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Abstract

Purpose. The purpose of this paper is to study the characteristics of the carbonate serpentines present at the level of the Ait
Ahmane site (Bou Azzer Mine, Morocco). Empirical methods are suitable for analyzing their behavior and determining the
dimensions of support types.

Methods. The rock mass of different structures mentioned in the study is categorized using empirical methods such RMR,
Q-system and AFTES classifications.

Findings. It has been found that the use of the rock mass quality method (Q-system) is extremely effective in mining rock
mass, based on simulated statistical results obtained using empirical approaches.

Originality. The equivalent dimensions of the gallery, the stress state in-situ after mining operations, as well as the height
of the overburden are all important factors in the gallery stability.

Practical implications. The approach creates a strengthened support structure that is optimal. In addition, this research will
be useful as a starting point for geotechnical engineers when designing and planning support systems for tunneling under high
in-situ stress conditions for very friable rocks.
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1. Introduction Rock Mass lindex (RMi) [2], which reflects the resistance

The characterization procedure begins with a structural ~ index in relation to the rock mass by combining certain rock
investigation and a study of the rock mass mechanical beha- mass characteristics. Besides, there is the New Australian
vior. The rock mass regularly experiences stresses, fractur- 1 unneling Method (NATM) [3], also known as the Sprayed
ing, discontinuities and weak planes, which deteriorate its ~ Concrete Lining (SCL) tunneling in the United Kingdom,
mechanical qualities and accelerate its decomposition. None aSnd the dSeq:Jent:jal_ Eﬁgz\éatlog kl)\/letZod (SEM) dm the d‘?”'te‘i
of the existing approaches can guarantee that it will be able htates, keve OFt)et ”t] l an Thase ontan UQ erstan 'ngtﬁ
to handle all the possible circumstances that a geotechnical OW rock reacts to tunnefing. fne Q-sys em_[ ] serves as the
engineer may face. ba_5|s for d_eS|gn and proposals_for supporting underground

The empirical approach is a widely used approach in the mine workings, and the Geological Strength I_ndex (GS) [5]
characterization of rock masses, especially during their min- Is used to assess the strength and the deformation modulus of
ing. Thus, several authors have proposed approaches in ac- the rock mass. These are important tools that geotechnical

. e . ngineers fr ntl he properti f rock
cordance with mass-specific geotechnical parameters to de- engineers frequently Use to assess the properties of roc

termine the behavior of rocks based on already field-proven masses and discontinuities.
. A y P However, we have chosen the most widely used approach-
and successful experiments. In this regard, there are several

e . L es, namely: rock mass quality (Q) [4], AFTES classification [6]
CIaSS'flcanonS' Ee}ch Of. them has its own c_harell_ctgnstlcﬁ gnld and rock mass index (RMR) [1], [5] as empirical approaches
meets a number of requirements. Due to its simplicity, reliabil- - ¢, the characterization of the serpentine carbonate rock mass at
ity, and experience, categorization of rock masses has been a

. the Ait Ahmane site, located at the extreme east of the
popular strategy for over three decades (Goel and Singh 2011).  goyazzer mine, Morocco. After the characterization of serpen-

Since Terzaghi and White (1946) developed the initial rock  tjne yocks, methods of supporting will be proposed to address
mass classification system, several empirical classifications for e instability problems related to mining of this type of rock.
distinct geological environments have been proposed. The purpose of this project is to study the characteristics
Thus, there are empirical approaches, such as the Rock  of carbonate serpentines, to determine the fracturing and
Mass Rating (RMR) system [1], which combines the most  mechanical characteristics of these rocks in order to better

significant geologic parameters of influence and represents  nderstand their behavior, as well as to determine the dimen-
them using one overall complex index of rock mass quality,  sjons of suitable support types for them.
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1.1. Subsection

Several hypotheses have been put forward to explain the
development of the BOUAZZER cobalt mineralization. They
generally state that the BOUAZZER cobalt mineralization is
a type of hydrothermal vein whose serpentines constitute the
cobalt mother rock. Therefore, it is the hydrothermal altera-
tion of these serpentines that allowed the release of Co.

The hydrothermal hypothesis assumes that cobalt is
leached from serpentines, while arsenic and gangue elements
(SiO;, Co, Ca) come from a magmatic source.

The genetic model has several stages:

Stage 1. Serpentinization of ultrabasic rocks, accompa-
nied by the concentration of cobalt and arsenic in magnetite
or in sulfide-rich levels.

Stage 2. Meteoric alteration of serpentines during the up-
per PIl, which contributes to the concentration of cobalt
within the alteration shell (Ambed formation).

Stage 3. Trapping and concentrating with brecciation and
recrystallization of sedimentary material in the Late Precam-
brian and Hercynian tectonic faults.

All structural-geochemical studies confirm the structural
control of cobalt mineralization and propose a model for the
mixing of hot endogenous fluid, loaded with elements such
as As, Mo, Au, reacting during their upwelling with cooler
brine-rich exogenous fluids (Ca?*, Na*, SO4?).

As a result, cobalt arsenide sediments are deposited in old
fractures or due to upwelling of magmatic fluid at the level
of serpentine contact with PIII lavas or with quartz diorites.

According to the geological study of the Bouazzer mine
deposits, all ore bodies at least at one of their extremities are
in contact with the serpentine mass. Since mineralization
frequently occurs between serpentines and other formations
(quartz diorites, Precambrian Il Infracambrian volcanic
cover or other Precambrian Il formations), we believe that
most of the Bouazzer Mine contact deposits are dominated
by a serpentine mass. We sometimes have to cut out entire
galleries in the serpentine. The structure studied at the Ait-
Ahman site is shown below. We present below the studied
structure of the Ait Ahmane site.

1.2. The Ait Ahmane deposit

The site is part of the Bouazzer El Graara buttonhole,
which is mostly Precambrian terrain with an ophiolitic se-
quence that primarily supports cobalt and chromium mineral-
ization. The Bouazzer buttonhole is of significant importance
to mining because of its history, extensive coral mineraliza-
tion and distinctive geology. It has an Infracambrian layer on
top of a Proterozoic-age base. Ait Ahmane is the last site
located to the east of the Bou Azzer Mine. In the geological
structure of the area, there is a contact of quartz diorites with
serpentines, vein-type mineralization occurring in quartz
diorites and carbonate serpentines. The ST4 structure of niv-
115 (Fig. 1) is the main structure of our study.

1.3. Used support specification

Wooden beam support is very old and has always been
appreciated by miners, who can see its work by eye from the
gradually formed cracks. The Bou Azzer Mine uses wood as
support in its various forms.

In terms of dimensions, the Bou Azzer Mine has circular
section wood with a diameter ranging from 8 to 25 cm. It
should be noted that wood requires good ventilation; other-
wise it tends to rot and thus loses its resistance. This rotting
is often accompanied by CO, emissions, even CO.
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Figure 1. ST4 structure of Ait Ahmane: (a) north and south tracing
of the structure; (b) project of the structure development

Push beams are wooden beams that are placed between
two faces to ensure stability. When pruning, pushers are
placed between the faces in areas with small openings to
slow down the convergence of the earth, preventing the prun-
ing from closing up, and/or preventing blocks from falling
into the mine workings. Only openings of 1.70 m are suitable
for the use of pushers. Figure 2 shows this form of support.
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Figure 2. Support by wooden Beams: (a) cross section of size ST4
N-115; (b) longitudinal section

For larger openings, a bolt-on, or more precisely, a split-
set bolt is used. This is a friction bolt, consisting of a high-
strength steel tube, split along the length of the generatrix.
This type of support is installed according to the dimensions
shown in Figure 3 [7].

The split-set bolt is sensitive to borehole diameter, so it
loses most of its capacity in the case of over-drilling.
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Figure 3. Support by split set bolt: (a) cross section of size ST4
N-115; (b) longitudinal section

In this way, extraction and support systems are assessed
using all empirical design approaches of the study. Using in-
situ conditions unique to Ait Ahmane for each empirical
design approach, the selected extraction and support system
are then modeled using the finite element method.

The optimal approach for mining the gallery is selected
based on the specific peculiarities and design methodology of
the site that creates the most controlled deformations in con-
trast to other alternatives.
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2. Methods

The purpose of this project is to propose a suitable sup-
port method using a set of design and analysis methods to
solve the instability problems that occur in carbonate serpen-
tine. Serpentine instability can be exacerbated or controlled
by parameters other than its mechanical characteristics. Thus,
three empirical methods have been developed, resulting in
different support solutions.

2.1. AFTES classification method

The Association Frangaise des Travaux en Souterrain
(AFTES) [6] was created in January 1972 in response to the
recommendations of the International Conference on Under-
ground Works held in Washington in 1970. This Conference
called for the creation in each country of an organization bring-
ing together various actors involved in underground mining.

Instead of giving mass a general “score” that determines
the conditions for excavating a structure, AFTES prefers to
clearly specify the different factors required to design an
underground structure in a rock mass, namely:

— the state of the rock mass weathering;

— hydrogeological conditions;

— the rock mass discontinuities;

— the terrain mechanical characteristics;

— natural constraints and the structure coverage height;

— the rock mass deformability.

2.2. The Q-system method

The Tunnelling Quality Index (NGI rock mass classifica-
tion), or Q [8], was introduced by Barton, Lien and Lunde in
1974. Based on the analysis of a large number of under-
ground mine workings, this index allows the surface quality
of discontinuities to be reported in order to infer the rock
mass mechanical behavior. The numerical values of the Q
index change in logarithmic order from 0.001 to 1000 ac-
cording to the following Formula:

RQD Jr Jw
o_RQD Jr
Jn

Ja SRF'
where:

RQD - is Deere’s rock quality designation;

Jn —a number characterizing the set of joint families;
Ja — characterizes the weathering of joints;

Jr — characterizes the roughness of the joints;

SRF — the stress reduction factor;

Jw — the hydraulic seal reduction factor.

2.3. Rock mass index method RMR

Bieniawski [9] published in 1976 the details of a rock
mass classification called the Geomechanics Classification or
Rock Mass Rating (RMR) system. Some changes have been
made compared to the original version. Today, several vari-
ants of the Bieniawski classification are available. The 1976
and 1989 versions are the most commonly used.

The Bieniawski classification provides for the evaluation
of different parameters, each of which is assigned a numeri-
cal coefficient. The sum of these coefficients determines the
RMR value, which can range from 0 to 100. The following
six parameters are required to evaluate the rock mass com-
pressive strength using the RMR system:

— the uniaxial compressive strength of the rock;

— the RQD value for the rock mass;

— the spacing of discontinuities;

M

98

— the state of discontinuities;
— hydraulic conditions;
— orientation of discontinuities.

3. Results

This chapter presents the rock mass classification results
using three empirical methods calculate the required support
for a studied structure.

3.1. The AFTES method

The AFTES method proposes the most suitable support
for the mechanical and hydrological conditions of the differ-
ent sites. The type of support obtained using the AFTES
classification is summarized in Table 1 below.

Table 1. Support obtained by using AFTES for carbonate diorites
and serpentines

Chloritized and altered diorite

Rock (Ait Ahmane)
For diorites
— shotcrete with drainage;
Support provided hea\{y .hangers with wooden or metal
by AFTES shle_ld_lng,_ _
—sliding light stands with wooden or metal
supports.
For carbonate serpentines
— shotcrete with drainage;
Support provided hegvy. supports with wooden or metal
by AFTES  Shoring: _
—sliding light stands with wooden or metal
frame.

3.2. The Q-system method

Using core sampling and field observations, the rock
mass in the studied area can be classified according to the
Barton’s classification by calculating Q for the identified
rock types. Table 2 shows the results obtained.

Table 2. Support specifications for each facies given by the
Q-system method (Ait Ahmane)

Barton
Rock Q classifi- From Support
cation
Carbonate 0.75 Very 2 bolting Lb = 1.60 m,
serpentine ' low Es=1.30m
Chloritized .
diorite 2.53 Poor 2 Boltlng_l_b =1.60m,
Es=130m
altered
Mineralized 0.30 Very Mesh + shotcrete 50-90 mm
body ) low with bolts Lb =1.60 m

For De (equivalent mine working size), a maximum
opening is equal to 6 m (case of operation size), while ESR is
equal to 3 (temporary mine workings). Therefore, De = 2.

3.3. Correlation between the two
classifications RMR and Q-system:

The correlation between the two classifications RMR and
Q-system [10] has been developed by studying and analyzing
several cases. There are 68 cases from Scandinavia, 28 cases
from South Africa, and 21 cases from the USA, Canada,
Australia and Europe.

There is an almost linear correlation between the two
classifications, given by Equation 2:

RMR =9In(Q)+44. ()
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3.4. Correlated RMR results

The numerical application of this formula (Equation 2)
allows us to classify facies into five decreasing classes. Ta-
ble 3 summarizes the results.

Table 3. Calculation of correlated RMR from the Q-system

. Correlated
Facies Q-system CMA Class
Carbonate serpentine
(Ait-Ahmane) 0.75 4141 3
Chloritized diorite 253 5235 3

altered (Ait-Ahmane)

It is noted that east of Bou Azzer, the carbonate serpen-
tine is class 3 mass in terms of correlated CMA and is there-
fore fractured and requires surface support.

4, Discussion

It should be noted that the AFTES classification method
recommends shotcrete and arches as surface supports for the
Ait Ahmane carbonate serpentine [7].

The results obtained by the Q-system method indicate that
the first two facies (carbonate-serpentine and chlorite-altered
diorite) are weak. In this case, a tight mesh bolted support
without the use of surface support is highly recommended.

The RMR method confirms the incompatibility of free-
form serpentine bolting. Its use in carbonate serpentines
requires reinforcement by welded mesh.

Thus, an application of empirical methods on different faci-
es of the Ait Ahmane site is given as a method for supporting:

— diorites: Bolting (Lb = 1.60 m, Es = 1.30 m).

— carbonate serpentine: 40 to 100 mm shotcrete with bol-
ting (Lb =1.60 m, Es = 1.30 m).

— mineralization: Mesh + shotcrete 50-90 mm with bol-
ting (Lb =1.60 m, Es = 1.30 m).

The use of these means of support in the field shows sat-
isfactory results for the Q-system method compared to other
methods [7]. This method is expedient, because it takes into
account the equivalent dimensions of the gallery when de-
termining the support system. Furthermore, the Q-system
method efficiency increases, since the method takes into
account the existing in-situ stresses, as well as the height of
the additional stresses during mining. This is the same case
obtained to determine the rock mass behavior when mining
under conditions of high in-situ stress [11].

Thus, in order to characterize a rock mass located in a
zone with severe restrictions, it is first necessary to use the
Q-system method, which will provide us with the elements
and parameters of stability necessary for the mass. Then,
based on the support data obtained by the method, numerical
and analytical analysis will determine these last support
parameters that need to be selected and set up.

5. Conclusion

Calculations show that the quality of diorites is medium
to good, while the quality of carbonate serpentines is poor.

Mechanical characterization of intact rock has revealed that
rock properties (strength and deformability) deteriorate as
mineralization approaches. These parameters will be influ-
enced by hydrogeological conditions, depth and state of
fracturing around the mine working.

A support mode has been found by traditional empirical
methods after determining the Hoek-Brow parameters, name-
ly: RMR, AFTES and Q-system. The application of these
methods on different facies has led to the following support
modes: Bolting (Lb=1.60m, Es=1.30m) for diorites,
40-100 mm shotcrete with bolting (Lb = 1.60 m, Es = 1.30 m)
for carbonate serpentines.

This makes it possible to take into account the application
of the Q-system method for any classification of rock masses
from friable to very friable, such as serpentine. This allows
geotechnicians to take the Q-system parameters more seri-
ously in order to better manage friable masses.
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JocaigxeHHs TUIIIB KPiNUIeHHs U1 BilK/IaAeHb, 10 KOHTAKTYIOTH i3 cepneHTHHAMU: AinsgHKa AT-AXMaHe

I. 3aki, M. Cyicci, A. Jlapa0bi

Merta. BuBueHHs XapaKkTepHCTHK KapOOHATHUX CEPIICHTHHIB, IPUCYTHIX Ha PiBHI IiIsIHKK AT-Axmane (1maxta by-As33ep, Mapokko) Ta
BU3HAYCHHS PalliOHAIbHUX PO3MIPIB THIIB KPIIUICHHS IITOJICHb HA OCHOBI eMITIPHYHUX MiAXO/IIB.
Metomuka. ['ipHuya mMaca pi3HHX CTPYKTYp, L0 3ragy€eThCs Y JOCIIDKeHHI, KIacu(iKyeTbCs 3a JOMOMOTIOI0 EMITIPUYHUX METOIB, Ta-

kux sk knacudikamis RMR, Q-cucrema ta AFTES.
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Pe3ynbTaTn. Po3paxyHKH MOKa3yroOTh, 1[0 SKICTh AIOPHUTIB 3MIHIOETHCS BiZl CEPEIHBOIO 10 BUCOKOTO, a SKICTh KapOOHATHUX CEPIICHTH-
HiB HH3bKa. MeXaHiuHa XapaKTepHCTHKa HETOIIKOKEHOI MOPOAX MOKa3aja, 0 BIACTUBOCTI MOpoan (MIlHICTh Ta 1e)OPMOBaHICTh) MOTi-
PIIYIOTBCS 3 HAOMMKEHHAM MiHepainizalii. BcTaHoBIeHO, 10 BUKOPUCTAHHS METOMY SKOCTI ripHH4Yoi MacH (Q-System), sxuii 6a3yeTbcs Ha
3MOJIENTbOBAHMX CTATHCTHYHUX pe3yJibTaTaX, OTPIMAaHUX 3a JOTIOMOTOI0 eMITIPUYHHX MiIXO/IB, € HAA3BUYAHHO €()eKTHBHUM IIPU BUTOOYTKY
ripaudoi MacH. 3acTOCYBaHHS IUX METOIIB Ha PI3HHX (aIlisiX NPHU3BENIO 0 HACTYIHHUX PEKUMIB PEKOMEHIOBAHOTO KPIIUICHHS: aHKEepHE
(Lb=1.60 M, Es=1.30 m) ans gioputiB, Habpusk-6eToH 3aBroBikK 40-100 MM 3 ankepHuM KpimneHHsaM (Lb =1.60 m, Es = 1.30 m) mnst
KapOOHATHHX CEpIIaHTHHIB.

HayxoBa HoBHM3HA. BusiBieHo, 110 €KBIBAJICHTHI PO3MipH IITOJbHI, HANPY)KEHUH CTaH Ha AULIHLI HiCIsI MPOBEACHHS TIpHUYHX poOiT, a
TaKO)k BHCOTA PO3KPHUBY € BYKIMBUMH (DAKTOpaMH CTIHKOCTI [ITONBHI.

IpakTuyHa 3HaYNMicTh. Po3po0ienuii miaxix H03BOJSE CTBOPUTH ONTHMAIBHO HMOCHICHY KOHCTPYKLIIO KpimieHHs. Pesynsraté Oy-
IyTh KOPHUCHUMH JJIs iIHKECHEPIB-TEOTEXHIKIB 5K BiANPaBHA TOYKA MPH MIPOEKTYBAHHI Ta IUIAHYBaHHI CHCTEM KPIiIUICHHS AJs MPOXOJIKH TyHe-
JIB B YMOBaX BUCOKOTO HAIPY>XEHOT'O CTaHy Ha JUISHII Jy)Ke KPHUXKHX HOPiA.

Knrwuosi cnosa: emnipuuni memoou, diopum, KapOOHAMHUL CepnenmuH, KpInaeHHs, ¢ayii, Mmampuys 2ipcoKux nopio
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