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ABSTRACT

Rocks are brittle materials which may contain cracks in it. When the rocks are subjected to
different types of loading like compression, tension. These may initiate and propagate a crack.
These cracks propagate and interact with other cracks finally giving a failure. It is to observe and
study the crack interaction behavior and crack propagation or coalescence in the rock like brittle
material and this becomes important in case of various mine openings made in the rocks such as
tunnels. The instability problem in the presence of multiple openings is complicated. Depending
not only on the in-situ stress field and rock mass geological condition, but also on the size,
distribution and distances between the multiple openings. This study is aimed at investigating
the change of stress with crack development and to understand the crack coalescence mechanism
occurring within a rock like solid containing multiple holes loaded in a state of uniaxial
compression. For this, pre-holed specimens are made of concrete and are specially prepared
from an appropriate mixture of Portland pozzolana cement (PPC),fine sands, aggregate and
water, containing multiple holes with varying bridge lengths and bridge angles. The bridge
lengths and bridge angles can have significant effect on crack behavior. Specimens are then

subjected to compression to observe the crack behavior propagation and coalescence process.

KEYWORDS: Bridge length, Bridge angle, crack propagation, crack coalescence
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1 INTRODUCTION

Rock is a complex natural medium, the rock mass acquires various defects under tectonic actions,
including micro-crack pores and joints. To study the crack initiation, propagation and coalescence
behavior of rock containing tests have been performed on rock materials or rock-like materials
containing a pair of pre-existing structures. Pre-existing cracks and pores in natural rocks and
concretes may reduce their mechanical properties and strength.

Investigating the crack propagation process of various rocks and rock like samples can be a critical
task to employ for the rock fracture engineers for better design of most geo-mechanical projects.
Therefore, it may be important to have a clear understanding of the crack propagation and crack
coalescence phenomena in pre cracked rock like materials (or specially made concrete samples with

cylindnical holes where the holes can induce some pre-existing cracks.) under various loading

conditions.

It is known that a rock mass is made of two elements

(2) Rock material, in the form of intact rock plates, blocks and wedges, of various sizes, and

(b) Rock discontinuities that cuts through the rock, in the forms of fractures, joints, and faults. Rock
materials and discontinuities together form rock mass.

Rock contains a large number of discontinuities which results from a variety of geological processes.
The pre-existing discontinuities or cracks in the rock play an important roles in initiating new cracks.
When a load is applied, new cracks start to grow near the tips of pre-existing cracks and propagate
towards the direction of the major principal stress, sometimes coalescing with other cracks. A series
of cracking processes eventually control the overall behavior of the rock. So, it is important to study
about various types of pre cracked specimens of different materials.

Many experimental procedures and numerical simulation works on the fracturing mechanism of
brittle rocks has been studied considering various types of rock or rock-like materials [1-5].

Park and Bobet [5] performed some experimental tests on rock-like samples with pre-existing
cracks. Lee and Jeon [6] performed some uniaxial compression tests on three different materials to
experimentally analyze the initiation, propagation and coalescence of pre-existing single and double
cracks.

The breaking mechanism in brittle materials such as rocks has been modeled by using several
computer codes such as: 2D Particle Flow Code (PFC2D) [6), FROCK code [7], Rock Failure
Process Analysis (RFPA2D) code (8]



1.1 Motivation:
Rocks are heterogeneous in nature it behaves differently under different loading conditions (at
different depth). The application of this experiment is to help and provide relevant information in the

extraction of natural gas from coal beds (coal bed methane), in UCG and enhanced geotechnical

system to generate geothermal electricity.

1.2 Objective:

The objective of the above experiment is :-

[.  To study the change in stresses around the opening in underground or in tunneling due to the

presence of another opening nearby (i.e. zone of influence).

II. To analyze the tangential and radial stress change and behavior of rock change in stress

condition due to or due to redistribution of stresses.

III. To study the propagation of pre-existing cracks and formation of new cracks under different

loading conditions.

1.3 Rock Bridges

Rock masses are usually discontinuous in nature as a result of several years of geological processes
and activities. Consequently, joints and rock bridges form in the rock mass. Rock Bridges are

defined as the spacing occurring between two discontinuities inside the rock mass. Failure in a rock

mass can occur through
e Sliding along persistent discontinuities

e Fractures, through a combination of sliding along non-persistent discontinuities and bridging

across unbroken rock.

The presence of rock bridges non-persistent natural discontinuities sets is a significant factor

affecting the stability of rock structures because this rock bridges produce extra strength in shear

surface.



Figure 1 Rock bridges

1.3.1 Bridge Length

Bridge Length is termed as the distance between any two non-persistent discontinuity in a rock mass.

In this experiment, we have considered it as distance between two holes made in the concrete

samples.
Parameter Descriptions:
fi - Joimt orientation with respect toa,
V2 Joint step angle
L : Joint length
L : Rock-bridge length
“-
Figure 2 Bridge length
1.3.2 Bridge Angle

Bridge Angle is termed as the angle of inclination of a discontinuity from another discontinuity/

geological feature with respect to a reference line specified in the project






