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Abstract

The theoretical prediction derived by the author in a previous
report about how the sample shape influences the result of the
Point Load Test for the tensile strength of rock materials is
shown to agree very accurately with experimental results for
Bohus granite. The effect of the "sharpness" of the point loads
is also studied.



Introduction

In a previous report [1] the theoretically predicted difference
between the tensile strength indices LT obtained from the Point
Load Test on spherical samples on one hand and on cylindrical
samples on the other hand was shown to agree very well with experi-
mental data for samples of plexiglas, Ekeberg marble and Lemunda
sandstone. Especially the plexiglas results were very satisfying
since the number of samples of this material could be made suffi-
ciently large from the point of view of statistical accuracy.The
spherical rock samples had to be manually prepared with the aid of
a grinding wheel and this limited the number that could be prepared
with a reasonable amount of manual effort.

The work in [1] is part of a fairly broad investigation of the
strength of rock materials, the result of which has been reported
in [1 - 7]. Besides the two rocks mentioned above a third rock,
namely Bohus granite has been studied and naturally it has been the
author”s intention to follow up the experiments in [1] also for
this rock. Bohus granite is however much harder and more difficult
to machine manually than the two previous rocks and accordingly

the spherical samples of this rock have been prepared now and then
on spare time.

Experiment

The oPLT—va1ues for cylinders of Bohus granite are known to show

less experimental scatter than for the two other rocks and it was
thus hoped that a moderately large number of samples of Bohus granite
would give reasonably small statistical uncertainities to allow a
meaningfull comparison between the average cPLTvvalues for the two
different sample shapes. Accordingly 32 spherical samples of diameter



d = 51 + 1 mm were (manually) prepared starting from rock cores
with the diameter d = 51 mm. The same number of cylindrical
samples, the length £ of which was twice the diameter (£ = 2d =
= 102 mm), was of course also prepared.

The Point Load Test apparatus used for the test with Bohus granite
was slightly modified compared to the one used in [1] in that the
point loads were delivered to the sample from the cylindrical
surfaces of two tungsten carbide bars, the diameters of which
were 10 mm. When testing the cylindrical rock samples the axis

of the rock sample was perpendicular to the direction of the two
tungsten carbide bars as shown in figure 1. Thus the point loads
were in principle delivered over small elliptic areas, the major
axis of which were in the direction of the bars. In [1] the point
loads were delivered to the sample from two spherical tungsten
carbide buttons, the diameter of which was 8 mm.

The manual preparation of the spherical rock samples resulted in a
surface, the diameter of which was defined within d = 51 + 1 mm.
The Point Load Test strength index SpLT is defined as :

op 7 = F/d? (1)

where F is the value of the point load force at which the sample is
split apart. When evaluating SpLT for the spherical rock samples the
actual diameters d between the point loads were measured with an
accuracy of + 0.3 mm.

4 of the 32 spherical rock samples were initially not split into

two almost identical parts ; instead a fairly large flat chip of
rock came off on one side of one of the point loads at a force some-
what below the average force of fracture for the other 28 samples.
For 2 of these 4 samples the damage was so small that it was judged
that they could be tested once again with the damaged part well away
from the point loads. These two samples were split in a satisfactory
way and the loads of fracture were quite close to the average of the



other 28 samples. Thus they were included in the final evaluation.
The experimental results are collected in table 1 below.

Average strength op ; + 95% confidence Timits
for the true op ;-values, MPa

Cylindrical

sample, £ = 2d 10.9 + 0.3 (32 samples)
Spherical

sample 8.5 + 0.3 (30 samples)

Table 1 : Point Load Test data for Bohus granite : influence
of the sample shape.

One more experiment was carried out in order to study how the result
of the Point Load Test is influenced by the details of the way that
the point loads are delivered to the rock sample surface. For this
experiment the original Point Load Test equipement from [1] was used,
i e the point loads were delivered from two spherical tungsten carbide
buttons. Two different values for the button radius r were used,
namely r = 4 mm and r = 5 mm, and in both cases 16 cylindrical Bohus
granite samples with the diameter d = 41 mm and the length £ = 2d

were tested. The experimental results are collected in table 2 below.

Average strength op 7 * 95% confidence Timits
for the true oPLT—values, MPa
Cylindrical samples : d = £/2 = 41 mm

r=4mm 8.7 + 0.5 (16 samples)
5 mm 9.3 + 0.4 (16 samples)

-~
n

Table 2 : Point Load Test data for Bohus granite : influence
of point load "sharpness".



Discussion

The theoretical analysis in [1] predicts the following relation
between the cPLT-values for the two different sample shapes :

9PLT, sphere
9PLT, cylinder (£ = 2d)

= 0.79 or 0.80 (2)

for all possible values of Poisson”s ratio v, namely 0.0 < v < 0.5.
From table 1 we obtain the experimental result :

)
PLT, sphere _
= > = 0.78
PLT, cylinder (£ = 2d)

in remarkable agreement with the theoretical prediction, especially
when considering the fairly small intervals within which the true
oPLT-values are found with a probability of 95%.

From the theory in [1] we know that the tensile stress along the
diameter between the point loads actually has a minimum at the
centre of the sample ; in the vicinity of the point loads there are
much larger tensile stresses, the magnitude of which in principle
are independent of the sample shape and only depend on the extent
and the shape of the (small) loaded areas and the magnitude of

the loads. The theoretical relation in equation (2) is derived from
the minimum tensile stress values at the centre of the samples. The
fact that the experimental results in this report and in [1] agree
so well with equation (2) strongly indicates that it is the global
tensile stress levels at the centre of the samples that mainly
determine the fracture loads and not the local tensile stress levels
in the vicinity of the point loads. The author”s opinion is that the
local tensile stress levels near the point loads only play a secon-
dary role and that this comes through as a fairly small decrease

in the tensile strength index OpLT with increasing sample diameter

d as observed in for instance [3]. The physical nature of this



Figure 1 : The Point Load Test on a cylindrical rock sample of
diameter d, compressed between two cylindrical bars of tungsten
carbide, the diameter 2r of which is much smaller than d.
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