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ABSTRACT 

An Important issue in rock mechanics is the proper assessment of strength behavior of a rock mass 

consisting of intact and discontinuities such as joints. During the design analysis of rock structures, the 

focus should be comprehensively considered in the strength varies according to the joint parameter. In 

this study, artificial rock samples were prepared by plaster of Paris (POP) and POP with fine sand to 

obtain a set of data of strength behavior as UCS, UCS ratio, tangent modulus ratio under uniaxial loading 

condition. In this study, our focus is to present data on the contribution for assessing uniaxial compressive 

strength of a jointed rock mass which will enable one to estimate the relevant strength of the jointed rock 

mass of similar category of materials. Data were obtained from eight batches of an experiment conducted 

in the laboratory. The data presented in this study is very significant in assessing the strength criteria and 

behavior of the jointed rock under uniaxial loading condition and contains all the necessary data on the 

fracture pattern and can be readily understood and used by those who are using the data for rock 

engineering design and rock mechanics. 
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INTRODUCTION 

A fair assessment of strength and deformational behaviour of jointed rock masses is necessary for the 

design of slopes, foundations, underground openings, and anchoring systems (Ramamurthy and Arora, 

1994; Jade and Sitharam, 2003; Yang et al., 2017; Wang et al., 2018; Tiwari and Latha, 2019). Both the 

intact rock and the properties of the joints govern the rock mass response. If the rock mass is not highly 

fractured and the joint system has only a few sets (say three or less), then the rock mass usually behaves 

anisotropically. Surface or near-surface activities in rock mass occur under low confining stresses. In such 

cases, the influence of joints is quite predominant. The uncertainty in predicting the behavior of a jointed 

mass under uniaxial stress is essentially caused by scale effects and the unpredictable nature of the modes 

of failure (Martin et al., 1999; Singh et al., 2002). Extensive field tests are often required to assess the 

strength and deformability of the ground making the exercise quite expensive. To minimize this 

uncertainty an extensive experimental study has been carefully planned and executed to develop a more 

reliable link between the strength and modulus of jointed rock masses and those of the intact rock 

(Sainsbury, 2019). In order to understand the behaviour of jointed rock masses, it is necessary to start 

with the components which go together to make up the system the intact rock material and individual 

discontinuity surfaces (Marinos et al., 2006; Elmo et al., 2010; Scholtes and Donze, 2012).  Depending 

upon the number, orientation, and nature of the discontinuities, the intact rock pieces will translate, rotate 

or crush in response to stresses imposed upon the rock mass (Sonmez et al., 1998; Waters et al., 2000;  

Hoek, 2003; Sharifzadeh et al., 2008). The strength and deformation behavior of rock mass is governed 

by both intact rock properties and properties of discontinuities (Sonmez et al., 2006; Marinos and Hoek, 

2000; Yang et al., 2017; Wu et al., 2018; Marinos, 2019). Since there are a large number of possible 

combinations of block shapes and sizes, it is obviously necessary to find any behavioral trends which are 
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common to all of these combinations. The establishment of such common trends is the most important 

objective of this study.   
 

MATERIALS AND METHODS 

Laboratory investigation  

Materials used 

Experiments have been conducted on the preparation of two types of a soft rock sample by a) plaster of 

Paris (POP) and b) POP -sand mix, to get uniform, identical or homogenous specimen in order to 

understand the failure mechanism, strength and deformation behavior. It is observed that POP has been 

used as a model material to simulate weak rock mass in the field (Ramamurthy and Arora, 1994; 

Kulatilake et al., 2001; Kabilan et al., 2017). Many researchers have used POP because of its ease in 

casting, flexibility, instant hardening, low cost, and easy availability. The various joints can be made by 

POP and fine sand is one of the possible compositions replacing of many soft rock materials. Strength and 

deformed abilities in relation to actual rocks made by POP and sand are one of the suitable materials for 

preparation a soft rock model in geotechnical engineering and hence it is used to prepare models for this 

investigation.    

Sample specimens preparation 

    Two types of model materials (specimen) prepared. 

     I) Plaster of Paris (POP) 

    II)  POP with fine sand 

Type of mould is cylindrical (L/D ratio=2)  

On the basis of the trial, the proportion of POP and fine sand by weight will be considered are as follows. 

 POP: sand = 8:2 

 Size of each specimen (L/D = 2:1)    is  D = 38 mm   and L = 76 mm.    

Water quantity has been considered as per the OMC determinations. 

 

Methodology (Experimental works conducted) 
In this study, prepared specimens have been tested to obtain their UCS, UCS  ratio, tangent modulus ratio. 

The tests that have been conducted to obtain these parameters are a direct shear test, UCS  test. A large 

number of UCS  tests have been conducted on the prepared specimens having various combinations of 

joint orientations for obtaining the ultimate strength of jointed rock masses.   

Data obtained from the testing of the sample specimen have been presented in Table 2 to Table 7. The 

tables provide information about the strength and deformation behaviors through UCS (MPa) testing in 

respect of joints made in the sample, the pattern of the joint (single & double)  presented  in Figure 1 & 

2, types of joints with an orientation β with respect to the direction of major principal axis  in the sample 

specimen presented in Table 1, 

 

RESULTS 

Data obtained from UCS test with the different angle orientation presented in Table 1 and Figure 1 of 

the sample and corresponding test result are presented in Table 2 to Table 7.    

 

Table 1: Types of joints with different angles prepared in the sample 

Types of joints with a 

major principal axis for 

single joint specimens 

0º 10º 20º 30º 40º 50º 60º 70º 80º 90º 

Types of joints with a 

major principal axis for 

double joint specimens 

 10º 20º 30º 40º 50º 60º 70º 80º 90º 
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Figure 1:  Pattern of the single joint specimen 

 

 

 

 

 

 

 

 

 
Figure 2:  Pattern of the double joint specimen 
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Table 2: Values of UCS of the jointed specimen (σcj ) with  different joint orientation angle ( β˚) for 

single and double joint POP specimen. 

 
βº 

 

UCS for single 

joint σcj (MPa) 

 

 

UCS for double 

joint σcj (MPa) 

Difference in σcj 

(MPa) 

 

 

Remarks 

 

10 7.81 6.63 1.18 
While the number of joints per 

meter increases strength 

decreases (number of joints per 

meter  for the single joint is 13 

and for double joint, it  is 26) 

 

20 4.17 2.25 1.92 

30 1.92 0.64 1.28 

40 3.31 1.71 1.6 

50 6.42 4.81 1.61 

60 7.06 5.67 1.39 

70 7.38 6.84 0.54 

80 7.59 7.06 0.53 

90 8.66 7.81 0.85 

 
 

 

 

 

 

Table 3: Values of UCS of the jointed specimen (σcj ) with different joint orientation angle (β˚) for 

single and double joint POP-sand  specimen. 

 
βº UCS ratio for  

single joint, σcj 

(MPa) 

UCS ratio for 

double joint, 

σcj (MPa) 

 

Difference in σcj  Remarks 

 

10 8.23 7.06 1.17 
While the number of joints per 

meter increases strength ratio 

decreases 

. 

20 4.49 2.14 2.35 

30 2.14 1.6 0.54 

40 3.74 2.25 1.49 

50 6.63 4.91 1.72 

60 7.27 5.67 1.6 

70 8.45 7.06 1.39 

80 9.09 8.02 1.07 

90 9.52 8.34 1.18 
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Table 4: Values of UCS ratio of the jointed specimen (σcr) with different joint orientation angle ( β˚) 

for single and double joint POP-sand sample specimen. 

 

βº UCS ratio  for 

Single joint 

 (σcr=σcj/σci)  

UCS ratio for 

Double joint 

(σcr=σcj/σci)  

 

Difference in σcr 

(MPa) 

Remarks 

 

10 0.7173 0.5852 0.1321 While the number of joints per 

meter increases strength ratio  

decreases 

. 

20 0.4335 0.2339 0.1996 

30 0.1996 0.0665 0.1331 

40 0.3441 0.1778 0.1663 

50 0.6674 0.5000 0.1674 

60 0.7339 0.5894 0.1445 

70 0.7672 0.7110 0.0562 

80 0.7890 0.7339 0.0551 

90 0.9116 0.8119 0.0997 

 
 

 

 

Table 5: Values of UCS ratio of the jointed specimen (σcr)  with different joint orientation angle (β˚) 

for single and double joint POP-sand mix specimen. 

 

βº Single joint 

 (σcr=σcj/σci)  

Double joint 

(σcr=σcj/σci) 

Difference in σcr Remarks 

 

10 0.794 0.681 0.113 Strength ratio decreases while 

number of joints per meter 

increases 

 

20 0.382 0.206 0.176 

30 0.206 0.154 0.052 

40 0.361 0.217 0.144 

50 0.588 0.473 0.115 

60 0.681 0.547 0.134 

70 0.815 0.681 0.134 

80 0.877 0.773 0.104 

90 0.918 0.804 0.114 
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Table  6: Values of elastic modulus ratio (EMR) of the jointed specimen (Er) with different joint 

orientation angle (β˚) for single and double joint POP specimen. 

 

βº Single joint 

Er  

Double joint 

Er, 

Difference  in Er, Remarks 

 

10 0.854 0.623 0.231 Value of modulus ratio 

decreases while the number of 

joints per meter  increases 
20 0.289 0.174 0.115 

30 0.083 0.051 0.032 

40 0.204 0.076 0.128 

50 0.564 0.268 0.296 

60 0.664 0.474 0.19 

70 0.65 0.543 0.107 

80 0.731 0.551 0.18 

90 0.867 0.745 0.122 

 
 

 

 

 

 

 

 

Table 7: Values of elastic modulus ratio (EMR) of the jointed specimen(Er) with different joint 

orientation angle(β˚) for single and double joint POP-sand mix specimen. 

 

βº Single joint 

Er, 

Double joint 

Er, 

 

Difference  in Er, Remarks 

 

10 0.886 0.623 0.263 Value of modulus ratio 

decreases while the number of 

joints per meter  increases 
20 0.245 0.132 0.113 

30 0.08 0.06 0.02 

40 0.205 0.123 0.082 

50 0.48 0.387 0.093 

60 0.593 0.476 0.117 

70 0.665 0.554 0.111 

80 0.782 0.69 0.092 

90 0.843 0.737 0.106 
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DISCUSSIONS 

The evidence from the data presented in this study may be discussed about the following observation 

from our experiment. 

1. The strength of jointed specimen depends on the joint orientation β with respect to the direction 

of major principal stress, and UCS  has found maximum at 0° ,  90° and minimum at 30°  

2. The values of the modulus ratio (Er=Etj/Eti) also depends on the joint orientation β. The modulus 

ratio is minimum  at 30° and  maximum at 0°and  90 

3. The values of UCS ratio (σcr=σcj/σci) also depends on the joint orientation β. This ratio is 

minimum  at 30° and  maximum at 0° and  90°  

4. Strength and elastic  modulus  increases while POP mixes with sand  

5. Strength decreases with the increases in the number of joints in the sample. 

6. One may predict the strength of jointed rock mass  by knowing the UCS  and joint factor using 

the relationship proposed by (Ramamurthy and Arora,1994 ) 

The data presented in this study is significant in guiding further investigations for extensive research and 

simulation purposes. 

 

CONCLUSION 

Obtained data from this study represents the information on uniaxial compressive strength (UCS) of 

jointed sample specimen prepared in the laboratory by plaster of paris (POP) and fine grain sand. This is 

important considering predicting the strength and deformation behaviors of intact and jointed sample 

specimen of similar kind of material in the field. Test result evaluated in this study, provide a reliable 

estimate of the strength of jointed rock and its use for planning and design of rock excavations and 

tunneling. 
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