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ABSTRACT 

Geotechnical instability of underground excavations at the 

Bou Azzer mine at a depth of 500 m, in both types of very 

fractured and carbonate serpentine rock massifs. In order to 

recommend more reliable support systems for underground 

excavations, to minimize the potential economic and social 

impact, and to make the mining environment safe. This study 

presents a methodology based on empirical methods in order 

to carry out an evaluation of the stresses and strength factors 

by numerical geotechnical modeling using finite element 

software. The geomechanical classification results of rock 

mass rating and Q-system show that the very fractured 

serpentinite and the carbonate serpentinite, in a poor to very 

poor quality class. The major principal stress (Sigma 1) 

ranges from 21 to 49 MPa for excavations in very fractured 

serpentinite, and for excavations in carbonate serpentinite 

varies between 21 to 45 MPa. Therefore, the strength factors 

in underground excavations are very low in the range of 0.32 

to 0.63. The suggested support for excavations in serpentine 

rock mass carbonated, metal arch or support by cement/resin 

bolting. Thus for excavations in very fractured serpentine 

rock mass, installation of a metal arch with reinforced 

concrete.    

Keywords:  Bou Azzer, Serpentinite, Mining Excavations, 

RMR, Q-system, Support. 

1. INTRODUCTION      
The Bou Azzer mine encounters geotechnical stability 

problems in the underground excavations at a depth of 500 

m. Indeed, the serpentine, which is very fractured and 

carbonated, is a very friable metamorphic rock. Multiple 

support works of its excavations have encountered 

difficulties, so the depth of the excavations seems to 

aggravate the instability by the increase of the induced stress. 

The characterization of the rock mass is essential in 

geotechnical mining engineering, using different 

classification systems [1]–[4]. In order to evaluate the quality 

of the rock mass intended for underground works. Several 

more practical methodical research works for the support of 

deep underground excavations such as [5]–[8]. The 

development of a supporting system for these excavations is 

the focus of this research at a depth of 500 m, based on 

empirical methods with the rock mass rating classification of 

Bieniawski [2], and the Q-system of Barton and al. [1] are 

two internationally accepted systems for the design of 

supports that are widely used in the field of underground 

works. Thus an evaluation with the numerical method by 

geotechnical modelling with finite element software, in order 

to suggest a reliable support system. 

 

2. GEOLOGICAL CONTEXT 
The Bou Azzer El Graara inlier in Morocco (Figure 1), 

located along the major accident of the Anti-Atlas Morocco 

in its central part [9]. In this inlier the outcrop of the 

witnesses of the oldest formations, and the Paleozoic cover. 

The last stratigraphic subdivision, according to [10] reported 

that the ophiolitic complex of Bou Azzer presents all the 

ophiolitic terms. It consists of the following lithological 

units: serpentinized mantle peridotites, cut by a swarm of 

basic and ultrabasic veins, basic and ultrabasic cumulates, 

gabbros and microgabbros, spilitized basalts and diabases, 

and a volcano-sedimentary ensemble, considered to be Upper 

Cryogenian. Most of these ophiolite outcrops are in the Aït 

Ahmane area. The genetic model of serpentines in the Bou 

Azzer inlier in Morocco result from the total serpentinization 

of ultrabasic rocks [11], of the ophiolitic complex of lower 

Neoproterozoic age, and are distinguished by their yellow-

green color and their shiny aspect. 

 
   Figure 1. The Bou Azzer inlier in Morocco and location of 

mines redrawn by [11], [12] 

 

3. CHARACTERIZATION OF UNDERGROUND 

FRACTURING 

The structural characterization was based on in-situ surveys 

of the underground structures at the Bou Azzer mine. A total 

of 200 discontinuities were measured using the method 

suggested by the International Society for Rock Mechanics 

[13]. These measurements were processed using the Dips 

version 2.2 computer software [14] of stereographic 
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projection on a Wolf-Smith canvas to represent the system of 

discontinuities by a set of directional families.  

The serpentine massifs appear very smooth and are affected 

by an intense and anisotropic fracture network, which 

coincides with the contour and rosette plots. The results show 

at least three discontinuities families, the most dominant ones 

identified with tension and shear joints in the study area 

(Table 1). The massif is also characterized by a significant 

degree of fracturing, and schistosity is one of the structural 

elements most represented in the rock, with predominantly 

planar, smooth, slightly altered surfaces, with remarkable 

recrystallization of carbonates and asbestos. The whole 

terrains show intense deformation that can be related to two 

orogeneses [15]. The multidirectional fracturing results 

associated with the flow and fracture schistosity dated 

respectively to major phases B1 and B2, and a system of 

conjugate faults N60°E and N170°E corresponding to a 

maximum compressional direction N30°E [15]. 

Table 1. The major families of discontinuities at the Bou 

Azzer Mine  

Jn Type of 

discontinuity 

Dip Dip 

direction 

J1 Schistosity 75 219 

J2 Schistosity 88 91 

J3 Schistosity 57 312 

J4 Diaclase 40 220 

J5 Joint 74 126 

4. GEOTECHNICAL CHARACTERIZATION OF 

SERPENTINE ROCK MASSES  

The quantitative assessment of the quality of rock masses in 

this study, using the most widely used geomechanical 

classification systems, RQD of Deere [3], Q-system of 

Barton and al. [1], RMR of Bieniawski [2], GSI of Hoek and 

al. [4]. In order to make a design of support system for these 

underground mining excavations. 

4.1. The Classification of Deere and al. (1964) 

This method proposed by Deere [3] to characterize the 

fracture density of rock masses based on the observation of 

core holes. The RQD is a percentage (%) of recovery of drill 

holes that includes only sound core pieces of 100 mm or 

greater in length, used as an index to quantitatively evaluate 

the quality of the rock [3]. Table 2 shows Deere's [3] 

classification for designation of rock quality. 

Table 2. Classification of Deere  for rock quality designation 

[3] 

RQD (%) Rock quality 

< 25 Very poor 

25 – 50 Poor 

50 – 75 Fair 

75 – 90 Good 

90 – 100 Excellent 

 

Table 3 presents the results, according to the classification of 

Deere [3]. The mean value for the very fractured serpentinite 

is 21 %, with a very poor quality of the rock mass, so the 

carbonate serpentinite is 30 % with poor quality. 

 

 

 

Table 3. The results of the rock quality designation of 

serpentine rock massifs 

The serpentine rock 

massifs 

The mean value of RQD 

very fractured serpentinite 21 % 

carbonate serpentinite 30 % 

4.2. The Tunneling Quality Index of Barton and al. (1974) 

This empirical method called the Q-system, proposed by 

Barton and al. [1] and several revisions of the Q-system have 

been made by [16], [17]. The value of the Q- system is 

calculated by six parameters on a logarithmic scale,which 

varies from 0.001 to 1000 with the following equation 1 [1] : 

RQD Jr Jw
Q = × ×

Jn Ja SRF
                                             (1) 

The parameters presented in the expression are as follows 

[1] : 

RQD: Rock quality designation  

Jn: Joint set number  

Jr: Joint roughness number  

Ja: Joint alteration number  

Jw: Joint water reduction factor  

SRF: Stress reduction factor 

The results presented in Table 4 show that according to the 

Q-system classification of Barton and al. [1], the very 

fractured serpentinite with a value of 0.02 is in the extremely 

poor class and the carbonate serpentinite with a value of 0.48 

of very poor quality. 

Table 4. Q-system values of the two types of serpentinite at 

the Bou Azzer mine  

Parameters very fractured 

serpentinite 

carbonate 

serpentinite 

Q-system 0.02 0.48 

Quality of the 

rock mass 

extremely 

poor 

very poor 

4.3. The Rock Mass Rating of Bieniawski (1989)  

The method of geomechanical classification is developed by 

Bieniawski [2]. It is a rock mass quality index based on the 

calculation by summing the scores for the first five 

parameters, after adjusting the RMR89 for the orientation of 

the discontinuity (R6). Rock mass quality obtained by the 

following equation (2) [2] : 

RMR89 = R1+ R2 + R3 + R4 + R5 + R6              (2) 

The parameters presented in the equation are as follows [2] : 

R1: Uniaxial compressive strength (UCS) of intact rock 

material 

R2: Rock quality designation (RQD) 

R3: Joint or discontinuity spacing 

R4: Joint surface condition  

R5: Groundwater condition  

R6: Rating adjustment for discontinuity orientation 
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Table 5 presents the results according to the classification of 

Bieniawski [2], shows that the two serpentinite rock massifs 

very fractured and carbonated, located in the poor quality 

class. A correlation between Q-system and RMR in 

serpentinite massifs proposed by Driouch and al. [18], gives 

practically similar results for the RMR estimation of 

Bieniawski [2] for these two serpentinite rock massifs. 

Table 5. RMR values of the two types of serpentinite at the 

Bou Azzer mine 

Parameters very fractured 

serpentinite 

carbonate 

serpentinite 

RMR 21 33 

Quality of the 

rock mass 

Poor rock mass Poor rock mass 

4.4. The Geological Strength Index of Hoek and al. (1995)  

Hoek and al. [4] suggested a system of characterization of the 

rock mass, and extended by Marinos and Hoek [19] for weak 

heterogeneous rock masses. The geological strength index 

was estimated from in-situ examination of serpentinite 

excavations. The range of GSI in the carbonate serpentinite is 

between 40 to 45, and for the very fractured serpentinite, 

between 30 to 35 (Figure 2). 

 
Figure 2. Schematic showing the location of the geological 

strength index, (a) carbonate serpentinite, (b) very fractured 

serpentinite 

5. THE CHOICE OF SUPPORT SYSTEMS FOR 

SERPENTINE EXCAVATIONS 

Empirical methods suggest support systems for serpentine 

excavations. According to the classification system of Barton 

and al. [1], the type of support for excavations with a span of 

2.5 m, bolting and fibre-reinforced shotcrete (9 - 12 cm) for 

very fractured serpentine rock massifs. Thus for excavations 

in carbonate serpentinites, bolting with a spacing of 1 m.  

In the same perspective, the suggested support method 

according to the geomechanical classification method of 

Bieniawski [2], for very fractured and carbonated serpentine 

rock masses, is in the same quality class, metal arch with a 

spacing of 0.7 - 1.5 m, or bolting with a spacing of 0.5 - 1 m 

and welded wire mesh, plus shotcrete (30 - 50 mm). 

According to the empirical approach of Potvin and 

Hadjigeorgiou [20], based on the Q-system and the many 

applications to underground mines. The suggested support 

for serpentine underground excavations with a Q-system < 1, 

bolts with mesh, or bolts with fibre-reinforced shotcrete. 

6. GEOTECHNICAL MODELING OF SERPENTINE 

UNDERGROUND EXCAVATIONS 

6.1. Preparation of Modeling Data 

Estimation of modeling parameters for the Hoek - Brown 

failure criterion (Table 6), the most widely used in 

heterogeneous rock masses, using RocDataV.3.0 software 

[21]. The parameters required for numerical modeling are: 

(σci) uniaxial compressive strength, (mb) and (a, s) are 

values of the Hoek - Brown failure equation, (Ei) Young’s 

modulus, and (v) Poisson’s ratio. 

Table 6. Geomechanical parameters of serpentine rock 

massifs 

Parameters very fractured 

serpentinite 

carbonate 

serpentinite 

mb 0.453 0.729 

s 0.0002 0.0007 

a 0.516 0.508 

σcm  (Mpa) 1.659 3.217 

Em  (Mpa) 1414.41 3028.73 

6.2. The Results of the Numerical Simulations 

The results of the numerical geotechnical simulations of 

serpentine excavations in the depth of 500 m are as follows : 

6.2.1. Very Fractured Serpentinite 

The major principal stress (Sigma 1) in the crown of the 

underground excavation ranges from 21 to 49 MPa, thus for 

the sidewall of the excavation varies from 10 to 21 MPa 

(Figure 3). 

 
Figure 3. The results of the major principal stress (Sigma 1) 

of the underground excavation in the very fractured 

serpentinite at a depth of 500 m 

The strength factors are very low is 0.32 in the crown and 

sidewall of the underground excavation (Figure 4). At the 

same time, the simulations showed a plastic zone (Broken 

ground) of 1.5 m length in the sidewall part of the excavation 

and a plastic zone exceeds 5 m length in the crown part of the 

excavation. 
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Figure 4. The results of the strength factors of the 

underground excavation in the very fractured serpentinite at a 

depth of 500 m 

6.2.2. Carbonate Serpentinite 

The major principal stress (Sigma 1) in the crown of the 

underground excavation ranges from 21 to 45 MPa, thus for 

the sidewall of the excavation varies from 10 to 21 MPa 

(Figure 5). 

 

 
Figure 5. The results of the major principal stress (Sigma 1) 

of the underground excavation in the carbonate serpentinite 

at a depth of  500 m 

The strength factors are very low is 0.32 in the crown and 

between 0.32 to 0.63 in the sidewall of the underground 

excavation (Figure 6). At the same time, the simulations 

showed a plastic zone (Broken ground) of 1.1 m lengths in 

the sidewall part of the excavation, and a plastic zone 

exceeds 2.6 m lengths in the crown part of the excavation. 

 
Figure 6. The results of the strength factors of the 

underground excavation in the carbonate serpentinite at a 

depth of 500 m 

The results of this geotechnical numerical simulation of these 

excavations, showed a severity of instability represented by 

the plastic zone at the crown in both types of serpentine rock 

mass, which exceeds the length of the bolts. Thus the 

difficulties of installation of bolt supports in these rock 

masses, which present a low resistance to abrasion by drilling 

tools. The field experiment in the LaRonde mine (Quebec, 

Canada) to design a series of numerical experiments to study 

the influence of different bolts and time of installation 

sequence, reported from the numerical results were in 

agreement with the field observations and demonstrated the 

practical implications of using elastic reinforcement elements 

that reduces the drift of convergence and rehabilitation [22]. 

According to Kai Guan and al. concluded that the problems 

involving large deformations, is the reduction of the 

excavation section, which requires a process of reprofiling 

work for the post-peak behavior of the rock (elasto-plastic) to 

obtain the desired profile [23]. 

 

7. CONCLUSION 

The support of underground serpentine excavations is the 

subject of this study to find means for the stabilization of 

excavations, thus ensuring the safety of personnel and 

materials, with good progress of the underground mining. 

The numerical geotechnical modeling by finite element 

software shows the severity of the problem represented by 

the major principal stress (Sigma 1) very high at the level of 

the crown of the excavation, as well as low strength factors. 

Based on empirical methods and with coupling by returns of 

experience in the mine of Bou Azzer, we suggested the 

support by metal arch for the carbonated serpentinite or the 

support by bolting with cement/resin. Thus for the very 

fractured serpentinite, the installation of the metal arch to 

reinforce by reinforced concrete. 
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