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ABSTRACT: In-situ shear strength parameters of rock mass are important design parameters required for design of 

structures founded on or constructed in rock mass. Block shear test method is quite popular among practicing engineers 

for determination of cohesion and friction-angle of rock to rock and concrete to rock interface. Generally, at the stage of 

preliminary design, a value of desired shear strength parameters can be taken from available literature. However, such 

values must be used with proper engineering judgement. In case of rock mass, structural features of geology plays a very 

crucial role in affecting its engineering behavior. Same rock type may have significantly different shear strength 

parameters depending upon site-specific geological characteristics. In this paper, the variation in rock to rock and concrete 

to rock shear strength parameters of rock mass consisting of primarily Granites is studied among three different geological 

variants namely, (a) Western part of Himalaya,  (b) Garo- Khasi Hills of Meghalaya, and (c) Eastern Ghat Belt of Andhra 

Pradesh. The variation in shear strength, cohesion and friction angle is studied in terms of strength ratio, cohesion ratio, 

and friction angle ratio. These values are also compared with values for Granites available in literature. Site parameters 

supported with quantitative analysis of in-situ data indicate that highest shear strength is expected at Eastern Ghat Belt and 

least shear strength at Garo- Khasi Hills. 
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1 INTRODUCTION 

Quantification of in-situ shear strength of concrete over 

rock and rock over rock interface is important for 

design of structures founded on or constructed in rock 

mass. Shear strength of concrete-rock (C/R) and rock-

rock (R/R) interfaces is generally represented in terms 

of cohesion and friction-angle on these interfaces. 

Block shear test method [IS 7746 (1996) and ISRM 

(2007)] is quite popular for determination of cohesion 

and friction-angle along the pre-determined concrete-

rock or rock-rock interface.  

Geological features such as mineralogical components 

at the time of rock formation and discontinuities play 

an important role in deciding the shear behavior of 

these interfaces. A discontinuity is a plane or surface 

that marks a change in physical or chemical 

characteristics in a rock mass. A discontinuity can be in 

the form of a bedding plane, spacing, schistosity, 

foliation, joint, fracture, fissure, crack, aperture, filling, 

or fault plane (Zhang, 2005). The properties of 

discontinuities such as orientation, persistence, 

roughness and infilling also play a crucial role in shear 

strength of rock mass. Friction angle of a rough surface 

consists of two components: (a) friction of the rock 

material, and (b) interlocking produced by the 

irregularities of the surface (Barton, 2013).  The 

orientation of a major geological discontinuity relative 

to an underground structure also controls the in-situ 

shear strength parameters of rock mass. In addition to 

this, shear strength parameters are also influenced by 

weathering action and alterations of geological 

discontinuities (Thuro and Scholz, 2003). Thus, above 

discussion indicates that several uncertainties are 

associated with any geological site (Ramamurthy, 

2001). These uncertainties cannot be accounted by 

using any theoretical treatment and therefore, in-situ 

testing, though there are several testing limitations, 

may provide a better idea of rock-mass behavior.  

Presented paper compares the shear strength 

parameters (cohesion and friction-angle) of granite 

rock-mass from three different regions of India, 

namely, (a) Western part of Himalaya (WHI) (b) Garo-

Khasi-Jaintia Hills (GKJ) of Meghalaya, and (c) 

Eastern Ghat Belt (EGB) of Andhra Pradesh. The 

variation among these parameters is also quantified in 

terms of ratios of these parameters for the three 

variants. 

mailto:ramana.laxmi@gmail.com
mailto:shashankpathaks@gmail.com


SHEAR STRENGTH PARAMETERS OF GRANITE ROCK-MASS: A CASE STUDY 

2 

2 GEOLOGY OF TEST SITES  

Geological information related to the three variants of 

granite rock-mass are given below in Table 1 for three 

variants of granite rock-mass.  

Table 1: Geological data for granites of GKJ, WHI, and EGB.  
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Rock type 
at test 
location 

Available geological 
parameters  
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GKJ slightly 
weathered 
granite-
gneiss 

RQD = 75%  

RMR = 50-55  

Rock Class = III 

CSMRS 
(2016) 

WHI Granite-
gneiss with 
thin phyllitic 
partings 

All the joint planes are 
generally wavy, rough and 
unfilled. At few locations 
joint openings are filled with 
surface clay. Staining along 
the joint planes is also 
noticed at places. 

CSMRS 
(2014) & 

(CSMR
S - R/R 
2014) 

 

EGB Garnetifero
us-quartzo-
feldspathic-
biotite-
gneiss 

RQD= 80 to 100%   

RMR=50 

The joints are tight to slightly 
open, moderately spaced to 
widely, rough, planar, 
irregular, continuous to 
discontinuous and straight to 
curvilinear in nature. 

CSMRS 
(2014) 
and GSI 
(2014) 

 

Based on the above geological parameters, the three 

variants of granite rock-mass can be arranged as 

EGB>GKJ and WHI>GKJ with respect to RQD, RMR, 

and rock conditions at test locations. However, it is 

difficult to differentiate clearly between WHI and EGB 

based on available data. Therefore, highest shear 

strength is expected at EGB and least shear strength at 

GKJ.  

3 IN-SITU SHEAR TEST DATA 

Block shear tests were conducted on predetermined 

interfaces as described in IS 7746 (1996) and ISRM 

(2007) on properly constructed rock blocks over rock 

mass and concrete blocks over rock mass. Generally, 

the data is collected in the form of shear stress versus 

shear displacement plots at various normal stress 

levels.  Generally, a clear peak and then a residual 

strength is observed in all the case. Shear strength 

parameters are determined by fitting Mohr-Coulomb 

criterion (Eq. 1) which relates peak shear stress (τf) 

(and residual shear stress (τfr)) to applied normal stress 

(σn) on scatter of peak (and residual) shear stress versus 

corresponding normal stress.      

Table 2: In-situ peak and residual shear strength for three variants 

of granite rock-mass 

EGB (CSMRS, 2014) GKJ (CSMRS, 2016) WHI (CSMRS, 2014) 

(σn) 
MPa 

(τf) 

MPa 

(τfr) 

MPa 

(σn) 

MPa 

(τf) 

MPa 

(τfr) 

MPa 

(σn) 

MPa 

(τf) 

MPa 

(τfr) 

MPa 

R/R interface 

0.40 2.09 0.97 0.40 0.54 0.43  --  --  -- 

0.80 1.55 1.20 0.60 0.73 0.62 -- -- -- 

0.96 2.40 1.41 0.80 1.12 0.93 -- -- -- 

1.20 3.09 1.93 1.00 1.24 1.01   --  --  -- 

C/R interface 

0.34 1.03 0.60 0.40 0.61 0.54 0.58 0.98 0.84 

0.42 1.28 0.68 0.47 0.52 0.45 0.91 1.20 1.11 

0.56 1.37 0.75 0.79 0.99 0.80 1.02 1.58 1.42 

0.66 1.34 0.93 0.98 1.13 1.02 1.43 1.70 1.50 

1.09 2.01 1.34 -- -- -- 1.48 1.75 1.54 

 tannf c 
                         (1) 

Where, c is cohesion and φ is friction-angle. Based on 

the in-situ testing conducted by authors at three 

locations mentioned, peak and residual shear strengths 

are shown in Table 2.   

For quantitative comparison of shear strength of 

interfaces in two different geological variants, ratio of 

respective shear strength values under same normal 

stress is defined as shear strength ratio corresponding 

to that normal stress. Based on the data of Table 2, 

peak and residual shear strength ratio of EGB to GKJ 

(EGB/GKJ), WHI to GKJ (WHI/GKJ), and EGB to 

WHI (EGB/WHI) are plotted against applied normal 

stress in Fig. 1. It is worth mentioning that necessary 

linear interpolation is also carried out in order to 

determine the shear strengths at normal stresses where 

test data is not available. 

 

Fig.1. Shear strength ratio versus applied normal stress 

A decreasing trend is observed with increasing applied 

normal stress. The strength ratio tends towards unity on 

increasing stress. This indicates that at higher normal 

stresses, behavior of various variants of granite rock-

mass becomes approximately similar. It may be 

observed that the strength ratio between EGB and GKJ 

for R/R interface at applied normal stress of 0.4 MPa is 

significantly higher and clearly out of the trend of the 

general scatter. Except this, all other strength ratios lie 

between 0.9 and 2.5. If strength ratio of three variants 

are represented as EGB: GKJ: WHI =1: y: z, then, y 
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varies from 0.40 to 0.83 and z varies from 0.69 to 1.12. 

Using the data of Table 2, cohesion and friction-angles 

are also determined as shown in Figures. 2 to 5 

         

  Fig 2. Peak shear strength parameters at R/R  

 

Fig.3. Peak shear strength parameters at C/R 

 

Fig.4. Residual shear strength parameters at R/R 

 

Fig.5. Residual shear strength parameters at C/R 

Based on analysis carried out in Fig. 2 to 5, Table 3 

shows the summary of various shear strength 

parameters for the three variants of granite rock-mass. 

Table 3: In-situ shear strength parameters for three variants of 

granite rock-mass 

Granite 
Variants 

Parameter c (MPa), Φ (degrees) 

C,  

C/R 

Φ , 
C/R 

Cr, 
C/R 

Φr , 
C/R 

C, 
R/R 

Φ , 
R/R 

Cr, 
R/R 

Φr , 
R/R 

EGB 0.68 49.93 0.25 44.89 1.24 51.09 0.41 49.11 

WHI 0.52 40.16 0.48 36.60 0.49 66.00 0.33 53.81 

GKJ 0.12 46.34 0.10 42.49 0.04 51.09 0.03 45.68 

The literature mentions a range of cohesion from 0 to 

0.5 MPa (Afrouz 1992) and a range of friction angle 

from 45 to 50 degrees (Daemen et al. 1995) for granite 

rock mass without any specific mention of C/R or R/R 

interface. The literature underestimates the cohesion 

value for peak shear strength of R/R interface at EGB, 

C/R interface at EGB, and C/R interface at WHI, 

while, 75% values fall within the range as mentioned 

by Afrouz (1992). In case of friction-angle, 33% values 

fall within the range as mentioned by Daemen et al. 

(1995). Literature predicts unsafe estimates of friction-

angle for peak shear strength of C/R interface at WHI 

and for residual shear strength of C/R interface at EGB, 

WHI, and GKJ, whereas, underestimates the R/R 

interface friction-angle at EGB, WHI, GKJ for peak 

shear strength and at WHI for residual shear strength. 

Cohesion values are found to be better covered by 

literature range and friction angle may be unsafe 

especially in C/R cases. This reflects site-specific 

variation which is generally not covered in literature. 

Therefore, in-situ evaluation at carefully selected test 

location is must. 

Ratio of respective cohesion values and ratio of 

respective friction-angles of the three variants of 
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granite rock-mass are also evaluated and shown in 

Table 4 along with their shear strength ratios. 

Table 4: Cohesion, friction-angle, and shear strength ratios for 
three variants of granite rock-mass 

PARAMETER EGB WHI GKJ 

Cohesion  1 0.76-1.92 0.03-0.40 

Friction-angle 1 0.80-1.29 0.93-1.00 

Shear strength 1 0.69-1.12 0.40-0.83 

As discussed earlier, major reasons behind good shear 

strength at EGB are probably the better rock 

conditions. Another factor which may play a crucial 

role is that testing at EGB was done in an open trench, 

where, loss of normal stress on top reaction pad can be 

controlled in a much better way as compared to test 

inside a drift (WHI and GKJ), where, 

deformation/cracking in top concrete reaction pad is 

difficult to control. Least control was observed at GKJ 

by authors. Reduction in normal stress is usually 

expected to reduce the observed peak shear stress. In 

addition to this, ratios indicate that GKJ rocks are 

comparatively weakest in cohesion such that overall 

shear strength is lowest at GKJ. Possibly weathered 

condition of rock and excessive deformations in top 

reaction pad may be governing factors behind this. In 

some cases, rock at WHI has shown a highest value of 

cohesion. This may be possibly due to clay filling of 

joints at test locations of WHI. If EGB is taken as a 

basis then at the other two locations due to all possible 

uncertainties shear strengths are found to vary from 

minus 60% to plus 12%. Cohesion varies from minus 

97% to plus 92% and friction-angle varies from minus 

20% to plus 29%. Major variation is found in cohesion. 

 

4 CONCLUSIONS 

In this paper, variation in shear strength parameters of 

rock over rock and concrete over rock interfaces in 

Granite rock mass is studied among three different 

geological variants namely, (a) Western part of 

Himalaya,  (b) Garo- Khasi Hills of Meghalaya, and (c) 

Eastern Ghat Belt of Andhra Pradesh. This case study 

on limited field data has shown more variation in 

cohesion values as compared to friction-angle among 

different variants of Granite rock mass. Remarkable 

variation in cohesion suggests that behaviour of rock-

mass is significantly different at low normal stresses. 

Additionally, lesser variation in friction-angle indicates 

that similarity in behaviour increases at higher normal 

stresses. Thus, it is found that cohesion governs the 

shear strength at low normal stresses. Therefore, more 

number of tests may be performed at low stresses so 

that a more reliable estimate of cohesion can be made.  
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