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Figure 2: The tilt test apparatus employed for the determination of peak friction 
angle, φp  (a) position of upper block before and after sliding (b) peak friction 
angle (φp) is measured after sliding of upper block.

Figure 1: The 15 cm comb profiler or Barton 
comb for the determination of the joint 
roughness coefficient, JRC.                
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The surface roughness of geological discontinuities 
plays a significant role in influencing the peak friction 
angle, φp of these discontinuity surfaces. Its determination 
is of considerable importance in the assessment of the 
stability of open cut excavations as well as underground 
openings. Direct shear tests on natural (rough) 
discontinuities can be considered the most accurate 
method to determine the peak friction angle, φp and a 
significant number of publications have reported the 
results of large and elaborate testing, in particular in-situ 
testing especially in the 1960s and 1970s. However, this 
approach has a number of technical complications such 
as difficulties of sampling undisturbed discontinuities, 
test sample encapsulation and also the testing itself, not 
to mention the high costs of such tests especially in-situ 
testing and the difficulty of interpreting the results. The 
results of an alternative approach for the determination 
of this important parameter are presented here which is 
based on the opinion of Dr. Evert Hoek “that it makes 
both economical and practical sense to conduct many 
simple tests to obtain this parameter”. In this approach, 
the Joint Roughness Coefficient, JRC of natural (rough) 
discontinuities is determined using a comb profiler (Fig. 

1) and the peak friction angle, φp of the same discontinuity 
surface is measured using a self-fabricated tilt testing 
apparatus (Fig. 2). A total of 8607 tilt tests were conducted 
to obtain the correlations between peak friction angles 
with JRC for natural discontinuities of granite, schist, 
limestone, quartzite and sandstone. From these results, 
polynomial equations were derived to determine the peak 
friction angle, φp from the JRC values. The respective 
derived polynomial equations are as follows:

for granite  φp= -0.071 JRC2 + 3.56 JRC + 35.6°
for schist φp = -0.022 JRC2 + 3.21 JRC + 28.1°
 for limestone φp= -0.0635 JRC2 + 3.95 JRC + 25.2°
for quartzite φp = -0.083 JRC2 + 4.17 JRC + 27.6°
for sandstone φp = 0.0424 JRC2 + 1.13 JRC + 29.2°

For all the derived polynomials, the coefficient of 
determination, R2 was greater than 0.9. The JRC can 
be determined as part of an engineering geological 
investigation and the respective polynomial applied to 
determine the peak friction angle, φp for the specific 
lithology. These results offer a low cost alternative for 
the determination of this important parameter.
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