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Abstract

Purpose. The purpose of this research is to determine the index of the rock mass stress-strain state in the Imex quarry, Bio-
ko Island, Equatorial Guinea.

Methods. To determine the number of required samples by the method of stratified random sampling, the t-Student princi-
ple is used. The physical-mechanical properties of rocks have been determined by tests and methods of saturation, pycnometry,
hydrostatic weighing, axial loads and clock-type indicators. The classification of the degree of weathering has been carried out
to assess its impact on the physical-mechanical properties of rocks and rock mass on the basis of direct observation in different
areas of the studied rock mass. To determine the rock mass stress-strain state, the Hoek-Brown failure criterion is used, including
laboratory tests to determine the models, dimensions and shapes of ruptures.

Findings. Significant changes in rocks, high values of stress and weathering, which generate distributions of new forces in
the rock mass and originate instability and large deformations, as well as a high porosity index, average values of compressive
strength and a high value of elasticity modulus, have been revealed. Significant differences in the degree of weathering in the
prevailing zones, from insignificant values of weathering in the northern areas to moderate values of weathering in the south,
have been confirmed.

Originality. Information is presented on the physical-mechanical properties, the degree of weathering and the stress-strain
state index of the rock mass in the Imex quarry, Bioko Island, Equatorial Guinea.

Practical implications. Knowledge about the rock quality, management and implementation of technological processes
during operation can be used as a useful material for the construction industry.
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1. Introduction On the other hand, the presence of rock weathering

The stresses in a rock mass are conditioned by the weight ~ changes the natural stress field and introduces a new one,
of the overlying rocks and the geological resistance of the ~ Which may exceed its load-bearing capacity and subject it to a
rock mass. Both of these indicators are closely related to a  0ad higher than the natural one, where these conditions affect
series of elements and parameters that are key to the mecha-  ItS properties [6]. Therefore, in order to anticipate possible
nical behavior of rocks and rock mass [1]. The first indicator ~ deformations and instability problems in the mass, it is neces-
includes the physical-mechanical properties that integrate  Sary to determme the mechanical rock behavior that_mtegrates
values to quantitatively determine the rock mechanics. The  the stress-strain state and the degree of rock weathering [7].

second indicator is weathering, which makes it possible to The stress-strain state linked to the degree of the mass
characterize the real state of rocks and its influence on the ~ Weathering has always been focused when developing the
global behavior of the rock mass. models of rock destruction in tunnels and, to a lesser extent,

According to [2], this stress field is altered by rock cut- in quarries. This constitutes a problem that manifests itself in

ting, tectonic activity, and the presence of weathering agents.  the loss of rock stability in the slopes and permanent defor-
In some cases, this alteration introduces stresses that can mations when the rock mass is exposed to stresses associated

exceed the rock strength [3]. with the mechanical rock behavior in quarries [8], [9].

On the one hand, the weakening of adjacent rocks within ~ Therefore, the purpose of this work is to determine the
the boundaries of a slope or rock cut leads to instability and  index of the mass stress-strain state according to rock wea-
deformations, which are manifested in progressive slope thering degree in qrder to co_ntrl_bute to the knowledge of tr_le
closure and the rock detachment. In extreme cases, they are rock mass mechanical behavior in the Imex quarry, located in

manifested as rock bursting, which occurs when the rock is ~ the African continent, specifically in the southern part of
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Figure 1. Geographic location of the Imex quarry, Equatorial
Guinea

The Imex quarry is located between the villages of Ba-
sacato del Oeste and Long Street, about 32 km from the city
of Malabo. The quarry is very young. It has been exploited
for 6 years, has a length of 79 hectares and geographical
coordinates: 3°34'51” N, and 8°36'44” E; at an altitude of
46 m above sea level.

Bioko Island originated at the end of the Primary and the
beginning of the Tertiary Era, marked by the separation of
the African Plate from what is today the South American
Plate when moving west. This separation, which began in
the Secondary Era, have led to a vast deep earth’s crust
fracturing, causing magma to rise to the surface, and later
resulted in the birth of four islands in the Gulf of Guinea or
the Gulf of Biafra [10].

Bioko Island is formed along the Cameroonian Volcanic
Line, one of the main geological faults of the African conti-
nent, which extends from the Atlantic Ocean to Cameroon.
This line includes other volcanic islands in the Gulf of Guin-
ea such as Annobdn, Sdo Tomé and Principe, as well as the
massive Mount Cameroon volcano [11], [12].

The island is composed almost entirely of rocks of vol-
canic origin, mostly basaltic, of various phases of volcanism,
where volcanic eruptions are accompanied by finer materials
preserved between the various volcanic lava flows present in
the modern soils [13].

The Imex quarry deposit consists primarily of basaltic
rocks deposited by volcanic lava flows, especially rich in
calcium and magnesium, where volcanic eruptions are ac-
companied by fine materials preserved between various
volcanic flows.

The geological conditions are similar to the rest of the
quarries in this southern band, originating in the basaltic lava
family with a porphyritic texture and a generally prismatic
structure, with a rough and uneven surfaces. The quarry is
227 m long, marked by a single face 7.8 m high.

The purpose of this work is to determine the index of the
mass stress-strain state in the rock mass of the Imex quarry,
Bioko Island, Equatorial Guinea.

2. Methods

2.1. Determining the physical-mechanical
properties of intact rock

Physical and mechanical properties are determined by di-
rect and indirect methods using indexes and empirical correla-
tions, which allow obtaining quantitative values of intact rock.
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To determine the values of the physical-mechanical rock
properties, such as porosity, volumetric mass, density, axial
compressive strength and elasticity modulus (Young’s modu-
lus), sampling is conducted. It is based on assumptions that
take into account almost the same characteristics throughout
the deposit and extent, slope height and length of the deposit in
the prevailing sectors (North and South of the Imex quarry).

To determine the required number of samples, stratified
random sampling is carried out using the t-Student principle
based on the following equation taken from [14]:

2
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where:
Z,» — value of the normal table (Gaussian normal distri-
bution).

Y —typical rock mass behavior;

d — maximum permissible error.

Ignorance of the rock mass behavior (Y) in the above
equation leads to the interactive pilot sampling process for

sigma estimation (Y) using of electronic tabulators, which
allows calculating the number of representative samples.

To determine the arithmetic mean value ( X ) of the sam-
ples, the equation proposed by [15] is applied:
X-x 20, @

n
where:
X; —sample value.

In order to determine the physical-mechanical rock pro-
perties (porosity, density, volumetric mass, compressive
strength and elasticity modulus), tests have been conducted
in the laboratory of the National University of Equatorial
Guinea (UNGE), under the ASTM-D2216 standard and us-
ing tests and methods of saturation, pycnometry, hydrostatic
weighing, axial loads and clock-type indicators.

2.2. Assessing the degree of weathering

The classification of the degree of weathering is carried
to assess its effect on the physical-mechanical properties of
rocks and the rock mass (porosity, deformability and the
strength). For this purpose, the classification in [16] is used,
which is essentially based on discoloration and decomposi-
tion or disintegration of the rock, based on direct observation
in different sectors of the mentioned rock mass and the core
fracturing to analyze the continuity of rock weathering.

2.3. Stress-strain assessment

To determine the stress-strain state of a rock mass,
which allows predicting and assessing mechanical and
mathematical behavior, as well as stress-strain models of
rocks, the criterion from [17] is used due to its wide appli-
cation for determining stresses and strains of systems. This
method includes laboratory tests to determine the models,
dimensions and rupture shapes by changing the rock mass
mechanical behavior.

Parameters such as Geological Strength Index (GSlI), in-
tact rock constant (m;), reduced value of constant mi (ms) and
constants (s and a) dependent on the rock mass characteris-
tics are estimated using the RocData computational software.
The disturbance factor, taken according to [8], allow deter-
mining the equations of the rock mass stress state:
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where:
o1 and o3 — highest and lowest principal stresses at the
moment of rupture (MPa);
oc — uniaxial compressive strength of the rock (MPa);
mp, s and a — rock mass constants, calculated according to [17]:

(GSI—lOOj

m, =My -e 28-14D : (4)
(GSI—lOO)

s=e* 980 J. (5)
1 g S o

a=_+ole 15 _e 20 (6)

For an intact rock block, it is assumed: s =1 and a = 0.5.
D is the rock mass disturbance factor, for slopes the value of
D varies from 0.5 to 1.0 (depending on the used method of
rock removal), the value 1 is taken.

The rock mass deformation modulus is determined from
the following expression:

1D
Erm =E;[ 002+ — 2| MPa, )
1+e 1
where:

Ei — Young’s modulus of the intact rock (MPa);
D — factor of disturbance or alteration of the rock mass.

3. Results and discussion

3.1. Physical-mechanical properties of rocks

The average values of physical-mechanical properties, sta-
tistically analyzed according to the t-Student principle distribu-
tion, are shown in Table 1, where basaltic rocks from the Imex
quarry are presented. It can be observed that the mass has a
high porosity index (7.0 %), average values of compressive
strength (166.4 MPa) and high elasticity modulus [9], [18].

Table 1. Physical-mechanical properties of rocks

Porosity, ~ Volumetric  Density, Compressive  Elasticity
% mass, g/cm? glem® strength, modulus,
: MPa MPa
7.0 16 25 166.4 1893.6

3.2. Grade of weathering

It has been confirmed from the studies carried out in the
northern and southern sectors of the Imex quarry (the most
predominant sectors), that the rock mass belongs to Grade I,
slightly weathered, and in the northern and southern sectors —
to Grade I, moderately weathered according to [5], [16]).
This considerably increases the rock porosity and the rock
mass deformability while decreasing the rock strength; it also
influences the rock discoloration, as seen in Figure 2.

3.3. Stress-strain state of the rock mass

The quantitative and qualitative values of the parameters for
determining the stress-strain state index of a rock mass are
ranked within the intervals described in [10], depending on the
GSI value calculated from the assessment of the surface state of
joints (roughness, grade of weathering and filling of fractures).
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Figure 2. Effects of weathering on rocks: (a) Northern sector;
(b) Southern sector
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Table 2 shows the results of the parameters that allow
calculating the stresses and deformations of the mass (occur-
ring in the northern and southern sectors of the Imex quarry).
It can be observed that for the basaltic rock belonging to the
northern sector, GSI and my, have slightly higher values than
those of the southern sector. However, the “s” coefficient is
2.3 times higher. The remaining parameters (D, a and E;) are
similar for both sectors.

Table 2. Parameters for determining the stress-strain state of the
mass (Imex Quarry)

Kind of rock Calculation parameters

(grade of :
weathering) GSlI D Mo S a  Ei, MPa
Basalt, slightly

weathered 77 1.0 4.836 0.0216 0.501 1893.6
Basalt, mode- 2,y 3383 00094 0501 18936

rately weathered

The GSI, my, s, a and E; parameters, presented above, al-
low obtaining quantitative values of principal stresses (o1 and
o03) and the rock mass deformation modulus (Em) (Table 3).

Table 3. Stresses and deformability of the rock mass (Imex Quarry)
Kind of rock

Stress estimation criteria Erm,

(grade of
weathering) (o1 and 63), MPa MPa
Basalt, 0.501
slightly 01 =03 +166.4(0.0216+%J 23.65
weathered
Basalt, mo- 0.501
' 3.383
derately o} =03 +166.4(0.0094 + —"3) 17.74
weathered 166.4

Figures 3 and 4 show the curves of stress-strain state of
rocks and a possible rupture zone between principal stresses.
It has been noticed that when parameterizing the resistance
curve of maximum and minimum stresses, one more curva-
ture (shear and normal stresses) is formed between the vertex
and the rupture zone, depending on the rock mass stress-
strain state [17].

On the one hand, the mechanical behaviour of rocks and
the mass depending on the stress-strain index shows that in
slightly weathered rocks (Fig. 3) the maximum and minimum
stresses, to which they are subjected, range from 71.03 to
4.734 MPa. However, the shear and normal stresses are
20.98 and 12.19 MPa, respectively. The deformation modu-
lus takes the value 23 657.56 MPa. On the other hand, in
moderately weathered rocks (Fig. 4), the maximum and min-
imum stresses are: 58.98 and 4.783 MPa.
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Hoek-Brown Classification

intact uniaxial compressive strength = 166.4 MPa

GSI=77 mi=25 Disturbance factor =1
Hoek-Brown Criterion

mb=4836 s=00216 a=0501
Mohr-Coulomb Fit

cohesion = 5.363 MPa friction angle = 50.73 deg
Rock Mass Parameters

tensile strength = -0.745 MPa

uniaxial compressive strength = 24.405 MPa

global strength = 51.714 MPa

modulus of deformation = 23657.56 MPa
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Figure 3. Stress-strain state curves of slightly weathered rocks
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Figure 4. Stress-strain state curves of moderately weathered rocks
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The shear and normal stresses are: 17.95 and 11.55 MPa,
respectively. The rock deformation modulus in this sector
takes values of 17 740.67 MPa, in both cases relatively high,
according to [19], [20].

The obtained values of stresses and deformation modu-
lus indicate the presence of changes in the stress-strain state
of the rock mass as a result of the high rate emerging
stresses and the degree of weathering. This generates a
modification or distribution of new forces in the mass,
resulting in changes in the mechanical behavior of the mass
and producing a series of internal effects such as displace-
ments, instability and large deformations. All this has a
significant impact on the mass state, causing effects similar
to those in the research [7], [20], [21].

4, Conclusions

The analysis of stress-strain state index of rocks and rock
mass, carried out by means of stress-strain curves using the
RocData computational software in the Imex quarry, indi-
cates significant changes in the mechanical behavior of the
rock mass, such as high values of stresses and rock weathe-
ring. These factors generate the distribution of new forces in
the rock mass and originate instability of rocks in the slopes,
as well as large deformations in the rock mass, which corre-
sponds to the operating site of the studied quarry.

In the rock mass of the Imex quarry, tests conducted in
the laboratory of the National University of Equatorial Gui-
nea (UNGE) have revealed a high porosity index, average
compressive strength values and high elasticity modulus of
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intact rocks, which gives the rocks a heterogeneous and ani-
sotropic character, conditioned by the presence of factors in
the rock mass weathering and nature of rocks.

In the two most predominant zones of the rock mass of
the Imex quarry, significant differences in the degree of
weathering, from slightly weathered in the northern sector to
moderately weathered in the southern sector, have been con-
firmed by direct observations. This greatly affects the physi-
cal-mechanical properties of rocks and the mechanical be-
havior of the rock mass, causing rock discoloration and an
increase in porosity and elasticity modulus, as well as loss of
rock strength in the rock mass.

It has been determined that the studied rock mass has va-
ried mechanical behavior in the northern and southern sec-
tors, as well as varied degree of weathering in each sector.
This is manifested in the volume of porosity, deformations,
discoloration of rocks and instability of the mass. At the
same time, the northern sector (slightly weathered) is more
unstable and with greater rock discoloration, while, the
southern sector (moderately weathered) is less unstable, but
with a higher degree of deformations and rock porosity.
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Inaexc Hanmpy:keHO-1e()OPMOBAHOI0 CTAHY TPCHKOr0 MaCHBY
kap’epy Imeke, ocTpiB bioko, ExBaTopiansna I'Bines

A.A. Hrema, I.P. Tonzanes, M.K. Ilipe

Merta. BusnaueHHs iHIEKCY HalpyKeHO-Ae(QOPMOBAHOTO CTaHY TipCHKOTO MacHBY Ha OCHOBI KOMIUIEKCY aHAJITHYHHX Ta Jlabopatop-
HUX JOCIIKEeHb 111 yMOB Kap’epy Imekc, octpoBy bioko, EkBatopianpHa ['Bines.

Metoauka. /[ BU3HAUYEHHS KUTBKOCTI HEOOXiTHHX BHOIPOK METOAOM CTPaTH(iKOBaHOI BHIIAJKOBOI BHOIPKH BHKOPHUCTOBYETHCS
t-xpurepiit CtpronenTa. Bynu Bu3HaueHi (i3nKo-MeXaHi4HI BIaCTUBOCTI TPCHKHX IOPiJ 32 IOMIOMOTOI0 BUPOOYBaHb 1 METO/IiB HACHUCHHS,
HIKHOMETPil, TiAPOCTaTHYHOIO 3Ba)KYBaHHS, OCHOBHX HaBaHTA)XEHb Ta IHIWKATOPIB TOJMHHUKOBOTO THUIy. [IpoBeneHo kiacudikamito cTy-
HIeHs] BUBITPIOBaHHS IS OLIHKM HOTO BIUIMBY Ha (hi3MKO-MEXaHIYHI BJIACTMBOCTI TipCHKUX IOPIJ i MacHBY Ha OCHOBI Oe3IOCepeHbOro
CIIOCTEPEKEHHS Ha PI3HUX AIISTHKAaX JOCHIIIKYBAaHOTO MAacHBY IipCHKUX TOpia. [ BU3HaUeHHS Hanpy»XeHO-eopMOBaHOTO CTaHy MAaCHBY
TipCBKUX MOPiJ BUKOPHCTOBYETHCS KpHUTEpil pyitHyBaHHs Xoeka-BpayHa, 110 3aCTOCOBY€ThCS Y 1a00paTOPHUX BUIPOOYBAHHSX IJIsI BU3HA-
YeHHS MOJeNeH, po3MipiB i popM po3pHBiB.

PesyabTaTu. bynu BusBieHI 3HaYHI 3MiHU TiPCHKUX MOPiJ, BUCOKI 3HAUYEHHS HANpPY)KEHb 1 BUBITPIOBAHHS, SIKi MMOPODKYIOTH PO3MOILT
HOBHX CHJI Y MAacHBI Ta BUKIMKAIOTh HECTIHKICTP 1 BeIMKi Aedopmarii, a TakoK BUCOKHUH 1HIEKC MOPUCTOCTI, CepeIHi 3HAUYCHHS MIIIHOCT1 Ha
CTHCK 1 BHCOKE 3HAYCHHS MOIYJS MpPY>KHOCTI. Bynu miaTBeppkeHi 3Ha4HI BIAMIHHOCTI CTYIEHS BHBITPIOBAHHS B MEPEBAXKAIOYMX 30HAX, a
caMe, B/l He3HAYHUX 3Ha4Y€Hb BUBITPIOBAHHS y MIBHIYHUX palloHaxX 10 NMOMIpHHUX 3Ha4YeHb BUBITPIOBAHHS Ha MiBJIHI.

HaykoBa HoBHM3Ha. BcTaHoBIeHO (hi3MKO-MeXaHIYHI BIACTHBOCTI, CTYIIHb BHBITPIOBAHHS Ta iHIEKC HaIpPY>KeHO-Ie(hOpPMOBAHOTO CTa-
Hy ripcbKkoro MacuBy B kap’epi Imekc, octpiB bioko, ExBaropiansHa I'Bines.

IIpakTuna 3HavnMicTh. [IpoiHdopMOBaHiCTh PO AKICTH TIPCHKUX IOPiA, YHIPABIIHHS Ta 3alpPOBaKEHHS TEXHOJIOTIYHHX IIPOLECIB
TIiJ] Yac eKCITyaTamii Mo>ke OyTH KOPHCHUM MaTepialioM IJIsi BAKOPUCTAHHS y OyAiBeNbHIl ramysi.

Knrwuoei cnosa: zipcokuti macug, 6Ueimpio8aHHs, HANPYHCEHHs, HeCabintbHicmy, depopmayis
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