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Abstract
The use of carbonate rocks is important worldwide due to their utility in various fields. However, their physical and mechani-
cal characterization can determine their fields of application and their economic interest. The establishment of these proper-
ties allows the assessment of their economic importance and future use. Uniaxial compressive strength (UCS) is one of the 
most important mechanical properties used to test carbonate rocks. Los Angeles (L.A) and Micro-Deval (MDE) coefficients 
are essential properties used to verify the mechanical resistances of the aggregate to be used on roadways. Analyzing these 
mechanical parameters determine the economic interest of rocks. The purpose of this project is to explore additional carbon-
ate resources in Tunisia, even when the determination of some parameters is not possible. For this purpose, 30 samples with 
different physical and mechanical properties were chosen from 8 different sites. Two of them are well known in Tunisia: one 
is exploited to extract aggregates of good mechanical resistance, and the other is exploited for marble stone mining. Labo-
ratory test results show that many unexplored sites harbor rocks with good qualities which could be exploited in different 
applications. UCS, LA and MDE coefficient values show new good quality carbonate-rock resources. The results determined 
the physical properties of studied rocks to conclude the potential use of each rock and to estimate the parameters for which 
the measurements are not possible.
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Introduction

Various carbonate formations are of great economic interest and 
can constitute strategic reserves that play a key role in national 
development. The economic interest of carbonate rocks is not 
associated exclusively with the field of civil engineering (building 
materials: marble stones, cut stones, aggregates, hydraulic binders, 
etc.), but also with paper, plastics, rubber, polymer, paint, sealant, 
coating and adhesive industries as well as the conception of phar-
maceutical and cosmetic products. Thus, the exploration of alter-
native mineral resources can be a solution for countries suffering 
from economic difficulties such as Tunisia (Elleuch et al. 2019). 
In west-central Tunisia, the Campanian–Maastrichtian Abiod For-
mation includes different types of carbonate rocks such as ’Thala’ 
Marble and other various carbonate rocks. The latter are present 
in several geological formations in the Mediterranean regions, 

producing a variety of building materials. Tunisia is among the 
countries that produce carbonate stones commonly used for con-
struction and, thus, establishing an important industry nowadays 
(Calvo and Regueiro 2010; Abdelhedi et al. 2017). In recent years, 
several authors have studied the importance of carbonate rocks 
in Tunisia. Abdelhedi et al. (2020a) have elaborated models to 
predict the uniaxial compressive strength in carbonate rocks using 
artificial neural network and multiple linear regressions. Gouas-
mia et al. (2018) characterized carbonate aquifer using geophysi-
cal and geochemical approach in southern Tunisia. Jaballi et al. 
(2019) have studied the mineralogical and geochemical behav-
ior of heated natural carbonate apatite of the Ypresian series in 
central Tunisia. More recently, Azaiez et al. (2020) studied the 
importance of carbonate rocks in hydrothermal water retention. 
The economic importance of carbonate rocks depends on their 
physical and mechanical properties. Therefore, performing labo-
ratory tests to identify these characteristics is essential for the 
exploration of new natural resources (marbles, aggregates, etc.). 
Overall, executing laboratory tests is laborious, time consuming 
and expensive. In some cases, the determination of a particular 
parameter is not even possible (Abdelhedi et al. 2017).
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Several authors have studied the relationships between 
different physical and mechanical properties in geomateri-
als (Mehrgini et al. 2019; Yalcinalp et al. 2018; Abdelhedi 
et al. 2018; Yasar and Erdogan 2004; Mahdiabadi and Khan-
lari 2019; Çelik 2019; Asheghi et al. 2019; El Sharawy and 
Gaafar 2019; Amri et al. 2019; Ceryan 2014; Yilmaz and 
Karasahin 2014; Zhang et al. 2019; Okogbue et al. 2020). 
However, only few authors have studied direct relationships 
between parameters determining the quality of aggregates 
(Abdelhedi et al. 2020b; Capik and Yilmaz 2017; Yu et al. 
2019; Quintanilla et al. 2019).

Thus, the objective of this paper is to study carbonate 
formations in Tunisia and to explore new quarries by deter-
mining the qualities of rocks based on their physical and 
mechanical properties.

The second interest in this paper is to study the relation-
ship between important rock properties to estimate their 
future use and their economic interests even if the determi-
nation of these parameters is not possible in the laboratory.

Geological setting

Rock samples with different physical and mechanical proper-
ties were taken from different locations of Tunisia (Fig. 1). The 
geographical location, the age of the formations from which 
the samples were taken and the geological description were 
presented in Tables (from 1 ,2, 3, 4, 5, 6, 7, 8). Dolomitic 
samples were collected from the following localities: the Nara 
Formation in Jebel Faied from which rocks are exploited as 
good-quality aggregate (five samples), the Gattar Formation 
in Jebel Matous inside the Sahara desert in Tunisia (two sam-
ples), the Zebbag Formation in Jebel Matleg localized in the 
extreme south of the north–south axis (two samples). Lime-
stone samples were garnered from: Kef Eddour member, Met-
laoui, located in the west of Tunisia (6 samples), the Gattar 
formation in Jebel Aziza from the east (two samples), EL Gari-
amembre of the Metloui Formation outcropping in Kabbara 
region (two samples), the Cherahil limestone Formation of 
Jebel Cherahil located in the extreme north of the north–south 
axis (three samples) and the Abiod Formation situated in the 
north west of Tunisia from which eight samples of fine grained 
limestone exploited as Thala marble were collected.

Materials and methods

To characterize the resistance of rock samples, several 
parameters can be determined. Good-quality aggregates 
are evaluated through the MDE and LA coefficients defin-
ing resistance to fragmentation and abrasion, respectively. 
The latter parameters measure the degradation of mineral 

aggregates of standard grading resulting from a combi-
nation of actions including abrasion or attrition, impact, 
and grinding in a rotating steel drum containing a speci-
fied charge of steel spheres (Ugur et al. 2010). Uniaxial 
compressive strength UCS is one of the key mechanical 
properties, while density and porosity are important physi-
cal parameters for the characterization of rocks (Abdelhedi 
et al. 2017). Accordingly, samples were shaped into 10 cm 
cubes for UCS testing and were crushed into granules of 
size between 10 and 14 mm to test resistance to fragmen-
tation and abrasion. Additional experimental tests were 
carried out to determine the effective porosity and density.

Uniaxial compressive strength testing:

Compression is the most commonly used reference test 
for geomaterials (Harraden et  al. 2019). The uniaxial 

Fig. 1   Geographical localities of samples



Carbonates and Evaporites (2021) 36:35	

1 3

Page 3 of 13  35

compressive strength values were determined using the 
testing machine (Matest equipment Cyber-plus evolution, 
(Fig. 2). The steps done in this test were carried out accord-
ing to the ASTM et al. (2012) standard. The tested specimen 
was placed on the lower bearing block of the machine. The 
axis of the specimen was carefully aligned with the center 
of thrust of the spherically seated block. Samples were 

subjected to incremental loading at a constant rate of 0.020 
(MPa/s) (Abdelhedi et al. 2018). The load was applied until 
the specimen fails, and the maximum load carried by the 
specimen during the test was recorded (ASTM et al. 2012). 
The specimen’s UCS was calculated by dividing the com-
pressive stress (Maximum load) by the loaded surface area 
(MPa).

Table 1   Locations, geological 
characteristics and geological 
description of Jebel Faied 
carbonate rock samples

Samples S1, S2, S3, S4 and S5

Location Jebel Faied
Geological age Jurassic
Geological formation and lithol-

ogy
NARA Dolomites

Geological description The samples were collected from the decimetric beds of the average 
member of the NARA Formation. These beds are interspersed with 
clay layers. These are mainly limestones and dolomites form mas-
sive units, sometimes in the form of bars interspersed with clay, marl 
and clay limestone layers

Table 2   Locations, geological 
characteristics and geological 
description of Matous carbonate 
rock samples

Samples S6 and S7

Location Matous
Geological age Turonian
Geological formation and lithol-

ogy
Gattar formation limestone

Geological description The Gattar formation overlies thin beds of white limestone with plank-
tonic microfauna, corresponding to a transgression following the 
Cenomanian evaporites (Burollet and Robaszynski 1991). The Gattar 
Formation is formed of a carbonate bar, often dolomitized with flint, 
called ”Gattar Dolomites”. It presents a succession of cliffs from the 
Matmata Mountains to Jebel Nefusa in Tripolitania. Its thickness is 
about 54 m (Ghedhoui 2014)

Table 3   Locations, geological 
characteristics and geological 
description of Metlaoui 
carbonate rock samples

Samples S8, S9, S10, S11, S12 and S13

Location Metlaoui
Geological age Metlaoui
Geological formation and lithol-

ogy
Metlaoui formation limestone

Geological description In this area, the Metlaoui Formation is composed of three members 
(Garnit et al. 2017):

-The Kef Eddour Member (lower Lutetian age) is mainly made up of 
massive hard, light gray limestone. This unit marks the summit of the 
Metlaoui Formation, which is morphologically distinguished by its 
cornice shape (Burollet 1956).

-The Shouabin Member (lower Ypresian age (Fournier 1978) is bounded 
at the bottom by gypsum deposits (of the Thelja limb) and at the 
top by massive limestones (of the Kef Eddour limb) (Burollet 1956; 
Belayouni 1983; Zargouni 1985; Chaâbani 1995; Felhi 2010; Tlili 
et al. 2011).

-Thelja Member: This member is composed of alternating marls, dolo-
mites, gypsums, shell and bioclastic carbonate strata (Henchiri and 
Fattah 2014)
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Table 4   Locations, geological 
characteristics and geological 
description of Jebel Aziza 
carbonate rock samples

Samples S14 and S15

Location Jebel Aziza Elhamma
Geological age Cenomanian–Turonian
Geological formation and lithol-

ogy
Gattar Dolomite

Geological description Jebel Aziza is located in the eastern part of the southern Chotts 
(Tebaga of Kébili); it dominates the El Hamma Region, located 40 
km west of Gabes 

- The Gattar Member consists of a dolomitic red flint bar of superior 
Cenomanian–Turonian age (Fournié 1978). At Jebel Aziza, this 
formation is 10 m thick; its surface, hardened and hematized, has a 
cavernous and vacuolar structure.

- The Gattar Dolomite contains manganiferous mineralization 
(Ammouri et al. 1991)

Table 5   Locations, geological 
characteristics and geological 
description of Jebel Matleg 
carbonate rock samples

Samples S16 and S17

Location Jebel Matleg
Geological age Cenomanian–Turonian
Geological formation and lithol-

ogy
Dolomites Zebbag formation

Geological description The Regueb region is located in the extreme south of the north–south 
axis, between the central atlas and the sahel atlas (Rebai et al. 2013). 
This formation is of Cenomanian–Turonian age, it consists of two 
dolomitic beds separated by a clayey and gypsum series. It is in 
discordance with the formation Orbata (Burollet 1956) These dolo-
mites outcrop over a large area, gray in colour and with rust patina in 
centimetric to metric beds

Table 6   Locations, geological 
characteristics and geological 
description of Kabbara 
carbonate rock samples

Samples S18 and S19

Location Kabbara
Geological age Ypresian
Geological formation and lithol-

ogy
Limestone member El Garia of the Metlaoui Formation

Geological description This formation, named by Burollet (1956) presents significant varia-
tions in facies in the Tunisian Atlas, in which three lithofacies can be 
distinguished (Fournier 1978; Rigane 1991; Gourmelen et al. 2000):

- BouDabbousfacies: characterized by microcrystalline limestones
- Transition facies: constituted by bioclastic limestones
- El Gariafacies formed by massive crystalline limestone (Gourmelen 

et al. 2000)

Table 7   Locations, geological 
characteristics and geological 
description of Jebel Cherahil 
carbonate rock samples

Samples S20, S21 and S22

Location Jebel Cherahil
Geological age Lower and middle Lutetian
Geological formation and lithology Cherahil limestone formation
Geological description It is the same formation as the Souar, characterized by marl limestone 

beds and nodulo-lumellic clayey limestones of 200 m thickness 
The Cherahil Formation outcrops all along the Cherahil link. These 
are clay-carbonate layers, formed by clays, limestones and marly 
limestones (ONM 2010)
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Effective porosity:

To determine the effective porosity, samples were saturated 
with water. The effective porosity was determined as follows 
(

Pe =
Vpi

Vt

)

 : Where Vpi : is the interconnected pore space. And 
Vt : is the total volume of the sample (Peng and Zhang 2007; 
Anderson et al. 2019; Seifi et al. 2019).

Density:

The density is the mass of the specimens contained in 
a given unit volume (density = mass

volume
 ). It is frequently 

expressed in g/cm3 (Salah et al. 2020; Johnson et al. 2019; 
Calvo and Regueiro 2017; Abdelhedi et al. 2018).

Los Angeles (L.A.) resistance to fragmentation

The Los Angeles test is used to determine the resistance 
of aggregates. The measurement of the mass percentage 
of the particles produced, having a size less than 1.6 mm, 
during the rotation of a closed drum containing the sam-
ple and the metal balls, leads to the determination of the 
Los Angeles coefficient (de Larrard 2002) (Fig. 3). The 
procedure of the standard P18-572 (1990) operates 5000 
g of aggregates in the range of 10–14 mm. Afterwards, the 
prepared aggregate samples were placed in a steel drum 
and eleven steel spheres were loaded in it. Then, the drum 
was rotated for 500 revolutions with a speed of 30–33 rpm. 
The resistance to impact fragmentation is expressed by 
the equation:

where M is the dry mass of the fraction of the material 
passing through the 1.6 mm sieve after the test (g) (P18-
573 1990).

Micro‑Deval abrasion resistance (MDE)

The Micro-Deval test is used to measure the wear resist-
ance of rocks. It is not the same when samples are tested 
in dry or wet conditions. The test results were obtained 
by combining grinding and abrasion of the wet material 
with steel balls in a rotating cylinder under well-defined 
conditions. The current test employs 500 g of material 
which was placed in the drum with the presence of 2500 
ml of water.

(1)LA = 100
M

5000
,

Table 8   Locations, geological 
characteristics and geological 
description of Thala carbonate-
rock samples

S is the sample number; NARA, Gattar, Metlaoui, Zebbag, Cherahil and Abiod are names of formations

Samples S23, S24, S25, S26, S27, S28, S29 and S30

Location Thala
Geological age Campanian–Maastrichtian
Geological formation and lithol-

ogy
Abiod formation limestone

Geological description Our samples are fine grained limestones, hard and slightly chalky. 
The exploited beds in the Abiod Formation are semi-metric to 
metric with a dip of 15◦ to 20◦ . The fracturing is quite spaced and, 
most often, filled with calcite. Several artisanal quarries are located 
around the city of Thala (Gaied et al. 2000)

Fig. 2   Compression test device
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For tests carried out on gravel between 4 and 14 mm, 
an abrasive load was used (Fig. 4). The Micro-Deval coef-
ficient (MDE) is by definition the ratio:

where M is the dry mass of the test sample (500 or 10000g)
and m is the dry mass of the fraction of the material pass-
ing through the 1.6 mm sieve after the test (g) (P18-573 
1990).

(2)MDE = 100
m

M
,

Results

Characterization of carbonate rocks

The physical and mechanical properties determined in the 
laboratory are shown in Table 9.

Limestone Turonian from J. Matous:

In the south of Tunisia, this formation is not exploited 
because of its geographical location (very far from urban 
areas) and its physico-mechanical and geotechnical charac-
teristics. It showed a low compressive strength (18–20 MPa), 
a low density which is around 2000 g/cm3 and high LA and 
MDE coefficients (LA = 42–45; MDE = 48–60).

Lower Lutetian Limestone from Kef Eddour

The samples are taken from the upper member. They are 
limestones of lower Lutetian age. Kef Eddour’s quarry 
is currently being exploited and offers yellowish brown 
dolomite with few coarse particles of flint. To exploit the 
phosphate series of the Chouabine Member, the mining 
industry stripped the carbonate member of Kef Eddour. The 
exploitation of this member is interesting, not only from 
an economic perspective but also from an environmental 
perspective. The geotechnical and mechanical characteris-
tics of these rocks are very poor with a low UCS (UCS = 
15.42–21.9 MPa), and very high LA and MDE coefficients 
(LA = 49–52; MDE= 63–87).

Dolomites Cenomanian–Turonian from Jebel Aziza

The dolomitic bar of Gattar is characterized by a brick-red 
colour due to the manganiferous mineralization. This forma-
tion is not currently being used. It is characterized by a rela-
tively high compressive strength (41.13–45.64 MPa) which 
allows this bar to be used as a resistant stone for construction 
or as an aggregate due to its resistance to abrasion and wear 
(LA = 25 and MDE = 22–30).

Fig. 3   Los angeles abrasion test machine

Fig. 4   Micro-Deval testing 
machine
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Dolomites Cenomanian–Turonian from Jebel Matleg

These dolomites are not yet exploited in this region. The 
uniaxial compressive strength is between 36 and 37 MPa, the 
density is around 2400 g/cm3, the effective porosity varies 
from 6 to 10 %. LA and MDE coefficients ranges from 23 to 
29 and 11 to 18, respectively

Ypresian limestone from Jebel Kabbara

These limestones are not yet exploited, they are character-
ized by: UCS values ranging from 61 to 66 MPa, densi-
ties from 2497 to 2750 g/cm3 and an effective porosity of 
6%.The LA measure is equal to 25 and MDE varies from 
23 to 29.

Lower and middle Lutetian limestone from Jebel Cherahil

The limestones of this formation are brittle and chalky lime-
stones. This formation is not mined in this region, since it 
has relatively low geotechnical resistance (LA = 37–49, 
MDE = 41–59 and UCS = 30.72–33.32 MPa).

Jurassic dolomites from Jebel Faied:

The dolomites of the NARA Formation are affected by the 
tectonic impacts that occurred in the Faied region. There-
fore, it was not possible to recover a sample of adequate 
size to perform the compression test. Various attempts to 
cut samples from this region have failed. The quarry is oper-
ating the two upper members, which have LA and MDE 

Table 9   Physical and mechanical characteristics of carbonate rock samples

Interesting values in bold

Type of sample Uni-axial compres-
sive strength (MPa)

Density (g/cm3) Effective 
porosity 
(%)

Los Angeles (L.A.) 
resistance to fragmen-
tation

Micro-Deval 
abrasion resist-
ance (MDE)

Jurassic dolomites from jebel Faied - 2311 1,5 31 52
– 2827 1.6 20 12
– 2704 1.7 18 9
– 2700 1.86 19 9
– 2829 1.58 19 11

Imperial Thala limestone 50.35 2633 1.24 21 18
50.33 2701 1.05 21 17

Vein Thala limestone 50.5 2590 7.82 27 39
50.36 2643 7.12 27 39
50.34 2762 7.36 27 38
46.79 2761 7.48 27 38

Imperial Thala limestone 50.27 2732 4.19 27 21
50.17 2700 3.6 22 21

Turonian limestone from jebel Matous 18.13 2073 11.74 45 60
20 2060 11.74 42 48

Lower Lutetian limestone from Kef Eddour 16.87 2119 19.2 52 87
15.7 2134 19.98 49 68
16.11 2130 17.72 49 63
15.42 2118 19.35 49 68
21.9 2147 19.11 49 63
17.02 2166 17.85 51 64

Cenomanian–Turonian dolomites from jebel 
Aziza

45.64 2652 3 25 22
41.13 2615 1.93 25 30

Cenomanian–Turonian dolomites from jebel 
Matleg

37.02 2455 10.4 23 11
36.14 2414 6.78 29 18

Ypresian limestone from jebel Kabbara 66.37 2497 6.85 26 29
61.35 2750 6.83 25 23

Lower and middle Lutetian limestone from 
jebel Cherahil

33.32 2361 6.32 49 59
31.43 2412 8.61 37 50
30.72 2385 13.82 39 41
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coefficients of around 19 and 10, respectively. This demon-
strates the good mechanical resistance of these aggregates. 
The samples were taken from five superimposed layers 
(Fig. 5).

Table 10 illustrates the predicted UCS values using the 
correlations illustrated in Figs. 6 and 7. These correlations 
demonstrated that the sample number 1 had the lower UCS 
and the samples number 3, 4 and 5 had a good uniaxial com-
pressive resistance. Those rocks are resistant and can be used 
as hard rock for building.

Campanian–Maastrichtian limestone from Thala (Thala 
Marbles)

It is necessary to define the characteristics of these blocks 
to preserve the brand image of this type of marble. Thala 
Marbles are marketed under several names, the best known 
are: Thala royal of golden beige colour, Thala imperial of 
beige to a whitish colour, Thala gray and Thala veined beige 
containing fine cracks filled with calcite. These rocks are 
exploded in the national market as marble. Their uniaxial 
compressive strength is higher than 50 MPa for 5 samples, 
the LA values are between 27 and 21, and the MDE coef-
ficients range from 17 to 39.

Correlations between the different mechanical 
properties

Various types of relationships exist between several physical 
and mechanical parameters. The study of these relationships 
by producing correlations between different parameters allows 
not only to understand these different relations, but also to 

Fig. 5   Aggregates mine locali-
ties in Faied area

Table 10   Uniaxial compressive strength values predicted using established correlations

UCS values are estimated from the established correlations

Type of sample Sample number Predicted UCS using correlation between 
L.A and UCS values (MPa)

Predicted UCS using correlation 
between M.D.E and UCS values 
(MPa)

Jurassic dolomites from jebel Faied S1 48.37 25.59
S2 67.28 56.96
S3 71.44 60.48
S4 69.33 60.48
S5 69.33 58.11

Fig. 6   Correlation between resistance to fragmentation L.A and uni-
axial compressive strength UCS within carbonate rocks in Tunisia
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predict a number of parameters. Particularly when the execu-
tion of some test is not possible.

Correlation between resistance to fragmentation 
and uniaxial compressive strength UCS:

According to Fig. 6, the resistance to fragmentation deter-
mined by the L.A coefficient is greater when the UCS is lower. 
The correlation between the L.A coefficient and UCS measure-
ments give a logarithmic relationship, with R2 = 0.8

where L.A is the Los Angeles coefficient (Resistance to frag-
mentation) and UCS is the Uniaxial compressive strength 
measurement.

Correlation between Micro‑Deval abrasion resistance (MDE) 
and uniaxial compressive strength UCS:

The Micro-Deval test is a measure of the abrasion resistance 
and the durability of rock aggregates (Gokalp et al. 2016). On 
the corresponding curve (Fig. 7), the highest MDE values are 
consistent with the lowest UCS values. A logarithmic trend 
was observed with a regression coefficient of R2 = 0.73 . The 
equation of the curve is:

where UCS is the uniaxial compressive strength and MDE is 
the Micro-Deval abrasion resistance coefficient.

(3)L.A = −21.2 ln (UCS) + 108.9 (Figure 5),

(4)M.D.E = −37.3 lnUCS + 170.7,

Correlation between resistance to fragmentation (L.A) 
and Micro‑Deval abrasion resistance (MDE):

Figure 8 shows the correlation between the resistance to frag-
mentation measured using the L.A coefficient and the Micro-
Deval abrasion resistance in carbonate samples collected from 
different geological formations in Tunisia. The curve showed 
a good linear relation with a correlation coefficient R2 = 0.92 
and exhibited the following equation:

Correlations between physical and mechanical 
properties

Correlations between density and mechanical properties 
within carbonate samples aggregates

The correlation established between the density values and 
the LA coefficients showed a linear relationship with a coef-
ficient of determination equal to 0.8 (Fig. 9) and the follow-
ing equation:

The relationship between the density and MDE coeffi-
cients also showed a linear relationship with a smaller coef-
ficient of determination (R2 = 0.7) (Fig. 10). The established 
equation is:

(5)L.A = 0.510M.D.E + 13.67.

(6)L.A = −0.038D + 128.2.

(7)M.D.E = −0.069D + 209.1.

Fig. 7   Correlation between Micro-Deval abrasion resistance (MDE) 
and uniaxial compressive strength UCS within carbonate rocks in 
Tunisia

Fig. 8   Correlation between resistance to fragmentation L.A and 
Micro-Deval abrasion resistance (MDE) within carbonate rocks in 
Tunisia
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Correlations between effective porosity and mechanical 
properties within carbonate samples aggregates

The Figs. 11 and 12 showed linear relationships between 
mechanical parameters measured through the LA and MDE 

coefficients and effective porosity with coefficients of deter-
mination equal to 0, 8 and 0, 7, respectively. The resulting 
equations are:

  

  

Discussion and analysis

Table 9 shows that 88% of rock samples with UCS val-
ues greater than 45 MPa displays LA coefficients ranging 
from 21 to 27 and MDE coefficients from 17 to 38. While 
samples with UCS values inferior to 35 MPa have LA and 
MDE coefficients higher than 37 and 41, respectively. The 
latter illustrates the predicted UCS values using the cor-
relations illustrated in Figs. 7 and 8. These correlations 
demonstrated that the surface soil sample (number 1) had 
the lower UCS and the samples number 3, 4 and 5 had 
a good uniaxial compressive resistance. Those rocks are 
resistant and can be used as hard rock for building. The 
table 10 shows that both models used in the prediction of 
UCS values show the same trends: the sample S1 has a 
bad resistance while S3, S4 and S5 present higher UCS 
values. This signifies that the prediction of this mechani-
cal parameter is correct. The Turonian limestone extracted 
from Jebel Matous shows poor mechanical properties. 
With such physical and geotechnical characteristics, these 
rocks cannot be considered as marble stones. Moreover, 
it cannot be used as road aggregates (of high resistance). 
However, this rock can be used as stones or aggregates 
in construction concrete. The dolomitic samples of Jebel 
Matleg have moderate abrasion and wear resistance (LA 

(8)L.A = 1.67EP + 17.93;

(9)M.D.E = 2.971EP + 10.91.

Fig. 10   Correlation between Micro-Deval abrasion resistance (MDE) 
and density within carbonate rocks in Tunisia

Fig. 11   Correlation between resistance to fragmentation L.A and 
effective porosity within carbonate rocks in Tunisia

Fig. 12   Correlation between Micro-Deval abrasion resistance (MDE) 
and effective porosity within carbonate rocks in TunisiaFig. 9   Correlation between resistance to fragmentation L.A and den-

sity within carbonate rocks in Tunisia
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= 23 and MDE = 11). The mechanical properties of these 
rocks are similar to those from Jebel Faied, which has the 
best resistance of aggregates in Tunisia (good to medium) 
and which is destined for road construction. The Ypresian 
limestone of Jebel Kabbara has interesting mechanical and 
geotechnical characteristics. They are beige limestones 
with Nummulites having a rather important uniaxial com-
pression resistance (66.37 MPa). They are, therefore, hard 
limestones. This carbonate member can be exploited as 
marble stone since its mechanical and physical charac-
teristics are similar to those of Thala Marble. However 
the geotechnical parameters are not interesting (LA = 26 
and MDE = 29). The limestone of Jebel Cherahil cannot 
be used as a good aggregate or marble given its physical 
and mechanical characteristics; however, it can be mined 
as stones or gravels for construction concrete (building 
materials). Figure 6 shows L.A coefficient is greater when 
the UCS is lower in logarithmic relationship. A power 
curve has also been established between the LA coeffi-
cient and the point load index determined by the Franklin 
test, and a linear relation was observed between Schmidt 
hammer values and resistance to fragmentation within 
metamorphic, sedimentary and igneous rocks (Kahraman 
and Gunaydin 2007). Tunc and Alyamac established a lin-
ear correlation between LA coefficients and the uniaxial 
compressive strength within concrete (Tunc and Alyamac 
2019). Using regression analysis, an exponential corre-
lation between LA coefficients and several physical and 
mechanical properties (hardness, UCS, porosity, point load 
strength, tensile strength) of rocks (igneous, metamorphic 
and sedimentary) was reported by Ozcelik (2011).

As mentioned above, the L.A. coefficient is one of 
the most required mechanical parameters to characterize 
the strength of the aggregates. The L.A. test is expen-
sive, time-consuming, destructive and applicable only 
in a laboratory. Therefore, a simpler and more practical 
application to estimate the strength of the aggregates is 
provided throughout the established curve. Moreover, it 
was not possible to recover a sample of sufficient size to 
perform the uniaxial compression test of the Jurassic dolo-
mitic rock from J. Faied. This correlation can, therefore, 
be useful, as an indirect method, to determine the UCS of 
the rocks from this formation. Figure 7 show a logarithmic 
relationship between MDE and UCS. Capik and Yilmaz in 
2017 established a logarithmic correlation between Micro-
Deval abrasion resistance (MDE) and uniaxial compres-
sive strength with R2 = 0.66 in different rock types (Capik 
and Yilmaz 2017). Demei et al in 2019 studied the correla-
tion between the MDE coefficient and polish value PV-10 
in calcined bauxite aggregate (Yu et al. 2019). In 2019, 
Quintanilla et al studied the correlation between the MDE 
abrasion resistance coefficient and the cumulated mass 
loss of ballast grains (Quintanilla et al. 2019). In fact, the 

MDE abrasion test is laborious and time-consuming. Con-
sequently, the established curve can be used as a simple 
method to estimate the abrasion resistance of the aggre-
gates using the UCS values.

Figure 8 illustrate very good linear relationship with 
R2 = 0.92.

Cooley and James established a linear correlation 
between the resistance to fragmentation and Micro-Deval 
abrasion resistance (MDE) in 2003 (Cooley Jr and James 
2003). Overall, the determination of some rock parameters 
can be used to estimate other non-available or laborious 
and time consuming measures through the indirect meth-
ods using the established correlation models. Figures 9 and 
10 show linear relationships between Density and LA and 
MDE respectively. Kahraman and Toraman (2008) estab-
lished an exponential relationship between LA measures 
and crushability index within metamorphic rock samples 
with a coefficient of determination equal to 0.8. Abdelhedi 
et al. (2020a, b) studied the relationship between MDE and 
ultrasonic velocity on carbonate rock samples and found 
a determination coefficient of 0.8. Several authors estab-
lished many relationships between mechanical parameters 
within aggregates (M.D.E and LA) and different physical 
and mechanical parameters. However, the current study 
is the first correlation using the density of the rocks. Fig-
ures 11 and 12 show linear relationships between Effective 
Porosity and LA and MDE, respectively. We note that the 
relationships between the different physical and mechani-
cal parameters correlated with LA coefficients are stronger 
than those correlated with MDE coefficients, according to 
their coefficients of determination (0.8 for LA and 0.7 for 
MDE). Consequently, the LA coefficient can be predicted 
more accurately than the MDE. However, the relationship 
between LA and MDE values is very strong (R = 0.9) 
which makes the prediction of one of these parameters 
from the other more accurate. To the best of our knowl-
edge, this is the first report of a correlations established 
between the LA and MDE coefficients with the effective 
porosity.

We note that the relationships between the different 
physical and mechanical parameters correlated with LA 
coefficients are stronger than those correlated with MDE 
coefficients, according to their coefficients of determina-
tion (0,8 for LA and 0,7 for MDE).

Consequently, the LA coefficient can be predicted 
more accurately than the MDE. However, the relationship 
between LA and MDE values is very strong ( R2 = 0.9 ) 
which makes the prediction of one of these parameters 
from the other more accurate. To the best of our knowl-
edge, this is the first report of the correlations established 
between the LA and MDE coefficients with the effective 
porosity.
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Conclusion

The determination of the physical and mechanical parame-
ters of the studied samples showed many important results. 
The first outcome of this study is the revelation of two new 
sites showing good carbonate rocks properties similar to 
those from the exploited sites.

–	 Matleg carbonate rocks can be exploited as high-quality 
aggregates due to their abrasion resistance (MDE) and 
resistance to fragmentation (LA).

–	 Kabbara rocks can be mined as marble stones since they 
have similar characteristics to Thala Marble stones (the 
UCS is more important for Kabbara limestones,which 
indicates a better resistance).

Some carbonate rocks can be used for building materi-
als such as construction stones especially those of Jebel 
Cherahil, Jebel Matous and Jebel Aziza. In addition to 
the economic importance of exploiting these rocks, there 
is an environmental importance, mainly for the member 
of Kef Eddour which is being removed by the mining 
industry exploiting the Chouabine Member’s phosphate 
series. The established curves show strong relationships 
between physical and mechanical parameters especially 
for the relationship linking resistances to fragmentation 
and to abrasion determined through the MDE and the LA 
coefficients, respectively ( R2 = 0.92 ). The correlations 
performed in this study are very interesting and can be 
used when the determination of some parameters is not 
possible, such as the case of Jebel Faidh carbonate, where 
the stones are fragmented and consequently the uniaxial 
compression test cannot be performed. Hence, these cor-
relations solved the problem and were applied to predict 
the UCS values. The elaborated correlations are interesting 
not only for the estimating of a parameter that cannot be 
determined in the laboratory, but also in the exploration 
of new resources. Moreover, this paper proved the utility 
of this approach for estimating the UCS of Jebel Faied 
samples from two models, one using LA and the other 
using MDE coefficients. The matching results approve the 
efficiency of these models. The current paper presents the 
first correlations between MDE and LA coefficients with 
the physical parameters: density and effective porosity.
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