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Summary

Long diamond drilled rock core samples of Bohus granite and
Ekeberg marble have been subjected to uniaxial tensile strength
tests, after which the regions around the fracture surfaces

were cut off by a diamond saw so that the two sample parts could
be connected by a glue joint for repeated tension testing.

Contrary to what is expected from "the weakest 1link theory"

the tensile strengths were found to decrease somewhat with
increasing number of tests.This may be explained as a fatigue
effect since a rock sample broken in a tension test in principle
vibrates a large number of times after fracture.
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Introduction

Uniaxial tensile tests |1, 2| on Bohus granite, Ekeberg marble and
Lemunda sandstone have shown that the strengths of these rocks do
not decrease with increasing sample size as is commonly assumed in
the literature of the field |3, 4|. Instead both the uniaxial ten-
sile and compressive strengths were found to be constant, at least
within the Timits determined by the experimental scatter.

Further experimental results confirming this conclusion for the two
first rock materials are presented below.

Experiments

A natural way of investigating the sample size - tensile strength
relation for a rock material is to test a large number of samples

of different dimensions, all of which are obtained from one and

the same block of rock |1, 2|. A somewhat less natural way is to
start with a Tong cylindrical sample, which is tested several times
after having been mended after each test. Mending the sample means
to cut off the rock in the immediate vicinities of the fracture
surfaces with a diamond saw and then connect the two remaining parts
with a strong glue joint over the flat surfaces.

Such tests have been carried out for Bohus granite and Ekeberg marble,
in each case with one core of diameter d = 42 mm and the initial length
1000 mm. Between each test some 10 mm of the length was cut off on each
side of the fracture surface. On a few occasions the gluing procedure
failed so that the sample was torn off in the last mended joint. Then
the parts were diamond sawed once again and remended.

The experimental arrangement is shown schematically in figure 1.
The rock cores rested horizontally in a frame so that the dropping
height after fracture was quite negligible which, of course, was
necessary to avoid secondary damage to the material.

The tensile force was obtained from a manual hydraulic pump, the
pressure of which was measured on a manometer. The fracture positions
were measured from one end of the sample, as shown in the figure,
where also the order in which the fractures occured is given.



It should, however, be recalled that after each test the sample
length was diminished a few centimetres so that the distances
between the fractures are not simply given by the differences
between the positions in figure 1. The corresponding fracture
forces P are given in table 1, where an omitted force value
stands for a glue joint failure.

Test number Fracture force P, kN
Bohus granite Ekeberg marble

1 11.7 9.5
2 9.5 9.5
3 9.5 8.9
4 - -

5 9.5 8.0
6 - 7.3
7 8.8 -

8 8.8 7.3

Table 1: Fracture forces for repeated uniaxial tensile strength
tests on rock material.

The initial uniaxial strengths oy = 4P/(nd%) are found to be

or = 8.5 MPa for Bohus granite and op = 6.9 MPa for Ekeberg marble.
Previously reported average strengths are oy = 8.3 MPa and oy = 8.8 MPa,
respectively. The experimental scatter is typically of the order

+ 1.0 MPa. Thus the agreement must be considered satisfactory in both
cases, especially since different blocks of rock were used for the
previously reported tests.

Discussion

According to the common Titerature of the field |4| the fracture
forces in table 1 should be expected to increase with the number
of tests. This is explained in analogy with a chain in which the
weakest link is first broken for a force which is lower than the
force at which the next 1link is broken, and so on.



‘From the author's previously reported results |1,2| the fracture
force should be expexted to remain constant. The fact that the
fracture force decreases somewhat with inrcreasing number of tests
indicates that each test causes some residual and accumulative da-
mage to the material. A possible explanation is that in a uniaxial
tensile strength test the rock material is in principle subjected
to a large number of stress cycles after fracture as follows.

Just before fracture the rock is tensioned to the stress or. When
the sample suddenly is torn appart compressive stress waves with

the amplitude - or emerge from the fracture surfaces thus cancell-
ing the tensile stress. Assume that the sampie ends are rigidly
fixed to a completely stiff testing equipment. When the compressive
stress waves arrives to a sample end the rock is free of stress but
moves with the particle velocity u associated with the stress wave
amplitude o:

u = - co/E

against the rigid testing equipment. Here c and E are the stress
wave velocity and the Young modulus for the rock material. These two
parameters are related via the rock densityp:

c = /Elp

When the rock cylinder thus impacts the rigid testing equipment with
the velocity u = CGT/E a new compressive stress wave of amplitude

- og is reflected and travels towards the free broken end of the
cylinder. Since this stress wave is associated with the particle
velocity u in the opposite direction compared to the incident com-
pressive stress wave the cylinder end attached to the testing equip-
ment remains still. When the reflected stress wave has reached the
free broken end the whole cylinder is compressed by the stress -or
and motionless. Thus the state of the cylinder at this instant is
identical with the state just before fracture but for the sign of
the stress.



From this instant a tensile stress wave of amplitude o1 is reflected

from the free broken end of the cylinder, cancelling the compressive

stress, and is in its turn reflected as a tensile stress wave of the

same amplitude from the rigid testing equipment so that the rock cy-

linder returns to the initial state, namely the tensile stress o1 and
no motion at every point along the sample. Thus a vibration cycle is

completed with the period T.

T=4L/c

where L is the length of the cylinder. The cylinder accordingly continues
to oscillate between compression and tension until internal damping

and dispersion (one-dimensional stress wave theory is only an approxi-
mation of the three-dimensional reality) has "absorbed" the initial
elastic energy in the tensioned cylinder. Thus the rock material is
subjected to a kind of high-amplitude fatigue test after the fracture

in a uniaxial tensile strength test.

Fatique testing of rock materials have been reported in for instance
references |5 - 7|. Both the tensile and compressive strengths have
been found to decrease with the number of load cycles. An empirical
equation for the tensile strength oT(N), where N 1is the number of
Toad cycles, is given by |5] :

10

o7(N)/o7(0) = 1 - 0.07+' “Tog(N)

so that for instance cT(100)= 0.8607(0)

Consequently the experimental result reported in this paper, namely
a slight decrease in the uniaxial tensile strength for rock samples
subjected to repeated testing, is readily understood.
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