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ABSTRACT

In fast developing countries like India, the need of large scale structures resting
on or within rocks/rock mass like dams, reservoirs, tunnels, underground hydro-electric
power plants, underground storage of oil and hazardous wastes etc. is ever increasing.
This emphasizes the need to carry out rapid, economical and easy subsurface exploration
and material characterisation for analysis and design of such structures. The geotechnical
engineers have well realised the importance of certain geophysi&al techniques namely
electrical resistivity and seismic refraction for subsurface exploration. Field electrical '
resistivity sounding data when interpreted furnish depth wise subsurface information Viz.
sequence and nature of various rock strata, their thickness etc. to a fair degree of
accuracy. However geotechnical engineers are mainly interested in obtaining strength and
deformation characteristics of rocks at different depths under varying stress and
environmental conditions for analysis and design of structures.

The moisture present in the rock and confining pressure (lateral thrust at different
depths associated with overburden stress) to which it is subjected are the two most
important factors influencing engineering behaviour of rocks. The presence of motsture
invariably reduces rock strength and thus leads to the progressive weakening of
underground workings in rocks.

Under confined conditions (other factors remaining the same) the strength and
modulus of elasticity are function of confining pressure. On this premise various
empirical strength criteria for prediction of strength and empirical equations for
prediction of modulus of elasticity under confined conditions have been developed and
reported in the literature. The literature studies do indicate that confining pressure affects
electrical resistivity of rocks in more or less systematic manner. This indicates towards
the possibility of developing the empirical equations to predict rock strength and modulus
of elasticity under confined conditions on the basis of electrical resistivity measurements.

The sedimentary rocks are commeonly encountered during various civil, mining
and tunnelling engineering construction activities. In terms of area of exposure the

sedimentary rocks constitute about 75% of all rocks. Further the three common
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sedimentary rocks viz. sandstone, limestone and shale account for above 80% of all
sedimentary rocks. Hence study of these three rocks may cover large area of engineering
interest.

Keeping all the above aspects in view, in the present study a detailed investigation
is carried out on intact specimens of 12 sedimentary rocks (8 sandstones, 2 limestones
and 2 shales) to study strength, deformation and electrical resistivity behaviour with

following main objectives.

(1) To study the microscopic and megascopic physical properties, strength and
strength index properties, geophysical and non-destructive test properties and
pore size distribution (through water vapour adsorption method and mercury

intrusion porosimetry) for physical characterisation.

11)  To study the strength and deformation behaviour under uniaxial, hydrostatic and
triaxial compression and influence of varying moisture on static elastic constants
and shear strength parameters.

i) To study the influence of varying moisture and confining pressure on electrical
resistivity changes in rocks under uniaxial, hydrostatic and triaxial stress
conditions and strain dependence of electrical resistivity under varying stress.

iv)  To explore the possibility of prediction of strength and deformation behaviour

under confined state based on the electrical resistivity measurements.

To achieve the above objectives an extensive laboratory investigation has been
onducted. Physical characterisation has been carried out by conducting chemical
1alysis, x-ray diffraction, scanning electron microscopy, petrographic studies and by
valuating physical properties. The pore size distribution analysis has been carried out
y water vapour adsorption method as well as through mercury intrusion method. The
>otechnical characteristics such as uniaxial compressive, Brazilian tensile and punch
ear strength have been determined. The strength index properties such as axial and
ametral point load strength index, void index, slake durability index and newly

troduced water evaporation index have been determined. The non-destructive test
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property such as Schmidt rebound index, permeability and geophysical properties namely
compressional and shear wave velocity and electrical resistivity have also been estimated.
The influence of varying moisture on uniaxial compressive and Brazilian tensile strength,
compressional and shear wave velocity and electrical resistivity have been also
investigated. The strength, deformation and electrical resistivity behaviour has been
studied by conducting hydrostatic compression tests and triaxial compression tests (at
four different confining pressures). During uniaxial, hydrostatic and triaxial compression
tests both axial and diametral strains and electrical resistivity have been measured. On
the basis of the analysis of experimental data of the study following major points have
been brought out.

The pore-size distribution study indicate that while pore surface area distribution
determined by both mercury intrusion method and water vapour adsorption method agree
fairly, there is significant difference in pore volume distribution particularly for rocks
having large size pores in significant amount. The proposed modified water vapour
adsorption method can be used as an alternative to the mercury intrusion method. The
modified water vapour adsorption method involves the data of conventional water vapour
adsorption method and two simple and easily determinable parameters (water evaporation
index and non-adsorption factor) newly introduced in the present study.

The study of correlations of strength and modulus with strength index properties
as well as with non-destructive and geophysical properties indicate that while in some
cases significant and useful correlations exist in other cases they are observed to be poor.
Both strength and geophysical properties are observed to be influenced by moisture. The
study indicates that rock permeability can be fairly predicted on the basis of resistivity
formation factor and pore geometry.

Both confining pressure and moisture are observed to influence strength and
deformation behaviour. The bulk modulus determined from hydrostatic compression tests
is observed to be fairly close to that calculated on the basis of static elastic constants but
significantly differs from that determined from dynamic elastic constants. The tangent
modulus at desired confining pressure could be fairly predicted through Janbu’s equation

as well as by a relation proposed in the present work. The moisture affects shear strength
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parameters marginally to significantly. While the effect of saturation has been moderate
to significant on reduction in cohesion, the effect has been observed to be marginal on
angle of internal friction for majority of the rocks studied.

The electrical resistivity varies systematically with confining pressure. Through
analysis of experimental data a power law relation between resistivity and confining
pressure in non-dimensional form has been developed. In general electrical resistivity in
uniaxial as well as in triaxial compression is observed to decrease with increase in axial
stress until failure. As such resistivity changes in association of strains developed in the
rock specimen. In a number of cases of uniaxial, hydrostatic and triaxial compression
variation of change in resistivity with stress is observed to be qualitatively similar to that
of stress-strain behaviour.

The four commonly referred empirical failure criteria (Bieniawski, 1974; Hoek
and Brown, 1980; Johnston, 1985 and Ramamurthy. 1994) have been assessed for present
experimental data. In general, the closest agreements between predicted strength and
corresponding experimental value are provided by Ramamurthy criterion, Hoek and
Brown criterion and Johnston criterion at pressure ranges corresponding to low,
intermediate and high respectively. The moisture influences the parameters of these four
criteria moderately to significantly and in general more or less systematically.

On the basis of resistivity-confining pressure data and triaxial test data a
resistivity based strength criterion has been proposed. The studies clearly indicate that
electrical resistivity can prove to be an important parameter to understand and predict
strength and deformation behaviour of rocks in an unconfined as well as in a confined
state. This may be effectively functional at preliminary investigation stage of any rock-
engineering project where elaborate and expensive investigation through conventional
methods is not feasible due to certain constraints.

It is fully recognised that the resistivity based strength criterion presented in this
study is based on limited data. However, the results are encouraging and indicate plenty

of scope for future work in this direction.
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