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ABSTRACT: The results of a large-scale test are presented which was performed in 1987 for testing the shear
strength (and strength parameters) along a natural rock joint. The test was carried out with a rock block of 82 kN
weight, investigating the shear strength, the shear strength parameters as well as their variation according to the
block displacement. The roughness of the uncovered joint wall was surveyed and analyzed, the statistical basic
strength parameters were determined for low stresses and comparisons were made with the test results.

1 INTRODUCTION

The test was performed in the Kresna gorge, south
of the town of Simitli, on the right bank of the river
Strouma in the Lovishteto area. When selecting the test
area, the following was taken into account:

• Joints are typical of the area, without the pres-
ence of rock bridges, along which no displacements
occurred in the past;

• The rocks (granodiorite) are rock masses typical of
the area and related to the road and its safety.

Figure 1 shows photos from the test presenting some
of its elements. Wooden scaffolding with 10 cm mesh
pitch was used to determine the size of the block
mass.Thus, horizontal sections in the block with 10 cm
pitch height were surveyed. By the method of sec-
tions the volume of the block was determined to be
V = 3.144 m3.

Figure 1. The experiment: overview and loading system.

In its base, the block was cut through by a natural
joint inclined at 3.7◦ in relation to the horizon. Subse-
quently, the area of the “shear plane (sliding plane)”
was calculated to be 2.23 m2. The volume density of
the rock was determined based on a sufficient number
of specimens to be ρ = 2.62 g/cm3.

The test, called Kresna 2, aimed to determine the
relationship for the shear strength, its peak and residual
value as well as the strength parameters along a clearly
outlined joint in the selected rock block.

Figure 2 shows the general scheme and equipment
during the test performance. The active loading was
applied with two, independently acting force systems:
two hydraulic jacks with capacities of up to 500 kN
and two manual oil pumps. That equipment was used
to move the block in the selected direction of testing.

Figure 2. Idealized scheme of the test with location of
indicators (a), cross section (b) and plan view (c) of the
experiment.
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The displacements (horizontal and vertical) were mea-
sured by a set of 19 time indicators (Fig. 1, a) with an
accuracy of 0.01 mm, located on independent supports
(at three levels) or on the tubular scaffolding enclosing
the block.

The block was loaded by a cast-in-situ load dis-
tribution reinforced concrete beam at 5◦ surfaces
inclination (in relation to the vertical), upon which
the two jacks rested. (Such a beam was also cast on
the opposite side of the trench behind the block, as a
second balancing support for the two jacks).

The test was carried out in five cycles “loading-
unloading”. The first two cycles were meant to deter-
mine accurately the force under which a peak shear
strength is reached and the other ones were designed
to establish the variation in the shear strength accord-
ing to the absolute displacements. The horizontal
block displacement was controlled by eight main time
indicators.

During the first loading cycle the loads were trans-
ferred in stages, each stage performed after conditional
attenuation of the displacements (norm - 0.01 mm/10
min). During the fifth stage of loading and at a total
force of 130 kN exerted by the two jacks, the system
was left at rest for 30 min, preserving the reached dis-
placements. In time the force “fell down” to 123 kN
which was assumed to be the maximum shear force.
Further loading was impossible due to the subsequent
movement of the block thus providing evidence that
the peak shear (friction) resistance was reached.

The second loading cycle duplicated the loading
stages performed during the first one. Using the
same scheme, the maximum force of 123 kN was
reached again.

The third loading cycle began after unloading the
second one and waiting for 10 min. By means of the
loading system, the block was removed at approx.
5 mm, the loading force initially being about 130 kN
and continuously falling (during the displacement
process – pushing the block). At reaching absolute dis-
placement of about 15 mm, the system “jacks-block”
was left to balance under a force of F = 107.0 kN.

The forth loading cycle began with a preliminary
forceful displacement of the block up to approx. 28 mm
from the initial position (test start), and then the sys-
tem was left to obtain self-balance under a force of
F = 87.0 kN.

The fifth loading cycle began with forceful dis-
placement of the block at about 35 mm, the system
balance being reached under a F = 77 kN.

Figure 3 shows a summary of the results of the test
performed.

2 TEST RESULTS

As has already been pointed out, a double loading sys-
tem was used to realize translational motion of the
block along a preliminarily selected loading axis coin-
ciding with the direction of movement (displacement).
The realized translational motion is shown by the time
indicators 13 and 16 (Fig. 3).

Figure 3. Test results obtained by bench marks 13(a)
and 16(b).

From the relationships presented it is clear that
the peak shear (friction) resistance was reached under
a force (total force in jacks) of 123 kN. This value
remained almost constant until moving the block at
approx. 10 mm.

At block weight of 82.3 kN and weight of loading
beam 2.3 kN, a total of 84.6 kN, and after reducing the
active loads, due to the lack of coincidence between
the jointed plane and the loading axis (see Fig. 2,b), it
was found that the maximum force in the jointed plane
and parallel to it, and which corresponds to the peak
shear strength is:

T = 123.0.cos 8.7◦
− 84.6.sin 3.7◦

= 116.1 kN,
whereas the vertical force in the shear plane is:

N = 84.6.cos 3.7◦
+ 123.0.sin 8.7◦

= 103.1 kN.
A peak value of the generalized angle of friction

(due to Patton’s law of low stresses) corresponds to
the peak value of tangential forces thus obtained.

The results of the generalized angle of friction
(ϕ0 + i) for the other four loading cycles were deter-
mined in a similar way.

Figure 4 shows the averaged results of variation in
the shear strength from the test performed according
to the recorded displacement. Two relationships are
presented: for the shear strength as a function of the
displacement and for the variation in the generalized
angle of friction again as a function of the displace-
ment (obtained following Patton). Both relationships
have an experimentally established part and prediction
(with a broken line) for displacements after 33 mm
where the test was terminated.

The extrapolation proposed shows that for the resid-
ual strength we can assume the value τ0 = 30 κPa
which correspond to a residual angle of friction

35 tests of sliding by tilting, “tilt-test” were per-
formed in order to make comparison with the result
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Figure 4. Results of variation in the shear strength (a) and
the generalized angle of friction (b).

Figure 5. Variation in the tilt angle according to the
displacement.

obtained for the residual angle of friction ϕ0. The
angle of friction was found to be ϕ0 = 340, a value
(we also take into account an element of randomness)
which corroborates largely Zajic’s simple method for
determination of ϕ0.

The test performed provided another important
piece of information. Figure 4 shows the variation in
(ϕ0 + i) according to the displacement. It can be seen
that the effect of the roughness decreases considerably
when displacements have already occurred. For exam-
ple, the effect disappears completely when the dis-
placement is about 55 mm or at relative displacement
of 1s = 0.05.

3 ANALYSIS OF THE JOINT SURFACE
ROUGHNESS

Another major problem that arose during the Kresna 2
test was how to establish the reliability of a probability-
statistical processing of the roughness of the studied
joint in order to determine the averaged value of the
roughness angle. For the purpose, after completing the

Figure 6. Survey profile lines (original duplicate).

experiment, the rock block was split and removed and
the jointed sliding surface was uncovered. A careful
inspection established that there were no broken rock
bridges (continuity connections) thus assuming that
the shear was performed along a fully discontinued
joint. It was also found that there were no essential fail-
ures in the separate roughness edges and that the joint,
according to weathering classification was assessed to
be weakly weathered.

In compliance with the general form of the uncov-
ered joint as a sliding plane (area of 2.23 m2) and
depending on the direction of block movement, a
characteristic section of it was selected, 80/80 cm in
size, oriented in the direction of the block movement.
17 profile lines were surveyed in the same direction
(Fig. 6) as roughness profiles.

These roughness profiles were processed by the
probability-statistical analysis described in this part
(using a computer software program) to determine the
mean statistical roughness angle.The following results
were obtained by using approximation polynomial
curves of the 2nd degree):

The approximation of the results was made by the
method of least squares with polynomial curves of the
2nd degree (on the principle see Fig. 7). Besides, two
options were used for the analysis: with accounting or
not accounting for the horizontal sections. The results
obtained without taking into account the horizontal
sections in the probability analysis are designated as
imax (Table 1) and those accounting for the horizontal
sections as i min (Table 2).The differences are apparent.
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Undoubtedly, io is affected by the horizontal sec-
tions or their percentage ratio in relation to the total
length of the roughness line. It is clear that the
“horizontal sections” will have a different effect to
a different degree on the magnitude of the normal
stresses in the jointed plane due to the different rock
strength in the same location. Therefore, consider-
ing the averaged values for the roughness tilt angle,
the possibility for variation in the actual ibetween the
statistically obtained imax and imin should always be
envisaged.

For the particular Kresna 2 test we consider that the
most probable characteristic of the joint surface rough-
ness, expressed by i, due to the low stresses, should
be assumed as i = imax = 10.8◦, determined indirectly.
This result, compared with the test result, is assessed
to be acceptable from a practical point of view as
well, provided that the test performed as a basis for
comparison, was correct and precise.

Figure 7. Approximation of the results.

Table 1. Results on imax

Profile Nr. 0 1 2 3 4 5 6 7 8
i
o 14.2 9.2 8.6 10.9 7.9 11.0 11.5 10.4 5.6

Profile Nr. 9 10 11 12 13 14 15 16
i
o 12.9 11.5 10.1 14.7 11.4 12.1 9.9 10.6

icp. = 10.8o

Table 2. Results on imin

Profile Nr. 0 1 2 3 4 5 6 7 8
i
o 5.7 2.6 3.6 5.4 3.4 5.8 5.1 5.1 2.2

Profile Nr. 9 10 11 12 13 14 15 16
i
o 4.1 6.2 4.9 5.2 5.6 4.6 5.2 5.7

icp. = 5.03o

4 CONCLUSION

In conclusion we should point out one more result
which was obtained during the Kresna 2 experiment.
The analysis of the results for the maximum lifts of the
studied block depending on the displacement showed
by Figure 8 that the maximum lift of the block is
5.9 mm and a displacement of 31 mm was obtained.
These results were obtained as a consequence of
approximation of the results recieved from indicators
15 and 18 after being averaged (Fig. 8). The average
“road” inclination here (sv = 31 mm) depends on the
elevation difference (δv = 5.9 mm), and the average
“road” inclination is determined as:

The result obtained is very similar to the most prob-
able roughness angle (i = 10.8◦) that we recommend.
This fact is considered to be absolutely random. On
the other hand, however, it implies a real possibility to
determine experimentally the mean roughness angle
io in the jointed surfaces.

Figure 8. Vertical displacement of the block during the
horizontal movement.
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