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Abstract: This study is a contribution to the knowledge of rocks mechanical properties in
Yaounde, with a scope on failure parameters. In most instances, this goal is achieved by
carrying out XP P94-424 standard shear tests. Thus, the tests were carried out on two joint
samples, using the experimental device of the Fondasol laboratory (France). However, the
pairs of shear — normal stress values were plotted or computed to determine other relevant
parameters. The results are expressed as graphs and value reports. (1) The global friction
angle B ranges around 36° for unsmoothed joints, and decreases up to 34° for smoothed
joints. The friction angle ¢ ranges around 49° - 46° for unsmoothed joints, and decreases up
to 3.90° for smoothed joints. The dilatancy i depend on the roughness and the type of joint
surfaces; e. g. it ranged around 7° for the roughest surface while it ranged around 4° on the
other. (2) At the peak the cohesion ranges around 81 kPa however, the wetness might affect
this parameter up to its nullifying. At residual the cohesion ranges around 91 — 135 kPa.

© 2022 The authors. Published by Alwaha Scientific Publishing Services, ASPS. This is an open

access article under the CC BY license.

1. Introduction

Hill slopes or excavated slopes have to cope permanently
with the threat posed by landslides and rockfalls (Bell
1999; Cruden and Varnes 2006). These hazards result in
the loss of lives, degradation and damage of infrastructure.
When estimating the stability of slopes on surface and
underground openings, pioneers (e. g., Hoek 1970; Jaeger
1972; Marachi et al. 1972; Barton 1973; Barton et al. 1974;
Hoek and Bray 1977; 1981; Bieniawski 1976; 1978; Hoek
and Brown 1980; 1997; Goodman 1980; 1989) have
defined index values of mechanical parameter for soils and
significant rocks specimen. All over the world experimental
and theoretical research activities (e. g., Merrien-
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Soukatchoff and Gunzburger 2002; Manca 2006; Gasc-
Barbier and Guittard 2009; Volkwein et al. 2011; Boccali et
al. 2017; Guiheneuf et al. 2018; Wei et al. 2018) are
addressed to the better understanding of the mechanical
response of natural geomaterials. In Cameroon, research
on this subject is new and focused on soils (e.g., Ekodeck
1990; 1994; Onana et al. 2007; Aboubakar et al. 2013;
Mukenga et al. 2017). In Yaounde area, Mukenga et al.
(2017) recently examined the evolution of soils mechanical
parameters. Currently we are tracking in the same path for
rock discontinuities. Here the mechanical parameters are
usually obtained by laboratory tests, in situ tests being
much more unusual for cost reasons. The presence or not
of cemented infilling material can be a determining factor
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in the mechanical behaviour of rock discontinuities.
Assuming that the behaviour of discontinuities without
infilling material depends only on the shape of the
considered fracture surface, in the opposite case the
behaviour depends on the infilling material. Usually the
discontinuity may vary from unfilled to infilled during the
same test. Simple shear test under normal constant stress
allow both discontinuities to be characterized with the
French standard XP P94-424 shear test (from AFNOR
2003). With this tool the aim of this work is to examine the
discontinuity shear strength parameters characterizing the
Yaounde gneisses as follows: (1) tangential steepness
gradient; global friction angle and friction angle; geometric
evolution, defined by dilatancy; and other relevant
parameters (such as cohesion). (2) Then, the values
suitability is discussed. The EN 1997-2 (2017) requirements

for direct shear tests are fulfilled.
2. Geological setting

The study area geology is of the Yaounde group rocks
comprising three distinct units (Champetier de Ribes and
Aubagne 1956; Weeksteen 1957; Ball et al. 1984; Nzenti et
al. 1988) (figure la-c). The metasedimentary unit is the
more abundant; it includes paragneiss, some calco-silicate
rocks and quartzites (Nzenti et al. 1988; Ngnotué et al.
2000; Mvondo et al.,, 2003). The metaplutonic unit
comprises of orthogneiss (Nzenti et al. 1988; Ngnotué et
al., 2000; Mvondo et al. 2003), amphibolites (Ngnotué et
al. 2000) and (Nzenti, 1998). The
micaschistous unit is comprised of recrystallized micaschist

pyroxenites

and quartzites (Champetier de Ribes and Aubagne 1957;
Vicat 1998; Mvondo et al. 2003). These units possess
tectonic features that are from the Pan-African thermo-
tectonic event with several discontinuous structures. The
D1 structures of the early Neoproterozoic correspond to
shallowly incline exfoliation discontinuities sheet-like
bands.

bidirectional stretching with boudins and vein joints that

The following D2 structures correspond to
are of quartzo-feldspathic nature. The next D3 and D4
structures are of perpendicular contractions, accompanied
by large exfoliated undulations. The late-Neoproterozoic
brittle stage is characterized by unfiled and infilled steeply
incline joints or fractures (Moreau and Ghogomu 1982;
2007; Mbola et al. 2014). Thus
discontinuities that are likely to be or to generate failure
They should be
accounted for appropriately in rock mechanics study as

Mvondo et al.

are foliation and fracture planes.

addressed in this paper.
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Fig. 1. (a) Location, (b) and extract of geological map of
South Cameroon, (after Champetier de Ribes and Aubagne
1956; Weecksteen 1957). (c) Geological map of the
borehole point surrounding area showing the main rock
units and structures (modified from Mvondo and al. 2007).

3. Materials and methods

The direct shear test under normal constant stress or CNC
(Contrainte Normale Constante) in the
standard XP P94-424 (see Mazzoleni 1997; AFNOR 2003;
AFTES 2003; ISRM 2007) (figure 2). The joint samples have
been acquired by drilling core of 90 mm diameter. Their

is described

extractions from gneissic outcrop required geological and

geotechnical experience and judgment to select a
convenient borehole point location. Thus, Nsam quarry
borehole point located N 03°49°09.9”and E 11°30°16.1"”
has been chosen, according to the strike azimuth of 90°.
From the acquired discontinuities, one was natural (joint
sample 1) and the other was created through splitting
(joint sample 2) (figures. 3a-d). Their discontinuity surfaces
have been disposed in the mortar shells. The mortar shells
have been sealed by potting material. Then the paralleled
shells have been adjusted in the shear boxes of the
shearing machine, and then blocked by tightening.
Subsequently the specimens have been subjected under a

constant normal stress on while the tangential stress t
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increased until the relative movement of one epont.
Therefore, the evolution of the tangential stress T with
respect to the relative displacement of the eponts (Ut; Un)
could be measured. The standard XP P94-424 plans to do
tests while applying at the same phase of shearing three
values of normal stress. However, considering the
insufficient length of the specimens for this operation, the
tests were carried out with a first shearing, followed by a
second and third shearing on the same surface; by
applying respectively the highest stress (on = 800 kPa), the
medium stress (on = 600 kPa), and the lowest stress (on =
400 kPa). These decreasing second and third shearings are
intended more for security purposes since on the solicited
surface the breaking of epont asperities is already

produced.

The rate of shearing adopted was 0.27 mm/min for every
stage. The discontinuities were wetted in advance. Other
relevant parameters were found by computing the peak
resistance pairs of shear — normal stress values with the
Mohr-Coulomb formula; and by plotting the maximum and
final values of each stage within the reference (on; t). Here
the Mohr-Coulomb strength model has been set up with
the regression line, within Microsoft Excel program. The
fitting of the regression line can be found in several
Microsoft Excel tutorials (e. g., university of Pau internet

site user guide®).

Tmax

shear box ut

Fig. 2. Scheme of the applied direct shear test. (a) Cross
section view, (b) shear stress vs. displacement curve (on:
normal stress, T: shear stress, Ut: tangential displacement).

Fig. 3. Core segments of the discontinuities from (a) joint
sample 1; (b) and joint sample 2. (c and d) Here the joint
sample 1 discontinuity surfaces.

4. Results and discussions

4.1. Discontinuity characteristics

In this study the discontinuities designate fractures or
cracks along which there are no displacements. From
recovered cores, have been extracted sufficient
discontinuities surfaces according to the scaling effect
limit. Thus, the specimen 1 discontinuity was 46° dip angle
(at 44° to core axis), whereas that of specimen 2 was 78°-
80° dip angle (at 10°-12° to core axis). Their surface sizes

were respectively 64.96 cm? and 49.27 cm? (figures. 4a-b).
4.2. Structure and petrography characteristics

The standard used is the ISO 14689-1 (Technical
Committee I1SO/TC 182 and Geotechnics Subcommittee SC
1, 2004), which is applicable to the rock description for
geotechnical and engineering geology in the domain of civil
engineering. It deals with the denomination, the
description and the classification of rock materials and
rock masses based on the mineral composition, the genetic
aspects, the structure, the grain sizes and other
parameters. Therefore the analysis has been carried out in
macroscopic and microscopic scales. The macroscopic
analysis has been made with the naked eye and the hand
lens, in situ on the rock outcrop, and from the recovered
sample. The microscopic analysis has been made with the
aid of a microscope, using thin section. We have selected
several scanned view according to the configuration of the
microscope that was used (@ =1.5 mm), and we have
made an enlargement which is fifty times the real size
(x50). The rock that is studied is of granulite facies gneiss.
It is an intrusion rock in the area. With the naked eye, the
rock has a grey colour, with compact habits, but without
layers (figures 5a-b). Quartz constitutes 10 to 15% of its
compound and its grains vary between 0.1 and 0.5 cm.
Feldspars (orthoclase and plagioclase) constitute 15 to 20%
of its composition and their size vary from 0.1 to 0.5 cm.

Ferromagnetic minerals constitute 60 to 65% of its

composition and their grains vary from 0.2 to 0.9 mm.

Fig. 4. Extracted discontinuity surfaces and their insertion
in mortar shells; (a) specimen 1 and (b) specimen 2.
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Fig. 5. Macroscopic and microscopic organization of sampled rock. (a and b) Sampling site at Nsam quarry (location N
03°49’36.0”’; E 11°30’45,7"’). The view of @ =1.5 mm have been scanned into (c and e) plane-polarized light and (d and f)
cross-polarized light. (Qtz: quartz, Pl: plagioclase, Bt: biotite, Grt: garnet, Mu: muscovite, Amp: amphibole, Opx:
orthopyroxene). Note: bottle in figure b is 30 cm long.

Muscovite is in the form of very fine straws from 0.2 to 0.7
mm and it constitutes 2 to 5% of its composition. The rock
is spotted with deep red coloured grains of garnet, their
size vary from 0.1 to 0.2 cm and this garnet constitutes 10
to 20% of the rock composition. The other rock minerals
are biotite, amphibole, pyroxene and opaque minerals
such as graphite, rutile, zircon and monazite that are
accessory. The rock thus presents pyroxene-rich and
amphibole-rich clusters; which correspond respectively to
pyroxenite and amphibolite. In the microscope, the rock
has heterogranular granoblastic texture with xenomorphic
orthopyroxene  phenocrystals; its more detailed
mineralogical setting is as follows:

- Pyroxene (40-50%) is very abundant in the rock. It
presents orthopyroxene xenomorphic crystals of

variable sizes (0.2 x 0.5 to 0.4 x 1 mm). They enclose
inclusions of opaque minerals and quartz. (figure 5d).

Biotite (10%) presents two habits: some minerals are
secondary and xenomorphic (0.3 x 0.1 to 0.8 x 0.4 mm)
(figures 5c¢-f).

Quartz (10%) appears in the form of xenomorphic
crystals (0.3 x 0.2 mm), some quartz crystals come in
garnet inclusions; or are associated to pyroxene and
feldspar crystals (figures 5c-f).

Amphibole (5%) is of green hornblende crystals. It
appears as xenomorphic crystals with quartz inclusions
and with opaque minerals (0.3 x 0.1 to 0.8 x 0.4 mm)
(figure 5d).
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- Garnet (5%)

automorphic crystals (0.5 x 0.3 mm) and/or are

appears as xenomorphic to sub-
elongated (0.8 x 0.16 mm). Some crystals are covered
with quartz inclusions. Garnet is associated to biotite,

plagioclase and quartz crystals (figure 5e).

- Alkali Feldspars (5%) is of orthoclase and plagioclase.
(4%) s
crystals; these crystals are dispersed in the rock and

Plagioclase represented by xenomorphic

have dimension of around 0.4 mm long. (figure 5f).

- Opaque minerals (2%) are inclusions

pyroxene and orthoclase.

in biotite,

4.3. Parameters characterizing the mechanical behaviour

43.1.
steepness

Elasticity parameter defined by tangential

The elasticity appeared when the specimens have been
compressed initially to the higher value (800 kPa). At small
displacement, the specimens behave elastically and the
shear stress increases linearly with the displacement. The
elasticity parameter is represented by tangential steepness
gradient Ks (Eq. 1) (figure 6).

8t
Ks = ﬁ (1)

where T is tangential stress and Us is displacement.

Ks = 68.8° for specimen 1 and Ks = 66.7° for specimen 2.
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Fig. 6. Graphs of displacements showing high Ks gradient.

4.3.2. Variation of the shear resistance parameters
defined by friction angle, dilatancy angle and global
friction angle

In order to take account of changes in characteristics of
the geometry of the surfaces, results of different tests are
released in the form of graphs and value reports. Thus
global friction angle B is function of the tangential
displacement Ut (Eq. 2).The dilatancy angle i is function of
tangential displacement Ut (Eq. 3). The friction angle ¢
which is function of tangential displacement is obtained
from the measurement of B and i (Eq. 4).

B = artan (%) (2)
where T is tangential effort and N is normal effort.
i = artan (%) (3)

where AUn is the variation of the normal displacement and
AUt is the variation of the tangential displacement.

B=o+i (4)
The graphs can be interpreted as follows:
- For the first stage (figure 7) (on = 800 kPa)

At the beginning of the tests dilatancy is 0° for both
specimens; it then decreases to about -16° and then varies
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Fig. 7. Graphs of mechanical behaviour as function of
tangential displacement in the first stage (on = 800 kPa).
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slightly between -10 and -6°; the geometry of the eponts is
the cause of these variations because of the complete
interlocking of the asperities. The friction angle reaches
40°, and then gradually increases to 50° in the first
specimen and 46° in the second specimen. Finally, it
gradually decreases respectively to 21° and 20°.

- For the second stage (figure 8) (on = 600 kPa)

Note that the useful part of the graphs starts from 2 mm,
when the dilatancy reaches the interlocking of the blunt
asperities. The friction angle varies from 35° in the first
specimen to 30° in the second specimen. Then it gradually
increases to 30° and 25° respectively. Finally, it gradually
decreases respectively to 25° and 22°.

- For the third stage (figure 9) (on = 400 kPa)

Note that the useful part of the graphs starts from 2 mm,
when the dilatancy reaches the interlocking of the blunt
asperities. The friction angle varies from 46° in the first
specimen to 37° in the second specimen at the beginning
of the stage. Then it increases to 34° and 37° respectively.
Finally, it gradually decreases to 30° and to 25°.
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Fig. 8. Graphs of mechanical behaviour as function of
tangential displacement in the second stage (on = 600 kPa).
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Fig. 9. Graphs of mechanical behaviour as function of
tangential displacement in the third stage (on = 400 kPa).

4.3.3. Geometric evolution parameter defined by

dilatancy

The dilatancy is represented by a displacement of the
eponts in the direction normal to the plane of the
discontinuity. It is characterized by the dilatancy angle i
(angle of the inclination of the dilatancy curve giving the
normal displacement Un as a function of the tangential
displacement Us). This angle has a maximum ip at the
point of inflection of the dilatation curve. This point
corresponds to the peak of the shear stress curve T as a
which

represents, for the normal stress value (800 kPa), the

function of the tangential displacement Us,
rupture of the sharpest asperities. Beyond this value, the
dilatancy continues at a lower angle defined by the more
resistant asperities, with a wide base and low inclination;
characterizing the very compact rocks such as gneisses
(figure 10). Compared to clipped discontinuities, dilatancy
induces an increase in peak resistance. According to the
stages of testing undertaken, it has been a function of the
alteration and interlocking of the eponts. The effect of
abrasive (or filling) materials can also be seen in the
constancy in dilatancy beyond the peak (figures 11, 12).
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4.3.4. Values to be retained

Table 1 summarises what can be learned from the analyses

at this stage. The peak shear strength parameters to be

retained appear clearly. The peak global friction angle

ranges around 36°. The friction angle ranges between 49°

Table 1. Failure parameters to be retained directly from lab data.

Specimen 1 Specimen 2
on | Bpeak | ¢peak . B peak | ¢ peak .
o . 1) . . 1)
(kPa) (°) (°) (°) (°)
15t 800 36.9 49.7 7.32 36.7 46.6 4.46
stage| on o B o B o <o
) | BO [ @0 |0 | BO) | 00 | 0
>36.9 | >49.7 | >7.32 | >36.7 | >46.6 | >4.46
800 to to to to to to
28.6 21.5 7.13 24.1 20.2 3.94
on o o o B o <o
) | BO [ @0 [0 | BO | 00 | 0
an
36.1 37.4 5.82 29.71 38.27 3.91
stage
600 to to to to to to
313 25.4 5.78 26.06 22.18 3.87
aon o o ‘o o ° i o
o) | B | o0 [0 | B0 | 00 | i)
3rd
36 35 5.97 32.48 38.77 3.93
stage
400 to to to to to to
30.6 24.6 5.95 29.03 25.12 3.90
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to 46°. The dilatncy depend on the roughness of the joint
surfaces. It ranges around 7° for the specimen 1 (in the
most undulated joint surface), and around 4° for the
specimen 2 (in the least undulated joint surfaces). The
residual strength parameters to be retained do not appear
clearly at this stage. Thus, an extensive data processing of
residual strength data is required. From the fit of the
regression line, the Mohr-Coulomb criterion will be
introduced.

4.4. Other failure parameters from further lab data
analysis

4.4.1. Mohr-Coulomb computations and proposal of
relevant parameters

Further exploitation of the shear stress data (see figure
13a-f) using the Mohr-Coulomb failure criterion allows
other relevant parameters to be outlined. It is represented
by the fitting linear envelope characterizing the peak
strength and the residual strength; since both strengths
are unequally sensitive to the scale effect. The additional
parameters are peak cohesion, residual friction angle and
residual cohesion.

The peak strength is a Coulomb's law performed by sample
1 and 2 equations (Eq. 3 and Eq. 4).

Table 2. Residual resistance values.

Specimen 1 Specimen 2
on (kPa) tmax (kPa) tf (kPa) tmax (kPa) f (kPa)
800 435.5 408.1
600 437.2 389.6
600 364.6 333.9
400 290.5 289.8
400 236.3 252.7

Table 3. Other relevant parameters from Mohr-Coulomb
criterion.

Peak values Residual values

Joint sample 1

Cohesion (kPa) -0.17=0 91.3
Friction angle (°) 26.75
R? 0.7741

Joint sample 2

Cohesion (kPa) 81.45 134.4
Friction angle (°) 20.50
R? 0.8369

tpeak = Cpeak + on tg 36.85° (3)
Normal stress: (a) Normal stress: (d)
on= 400 kPa on=400 kPa

Final value of tangential effort
T¢=1.536 kN = 236.3 kPa
Maximum value of the effort

Tpeak = 1.888 kN = 290.5 kPa

Final value of tangential effort
Ti=1.094 kN = 252.7 kPa
Maximum value of the effort

Tpeak = 1.255 kN = 289.8 kPa

Normal stress: (b)
on= 600 kPa

Final value of tangential effort
T¢=2.370 kN = 364.6 kPa
Maximum value of the effort

Tpeak = 2.842 kN = 437.2 kPa

Normal stress: (e)
on= 600 kPa

Final value of tangential effort
T¢=1.446 kN = 333.9 kPa
Maximum value of the effort

Tpeak = 1.687 kN = 389.6 kPa

Normal stress: (c)
on= 800 kPa

Final value of tangential effort
T¢=2.831 kN = 435.5 kPa
Maximum value of the effort

Tpeak = 3.896 kN = 599.4 kPa

Normal stress: (f)
on= 800 kPa

Final value of tangential effort
Ti=1.767 kN = 408.1 kPa
Maximum value of the effort

Tpeak= 2.942 kN = 678.4 kPa

Fig. 13. Pairs of shear stress — normal stress values of (a, b,

c) the specimen 1 and (d, e, f) the specimen 2 tests.

with Tpeak = 599.4 kPa and on = 800 kPa.
tpeak = Cpeak + on tg 36.73° (4)
with Tpeak = 678.4 kPa and on = 800 kPa.

The residual strength is a Coulomb's law performed by the
regression line from residual resistance. From each stage
on and T coordinates values (Table 2), the line-up of a
straight line goes with the fitting of the regression line
(figures 14a-b). Table 3 is a summary of the values found.

Why the peak failure parameters expressed by the Mohr-
Coulomb criterion becomes of (Eq. 5) form in the specimen
1 data computation, since the cohesion is zero? Referring
to the literature (e. g., Hoek and Bray 1981; Goodman
1989; Wyllie and Mah 2004) the zero cohesion from peak
criteria is unusual. As presented above (see section 4.3.4),
the dilatancy of the specimen under consideration at the
peak is not very tight (ipeak = 7.32°). Moreover its
discontinuity surface remained quite undulated up to the
third test (ifl = 5.95° vs. if2 = 3.90°). Thus, the zero
cohesion might come from wetness of the discontinuity.

T=0ntg Ppeak 5)

where T is shear strength, on is normal stress and ¢ is peak
friction angle.
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calibration process minimizes the errors calibration. In fact,
the correlation coefficients in our computation are R? =
0.7741 and R? = 0.8369. Assuming that when R%= 1, the fit
of the Mohr-Coulomb line is perfect.

4.5. Relationship to some existing values

A comparison with the parameters of the Valabres
gneisses (Table 4) shows light discrepancies with peak
values and roughly equivalences with residual values. This
may come from experimental conditions (e. g., wet vs.
dry). Another comparison with rough surfaces from given
sites (Table 5) and smooth surfaces such as the foliation
planes of the graphitic schist from the Rennes region
(figure 15) respectively suggests similarities with other
type of gneisses, and reveals the effect of the lithology of
the rock hosting the discontinuity through the decrease of
the friction angle with the smoothness.

Table 4. Parameters of Valabres gneisses (after Gasc-Barbier
2011) versus that of the Yaounde area.

(a) Specimen 1
500
400 | ¥=0467x+913 ® _~%
g 300 :' -
= 200 R*=0.7741
100
O T T T T 1
0 200 400 600 800 1000
on (kPa)
(b) Specimen 2
500
400 y =0.3579x + 134.4=1 PN
= 300
o
=3 R? =0.8369
— 200
100
0 T T T T 1
0 200 400 600 800 1000
on (kPa)

Fig. 14. Proposal of Mohr-Coulomb lines from (a) specimen

1 and (b) specimen 2 pairs of stresses values.

Might the residual data shear resistance express intrinsic
material property? The cohesion may express an intrinsic
material property of the eponts, however, since the joints
are initially open; this refers to "apparent cohesion" (see
Boncompain and Sauty 1975; Goodman 1989; Mazzoleni
1997; AFNOR 2003; Gasc-Barbier 2011), for it gives an
approximate account of the roughness of the joint and the
interlocking of the eponts. This property may also suggest
the cohesive strength of the infilling material (see Wyllie
and Mah 2004).
properties remain that of intrinsic material; i. e., although

In both cases the shear strength

the discontinuities already contain an infilling for residual
shear stress values, and the shear strength properties of
the fractures are also modified, with both the cohesion
and friction angle of the surfaces being influenced by the
thickness and properties of the infilling (as shown in Tables
1 and 3), the rock and infilling are strong enough. Thus
there is still important rock-to-rock contact, since thickness
is not more than 25% of the amplitude of the asperities
(after Goodman 1970).

4.4.2. About the errors calibration

The error value is a measure of how well a strength
criterion fits a given data set. The Microsoft Excel

Peak values ‘ Residual values
Yaounde gneisses Joint sample 1
Cohesion (MPa) 0 0.913
Friction angle (°) 49.7 26.75
Yaounde gneisses Joint sample 2
Cohesion (MPa) 0.8145 0.1344
Friction angle (°) 46.59 20.50
Valabres gneisses
Cohesion (MPa) 2.65 0.58
Friction angle (°) 25

Table 5. Failure parameters from given sites gneisses after

Mazzoleni (1997) versus those of the Yaounde area.

Sample 1 Sample 2 Sample 1 Sample 2
(Yaounde) | (Yaounde) | (givensite) | (given site)
Rock type Gneiss Gneiss Gneiss Gneiss
Discontinuity type Joint Joint Joint Joint
Surface state Rough Rough Rough Rough
Surface size (cm?) 64.96 49.27 174 124
on (kPa) 800 800 610 630
15t p (kPa) 599.4 678.4 520 480
stage ¢ (%) 49.7-21.5 | 46.6-20.2 29-32 22-26
i () 7.32-7.13 | 5.97-5.95 11-7 12-6
on (kPa) 600 600 390 490
:tr:\ge ¢ (%) 37.4-25.4 | 38.3-22.2 35-37 25
i(°) 5.82-5.78 | 3.91-3.87 7-6 7-5
on (kPa) 400 400 200 280
3rd ¢ (°) 35-24.63 | 38.8-25.1 37 25-27
stage i(°) 5.97-5.95 | 3.93-3.90 6-4 5-0
or(°) 26.75 20.50 37 27
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45
| | | |
40 t t T I
| | 1ststage
35 ' —
| | | 2nd stage | st stage
30 | | | = |2nd stage
— | | | 3rdstage | 3rd stage
3 1 t f T
20 | | | |
u [ [ ] | |
15 | - | | }
| [ | |
10 - — f T
Site 1 Posite2 | Site 5 ! sample1!  sample2
5

M Rennes schists average values M Yaounde gneisses average values
Fig. 15. Comparison to friction angles of the smooth joints
of graphitic schists from Rennes region (after Guiheneuf et
al. 2018, using the method developed by Le Cor et al.

2014).

4.6. Was there a downside to the application of new
stress values on the same surface?

The calibration of experimental curves (anisotropic curve
in green) to theoretical curves (isotropic curve in red and
blue) shows a fairly good matching in the first stage, and
the mismatch in the second and third stages (figure 16). In
fact, behind the peak, there is a drop, approaching a
parabolic shape in accordance with the model found in
literature (e. g., AFNOR 2003; Mazzoleni 1997; Homand et
al. 2001; Maksimovic 1996; 2002). Therefore, the use three
times of the same discontinuity surface at progressively
lower normal load did not affect the XP P94-424 shear test
principle.

30 45
25 40
35
g 20 AU Z 30
% sl ] g 25 \
2 = 20 i =S|
g1 g 15
& & H|
? 05 i 1017 /
05 17
00 oo b
0 2 4 6 2 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Tangential displacement (mm) Tangential displacement (mm)
30 1 30
2 25 | 525
% 20 g 20
4 o e | S A N e perr o
g s = I B s | e L
i g
& 10 44 | g
05 | 05 L~
00 ! 4%
0 2 4 6 8 10 12 14 16 18 00
Tangential displacement (mm) 0 2 4 6 8 10 12 14 16 18 20
Tangential displacement (mm))
30 T 20
Z 25 z
2 ERK
g 20 — |— 7
4 i E e i o N N N
s L 210
5 5 p
2 | 2
5 10 } & s
05 (NJ
o 00 *
00 0 2 4 6 0 12 14 16 18 20
o 2 14 16 18 Tangential displacement (mm)

4_6 8 10 12
Tangential displacement (mm)

Experimental I curve heoretical curve

Fig. 16. Calibration of experimental curves to theoretical
curves. Only the first stage curve (800 kPa) yield peak
strength characteristics; the second (600 kPa) and the third
(400 kPa) develop only residual type of resistance.
Moreover, upper and bottom curves are more or less very
close (shear stresses range around 1.5 kN). The theoretical
curves (in red and blue) were outlined according to
Fondasol (2019) lab tract.

5. Conclusion

This paper deals with the aim of extending the knowledge
of rock mechanical properties in Cameroon. The results
have been expressed as graphs and value reports, which
made it possible to extract many relevant parameters. (1)
The global friction angle B ranged around 36° for
unsmoothed joints, and decreased up to 34° for smoothed
joints. The friction angle ¢ ranged around 49° - 46° for
unsmoothed joints, and decreased up to 3.90° for

smoothed joints. The dilatancy i depended on the
roughness and the type of joint surfaces; e. g. it ranged
around 7° for the roughest surface while it ranged around
4° on the other. (2) At the peak the cohesion ranged
around 81 kPa however, the wetness might have affected
At residual, the
cohesion ranged around 91 — 135 kPa. The stresses on the

same surface did not affect the XP P 94-424 principle. The

this parameter up to its nullifying.

comparison of this study’s results to that of other rocks
parameter is secure, thus the use of this paper results in
civil and geoengineering is prospective.
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