash, Augers Percussion, Rotary
Continuous Sampling

Hard, Highly Compacted or Partially
Cemented Soils, no Gravel or Stone

Percussion, Rotary Continuous Sampling

Coarse Gravelly and Stony Soils including
Compact and Coarse Glacial Till

Percussion, Barrel Auger Loosen by
Explosives Thick-Wall Drive Sampler

Gaseous or Expanding Soils(Organic Soft
Clay, Silt, Sand)

According to soil but keep boring filled with
water or drilling fluid

Gradually or Sudden Change in Soil
Properties within a Single drive

As above according in basic soil type

Soils with Secondary Structure.
As above according in basic soil type
Summary of activities regarding advancement and cleaning of bore hole

1. Stabilisation of bore hole – above water table water should not be used
2. Boring above GWT to be kept dry
3. Boring below GWT water/fluid may be used
4. Advancement of casing – Just prior to sampling the bore hole should be
advanced little beyond the casing or at least up to the bottom of the casing. In
case of loose cohesionless soil the casing should be driven without much
vibration. The casing should be pushed into the soil by pushing or by some
other static load.
5. Cleaning of bore hole bottom by Auger, Bailer, Water jet, Sand pump.
For piston sampler cleaning requirement of bore hole is not much. But for
open
sampler the bottom should be cleaned properly to remove non
representative and segregated soil. The auger can smoothly clean the bottom
without much
disturbance. The bottom should be cleaned with shielded
horizontal jets and not by open vertical jets. The entire cross section of the
casing should be cleaned.
6. Sampling – from the bottom of the last sample taken a spacing of 3 D has to
be maintained for the next sample.
7. Time factor – Deformation and failure of soils are time dependent processes
and absorption of moisture or drying affect the nature of the samples collected.
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Therefore, the samples have to be collected immediately after cleaning of the
bottom of he bore hole and the casing has to be driven immediately after
collection of sample.
SAMPLING
Primary Objectives of Sampling

•
•
•

To get the material into the sampler
To keep it their during withdrawal of the sampler

To obtain the sample with least disturbance
Sources of disturbances –method of boring, stabilization, casing, sampler, withdrawal,
preservation and transportation
Soils met in nature are heterogeneous in character with a mixture of sand silt and clay in
different proportions. But in water deposits of soil, there are distinct layers of sand, silt and
clay of varying thickness and alternating with depth. Soils with particles of size coarser than
0.075 mm are brought under the category of coarse grained and those finer than 0.075 mm
under fine grained soils.



Disturbed samples.
Undisturbed samples.

Disturbed samples
Disturbed samples are representative samples which contain all the constitutes in their
proper proportions, but the structure of soil is not the same as in the in-situ condition. These
soils are sufficient for identification and classification. The various laboratory tests that can
be conducted on such soil sample are,
a)
b)
c)
d)

Mechanical Analysis
Atterberg limits
Specific gravity
Chemical analysis

Undisturbed Samples
Undisturbed samples are those that represent the insitu condition of the soil in all respects,
such as structural arrangement of the particles, water content, density and stress conditions,
undisturbed samples are required for carrying out or more of the following tests in a
laboratory:
b)
c)
d)
e)

Shear strength.
Consolidation.
In situ density and water content.
Permeability.

The conditions that contribute for the disturbance of samples and unreliable test result are.
1. Distortion of the samples during pushing / driving of sampling tubes into the natural
strata.
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2. Relief of in-situ pressure leading to surface cracks when samples are extracted from
sampling tubes for laboratory tests. This is particularly applicable to over
consolidated clay soils.
3. Disturbances caused to the samples during extraction from sampling tubes.
4. Disturbance to the samples during handling and transporting from the site to the
laboratory.
5. Evaporation of moisture from the sample due to improper sealing.
6. Careless during sampling and testing.
Types of Sampler
Split spoon Sampler
Thin walled sampler
Piston Sampler
Foil sampler
Denison sampler
Split spoon sampler
In order to obtain soil samples from exploratory drill holes, a sampling spoon is attached to
the bottom of the wash pipe or drill rod in place of the bit and is lowered to the bottom of the
hole. It is forced or driven into the soil to obtain a sample and is then removed from the hole.
Sampling spoons for exploratory borings commonly consists of a pipe with an
inside diameter of about 1.5in and a length of 1 to 2 ft. the pipe is split lengthwise.
Consequently the sampler is called a split spoon. While the sample is being taken the two
halves of the spoon are held together at the ends by short pieces of threaded pipe. One
piece serves to couple the spoon to the wash pipe. The other, which has been sharpened,
serves as the cutting edge while the spoon is driven into the soil.
Thin walled sampler
If the project calls for reliable information concerning the shearing resistance or stressdeformation characteristics of a deposit, the degree of disturbance of the samples must be
recorded to the minimum compatible with the benefits to be obtained from the information.
Whatever type of sampler is used, a certain amount of disturbance of the soil is inevitable.
The degree of disturbance depends on the manner in which the sampler is forced into the
soil and on the dimensions of the sampler. The greatest disturbance is caused by driving the
sampler into the soil by successive blows of a hammer, and the best results can be obtained
if the sampler is pushed into the ground at a high and constant speed.
Piston sampler
Part of the disturbance associated with tube sampling, especially in soft non-uniform
cohesive soils, arises because the various portions of the soil in situ are not represented in
the sample at their true thickness. When the empty sampler begins its downward thrust, the
adhesion and friction on the outside of the tube combined with the tendency for the bottom of
the drill hole toward instability may cause the soil to rise into the tube faster than the rate of
descent of the tube. Under extreme conditions the initial portion of the sample may act as a
plug capable of displacing soft seams or layers so that they do not enter the sampler at all.
There are variety of piston samplers are also used in the field like stationary and retracted
type.

Foil sampler

12

Even in piston samplers, the length of sample that can be removed is limited to a few feet
and the degree of disturbance increases with increasing length. By elimination of the friction
and adhesion between the sample and the tube, the sample can rise freely into the tube
without disturbance of the soil below the cutting edge, and much longer continuous samples
can be obtained. These objectives are accomplished in the Swedish foil sampler.
Denison Sampler
In Denison sampler core catcher is used to avoid the falling of sample during withdrawal.

DESIGN OF SAMPLER
Design criteria for Drive sampler
The following summary design requirements applies primarily to long samplers intended for
use in not too coarse-grained, dense, or hard soils. Compliance with the requirements dose
not guarantees that undisturbed samples will be obtained but should, at least, reduce
disturbance of the samples.

General Requirements
1.
Diameter of sample:- A diameter of 2 to 3 in(50 -75 mm) is usually satisfactory in
detailed exploration and for samples intended for routine laboratory tests, where as a
diameter of 4 to 6 in. is required when special tests or multiple tests on soil from a single
stratum are to be performed.
2.
Length of sampler:- Since the top and bottom sections of a sample often are
partially disturbed, and since the danger of losing the sample during withdrawal
decreases with its length, the sampler should preferably be long enough to utilize the
safe depth of penetration, although practical consideration in some cases may limit the
maximum net length to about 5 ft.
3.
Wall thickness and area ration:-The area ratio should be reduced to the minimum
compatible with the purpose and structural strength of sampler and should preferably not
exceed 10 to 15 percent, especially not for open drive samplers. It is possible that the
allowable limit is higher for samplers with a stationary piston , but simple thin-wall
samplers will generally cause less disturbance of the soil than the heavier composite
samplers.
4.
Shape of cutting edge:-The cutting edge should be sharp and never rounded or
blunt, and the angle of taper should be as small as practicable. For a sampler with an
area ratio exceeding 10 to 15 percent the angle of taper should be less than 10 degrees
except close to the edge where the angle may be increased to 20 to 30 degrees in order
to avoid an easily damaged feather edge.
5.
Inside clearance:-Except for very short samplers with no clearance, the inside
clearance ratio should be from 0.5 to 0.3 percent according to the soil conditions. Larger
ratios may be used under special conditions and when the primary object is to obtain
long samples. An inside clearance ration of 0.75 to 1.5 percent is suggested for average
conditions, but further experiments are desirable to determine the optimum values.
Commercial tolerance on the internal diameter of the tubing should be taken into
consideration.
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6.
Outside clearance:-Samplers used in cohesion-less soils should have no outside
clearance, but a small outside clearance is desirable although not necessary for
samplers used in cohesive soils. Bearing in mind that the outside clearance increases
the area ratio, it is tentatively suggested that the outside clearance ratio should not
exceed 2 to 3 percent, but its optimum range of values has not yet been determined.
7.
Inside smoothness:-The inside of the sampling tube or liner should be clean and
smooth without any protruding edges or irregularities which may engage the soil. When
grooves or core retainers are used, the upper edge of the groove should be offset slightly
and the space between individual valves or leaves should be filled in so that a smooth
and continuous interior surface is preserved.
8.
Preservation of sample:- the sampler should be so constructed that the sample can
be preserved in the sampling tube itself or in a thin-walled liners. The tube or liner should
be coated with the samples are to be stored lacquer or consist of noncorrosive material,
at least when the samples are to be stored in the tubing for, an appreciable length of
time. There is less danger of disturbance and loss of the sample when a continuous, in
contrast to a sectionalized or split, liner is used.

Open Drive Samplers
9. Reservoir for disturbed soil:- Shaving and disturbed, excess soil in unknown
quantities may enter an open sampler during its lowering into and seating on the
bottom of the bore hole. The length of the tubing should therefore be longer than the
nominal depth penetration, or a suitable space or a dummy liner should be provided in
he head of a composite sampler. A length of two to three times the diameter is
suggested for this reservoir.
10. Vents:- Vents for escape of air or water over the sampler should be large enough to
prevent an objectionable increase in pressure over the sample . the vent area of many
currently used samplers is far too small. When the sampler is used in bore holes filled
with water or drilling fluid and is forced into the soil at high speed , as by a blow of a
heavy hammer or by shooting, the vents should be stream lined and have an area
equal to that of the sample.
11. Check valves:- Check valves will help to prevent loss of the sample by reducing the
pressure over the sample during the withdrawal, but they are not always reliable or fully
effective. They should be so designed that they are not easily fouled and so that they
provided the required vent area without materially increasing hydrostatic pressure by
eddy losses.
12. Advantages and limitations:- Open drive samplers are simple in construction and
operation, but shavings and mixed soil and displaced ,excess soil may enter the
sampler . Excess pressures may be created over the sample, and it is often difficult to
determine the recovery ratios with sufficient accuracy and to retain the sample during
the withdrawal. The samplers may often be used to advantage in sampling of stiff and
dense soils, but they are not well suited for obtaining undisturbed samples of loose or
soft soils or for use in uncased bore holes.
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Dt

Ds

De
Dw

The following parameters are considered for guiding the design of sampler and to get least
disturbed sample from bore hole:

Area ratio, Ca =

2

Dw

 De

De

Inside clearance, Ci =

2

2

Ds  De

Outside clearance, Co =

De
Dw  Dt
Dt

Quality of samples:
To express the results of sampling operation and to formulate design requirements the
following ratios are necessary:
L

1. Total recovery ratio =

H

2. True recovery ratio =

L
H  F

3. Gross recovery ratio =

Lg
H

4. Net recovery ratio =

Ln
H

Where, L = original length of sample = Top of the sample to the cutting edge of the sample
before withdrawal;
H = Depth of penetration = Original bottom of the bore hole to the cutting edge of the
sampler;
F = Deflection of the soil at the cutting edge;
Lg = Top of the sample to the cutting edge of the sampler;
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Ln = Net length of the sample from the top of the sample to bottom of the sample after
trimmimg for sealing
S – Shortening = H – L= compression of sample only if no excess soil enters into the
sampler.

FIELD TESTS
Standard penetration test (SPT)
The standard penetration test is used extensively in soil exploration programmes.
The test consists of driving a standard split spoon, 50.8 mm outside diameter and 35 mm
inside diameter, into soil under the blows of a drop weight (hammer) of 65 kg falling freely
through 75 cm. The number of blows required for 30 cm of penetration of sampler in the soil
is designated as N value and is termed as standard penetration blow count.
Attempts have been made to correlate N-values to relative density of cohesionless soils
and unconfined compressive strength of cohesive soils. Attempts have been made to
correlate compressibility of soils to N-values. Such relations are utilised in arriving at
allowable bearing pressure of soils. Such approaches can be and are subjects of criticisms.
But past experiences indicate that standard penetration test can provide reliable and safe
design criteria. When used with caution keeping in mind the limitations of the test and its
application.
The following table gives the variables affecting the results of standard penetration test.
It is necessary that errors resulting from variation in these variables are kept to minimum and
that the test is executed in a standard manner. Only then statistical correlations obtained can
be more meaningfully applied.
Factors affect the reproducibility of SPT
The following factors affect the reproducibility of the SPT values:
Variation of the height of free fall of drop weight during the test
Interference of the free fall of drop weight by the guide rod which may be
Out of plumb during test
Diameter and condition of drum of the hand operated winch
The number of turns of rope around the drum
The actual condition of the rope used in the test
Use of badly damaged drive shoe
Improper seating of sampler on the bottom of the hole
Effect of isolated stones met during driving
Effect of overburden pressure
Carelessness in conducting the test
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Length and diameter of drill rod
Corrections to measured values of SPT:
The N values of SPT as measured in field may need to be corrected. There are two
types of corrections. Generally applied to measured N value. One type of correction is
applied when SPT is conducted in fine or silty, saturated sand and when the recorded
blow count is greater than 15. this correction as recommended by Terzaghi and
Peak(1967) is as follows:
N = 15 + ½ (N’ – 15) ……………………………….1
Where ,
N and N’ are corrected and actual blow counts respectively.

The other type of correction is known as correction for observation pressure. This
correction is applied only to cohesionless soils( dry, moist or wet). The correction
as suggested by Gibbs and Holtz (1957) and as widely adopted is as follows.

35 N '

N 

N 



0

, for

7



≤28 t/m²

0

here



is in t/m² ……………………2a

0

345 N '



 69

0

, for



0

≤ 276 kN/m² here



0

is in kN/m²……………………..2b

where N and N’are corrected and measured blow counts respectively and  0 is
the effective overburden pressure at the depth of SPT (correction for saturation
effect, as per Eq 1 is to be applied, where applicable,prior to overburden
correction. Then N’ in Eq 2 is the N value from Eq 1)
It is considered advisable to place an upper limit of 2 for overburden correction.
With this limit, Eq 2 becomes,
N 

345 N '



0

N 
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 2N '

, for

345 N '



0

 69



0

 2N '

, for

≤28 t/m²


0

here



0

≤ 276 kN/m² here

is in t/m² ……….……..2c


0

is in kN/m²……………2d

Correlations:
Correlations are available to assess the density of granular soils and consistency of
cohesive soil based the measured N values. These measured N values are also used for
assessment of liquefaction resistance of soil.
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Dynamic Cone Penetration Test
In this method a cone is driven into the ground in the same way as the SPT spoon is driven.
But unlike in SPT, there is no preboring involved. There exists many varieties of
penetrometers. Indian standard Institution recommended 50mm dia and 65 mm dia cones
with apex angle of 60°. But very limited studies conducted to date indicate that 65mm cones
is preferable as it yields more consistent relationship with SPT values(Mohan et al 1970).
DCPT test can be used with or without bentonite (mud) slurry. But when depth of
investigation is more than 6 m, use of bentonite or mud slurry is recommended as otherwise
friction on the rods would be tremendous. Data from DCPT is plotted as a curve of
penetration resistance, Nc number of blows per 30 cm of penetration, versus depth.
Nc values from dynamic cone penetration tests needed to be corrected for overburden
pressure in cohesionless soil like N-values of SPT.
To judge the consistency of soils from Nc values, the general practice often used is to
convert Nc into N values of SPT. The relationship commonly used is.
Nc = N/C………………………………………3
Where , Nc and N are blow count values from dynamic cone and SPT for corresponding
depths in the same subsoil,
And C = a constant (found generally to lie between 0.8 to 1.2 when bentonite is used with
65 mm dynamic cone test). In Eq 3 it is always advisable that c value be fixed for each other
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SPT and cone tests nearby each other when bentonite is not used with the test, following
equation may be used for preliminary analysis:
Nc= 1.5 N , for depths up to 3 m.
And
Nc = 1.75 N , for depths between 3 and 6 m.
Advantages of DCPT over Boring and SPT
1. DCPT is faster and more economical. The penetrometer is primarily useful in
mapping of soil strata during the early stages of explorations when the number of
borings is normally limited. During detailed investigation some geotechnical
engineers may prefer to substitute a single bore hole by a number of dynamic cone
tests and still maintain the cost and obtain more relevant information between the
borings
2. It gives continuous penetration of strata penetrated. It often the presence of strata
which are not recorded or observed in sampling operations.
Limitations of DCPT
1. The major limitations of the dynamic cone penetration test is that either no samples
or only wash samples are obtained from it, therefore strata cannot be definitely be
identified by soundings alone.
2. Presence of gravels/boulders within the soil strata can give misleading results.
Consequently interpretation of results obtained from dynamic cone penetration test
requires considerable experience, particularly in those areas in which correlations
between the penetration resistance and engineering properties of soils penetrated
are to be developed.

Static Cone Penetration Test
The equipment consists essentially of a steel cone with an apex angel 60° and over all base
diameter of 35.7 mm giving a cross sectional area of 10 sq. cm. the cone is attached to rod
which is in turn connected to other rods as necessary. These rods are protected by sleeves
known as mantle tubes.
Immediately above the cone a friction jacket, of outside diameter greater than mantle tube, is
fitted. The cone and the friction jacket in combination or separately are pushed into the
ground by hydraulic cylinder of a capacities presently varying from 2 tonnes to 10 tonnes.
The necessary reaction is obtained by anchors and some time by surcharge loading.
By pushing the cone alone and along with friction jacket values of cone resistance and skin
friction are obtained at interval of 0.5 m and graphs of cone resistance and skin friction are
plotted against depth. The tests are usually conducted to refusal.
The results of static cone tests are correlated directly with bearing capacity and settlement of
shallow foundations and piles.
Advantages of static cone penetration test over boring and SPT
1. Static cone penetration test is faster and much cheaper.
2. In cohesion-less soils, particularly below the ground water table, SPT may yield
misleading values as a result of loosening, sand blowing etc. In such strata cone
penetration test is very beneficial.
3. Static cone penetration test gives practically a continuous resistance record of strata,
which is generally not the case with boring.
4. Static cone penetration test gives values of skin friction with depth which is useful in
estimating skin friction for piles.
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Limitations of Static Cone Penetration Test
1. Test is unsuitable for gravelly soils.
2. Test does not reveal types of soils encountered at various depths. Disturbed or
undisturbed samples can not be obtained with his test.
3. Test depth is limited generally to 15-20 m. Often depth penetrated would be less if
smaller capacity machines are used or harder strata is obtained at shallow depths ,
or enough anchorage is not available at shallow depths.

Field Vane Shear Test
The vane test is used for determination of the undrained cohesion of clay,
particularly very soft to cohesion of clay, particularly very soft to medium stiff clay. Vane test
is most valuable in sensitive clays wherein it is difficult to obtain truly undisturbed samples
without disturbing their in situ strength. The vane test is also useful in finding out sensitivity f
subsoil by determining strength in undisturbed and remoulded states. The ratio of strength in
undisturbed to remoulded state is known as sensitivity.
The test basically consists of inserting a four-bladed vane in the
undisturbed/remoulded soil at required depth and rotating it from the surface through link
rods to determine the torsional force required to cause a cylindrical surface to be sheared by
the vane. This is then converted into unit shearing resistance in undrained condition,
assuming failure along the cylindrical surface. It is to be noted that soil should be in a
saturated condition if the vane test is to be conducted, because, as mentioned above,
cohesion in undrained condition is assumed to be obtained by this test.
Another major advantage of a vane shear test is that test is executed in field
conditions, which are generally difficult to simulate in the laboratory, to obtain shear strength.
For example, in laboratory tests lateral stresses, initial pore water pressure is usually
different than those existing in field.

Ground Water Measurement
Ground water affect many important phase of foundation design and construction and must
be determined in each job with reasonable accuracy.
The method of determining the ground water level in a bore hole varies with the permeability
of the soil.
In permeable sand or gravel, the water level will seek to final level in a matter of minute. The
depth of ground water may be measured by means of chalked tape, a tape with a floater an
electric water level indicator.
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In silt or silty soil, the time required for the ground water to come to a final level may be a few
days. In such case, water is bailed out to an estimated level and water levels are measured
at consecutive equal time interval. The final water level may be estimated by the following
method:

Rising Water Level Method:
This method most commonly referred to as the time lag method consists of boring the water
out of the casing and observing the rate of rise of the water level in the casing at intervals of
time untill the rise in water level becomes negligible. The rate is observed by measuring the
elapsed time and depth of the water surface below the top of the casing. The intervals at
which the readings are required will vary some what the permeability of soil. In no case
should the total elapsed time for the readings be less than 5 minutes. In freely draining
materials such as sands, gravels etc, the interval of time between successive readings may
not exceed 1 to 2 hours, but in soils of low permeability such as fine sand silts and clays, the
intervals may rise from 12 to 24 hours, and it may take a few days to determine the
stabilized water table level.
Let the time be t0 when the water table level was at depth H0 below the normal water
table level. Let the successive rise in water levels be h1,h2,h3 etc at times t1,t2,t3 respectively
wherein the difference in time (t1 – t0 ),(t2 – t1 ),(t3 – t2), etc is kept constant.
Now, from fig
H0 – H1 = h1
H1 – H2 = h2
H2 – H3 = h3
Let the time
t1 – t0 = t2 – t1 = t3 – t2 = t
The depths H0, H2, H3 of water level in the casing from the normal water table level can be
computed as follows.
H0 = h12 / (h1 – h2 )
H2 = h22 / (h1 – h2 )
H3 = h32 / (h2 – h3 )
Let, the corresponding depths of water table level below the ground surface be hw1, hw2, hw3
etc. Now, we have
hw1=Hw – H0
hw2=Hw – (h1+h2) – H2
hw3=Hw – (h1+h2+h3) - H3
Where, Hw is the depth of water level in the casing from the ground surface at the start of
the test. Normally hw1 = hw2 = hw3 = hw; If not an average value gives hw .
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Bore Hole Log

H2 = h22 / h1 – h2
H3 = h32 / h1 – h2
H0 = h12 / h1 – h2
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Report
A report is the final document of the whole exercise of soil exploration. A report should be
comprehensive, clear and to the point. Many can write reports, but only a very few can
produce a good report. A report writer should be knowledgeable, practical and pragmatic. No
theory, books or codes of practice provide all the materials required to produce a good
report. It is only the experience of a number of years of dedicated service in the field helps a
geotechnical consultant to make the report writing an art. A good report should normally
comprise of following:
1. A general description of the nature of the project and its importance.
2. A general description of the topographical features and hydraulic conditions of the site.
3. A brief description of the various field and laboratory tests carried out.
4. Analysis and discussion of the test results.
5. Recommendations
6. Calculations for determining safe bearing pressure, pile loads etc.
7. Tables containing bore-logs, and other field and laboratory test results.
8. Drawings which include an index plan, a site-plan, test results plotted in the form of charts
and graphs, soil profiles etc.
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Depth of bore holes

Wash boring
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Rotary drilling

Split Sampler used in SPT

25

Hand Driven Augers
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Hollow Stem Auger
a) Plugged during Advancement &
b) Plug removed during sampling

Sampling tools
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Piston Sampler
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Denison Sampler
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Bits for Rock Sampling
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Field Vane Shear Test (a) Diagrammatic sketch (b) Correction
factor µ (Bjerrum 1973)
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PROBLEMS
1) A soil sample was pushed into the soil for a depth of 600mm and the length of the sample obtained
was 590mm.What is the recovery ratio? What happened to the sample? How can this be avoided?
2) A standard penetration test was conducted on saturated fine sand below the ground water table.
The SPT value was found to be 32. Does the value represent the true SPT value? Explain
3) The standard penetration resistance value obtained in a deep deposit of sand at a depth of 6.0m
was 28. The unit weight of sand is 18.0 kN/m³. Determine N value corrected for overburden pressure.
4) The observed N value in a standard penetration test at 4 m depth was 17. The ground water level
is at GL. The soil profile shows fine sand up to 7 m depth. Unit weight of sand is 19 kN/m³.Find the
corrected N value.
5) A vane of 75 mm overall diameter and 150 mm height was used in a clay deposit and failure
occurred at a torque of 90 N-m. What is the undrained shear strength of clay?
6) A sampling tube has an external diameter of 102 mm and an internal diameter of 100 mm. Can the
samples obtained from the sampling tube be considered undisturbed?
7) What is the recovery ratio of a soil sample pushed 600 mm with a recovered length 580 mm? What
happens to the sample? How can this be avoided?
8) The standard penetration resistance obtained in a coarse sand deposit at a depth of 6 m was 24.
The ground water table was at a depth of 3 m below the ground level. The dry unit weight of sand was
17.6 kN/m³ and the saturated unit weight 20.8 kN/m³. What is the corrected N value after applying the
correction?
9) A vane used to test a deposit of soil alluvial clay required a torque of 72 N-m. The vane dimensions
are D=100mm and H=200mm. Determine a value for the undrained shear strength of the clay.

10)Determine the area ratio of a Shelby tube type sampler of 51 mm external diameter.
11)What is the probable wall thickness of a sampling tube of 75mm external diameter which is
required for sampling in stiff to very clay soil?
12. Establish the location of ground water in a clayey stratum. Water in bore hole was bailed out
to a depth of 10.67 m below ground surface, and the rise of water was recorded at 24 hour
intervals as follows:
h1 = 64.0 cm, h2 = 57.9 cm and h3 = 51.8 cm
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Department of Civil Engineering

Aliah University, Newtown, Kolkata
Subject – Soil Exploration and Analysis of Foundation
Assignment
1. Define soil exploration.
2. What is the purpose of soil exploration?
3. Enumerate the activities involved in soil exploration.
4. What are the factors influences the soil exploration planning?
5. Enumerate the causes of misjudgment of subsoil conditions.
6. Explain the following indirect methods of soil exploration :
(a) Seismic refraction
(b) Electrical resistivity
(c) Sounding
7. Explain the following soil exploration methods :
(a)
(b)
(c)
(d)

Wash boring
Auger boring
Percussion drilling
Rotary drilling

8. Explain the suitability of samplers for different types of soils.
9. Explain with sketches the following samplers:
(a) Piston sampler, (b) Split spoon sampler, (c) Swedish foil sampler,
and (d) Denison sampler
10. Explain in detail the following field tests generally used in soil exploration, highlighting
the merits and demerits:
(a)
(b)
(c)
(d)

SPT
SCPT
DCPT
Field Vane shear test

11. What is stabilization of bore hole?
12. Explain in detail the bore-log.
13. Enumerate the contents of a soil report.
14. How number and depth of bore holes are decided in a soil exploration program
15. Explain the necessity and methods employed for stabilization of bore hole.
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16. Enumerated the corrections to be applied for measured SPT values.
17. Enumerate the factors affecting reproducibility of SPT.
18. How water table location is determined during soil exploration work?
19. Define the following terms related to the design of sampler along with sketches:
(a) Area ratio, (b) Inside clearance, and (c) Outside clearance
20. Explain the general requirements of a sampler.
21. Explain the parameters through which the quality of a sample is judged, give suitable
sketches.
22. What is RQD?
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