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ABSTRACT: Rock mass is a host rock where 

quarry and mining activities take place. Right from 

Egyptian time till the dawn of civilization, 

extractive industries have experienced different 

levels of economic losses due to lack of proper 

analysis of the rock mass stability and the mining 

parameters that could be of economic advantage to 

the enterprise. The stability analysis of the quarry 

(Samchase Nigeria Ltd) pit slope in granitic rock 

mass was carried out using geo-mechanical 

characterization and stereographic net methods. In 

the in-situ observation, parameters for Rock Mass 

Rating were measured and the attitude of the 

discontinuities were taken with the compass 

clinometers. The mechanical and physical 

properties of the five rock samples taken from the 

field were determined through different laboratory 

tests. The average point load index (Is) value was 

2.70 Mpa, slake durability test, 96.08, the density, 

2.68 kg/m
3
 and the slope rock mass rating was 

64%. The two methods employed for the stability 

analysis of the pit slope of Samchase Nig. Ltd’s 

quarry showed that it is good and stable but there 

exist some blocks that must be controlled so as to 

maintain the stability for effective quarry operation.   

KEYWORDS: Rock mass, Stereonet, 

Discontinuity, Slope and Stability 

 

I. INTRODUCTION 
Rock mass is a host rock for quarrying and 

mining activities. Right from Egyptian time till the 

dawn of civilization, extractive Industries have 

experienced different levels of economic losses due 

to lack of proper analysis of the rock mass 

structures and the mining parameters that could be 

of economic advantage to the enterprise. Also, 

avoidable accident had occurred because of little 

knowledge on the dynamic nature of the rock mass 

(Brown, 1993; Hoek, 2000).  

Rock mass comprises of solid and 

compact parts called intact rocks, which contain 

fractures on the small scale and it composes of 

grains with the form of a microstructure that is 

governed by the fundamental rock forming 

processes (Hudson & Harrison, 1997; Hudson, 

1993). Also, discontinuities such as: joints, bedding 

planes, folds, sheared zones and faults form part of 

rock mass which render its structure discontinuous 

(Oluwaseyi & Ajibola, 2017; Goodman, 1989).  

The behavior of intact rock is known 

mostly through its physical properties. The 

knowledge of its deformability, strength and failure 

will help in the determination of support capacity 

which is one of the desired properties to be 

reckoned with in engineering. The intact rock can 

be said to be a continuum or polycrystalline solid 

that are between discontinuities (Zhang, 2005). It 

can be described by the petrological name, color, 

texture, grain size, minor lithological 

characteristics, density, porosity, strength, hardness 

and deformability. The geological classification 

considers the rock mineral and genesis of intact 

rocks while engineering’s is based on strength and 

deformation properties of the rock. In order to 

describe rocks quantitatively and to carry out the 

mechanical and hydraulic estimate of their 

properties, the following index properties can be 

employed: porosity, density, wave velocity, point 

load index, Schmidt hammer rebound number and 

Slake durability index (Hoek, 2007; Hudson and 

Harrison 1997). It must be noted that determination 

of index properties is not a substitute of detailed 

characterization of rocks (Zhang, 2005). 

Likewise, discontinuities in rock mass can 

be faults, bedding planes that divide sedimentary 

rocks into beds or strata and the breaks of 

geological origin called joints along which there 

has been no visible relative displacement 

(Bieniawski, 1989). Cleavage which can be fracture 

or flow type can create significant anisotropy in the 

deformability and strength of rocks. The 

International Society of Rock Mechanics defined 

parameters for the quantitative description of the 

characteristics of discontinuities are: orientation 

described by the dip direction (azimuth) and dip of 

the line of steepest declination in the plane of the 

discontinuity, spacing which is the perpendicular 

distance between adjacent discontinuities and the 

trace length of discontinuities called persistence, 

and other parameters are roughness, wall strength, 

seepage, aperture, filling, number of sets and block 

size (ISRM, 1981). One of the most significant 
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parameters for describing discontinuities is 

discontinuity intensity which can be expressed in 

terms of different measures; in one, two or three 

dimensions (Zhang, 2005). 

On the other hand, rock mass being the 

combination of intact rock and discontinuity joints 

properties should be used in the design of rock 

structure. Several researchers have developed 

different system for the classification of rock mass. 

Deere (1964) introduced Rock Quality Designation 

(RQD) system as an index for the assessment of 

rock quality quantitatively. RQD is a cheap and 

simple method to use but it’s not enough because it 

does not consider discontinuity orientation, 

discontinuity condition and the type of 

discontinuity filling. The Rock Mass Rating (RMR) 

was proposed by Bieniawski (1989) and has been 

applied in the preliminary design of rock slopes 

and foundations as well as to the estimation of the 

in-situ deformation modulus and strength of rock 

masses. He considered six parameters that can be 

readily determined in the field and they are:  

unconfined compressive strength of the intact rock 

(UCS), RQD, spacing of discontinuities, condition 

of discontinuities, ground water conditions and 

orientation of discontinuities (Bahrani and Kaiser, 

2013).  Also, Geo-mechanical classification 

method developed by Robertson (1988) can be 

used for the preliminary estimates of rock mass 

slope stability.  

Furthermore, Geological Strength Index 

(GSI) method for the evaluation of both hard and 

weak rock masses was developed. It is simple, fast, 

and reliable classification method and is based on 

visual inspection of geological conditions (Hoek, 

2000). Also, stereographic projection is an 

important geotechnical mapping method that 

projects sphere onto a plane (Fletcher, 2017).  

Therefore, the stability analysis of the 

slope pit in the granitic rock mass of Samchase 

quarry, situated in Akure North Local Government 

Ondo State, Nigeria, is a necessity that can ensure 

effective production and safe working 

environment. 

 

II. MATERIALS AND METHODS 
2.1 LOCATION OF THE STUDY 

Samchase Nig. Ltd is situated in Akure 

North Local Government area of Ondo State, 

Nigeria with a GPS location of 7
0
24

1
27

11
N, 

5
0
14

1
31

11
E. The type of rock that is being mined in 

this company is mainly granitic rock with 

mineralogical contents such as: quartz, feldspar 

minor amount of mica and amphiboles with a grey 

and dark grains texture. Moreover, the granite 

deposit found in Samchase Nig. Ltd. is about 20-

25meters deep and it is an open pit cast with an 

estimated reserve of 23-30 million tons 

(Akingbade, 2019). 

2.2 Geology of Ondo State 

Ondo State belongs to the basement 

complex of south western Nigeria which lies to the 

east of the West Africa creation in the region of late 

Precambrian to early Paleozoic orogenesis. The 

basement complex rock is composed 

predominantly of migmatitic and granite-gnesis, 

quartzite, slightly migmatised to unmigmatised 

metasedimentry schist and meta-igneous rocks, 

charnockite gabbro and dioritic rocks and members 

of the older granites suite mainly granite, 

granodiorites and syenite (GSN,1966). 

 
Figure 1: Geological map of Ondo State adapted from the Geological Survey of Nigeria (GSN, 1966). 
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2.3 Brief Geology of Akure North LGA in Ondo 

State 

  Akure North Local Government Area in 

Ondo State is  underlain  by  precambian  basement  

complex  rocks  of  South  Western  Nigeria. 

Several  parts  of  Africa  are  underlain  by  

crystalline  basement  complex  rocks.  The major 

types of rocks in Akure North Local Government 

are granite rocks and charnokite.  The  granite  

rocks  which  are  member  of  the older  granite  

suit  occupy  about  65%  of  the  total  area  of  

Akure.  Three  principal  petrographic varieties  are  

recognized,  the  fine-grained  biotite  granite,  

medium  to  coarse  grained,  nonporphyritic  

biotite  –  hornblende  granite  and  coarse  –  

porphyritic  biotite-  hornblade  granite (GSN, 

1966). 

 
Figure 2: Location Map of Akure North Local Government 

 

2.4 Field Observation and Measurement  

Pit slope of Samchase quarry was 

observed in order to ascertain its state and 

conditions of discontinuities. Global positioning 

system (GPS) and Compass clinometers were used 

to measure the elevation, dip and dip direction of 

the joint sets. Joint spacing, persistence and 

aperture of the joints were measured with 

measuring tapes, then; the types of material that 

filled the joints and its roughness were noted.  The 

basic friction angle (b) was estimated by tilt tests 

on saw-cut rock surfaces proposed by Barton and 

Bandis (1990) in which two plates samples were 

prepared and caused to be laid one upon the other, 

then they are raised at one end until the upper rock 

samples began to roll over the other, and the angle 

formed was read and recorded to calculate the basic 

friction angle (Zhang, 2005).  

Geomechanical classification method and 

stereographic net were used for the stability 

analysis of the quarry pit slope. The following 

parameters were considered: strength of the intact 

granitic rock, Rock Quality Designation (RQD), 

joint spacing and the condition of discontinuities. 

RQD was determined by the following empirical 

relationship: 

RQD = 115 − 3.3v …………… equation (1)    

(source: ISRM, 1978 ) 

Where:  

v =
1

s1

+
1

s2

+
1

s3

 …………… . .   equation (2) 

And,  v : Volumetric frequency 

          s1, s2 and s3 : mean discontinuity set 

spacings. 

After the determination of the RQD (equation 1), 

then the adjusted Rock Mass Rating (RMR) was 

obtained using Table A of the appendix. In order to 

estimate the stability state of the rock mass slope, 

the value of SMR, which is the adjusted RMR, was 

determined by the expression in equation 3 as 

shown below:  

SMR =
RMRbasic −  F1xF2xF3 +
F4 ……………   equation (3)          (Bieniawski, 

1989) 

From equation 3, F1 represents the 

parallelism between the slope and the discontinuity 

strike, F2, measure the discontinuity dip in the 

plane mode of failure, F3 establishes the 

relationship between the slope angle and the 

discontinuity dip and F4, depends o whether one it 

is a natural slope or one excavated by presplitting, 
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smooth blasting, mechanical excavation, or poor 

blasting. The values of the above parameters were 

obtained from Table C of the Appendix.     

 

2.5 Determination of the Physical Properties of 

Intact Rock 

Five samples were collected from the 

Quarry site of Samchase Nigeria Limited locations 

in Akure North Local Government Area in Ondo 

State. Each sample is about 1.2 kg of weight 

collected with the use of sledge hammer. The rock 

samples were prepared differently according to the 

ISRM standard to determine the density, specific 

gravity of the rock, Point Load index and slake 

durability test. They were cut into standard pieces 

with the aid of crushing machine and then into 

diametric dimension of 100 mm by 50 mm for 

point load test at the laboratory of the Federal 

Polytechnic Ado-Ekiti.  

The point load index strength (Is) was calculated 

with the following equations: 

Is =
P

D2
 ………………………… equation (3) 

 

III. RESULTS AND DISCUSSION 

Table 1 shows the Physical and 

mechanical properties of Samchase Nig. Ltd. 

According to the geo-mechanical classification 

methods, an empirical method proposed by 

Bieniawski (1989), the Rock Mass Rating (RMR) 

were estimated (Table A of the Appendix) and the 

following are the rating parameter: the average 

mean point-load strength index of the granitic rock 

mass is 2.70 Mpa (Table 1) which fell within the 

rating of 7 (Table A of the Appendix); RQD is 

81.11 % with a rating of 17; the average joint 

spacing is 0.3252 m and its rated 10, and the joint 

condition is slightly rough, the joint aperture is less 

than one and the wall is slightly weathered, it is 

rated 25; therefore, the Rock Mass Rating (RMR) 

is 74 %. According to Bieniawski (1989), when 

RMR is greater than forty (40) then, there is need 

to determine stability by the orientation and 

strength along the joints (Table A of the 

Appendix). The SMR value is therefore 64 % 

which is of class II (Table A of the Appendix). This 

means that granitic rock mass slope is good and 

stable but some blocks are formed which needs to 

be controlled for maximum safety during quarry 

operations. 

 

Table 1: Physical and mechanical properties of Samchase Nig. Ltd 

SAMPLE SG.% Slate 

Durability 

Test 

Density 

(kg/m
3
) 

Point load 

Index 

(MPa) 

1 2.12 96.60 2.65 2.12 

2 2.02 95.46 2.75 2.99 

3 2.04 96.68 2.57 1.59 

4 2.03 96.60 2.83 4.43 

5 2.29 95.04 2.62 2.35 

 

With the structural data of strike/dip, 

recorded in table 3 and 4, stereonets (fig. 3 and 4) 

were constructed with the aid of dip program for 

the Quarries of Samchase Nigeria Limited and 

Sizhe Company.  On the stereonet one of the planes 

visualized represents the strike and dip of the 

quarry faces (340
o
 /76

 o
 for Samchase Nig. Ltd) and 

the other “slip limit” to the stereonet. Variability 

cones which represent one and two standard 

deviations of orientation uncertainty centered on 

the calculated means were also shown along with 

the windows that enclose the mean  joint sets 

cluster with a very significant maximum 

concentration greater than 6%. 

 

Table 2: Joint Orientation Data Analysis for Samchase Quarry Itaogbolu. 

(G.P.S 7
0
24

i
27

ii
N, 5

0
14

i
31

ii
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0
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0
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In order to carry out the analysis of the 

stability of the quarry face slope, toppling can only 

takes place when planes slide with respect to one 

another, and for slip to occur, the bedding normal 

must be inclined less steeply than a line inclined at 

an angle equivalent to the friction angle above the 

slope (Goodman, 1980). Then, the plane of the slip 

limit of the rock mass is represented on the 

stereonet as the 2
nd

 plane. Its dip is the difference 

between pit slope and the friction angle of the 

granite rock (32
o
) and the dip direction is equal to 

that of the quarry face slope (240
o
), therefore the 

attitude of the slip limit is 240
o
/44

o
.  The kinematic 

bounds is placed on the plot with a cone of dip 

direction of 070
o
 and cone angle of 60

o
 that places 

two limits plus or minus 30 degrees with respect to 

the face dip direction. Planes must be within 30 

degrees of parallel to cause slope to topple. So, the 

zone bounded by the cone curves (figure 3) is the 

toppling region and the Poles plotted within the 

region indicate a toppling risk for the Samchase 

Nig. Ltd. quarry slope. The attitude of the mean 

poles of the joints that fall within the toppling risk 

region are 061
o
/37

o
 and 230

o
/42

o
. As it can be 

observed, the risk is not of high threat because the 

poles do not represent a near vertical plane. 

 

 
Figure 3: Stereographic net showing the region of toppling risk 
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On the other hand, the stereographic net 

for the Planar Sliding analysis is shown in figure 4. 

The Daylight Envelope for the Pit Slope plane is 

represented in the net and any pole falling within 

this envelope is kinematically free to slide if 

frictionally unstable. Also, the friction cone of 32 

degrees is located in the net and any pole that falls 

outside of this cone represents a plane which could 

slide if kinematically possible. Therefore, the zone 

formed by the Daylight Envelope and the pole 

friction circle encloses the region of planar sliding. 

The poles in this region which represent 42 % of 

the planes studied can and will slide and make the 

planar risk to be high in the quarry slope.  

 
Figure 4: Stereographic net for planar sliding analysis 

 

And finally, the stereographic net for 

wedge sliding analysis is shown in figure 5 and the 

significant mean joint planes and the friction cone 

plane were added to the stereonet. The zone outside 

the pit slope but enclosed by the friction cone 

represents the zone of wedge sliding. In this study, 

the unstable slope is found in the intersection of 

planes with attitudes 323
o
/43

o
 and 230

o
/43

o
 which 

is located within wedge sliding zone.   

 

 
Figure 5: Stereographic net of wedge sliding 
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IV. CONCLUSIONS 
a) In this study geo-mechanical characterization of 

the granitic rock mass Samchase Nig. Ltd’s Quarry 

revealed that the pit slope contains three different 

oriented joint sets, intact rocks and conditions of 

discontinuities.  

b) According to the stereographic analysis, the 

Quarry pit slope is liable to potential planar and 

wedge sliding and that the toppling failure is 

minimum. 

c) Therefore, the two methods employed for the 

stability analysis of the pit slope of Samchase Nig. 

Ltd’s quarry showed that it is good and stable but 

there exist some blocks that must be controlled so 

as to maintain the stability for effective quarry 

operation.   
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