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Abstract—Rock mass classification is widely used throughout the underground mining industry in both coal and hard rock 
mines. Civil engineering project like mines, dam, can be constructed properly with sound and in depth knowledge of existing 
nature in advance. The classification systems used today should, strictly speaking, either be described as rockmass 
characterization systems or empirical design methods, as long as the outcome is not organized into classes. Rockmass 
classification is widely used throughout the underground mining industry in both coal and hard rock mines. Rock mass 
classification system uses rock mass modulus for characterization of systems: RMR, Q, GSI and others. These are based on 
empirical relations between rockmass parameters and engineering properties widely used as a tool in determining the stability 
of structure such as tunnels, slopes, foundations. In this study, uniaxial compressive strength, modulus ratio and direct shear 
tests has been performed in order to classify the double jointed rockmass, artificially made of POP and POP lime mix. This 
classification can thereafter give a probable direction of Rock engineering design concept. 
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I. INTRODUCTION 
 
The concept of rockmass classification is unclear. It is 
an ongoing debate regarding the application of 
rockmass classification as a design tool. The term 
classificationcan be used in various ways. The rocks 
are formed through very complex processes and the 
behavior of rockmass is dominated by the planes of 
weaknesses. Rockmass consists of intact rock and 
discontinuities. During the preliminary design stage of 
a project, when very little detailed information is 
available on the rockmass and its stress and hydrologic 
characteristics, the use of a rockmass classification 
scheme can be a tool for determining the engineering 
properties of rockmass. At its simplest, this may 
involve one or more rockmass classification scheme as 
a check list to ensure that all relevant information has 
been considered to build up a picture of the 
composition and characteristics of a rockmass estimate 
of support requirements and to provide estimates of the 
strength and deformation properties of the rockmass. 
The quality of a rockmass can be quantified by means 
of rockmass classification. Rockmass rating (RMR) 
system was developed by Bieniawski 1973. Significant 
changes have been made over the year with revisions 
in 1974, 1976, 1979 and 1989. The RMR classification 
has found wide applications in various types of 
engineering projects. Such as tunnels, foundations and 
mines but, not in slopes. In nature, Rocks are not as 
closely homogeneous and isotropic as many other 
engineering materials. Rock is confronted as an 
assemblage of blocks of rock material separated by 
various types of discontinuities, such as faults, folds, 
fissures, fractures, joints, bedding planes, shear zones 
and other structural features which may exert 
significant influence on their engineering responses. 
These assemblages constitute jointed rockmass.   

 
Consequently, the engineering properties of both intact 
rock and the jointed rockmass must be considered.  The 
properties of the intact rock between the discontinuities 
and the properties of the joints themselves can be 
determined in the laboratory where as the direct 
physical measurements of the properties of the 
rockmass are very expensive. Artificial joints have 
been studied mainly as they have the advantage of 
being reproducible.  
 
II. JOINTED ROCKMASS 
 
A. Joints 
The tensile and compressive stresses which act within 
the rock are produced due to decrease in volume i.e., 
shrinkage of the rockmass caused joints in rockmass. 
These decreases in volume are caused due to: Drop in 
temperature; Loss of moisture; Drop in temperature as 
well as loss of moisture. Due to tensile and 
compressive stresses in the rockmass regular and 
irregular cracks or, discontinuities are developed in the 
rockmass. Any break in a rockmass irrespective of its 
size is termed as fracture.  

 Minor fractures are designated as cracks and 
fissures 

 Cracks along which the fractured rockmass 
appear to have suffered no relative 
displacement are knows as joints. 

 
III. ROCKMASS CLASSIFICATION SYSTEMS 
 
The word “classification” comes from Latin, from the 
root words "classficatio", which means “class”, and 
"facio" which means “to do”. Thus, classification is the 
result of putting objects into different classes. 
Rockmass systems are classified into four types these 
are as follows: 
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RMR SYSTEM 
This rating system was proposed by Bieniawski (1973, 
1976, and 1989) for use in design of tunnels in hard and 
soft rock. A revision was made in 1989 to reflect more 
data collected. Six parameters are used to classify a 
rockmass using the RMR system, that is, 

• Uniaxial compressive strength of rock material 
(A1) 
• Rock Quality Designation (RQD) (A2) 
• Joint spacing (A3) 
• Joint condition (A4) 
• Groundwater condition (A5) 
• Joint orientation (A6).  

The final rating is the summation of all ratings for the 
six parameters, that is, 
 
RMR = A1+A2+A3+A4+A5+A6 
The RMR value ranges from 0 to 100. 

 
Q SYSTEM 
The Q-system, developed by Barton et al. (1974), was 
based on the study of over 200 tunnels and used for the 
determination of rockmass characteristics and tunnel 
support requirements. Six parameters are chosen to 
define Q as 
 
 
 
Where,   RQD   = Rock Quality Designation,  
Jn       =   joint set number, 
              Jr       =   joint roughness number,  
Ja       =   joint alteration number,  
Jw      =   water reduction factor  
              SRF   =   stress reduction factor.  
 
RMi SYSTEM 
The Rock Mass index (RMi) was developed to 
characterize the strength of the rockmass for 
construction purpose (Palmstrøm, 1996a, b). RMi is 
based on the reduced rock strength caused by jointing 
and is expressed as 
 
 
GSI SYSTEM 
To provide a practical means to determine the strength 
and deformation modulus of jointed rockmasses for 
use with the Hoek-Brown failure criterion (Hoek and 
Brown 1980, 1988, 1997; Hoek et al. 2002), the GSI 
was introduced (Hoek et al., 1995). The value of GSI 
ranges from 0 to 100. The GSI system consolidates 
various versions of the Hoek–Brown criterion into a 
single simplified and generalized criterion that covers 
all of the rock types normally encountered in 
underground engineering. For good quality rocks, GSI 
value and RMR value are comparable. 
 
A. Material used for artificial rock sample 

 Plaster of Paris 
 Plaster of Paris and Lime 

Test specimen is prepared in cylindrical shape with 

length by diameter ratio is 2. The proportion of plaster 
of Paris and lime shall be taken as 8:2 (Plaster of Paris: 
Lime ratio), at its OMC (Based on various test for 
maximum uniaxial strength) 
 
B. The use of classification in rock engineering 
In comparison to many other civil engineering 
circumstances, the uncertainties in underground rock 
engineering are high. The design and different 
construction actions have to be based on this: The 
geological model and assumed ground conditions from 
various types of investigations during the planning 
stage. The actual rock conditions encountered in the 
tunnel or underground opening during construction 
 
IV. RESULTS OF EXPERIMENTAL 
INVESTIGATION 

 

 
Fig.1 Joint factor vs. Compressive ratio (Present experiment, 
Predicted Arora 1987, Predicted Padhy-1987) for POP double 

joint specimen 
 

 
Fig.2 Joint factor vs. Compressive ratio (Present experiment, 

Predicted Arora 1987, Predicted Padhy-1987) for Lime-POP mix 
double joint specimen 

 

 
Fig.3 Joint factor vs. Modular ratio (POP double joint specimen) 
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Fig.4Joint factorvs.Modular ratio for Lime-POP mix double 

joint specimen 
 

CONCLUSIONS 
 
The uniaxial compressive strength and modulus of 
jointed rocks expected by RMR, Q and GSI do not 
suggest a decrease of modulus ratio with the decrease 
in the quality of the rockmass. The use of joint factor, 
which allows one to estimate the strength and modulus 
ratio in the unconfined state and also under any desired 
confining pressure, was substantiated in the study of 
the deformational response of jointed test specimens. 
The modulus values are likely to be affected when tests 
are directed in boreholes or in limited areas due to the 
in situ stress not being fully released. The objective of 
the present study has been to examine the consistency 
of the expectation of uniaxial compressive strength and 
its conforming modulus by some of the popular 
methods currently in use, to indicate a more reliable 

approach, and to recommend a classification related to 
both intact rocks and rockmasses based on these two 
properties. So, it can be used as a tool in the field in 
order to identify or have an idea about Modulus Ratio. 
This can be useful for preliminary design of a project, 
when very little properties are available due to time 
taking tests on rockmass specimen. 
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