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Abstract

Rock weathering is one of the most significant geological processes, which degrades the
engineering properties of rocks causing failure or large deformation in many projects including
tunnels, dams, bridges and tall buildings. In tropical climates where there is a dynamic weathering
environment (Thermal, Mechanical, Hydrological, and Chemical (TMHC) can have rapid
weathering rates. This natural process of weathering is radically accelerated during clearing and
excavations for civil or mining projects. It is important, therefore, to assess the impact of
weathering on the engineering behaviour of weathered rockmass for open and underground works.
The existing weathered material and mass classifications are semi quantitative and have also not
given much attention to lithological characteristics. Especially, their applicability for volcanic
rocks is not verified. Keeping these needs in mind, detailed field and laboratory investigation have
been carried out near Bumbai-Pune-Satara-Koyna at six locations, by studying and investigating
23 weathered profiles and several borehole logs which belong to Deccan trap volcanic formation
of India.

The microstructural features and mineralogical abundance of various weathered basaltic
and pyroclastic volcanic rocks from Deccan trap formation were studied in laboratory using several
analytical techniques such as petrographical and Scanning Electron Microscope (SEM), Energy
Dispersive X-ray (EDX) and X-Ray Diffraction (XRD) techniques. On the basis of thin section
studies two petrographic indices i.e. Micro-fracture Index, MI and Decomposition Index, DI was
devised to identify the types of weathering. The physical and strength properties of various
weathered basalt and pyroclastic rocks determined as per International Society of Rock Mechanics
(ISRM) and Indian Standards (IS). The fresh Basalt has high density and specific gravity values
with low porosity (maximum, 0.9%) whereas pyroclastic volcanic rocks have lower density values

with high porosities (maximum 20.4%). For all the samples, with increasing weathering grade,



porosity increases in an exponential function. From the results of Vp, it can be concluded that for
each type, the Vp decreases rapidly with the increasing weathering grades. High density, low
porosity and the presence of mafic minerals are some of the reasons for high Vp values. The
physico-mechanical properties measured experimentally in the present study and available data
from literature has been superimposed on the plots. It has shown a very good correlation. These
correlations have great importance to establish the geotechnical properties of volcanic rocks as a
function of degree of weathering.

Triaxial test results and their analyses show that with increasing confining pressure from 1
to 30 MPa, strength increased as expected. Generally, it has been observed that, the rate of increase
in strength is higher at lower confining pressure. This is because of micro-fractures and pore spaces
between the grains getting closer at lower confining pressure. Predicting the rock strength in
different stress or and strain conditions is necessary both for numerical simulations and theoretical
analyses. The present uniaxial and triaxial test results along with data from literature were fitted
into commonly used strength criteria and have been evaluated for their applicability for weathered
volcanic rocks. Finally, various volcanic rock parameters such as a and B of Rao 1984), m of Hoek
and Brown (1980), A and B of MMC and c and ¢ of p-q plots have been determined. These rock
parameters are observed to be decreasing with increasing degree of weathering. The inconsistency
of the pyroclastic volcanic rock parameters is higher than those of weathered basaltic rocks. These
parameters can be used for predicting strength at any confining pressure using the minimum
experimental data at material scale and along with rockmass classification scheme, the mass
properties can be predicted.

Eight alternative grades of weathered rock material classifications have been proposed
using petrographical, physical and mechanical properties and characteristics of various grade

weathered rocks. To quantify the extent of weathering in terms of physico mechanical properties,
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the concept of retention ratio (Rs) which is the percentage of weathered rock with respect to fresh
as proposed by Gupta and Rao (2001), has been extended for Is (50), oi, Rn, E Vp, v and QAL
These retention indices are the ratios of fresh to weathered varieties of the same rocks expressed
in percentage from 0 to 100. To investigate the applicability of the classifications for other regions,
available experimental results in the literature are also considered. Weathered volcanic Rock
masses, due to their origin, exhibit certain characteristics that make their study not always
appropriate through classical geomechanical classification systems including RMR, Q and GSI for
predicting the various weathered rockmass properties. In the present study two alternative
classifications for various weathered rockmass have been proposed. (i) Weathering indices chart
based on Total core recovery (TCR) and rebound hammer value (Rn) and (ii) Classifications
schemes based on rating system. The study and correlations developed between proposed and
common rockmass classification indicates that these two classifications are very promising for
strength characterization of various weathered rockmass.

To illustrate the effectiveness of proposed weathering indices chart in numerical modeling
of weathered rockmass the core samples available from already drilled boreholes have been
studied. From the borehole data the TCR and Rn values of respective core samples were
determined and the geological strength index determined from lookup chart of Hoek and Marinos
(2000). The rock slope stability analysis was done using numerical modeling techniques; Finite
Element Method (FEM) based two dimensional analyses (RS2), Phase 2 9.0, software from
Rocscience. The rock slope having four different quality of rockmass have been analyzed under
static and pseudo-static conditions. Finally, the optimum support measures have been provided to

the slope for stabilizing it and the corresponding analysis was also done.

vii
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