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Unit IV 

Soil Exploration and Foundations on Expansive and Collapsible soils 

Soil Exploration 

Site investigation or soil explorations are done for obtaining the information about 

subsurface conditions at the site of proposed construction. Soil exploration consists of 

determining the profile of the natural soil deposits at the site, taking the soil samples and 

determining the engineering properties of soils. It also includes in-situ testing of soils. 

 

GENERAL: Soil is used as: 

A) Construction material as, for example, in the construction of dams, pavements, buildings 

etc. 

B) Supporting material (Foundation) for carrying the loads of the super-structure through 

their foundations. 

The function of a properly designed foundation is to support loads resting on it without 

causing excessive stresses within the soil mass at any depth beneath foundation. Stresses are 

considered excessive if a complete rupture within the soil mass occurs (Shear failure), or if 

detrimental settlements result (failure due to excessive settlement). Therefore it is apparent 

that one of the most important steps in the solution of a foundation problem is determining 

underground conditions that will affect the design. Field and laboratory investigations 

required to obtain necessary information about geology, hydrology, and soil conditions; 

geotechnical properties of soil at the prospective building site, and the performance of 

various soil types encountered when acted upon by structural loads, water and temperature 

are called sub-surface investigations or soil exploration program. 

 

FACTORS AFFECTING EXPLORATION PROGRAMME 

 

Soil exploration program are influenced by a number of factors some of these are: 

a) Size and type of the project; 

b) General characteristics of the soils in the work area; 

c) Time available for exploration; and 

d) Degree of risk or safety involved. 

 

Tall buildings or heavy industrial structures founded over a deposit of fairly homogeneous 

clay require an extensive soil exploration program. 

An erratic soil mass in one in which the soil or soil strata are not uniforms or consistent in 

properties, elevation, thickness, or extent. In the case of erratic strata it is very difficult to 

have an accurate picture of the subsurface as it require an infinite number of boring and 

tests. In such cases only the location and extent of the weaker strata and lenses and possibly 

the properties of these weak soils are determined. 

The degree of risk or safety involved will be another governing factor in the extent and 

thoroughness of soil survey. Failure of a dam, for example, can take many lives and cause 

virtually irreparable property damage. To a lesser degree the same is true for tall buildings, 

bridges and many industrial structures. Soil conditions for these structures must be carefully 

and thoroughly investigated. On the other hand the damage caused by road pavement failure 
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or large overall settlements of Storage tanks is relatively minor, and a greater degree of risk is 

justified. However, it is emphasized that even light structures, such as private dwellings and 

filling stations cannot be expected to remain stable if founded on loose or compressible soils, 

and a soil investigation is warranted prior to the design and construction of a light structure, 

as well as for projects involving greater loads and larger investments. 

Adequate and accurate sub-surface data will enable architects and engineers to design 

foundations for both safety and economy. Savings in time and money will offer more than 

offset the cost of exploration. 

 

CLASSES: Sub-surface investigations may be subdivided into three classes: 

a) Foundation investigations to investigate sites for new structures. 

b) Stability or failure investigations to investigate causes of distress or failure of existing 

structures. 

c) Earthwork investigations to evaluate suitability of natural materials for construction 

purposes. 

PROCEDURE OF EXPLORATIONS: 

The procedure of exploration can be divided into the following steps: 

1) RECONNAISSANCE: 
a. Collection of data about the project. 

b. Geologic study of the site. 

c. Site inspection. 

2) PRELIMINARY EXPLORATION: 
a. Depth, extent, and composition of critical soil strata, 

b. Ground-water level and its fluctuations, 

c. Depth of bed rock, when necessary, 

d. Estimate of engineering properties of soil, 

e. Initial selection of foundation possibilities. 

3) DETAILED EXPLORATION: 
a. Additional test borings. 

b. Undisturbed sampling if compressible soils are encountered at critical depth. 

c. Laboratory/Field tests if data on soil strength and deformation characteristics areneeded. 

4) ANALYSIS OF RESULTSOF EXPLORATION: 
a. Evaluation of settlement characteristics of various soil layers. 

b. Evaluation of bearing capacity of various soil layers. 

c. Foundation design. 

5) ECONOMY STUDIES. 

Tentative cost estimates of various possible foundations. 

RECONNAISSANCE:  

The purpose of the reconnaissance is to determine the nature of the site and to estimate the 

type of soils and rock likely to be encountered. This is accomplished by means of a geologic 
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study and as inspection of the site and adjacent areas. The results of this phase of 

investigation are extremely valuable in planning the sub-surface exploration program. 

The geologic study will indicate the origin of the site, such as a buried prelacies valley, a 

former flooded plain, a former data deposit, or glacial deposit, or deposit formed by wind 

action etc. 

The possibilities of such structural defects in the bed rock, as cracks fissures, be revealed. 

These in formations can be collected from: 
a. Geological maps, 

b. Agronomy maps, 

c. Area photograph etc. 

The site inspection includes a study of pertinent topographic features, open cuts, and existing 

structure. The surface drainage pattern and the location of springs may provide much 

information on groundwater conditions. Cuts made for construction purposes such as 

highways may shed light on expected soil profiles, particularly for shallow soil formation, at 

the site to be investigated. 

Another phase of this program should be to investigate the types of foundations used in 

surrounding buildings, including their depths, and settlement records if available. This should 

also include inspections of the surrounding buildings as to the structural conditions, such as 

the presence of settlement cracks. The depth of adjacent basements and foundation may 

have some influence on the type of foundation selected for the new structure if regulations 

exist to protect adjacent structure. 

Before any sub-surface investigation program is outlined, it is also desirable to establish the 

location of any underground sewer lines, water mains, and other utilities that many cross the 

site of the proposed structure. 

 

PRELIMINARY EXPLORATION 

 

Preliminary exploration can be of two types: 

a) Shallow exploration usually used for light structures, highways, railways, airfield etc. 

b) Deep exploration used for dams, bridges, tall buildings, heavy industrial structures etc. 

 

EXPLORATION METHODS: 

 

i) Probing/Sounding Methods: 

These methods have been developed for determining the consistency of cohesive soils or 

relative density of cohesion less deposits. In this method a rod encased in a sleeve is forced 

into the soil and the resistance to penetration or with drawl is observed. Variations in this 

resistance show dissimilar soil layers and the numerical values of the resistance permits an 

estimate of some of the physical properties of the strata. 

The advantages and limitations of soil sounding methods are as follows. 

i. Soundings are generally considerably faster and cheaper than boring. 

ii. In boring a thin weak soil strata may pass unnoticed but sounding indicates its presence. 

iii. In erratic soil conditions soundings can be used between two borings. 
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iv. Sounding gives an idea about the consistency of cohesive soils and degree of 

compactness of cohesion less soils. Hence where undisturbed sample is difficult to 

collect or is expensive sounding may be used as a substitute. 

v. Bearing capacity of soil can be estimated by sounding. 

vi. Soundings alone cannot provide sufficient data for the final design of important or 

unusual foundations and earth structures. 

vii. Sounding gives no idea about the settlement characteristics of the soil in question. 

viii. Sounding gives misleading results when soil contains stones/boulders etc. 

ix. As a general rule, dynamic penetration tests are performed in cohesion less soils and 

static tests in cohesive materials. 

Following are the various probing/sounding methods. 

 

a) DYNAMIC PENETRATION OF RODS. 

The oldest and simplest form of soils sounding consists in driving a rod into the ground by 

repeated blows of a hammer. The apparatus is shown in fig. 1. The penetration of the road 

for a given number of slows with a hammer of constant weight and drop is recorded or the 

u e  of lo s e ui ed pe  foot pe et atio  of the od is oted. These i fo atio ’s a e 
used as an index of the penetration foundation experience. 

Skin friction is also acting on the rod and is cumulative with depth, hence the penetration 

resistance does not directly represent the strength or density of the strata encountered. 

{SKIN FRICTION = Perimeter x Length x Averageshear resistance per unit area developed 

between the soil and the rod 

b) PENDTRATION BY ROTATION [SWEDISH METHODS] 

A sounding rod is forced into the soil partly by static load and partly by rotation of the rod. 

The assembly is shown in fig. 2. The rod is provided with a screw point with a diameter about 

50 percent greater than that of the rod. The penetration is first recorded for successive static 

loads of 5,15,25,75 and 100 kg. The rod with a final static load of 100 kg is then rotated and 

the penetration is observed for each 25 half turns. A diagram of the variation of this 

penetration with depth is then plotted and compared with similar diagrams obtained for the 

same soil for which the bearing capacity has been determined by other means. 

This method is relatively fast and inexpensive, even when compared with other sounding 

methods, but it is not suitable for exploration of coarse and gravelly soils or very compact or 

hard soils. Neither does the method furnish adequate details on the soil profile when soils are 

so soft that they are penetrated by the sounding rod without rotating it but simply by placing 

the above mentioned static loads on the self-locking clamp. 

 

c) CONE PENETROMETER 

1) A cone penetrometer is used for shallow explorations in relatively soft deposits and 

determination of the capacity of such deposits to sustain various types of loads and 

traffic. At depths at which it is desired to determine the penetration resistance, the 

pressure on the handle is slowly increased until there is a perceptible but very slow and 
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uniform downward movement of the cone. The corresponding pressure is measured by 

means of the proving ring. 

2) Auger Borings: Auger borings are classified soil exploration methods. These are made in 

cohesive soil or in non-cohesive soils above groundwater table. The soil samples so 

obtained by auger borings are badly disturbed. However, the auger may also be used for 

advancing the hole down to the point where undisturbed soil samples are to be taken. 

Different types of augers are used for auger boring as shown in fig. (Helical auger, post-

hole auger etc.). Hand-operated augers can be used to reach depth up to 20 ft. to 30 ft. 

For greater depths motor-driven auger can be used. The size of boring varies from 2 in. 

to 12 in. 

3) Test Pits (Open pit exploration): Test pits permit a direct inspection of the soil strata in 

place, and taking of adequate disturbed and undisturbed soil samples. Test pits are the 

most satisfactory method of disclosing the soil strata conditions. Also it is possible to 

take even undisturbed samples of sands by this method. The cost of test pit increases 

rapidly with depth; they are uneconomical beyond a depth of 12 ft. They are practically 

impractical when groundwater is to be handled. 

4) Deep Borings: Deep borings are required for heavy structures, dams, industrial 

buildings, bridges etc.  

For deep borings usually power drilling rigs are used. 

There are two principal types of equipment for making borings: 

 
a) Cable tool drilling rigs (wash borings); and b) Rotary drilling rigs. 

Wash Boring: A diagrammatic sketch of wash boring is shown in figure 2. Wash boring is one 

of the most common methods of advancing a hole into the ground. In this method a hole is 

started by driving a casing to a depth of 5 ft. to 10 ft. casing is simply a pipe which supports 

the hole, preventing it from caving in. The casing is cleaned out by means of a chopping bit 

fastened to the lower end of the drilling rod, if water is pumped through the drilling rod and 

exists at high velocity through holes in the bit. The water rises between the casing and drill 

rod, carrying suspended soil particles, and overflows at the top of the casing through. T 

connection into a container, from which the effluent is reticulated back through the drill rod. 

The hole is advanced by raising, rotating, and dropping the bit on to the soil at the bottom of 

the hole. Drill rods, and if necessary caring are added as the depth of the boring increases. 

This method is quite rapid for advancing holes in all but the very hard soil strata. 

 

ROTARY DRILL: 

Rotary drill is another method of advancing test holes. This method uses rotation of the drill 

bit with the simultaneous application of pressure to advance the hole. Rotary drilling is the 

most rapid method of advancing holes in the rock unless it is badly fissured; however, it can 

also be used for any other type of soil. If this is applied in soils when the sides of the hole 
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tend to cave in, a drilling mud may be used. The drilling mud is usually a water solution of a 

thixotropic clay (Bentonite), with or without other admixtures, which is forced into the sides 

of the hole by the rotary drill. This provides sufficient strength to the soil so that it maintains 

the hole. The mud also tends to seal off the water flow into the hole from the permeable 

water bearing strata. 

 

GEOPHYSICAL EXPLORATION METHODS: 

i) SEISMIC METHOD: and 

ii) ELECTRICAL RESISTIVITY METHOD. 

These methods have been used considerably in recent years for preliminary exploration of 

dams sites and for highways. 

The seismic method is based on the principle that sounds travels more rapidly through dense 

materials than through loose materials. Velocities as high as 18,000 to 20,000 fps have been 

recorded in dense, solid rock and velocities as low as 600 fps have been observed in loose 

sand. 

The electric method consists of measuring charges in electric resistance of the soil. Dense 

rock has a very high electrical resistivity and soft, saturated clay has a low resistance. 

AMOUNT OF EXPLORATION 

a) Spacing of Borings: 

No definite rules can be established for boring spacing. They depend upon many factors, for 

example, the nature and conditions of soil, the shape, extent and type of structure, loads and 

sensitivity of the structure.However, borings should be so spaced as to detect the various soil 

layers in sequence number as well as type, to determine their extent, course and dip as 

precisely as possible. 

The borings can be classified into: 

i) Primary borings: They are deep borings, and serve to disclose the nature and stratification 

of the soil and to detect the position of a satisfactory from soil layer below the active zone. 

Sometimes these are known as informatory borings. 

ii)Main Borings: These borings are made for observing the position of groundwater table and 

its fluctuations, usually this act of borings is not as deep as primary borings. Additional 

samples are obtained from these boring. These are usually made between the primary 

borings. 

iii) Supplementary Borings: To plot accurately the position and extent of the several soil 

strata and soil pockets in clay beds or clay pockets in sand, and to secure additional soil 

samples, a third intermediate set of borings is made. These are known as supplementary 

borings. Figure 3 gives a general layout borings for structures and bridges. 

Depth of Borings: The borings should pass the critical zone of the strata. The depth of borings 

is governed by the topographical and geological conditions and type purpose of the structure. 

Usually the depth of the borings is approximately estimated dependent upon the width and 

load of foundation. For strip footing and single footing a thumb role is that the boring depth 

should be at least 2 to 3 times the width of the foundation below the contact area or base of 

the footing and in mat foundation 1.5 times to 2 times, the width. Table No. 1 gives the 

commonly used depth and spacing of borings: 

Reporting:  
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The results of a soil borings are usually presented in the form of a boring log. A boring log 

should o tai  the follo i g i fo atio ’s: 
1) Depth below ground surface. 

2) Elevation of soil layers & groundwater table.  

3) Thickness of layers.  

4) Graphical symbol of the soil type. 

5) Description of soil,  

6) Position where soil sample is taken; whether disturbed or undisturbed. 

7) Sample No. 

8) Natural moisture content. 

9) S.P.T. Resistance. 

10) Notes indicating position of groundwater table, encountered tree roots or other 

features. 

BORING REPORT: A boring report should contain: 

a. Location plan of the project. 

b. Location plan borings. 

c. Description of borings. 

d. Surface drainage conditions. 

e. Probable source of free water, 

f. Groundwater conditions, 

g. Boring log drawn to scale, 

h. Information on difficulties met with during exploration. 

i. Soil identification and classification tests results. 

SAMPLING 

a) Disturbed Samples: 

A disturbed soil sample is one whose natural conditions such as structure, texture, density, 

natural M.C. and stress conditions, are disturbed. They can be obtained easily by shovel, 

auger boring and deep borings. These are used for classification tests, compaction test etc. 

UNDISTURBED SAMPLES: Soil samples obtained by minimum disturbance of natural 

conditions such as structure, texture, density, natural moisture content and stress conditions 

are known as undisturbed samples. 

Different Types of Samples: 

a) This walled Shelby tubes, 

b) Split Spoon Samplers, 

c) Piston sampler etc. 

AREA RATIO (A1) 

Experience has shown that the degree of sample disturbance bears a direct relationship to 

the ratio of sample area to sampler area. 
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Where 

Ar =Degree of disturbance in per cent it should vary from 10-15% another thumb rule is that 

the wall thickness should not exceed 3 to 4 per cent of the tube dia. 

Do and Di =the external and internal dia. of sampler. 

The purpose of site investigation is to get clear information about the soil and hydrological 

conditions at the site. 

Site reconnaissance 

It means the inspection of the site and study of topography to get a proper information about 

the soil and ground water condition. 

SOIL EXPLORATION 

The purpose of site exploration is to get detailed information about 

i. Order of occurrences and extent of soil and rock strata. 

ii. Nature and engineering properties of of the soil and rock formation. 

iii. Location of ground water and its variation. 

Planning of soil exploration 

It depends upon 

i. Nature of sub-soil 

ii. Type of structure 

iii. Importance of structure 

METHODS OF SOIL EXPLORATION 

1. Open excavation 

2. Borings 

3. Sub surface soundings 

4. Geographical methods 

1. OPEN EXCAVATION 

A pit, eventually, can be excavated for exploring shallower depths, say of the order of 2 to 5 

m, or so. Such a pit can be easily excavated at the proposed construction site, if the soil has a 

bit of cohesion, and the soil samples can be lifted from such different depths, besides making 

the easy visualization and examination of the different strata. Even undisturbed soil samples 

can be lifted from such a pit by a process called chunk sampling. 

2. BORING: 

Soil samples can be lifted from deeper depths by drilling bore holes by using mechanical 

devices called samplers. 

The process consists of 

1) Drilling a hole and visually examining the cuttings coming out from different depths.  

2) Lifting the soil samples from different depths by using mechanical devices called 

samplers. 

Methods of boring:  
a. Auger boring: This is simplest method of boring a whole by hand drilling. These can be 

used for shallower depths generally confined to depths of about 5 m or so. In cohesive 

and other soft soils above water table, augers may be used. 
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b. Auger and Shell boring: Augers are suitable for soft or stiff clays and very stiff and hard 

clays and sand pumps for sandy soils. Cylindrical augers and shells are used for making 

deep boring. Hand operated, mechanized ring are used for depths 25m, 50m 

respectively. 

c. Wash boring: this is a simple and fastest method, used for making holes in all types of 

soils except boulders and rocks. 

d. Percussion boring: This method is used to make hole in all types of soils including 

boulders and rocks. 

e. Rotary boring (Mud rotary drilling): This method is used to advance hole in rocks and 

soils. Rotating core barrels which are provided with commercial diamond bits or a steel 

bit with slots are used for rotary drilling. This method is used to obtain the rock cores, 

so this method is called as core boring or core drilling. 

Soil samples and sampling 

1) Disturbed sample: in disturbed sampling, the natural structures of soils gets partly or 

fully modified or destroyed, although with suitable precaution the natural water 

content may be preserved. Disturbed sample can be obtained by direct excavations by 

auger and thick wall samplers. 

2) Undisturbed sample: in undisturbed sample, the natural structure and properties 

remain preserved. These samples are used to tests for shear, consolidation and 

permeability. 

3) Non-representative sample: it consists of a mixture of soil from different soil strata. 

Size of the soil grains as well as the mineral constituents, might thus, have changed in 

such samples. Soil samples obtained from auger cuttings and settlings in sum well of 

wash borings, can be classified in this category. Such samples may help in determining 

the depths at which major changes may be occurring in sub surface soil strata. 

Sample Disturbance 

This depends on the design of samplers and methods of samplings. 

Design factors governing the degree of disturbances: 

i. Cutting edge: A typical cutting edge of a sampler is shown in the figure 01. 
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Figure 01: A typical cutting edge of a sampler 

The important design features of the cutting edge are 

a) Area ratio, 

 
Where D1 and D2 are internal and external diameters respectively of the cutting edge.The 

area ratio should not exceed 25%. For soft sensitive soils, it should not exceed 10%. 

b) Inside clearance: It allows elastic expansion of sample when it enters the tube. 

 
Where D3= inside diameter of the sample tube. 

The inside clearance must lie between 1 to 10%, for undisturbed sample it should be between 

0.5 and 3%. 

c) Outside clearance: It should not be much greater than the inside clearance. Normally it lies 

between 0 and 2 percent. It helps in reducing the force required to withdraw the tube. 

 
Where D4 is the external diameter of the sample tube. 

ii. Inside wall friction: The walls of the sampler should be smooth and kept properly oiled. 

iii. Non-return valve: The non-return valve should permit easy and quick escape of water and 

air when the sample is driven. 

3. SUB-SURFACE SOUNDING TESTS 

These tests are carried out to measure the resistance to penetration of a sampling spoon, a 

cone or other shaped tools under dynamic or static loading. These tests are used for 

exploration of erratic solid profiles for finding depth to bed rock or stratum and to get 

approximate indication of the strength and other properties of soil. 

There are two important tests used. 
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Standard Penetration Test (SPT) 

This test is carried out in a clean hole of diameter about 55 to 150mm. the sides of the holes 

are supported by casing or drilling mud. A split tube sampler with 50.8mm outer diameter, 

38mm inner diameter is driven into the undisturbed soil, placed at the bottom of the hole 

under the blows of 65kg drive weight with 75cm free fall. The minimum open length of the 

sampler is 60cm, the samplers is first driven through 15cm as a seating drive and then 

through 30cm or until 100 blows have been applied. Number of blows required to drive 

sampler 30cm beyond the seating drive is known as penetration resistance and it is denoted 

by N. 

When N is greater than 15, Terzaghi and Peck have recommended the use of an equivalent 

penetration resistance, Ne in place of the actually observed value of N. 

 
Gibbs and Holtz have studied experimentally the effect of overburden pressure on the value 

of N and their modification for air dry or moist sand can be represented by the relation, 

 
Where Ne= Corrected value of overburden effect 

N= actual values of blows 

= effective overburden pressure (kN/sq.m) 

Note: The overburden correction is applied first and then dilatancy correction is applied. 

ii. Cone penetration test or Dutch cone test 

This type of test is carried out to get a continuous record of the resistance of the soil by 

penetrating steadily under static pressure, a cone with base of 10 sq.cm (3.6 cm in dia.) and 

an angle of 60 degree at the vortex. To find out the cone resistance, the cone alone is first 

forced down for a distance of 8cm and the maximum value of resistance is recorded. This test 

is very useful in finding bearing capacity of pits in cohesionless soil. Cone resistance qc 

(kg/sq.cm) is approximately equal to 10 times the penetration resistance N. 

4. GEOGRAPHICAL METHODS 

i. Electrical resistivity method 

This method is based on the measurement and recording of changes in the mean resistivity or 

apparent specific resistance of various soils. The test is done by driving four metal spikes to 

act as electrodes into the ground along a straight line at equal distances. This is shown in the 

figure. Direct voltage is applied between the two outer potentiometer electrodes and then 

mean for the potential drop between the inner electrodes is calculated. 
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Figure 02: Electrical resistivity method 

Mean resistivity (ohm-cm) 

 
Where D= distance between the electrodes (cm) 

E= potential drop between outer electrodes (volts) 

I= current flowing between outer electrodes (amperes) 

R= resistance (ohms) 

Resistivity mapping: This method is used to find out the horizontal changes in the sub soil, the 

electrodes kept at a constant spacing, are moved as a group along the line of tests. 

Resistivity sounding: This method is used to study the vertical changes; the electrode system 

is expanded, about a fixed central point by increasing the spacing gradually from an initial 

small value to a distance roughly equal to the depth of exploration desired. 

ii. Seismic refraction method 

This method is very fast and reliable in establishing profiles of different strata, provided the 

deeper layers have increasingly greater density, higher velocities and greater thickness. 

 

6 DIFFERENT METHODS OF BORING USED FOR SOIL EXPLORATION 

Boring Methods of Exploration   

The boring methods are used for exploration at greater depths where direct methods fail. 

These provide both disturbed as well as undisturbed samples depending upon the method of 

boring. In selecting the boring method for a particular job, consideration should be made for 

the following: 

 The materials to be encountered and the relative efficiency of the various boring 

methods in such materials 

 The available facility and accuracy with which changes in the soil and ground water 

conditions can be determined 

 Possible disturbance of the material to be sampled 

The different types of boring methods are: 

1. Displacement boring 

2. Wash boring 
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3. Auger boring 

4. Rotary drilling 

5. Percussion drilling 

6. Continuous sampling 

1. Displacement Boring 

It is combined method of sampling & boring operation. Closed bottom sampler, slit cup, or 

piston type is forced in to the ground up to the desired depth. Then the sampler is detached 

from soil below it, by rotating the piston, & finally the piston is released or withdrawn. The 

sampler is then again forced further down & sample is taken. After withdrawal of sampler & 

removal of sample from sampler, the sampler is kept in closed condition & again used for 

another depth. 

Features 

 Simple and economic method if excessive caving does not occur. Therefore not 

suitable for loose sand. 

 Major changes of soil character can be detected by means of penetration resistance. 

 These are 25mm to 75mm holes. 

 It requires fairly continuous sampling in stiff and dense soil, either to protect the 

sampler from damage or to avoid objectionably heavy construction pit. 

2. Wash Boring 

It is a popular method due to the use of limited equipments. The advantage of this is the use 

of inexpensive and easily portable handling and drilling equipments. Here first an open hole is 

formed on the ground so that the soil sampling or rock drilling operation can be done below 

the hole. The hole is advanced by chopping and twisting action of the light bit. Cutting is done 

by forced water and water jet under pressure through the rods operated inside the hole. 

I  I dia the Dheki  ope atio  is used, i.e., a pipe of 5  dia ete  is held e ti ally a d filled 
with water using horizontal lever arrangement and by the process of suction and application 

of pressure, soil slurry comes out of the tube and pipe goes down. This can be done upto a 

depth of 8m –10m (excluding the depth of hole already formed beforehand). 

Just by noting the change of colour of soil coming out with the change of soil character can be 

identified by any experienced person. It gives completely disturbed sample and is not suitable 

for very soft soil, fine to medium grained cohesionless soil and in cemented soil. 
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Figure 03: Wash Boring 

3. Auger Boring 
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Figure 04: Augers 

This method is fast and economical, using simple, light, flexible and inexpensive instruments 

for large to small holes. It is very suitable for soft to stiff cohesive soils and also can be used 

to determine ground water table. Soil removed by this is disturbed but it is better than wash 

boring, percussion or rotary drilling. 

This method of boring is not suitable for very hard or cemented soils, very soft soils, as then 

the flow into the hole can occur. This method is also not suitable for fully saturated 

cohesionless soil. 

4. Rotary Drilling 

Rotary drilling method of boring is useful in case of highly resistant strata. It is related to 

finding out the rock strata and also to access the quality of rocks from cracks, fissures and 

joints. It can conveniently be used in sands and silts also. Here, the bore holes are advanced 

in depth by rotary percussion method which is similar to wash boring technique. A heavy 

string of the drill rod is used for choking action. The broken rock or soil fragments are 

removed by circulating water or drilling mud pumped through the drill rods and bit up 

through the bore hole from which it is collected in a settling tank for recirculation. If the 

depth is small and the soil stable, water alone can be used. However, drilling fluids are useful 

as they serve to stabilize the bore hole. 

Drilling mud is slurry of bentonite in water. The drilling fluid causes stabilizing effect to the 

bore hole partly due to higher specific gravity as compared with water and partly due to 

formation of mud cake on the sides of the hole. As the stabilizing effect is imparted by these 

drilling fluids no casing is required if drilling fluid is used. 

This method is suitable for boring holes of diameter 10cm, or more preferably 15 to20cm in 

most of the rocks. It is uneconomical for holes less than 10cm diameter. The depth of various 

strata can be detected by inspection of cuttings. 
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Rotary 

Figure 05: Drilling System 

5. Percussion Drilling 
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Figure 06: Percussion Drilling 

In case of hard soils or soft rock, auger boring or wash boring cannot be employed. For such 

strata, percussion drilling is usually adopted. Here advancement of hole is done by 

alternatively lifting and dropping a heavy drilling bit which is attached to the lower end of the 

drilling bit which is attached to the cable. 

Addition of sand increases the cutting action of the drilling bit in clays. Whereas, when coarse 

cohesionless soil is encountered, clay might have to be added to increase the carrying 

capacity of slurry. 

After the carrying capacity of the soil is reached, churn bit is removed and the slurry is 
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removed using bailers and sand pumps. Change in soil character is identified by the 

composition of the outgoing slurry. 

The stroke of bit varies according to the ground condition. Generally, it is 45-100cm in depth 

with rate of 35-60 drops/min. 

It is not economical for hole of diameter less than 10cm. It can be used in most of the soils 

and rocks and can drill any material. 

One main disadvantage of this process is that the material at the bottom of the hole is 

disturbed by heavy blows of the chisel and hence it is not possible to get good quality 

undisturbed samples. It cannot detect thin strata as well. 

6. Continuous Sampling 

The sampling operation advances the borehole and the boring is accomplished entirely by 

taking samples continuously. The casing is used to prevent the caving in soils. It provides 

more reliable and detail information on soil condition than the other methods. Therefore it is 

used extensively in detailed and special foundation exploration for important structures. 

It is slower method and more expensive than intermittent sampling. When modern rotary 

drilling rigs or power driven augers are not available, continuous sampling may be used to 

advantage for advancing larger diameter borings in stiff and tough strata of clay and mixed 

soil. 

In the Boston district, corps of Engineers has made faster progress and reduced cost by use of 

continuous sampling in advancing 3-inch diameter borings through compact gravelly glacial 

till, which is difficult to penetrate by any boring method. 

Soil exploration methods: 

Soil exploration methods are further divided into two groups: 

 Direct methods: 

In this method, by making actual excavation through probing, boring, or test pits. Soil 

samples are taken from the strata of the rocks and soils. Then by performing field test or by 

performing laboratory test on the sample taken from the site, the GWT characteristics are 

determined. 

 Indirect methods: 

These type of methods provides boundaries between the strata of the different composition 

of the soil, by observing the changes in the electrical resistivity in the soil or the wave velocity 

of the soil, or may be in some electrical or magnetic field. 

These methods provide satisfaction of the visual inspection. Another advantage of these 

methods is that, they are suitable for best quality sampling, Both disturbed and undisturbed. 

They do have the capability of assessing difficulties of excavation. 

Characteristics of expansive soil: 

Expansive Soil is a kind of high plastic clay. Because it has Strong hydrophilic mineral 

composition, its engineering prosperities embodies that its shape contracts under 

dehydrating, Inflation and softening under the influence of water and the strength 

attenuates. This is very difficult to construct in the region of expansive soil. In the region of 

seasonal frozen, as capillary water rising height is larger; it is prone to phenomenon of frost 

boil or thawing settlement. It has important meaning to improve hydrophilic and physical and 

mechanical properties of expansive soil for Slope stability of embankment and cutting of 

highway engineering and reducing the cost of investment. The paper discusses the 
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engineering properties of expansive soil in Detail; expound some main methods of improved 

expansive soil at home and abroad and compare and analysis the mechanism and 

characteristics of the corresponding methods. The paper introduces preliminary testing 

methods of Expansive soil performance and prospects improved in the future. 

Expansive soils are some of the most widely distributed and costly geologic hazards. They 

ha e ee  alled the Hidde  Disaste  i  the o st u tio  o ld, a d esult i  illio s of 
dollars in ongoing treatment, and repair of homes, commercial structures, roads and 

underground infrastructure throughout the country each year. 

To mitigate expansive soils CST uses  AGSS-ICS, a state of the art Ionic Clay Soil Stabilizer that 

has been developed to treat swelling clays. The product works two ways. It reduces the swell 

potential of the clay soil and, because it dramatically reduces the capillary action of the clay 

particles, minimizes the shrinkage potential. When treated with the AGSS-ICS chemical, an 

irreversible change occurs in the molecular structure of the clay particles, and they no longer 

attract or hold on to water as they did before treatment. Treatment of pre-construction sites 

as well as existing structures is available. For preconstruction sites, the chemical is mixed or 

injected into native soils. For remedial/post construction problems, the chemical is injected 

into the soil, beneath and around the existing structure through small injection probes. The 

process alleviates swell and can sometimes even relax existing heaving. 

Treatment for Expansive Clay Soils with AGSS-ICS Ionic Clay Soil Stabilizer 

 Swell potential reductions are permanent 

 No Excavation required for existing structures 

 Allows for use of onsite soils 

 Reduces emissions and fuel usage by reducing trucking of large quantities of waste 

and fill soil 

 Will not produce sulfate heave caused by lime injection 

 Environmentally safe 

 Proven, verified results 

Damage and Problems Associated with Expansive Soils 

Expansive soil is characterized by clayey material. Treating expansive soil is necessary 

because clay soil particles attract moisture and hold on to it, producing a swelling mass of soil 

and water. When the moisture dissipates from the soil, the particles come back together, 

causing a shrinking action of the soil mass. Think of how a sponge swells whe  it’s et a d 
shrinks when it dries out. This swelling and shrinking of the clay and the associated 

movement it causes can result in severe damage to structures built on or in this type of 

soil.Cracked building foundations 

 Heaving and cracking of floor slabs, walls, sidewalks, driveways, and patios 

 Heaving and cracking of paved surfaces 

 Jammed doors, sticky or hard to open windows 

 Ruptured pipe lines and underground infrastructure 

Traditional methods of dealing with Expansive Soil do not provide a permanent fix! 

Traditionally, ineffective & costly methods have been utilized in treating expansive soil. 

Methods such as removing it completely and replacing it with fill dirt, pre-wetting and pre-

swelling the soil and injecting or mixing of lime or other solutions into existing soils. These 

methods of trying to minimize the swell potential of the clay are costly, destructive and 
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disruptive to the environment. And, most importantly, are band aids that do not permanently 

fix the problem. 

Design Strategies 

In new construction where expansive soil is a concern, the engineer may require controlled 

pre-wetting of the soil prior to placement of the foundation. This will cause pre-expansion of 

the soil with the idea that further expansion pressure on the new foundation will be 

minimized.  

Alternatively the soils engineer may recommend that the upper several feet of expansive soil 

be removed and new non-expansive material be imported and compacted to create a stable 

layer of soil at the building footprint. Depending upon the severity of expansion potential, 

non-expansive soils may be mixed with expansive soil to lower the expansion potential to an 

acceptable level.  

Where expansive soil conditions have been causing foundation movement on existing 

structures, repair designs may include deepened footings, thicker slabs, and extra reinforcing 

i  all o ete fou datio  ele e ts. Ofte , u de pi i g  ay e e ui ed to t a sfe  the 
building loads to deeper and more stable soils.  

There are a variety of underpinning methods which include the use of grade beams, concrete 

piers, pipe piles, screw anchors and a variety of other systems. Underpinning is a separate 

topic on this website and the visitor is encouraged to go there for a focused discussion of the 

topic.  

Expansive and collapsible soils are some of the most widely distributed and costly of geologic 

hazards. These soils are subject to changes in volume and settlement in response to wetting 

and drying, often resulting in severe damage to structures. 

 

Geology and climate play significant roles in the distribution of these problematic soils. Soils 

capable of expansion can occur in both tropical and arid climates; however, those located in 

arid and semi-arid regions are subject to more extreme cycles of expansion and contraction 

than those located in more consistently moist areas. Collapsible soils are most often 

encountered in arid climates, where wind and intermittent streams deposit loose sediment 

(Mulvey, 1992, Rollins et al., 1992).  

 

The next sections provide details on expansive and collapsible soils, and what can be done to 

reduce potential damage due to these geologic hazards.  

 

Expansive Soil and Rock: Expansive soil and rock are characterized by clayey material that 

shrinks and swells as it dries or becomes wet, respectively. In addition, trees and shrubs 

placed closely to a structure can lead to soil drying and subsequent shrinkage. The parent 

(source) rock most associated with expansive soils is shale, which can also be expansive. The 

volumetric changes associated with expansive soil comprise one of the most expensive of 

geologic hazards - resulting in approximately $300 million in damages to family homes 

annually. Structural damage due to expansive soils is most prominent in Texas and Colorado, 

but it is also common through much of the central and western United States.  
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Problems often associated with expansive soils include: 

1. Foundation cracks; 

2. Heaving and cracking of floor slabs and walls; 

3. Jammed doors and windows; 

4. Ruptured pipelines; and 

5. Heaving and cracking of sidewalks and roads 

Geologists work with geotechnical engineers to evaluate soil and rock prone to shrinking and 

swelling. These areas are mapped and denoted for their expansion potential. Expansive soil 

and rock be removed and replaced with non-expansive materials to provide a suitable 

foundation for new structures. Expansive materials can also be chemically treated, 

preloaded, or prewetted to decrease swell potential. 

Isolation of Foundation from swelling zone By CNS (Cohesive Non-Swelling) Soil  

Swelling soil or expansive soils are those soils which have tendency to increase volume 

when water is present and to decrease the volume when water is not present.  The soil which 

are not only cohesive but also having swelling property, damages the structures.  

Foundations constructed on this type of soil are subjected large uplift pressure caused by 

swelling.  

Structures like residential buildings, canal linings, pavement of roads etc are severely 

damaged due to alternative expansion and shrinkage of cohesive swelling soil.  This causes 

cracks, heaves and breakups of structural parts.  

While constructing structure over such soil one of following alternative can be used. 

 Extending foundation to larger depth   

 Removal and replacement of soil   

 Temporary surcharge (preloads) 

 Vibro-compaction 

 Chemical stabilization  

There are many other techniques to minimize swelling pressure but following are the main 

techniques among them:  

 Cushion sand Method  

 Use of under-reamed piles  

 Cohesive Non-swelling soil  

In 1978, MrKatti had proposed concept of using cohesive non-swelling layer to reduce effect 

of swelling.  Cohesive forces develop up to a depth of 1.0 m to 1.2 m with saturation of 

expansive soil, which help to counter heave in the soil beneath even through the soil within 

the zone itself swells.  

Actually, it is necessary to conduct large scale tests to determine the optimum thickness of 

CNS layer with available CNS material.  The top layer of expansive soil is removed and 

replaced by cohesive non-swelling soil (CNS) layer, which was saturated later.  

Gravel is good CNS material.CNS material may behaving cohesion but must not have 

swelling/expansive property.  Mr. Katti (1996) recommended the use of a mechanically 

stabilized mix (MSM) to be placed on the top of the CNS cushion to make soil strong enough 
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to bear the load.  CNS material should be non-swelling with a maximum swelling pressure of 

10 kN/m2.  

Construction procedure  

While during construction, we should avoid swelling/ expansive soil.  CNS soil method is 

good and economic method amongst other.  CNS material should be of gravelly material. 

 
Figure 07: Construction procedure 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 
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