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Abstract

In rock engineering projects, the determination of mechanical properties is essential for assessing rock mass
behavior. Rock texture has a pronounced influence on the mechanical behavior of rocks, including their
cuttability, drillability, and machinability. In rock engineering applications, the selection and optimal
performance of drilling equipment depend on the quality and quantity of available textural and mechanical
data. Previous studies have shown that rock mass strength is governed by the properties of the intact rock
and the discontinuities within it, while the strength characteristics of intact rock are themselves controlled
by mineralogical composition and rock texture. Accordingly, evaluating the interaction among textural,
petrophysical, and mechanical parameters remains a key consideration in assessing the short- and long-
term behavior of rock structures. In this study, the relationships among physical properties, textural
characteristics, and uniaxial compressive and tensile strengths were investigated for 18 sedimentary rock
samples collected from various locations across the country. Physical properties, uniaxial compressive
strength, and Brazilian tensile strength were determined through laboratory testing, while textural
characteristics were quantified via thin-section analysis. Linear and multivariate regression analyses were
then employed to establish relationships between the physical and mechanical properties and the textural
characteristics of the samples. The results reveal that rock texture exerts distinct effects on the mechanical
and physical properties of rocks, with textural parameters influencing each physical and strength property
differently and ultimately governing the overall mechanical behavior of the rock samples.

Keywords: Sedimentary rock, Uniaxial compressive strength, Brazilian tensile strength, Texture
coefficient, Multivariate regression.

1-Introduction

Aggregates are widely used in various structures within critical infrastructure systems, including highways,
tunnels, critical buildings, and dams. The mechanical and physical properties of aggregates have a great
impact on the service life, reliability, and resilience of critical infrastructure. Much research has been
conducted on the textural properties, their relationship, and their effect on the mechanical and physical
properties of rocks. Olsson (1974), after conducting studies in this field, has suggested that there is a linear
relationship between the yield stress and the root mean square of the grain size for marble (Oztiirk et al.,
2004). Bell (1978) points out that the strength properties may be correlated with the density of the grains
of the rocks (Oztiirk et al., 2004). Ptikryl (2001) investigated the effect of grain size on strength and showed
that there is an inverse logarithmic relationship between grain size and rock strength, as previously
suggested by Eberhardt (Ptikryl, 2001). Howarth and Rowlands (1987) developed the theory of textural
coefficient (TC), with the help of which the changes in the mechanical properties of rocks can be determined
from the textural properties of the rock. They also reported that the stronger the contact between the grains
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and the higher the density of the grains, the higher the uniaxial compressive strength of the rock. Ulusay et
al. (1994) reported that textural features are more important than mineralogical composition, especially for
indicating the mechanical behavior of rocks (Oztiirk et al., 2014). Gupta and Sharma (2012) demonstrated
a direct relationship between various textural parameters, such as the aspect ratio (AR), grain size, and
preferred orientation (SPO), and the velocity of S and P seismic waves. They also showed that the damping
characteristics of P and S waves have an inverse relationship with the aspect ratio (AR) and the preferred
orientation of grains (SPO). However, other researchers have found conflicting results, including Alber &
Kahraman (2009); Bell (1978) and Fahy et al. (1979). This discrepancy may be due to the differing origins
of the rocks studied.

2- Material and methods

In this study, physical and mechanical tests were first conducted to determine the porosity, dry density,
uniaxial compressive strength, Schmidt hammer rebound value, and Brazilian tensile strength of the
samples. Subsequently, to determine and quantify the textural characteristics of the rocks, thin section
studies were carried out under a polarizing microscope, and the rock texture was quantified with the help
of relevant software. The relationship between the textural features of the rocks and their mechanical and
physical properties was then determined using statistical methods. To ensure the practical and operational
applicability of the results in the country's ongoing projects, 18 rock samples were selected and collected
from active railway and tunnel construction sites in the provinces of Tehran, Qom, and Khuzestan. Tables
1 and 2 show the results related to physical and mechanical properties. Howarth and Rowlands (1987)
defined a textural coefficient and proposed a relationship for its quantification, concluding that the textural
coefficient can be used to predict the rock's cuttability rate. The Textural Coefficient (TC) is a
dimensionless quantitative value that measures the texture of a rock. First developed by Howarth and
Rowlands (1987), it is used to predict the cuttability and strength properties of rock.
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Tablel. Mechanical properties of samples

ot (MPa) (R) Schmit  oc (MPa)  Sample Code ot (MPa) (R) Schmit oc (MPa) Sample Code

1.25 46 17.6 BH1 1.6 40 27.60 GH-UP
1.84 41 25.20 BH3 1.75 20 10.40 GO-3

34 26 23.00 BH4 2.53 55 12.14 GO-2
4.36 37 33.00 BHS5 1.62 38 17.18 MH-1
5.28 38 29.00 BH6 1.5 45 28.00 CA

3.6 40 31.00 BH7 2.13 28 32.25 LA-1
5.70 50 45.00 BH8 5.77 <20 62.56 LA-2
3.20 34 18.00 BH9 8.24 36 61.00 LA3
6.40 51 48.00 BH10 5.6 53 42.00 LA4

Table 1. Physical properties of the samples

(m/s)Vp (01/10 ) (gr/cm®) y4 Sample.N (m/s)Ve (%) n  (gr/em®) yq4 Sample.N

1570 21 2.32 BHI1 1500 15 2.42 GH-UP
1430 25 224 BH2 1660 21 2.38 GO-3
1330 7 237 BH4 1690 12 227 GO-2
1445 10 2.26 BH5 1580 13 2.25 MH-1
1140 8 2.39 BH6 1660 10 236 CA
1600 20 2.37 BH7 1460 12 2.29 LA-1
1530 13 2.45 BHS8 1240 6 2.43 LA-2
1405 16 2.42 BH9 1380 6 2.36 LA3
1160 5 2.41 BH10 1220 9 2.46 LA4
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3-Results and discussions

The relationship between the Textural Coefficient (TC) and the Brazilian Tensile Strength (BTS) of rocks
has been investigated by various researchers, including Merriam et al. (Merriam et al., 1970), Oztiirk et al.
(2004), and Hemmati et al. (2020).

The results obtained in this study show good agreement with the findings of previous researchers, such
as Oztiirk et al. (2004). As can be seen in Figure 1, there is a direct relationship between the Brazilian
Tensile Strength and the rock's textural coefficient. However, the coefficient of determination is low
(R2=0.23). The coefficient of determination obtained from the study by Oztiirk et al. (2004). Merriam et
al. (1970) attribute the weak relationship between these two parameters to the presence of cracks on the
surface of the rock-forming minerals.

A linear regression analysis was performed to investigate the relationship between the Schmidt hammer
rebound number and the textural coefficient of the rocks (Figure 1). The analysis revealed a direct and
linear relationship between these two parameters, although the coefficient of determination (R2) for this
relationship was low (R2=0.14). The results are consistent with the findings of Oztiirk et al. (2004).

The relationship between the Textural Coefficient (TC) and the porosity percentage of rock samples was
investigated in this thesis, with the results shown in Figure 2. Based on this figure, it is evident that there is
no strong correlation between the textural coefficient and porosity, as indicated by a low coefficient of
determination (R2=0.18). This relationship suggests that these two parameters are nearly independent of
each other, and porosity is not a strong indicative parameter for describing the textural coefficient of rocks.

The relationship between the density of rocks and the textural coefficient of the samples examined in
this study is shown in Figure 2. The dry density of the rock has a good correlation (R2=0.63) with the
textural coefficient. This shows that as the density of the rocks increases, their textural coefficient values
also increase. In other words, an increase in the percentage of grains compared to the matrix and pore spaces
within the rock's composition leads to an increase in the rock's weight. On the other hand, as the percentage
of solid particles (mineral grains) in the rocks increases, the rock's textural coefficient will also increase.
Therefore, there is a direct relationship between them.

Based on the results obtained in this study, the relationship between the textural coefficient and wave
velocity is an inverse relationship with a moderate coefficient of determination (R2=0.47), as can be seen
in Figure 5. Research conducted by Gupta and Sharma (2012) indicates an inverse relationship between
these two parameters, which is consistent with the results of this study. However, these findings contradict
the results of Atici and Comakli (2019). The reason for this contradiction could be the type of rocks studied,
as they investigated igneous rocks.

Based on these results, a multivariate regression analysis reveals that the textural coefficient has a weak
correlation with the mechanical properties of the rock. This is because the textural coefficient represents
the geometric properties of the rock texture, and other textural properties such as mineralogical
composition, intercrystalline bonding, etc., are not taken into account. Among the physical properties, the
results of the multivariate regression analysis show that dry density and P-wave velocity have a stronger
correlation and higher importance than the porosity percentage.
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Fig 2. Relationship between texture coefficient and physical properties of rock samples
4-Conclusion

- The textural coefficient has a low coefficient of determination (R*=0.23) with mechanical properties. In
other words, its influence on mechanical properties is negligible because the textural coefficient represents
only the geometric characteristics of the rock texture. Other textural parameters, such as the number and
volume of pores, and structural features (like microcracks and grain orientation), are not considered in the

textural coefficient relationship.
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- Among the physical properties influencing rock texture, the specific gravity of solid particles (Gs) has the
most significant effect. This is because an increase in the specific gravity of the grains indicates a higher
number of aggregates within the rock. Consequently, it has a substantial impact on the geometric properties
of the rock's texture.

- The results of the multivariate regression analysis show that the textural and physical properties have a
relatively good correlation with each other. Their relationship is statistically significant, and they can be
used to predict each other's values.

- An increase in the textural coefficient leads to a decrease in the P-wave velocity of the rock. The reason
is that the irregularity of the rock's fractal dimension has a greater impact than other textural properties,
such as grain size and the aspect ratio of the grains. This is because the irregularity of the fractal dimension
lengthens the path of the waves as they travel through the rock.
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Table 1. Rock samples, Formation and sample code

Sample Code Location Formation name Lithology
GH-UP Qom Upper Red Sandstone
GO-2 « GO-3 Khozestan Gourpi Claystone
LA-4 -LA-1 Tehran Laloon Sandstone
MH-1 Tehran Hezardareh Sandstone
BH1 - BH10 Qom Upper Red (2)  Sandstone
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Fig 1. Geographical locations of the samples
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Table 2. Physical properties of samples

Porosit
(m/s)Vp (%) Y (gr};‘iﬁ) Sample Code
1570 21 2.32 BHI
1430 25 2.24 BH2
1330 7 2.37 BH4
1445 10 2.26 BHS5
1140 8 2.29 BH6
1600 20 2.37 BH7
1530 13 2.45 BHS
1405 16 2.42 BH9
1160 5 241 BH10

Porosity Yd Sample
(i) (%) (gr/cm?) Code
1500 15 2.42 GH-UP
1660 21 3.38 GO-3
1690 12 2.27 GO-2
1580 13 2.25 MH-1
1660 10 2.36 CA
1460 12 2.29 LA-1
1240 6 2.43 LA-2
1380 6 2.36 LA3
1220 9 2.46 LA4
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Table 3. Mechanical properties of samples

ot (MPa) (R)Schmit oc (MPa) Sample Code

1.25 46 17.6 BHI
1.84 41 25.20 BH3
34 26 23.00 BH4
4.36 37 33.00 BHS
5.28 38 29.00 BH6
3.6 40 31.00 BH7
5.70 50 45.00 BHS
3.20 34 18.00 BH9
6.40 51 48.00 BH10

ot (MPa) (R) Schmit oc (MPa) Sample Code

1.6 40 27.60 GH-UP
1.75 20 10.40 GO-3
2.53 55 12.14 GO-2
1.62 38 17.18 MH-1

1.5 45 28.00 CA
2.13 28 32.25 LA-1
5.77 <20 62.56 LA-2
8.24 36 61.00 LA3

5.6 53 42.00 LA4
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Fig 2. Diameters and the parameter angle (Howarth and Rowlands, 1987).
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Table 4. Average values of texture coefficients of analyzed samples

TC AW FFy AF1 ARI
0.93 0.650 0.729 0.779 2.813
0.87 0.551 0.74 0.86 2.8
1.1 0.744 0.743 0.967 2.797

N NO Size (mm) SampleCode
20 188 0.56 GH-UP
19 57 0.27 GO-3

19 167 0.63 LA-2
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TC AW FFy AF1 ARI1 Ny NO Size (mm) SampleCode
0.481 0.272 0.612 0.979 2.486 10 32 0.49 MH-1
0.557 0.379 0.743 0.889 2.676 24 173 0.51 LA-1
0.633 0.427 0.742 0.916 2.689 22 181 0.29 BH1
0.462 0.307 0.748 1.013 2.73 14 113 0.36 GO-2
0.674 0.451 0.740 0.982 2.651 10 77 0.43 BH3
0.763 0.613 0.84 0.54 33 21 205 0.55 LA-3
1.18 0.723 0.97 1.36 2.56 45 135 0.59 LA-4
0.497 0.334 0.75 0.78 2.86 26 127 0.53 BH2
0.771 0.401 0.55 1.02 2.81 7 89 0.48 BH4
0.586 0.376 0.75 0.71 3.12 18 53 0.52 BHS5
1.09 0.69 0.78 0.81 3.1 45 145 0.61 BH6
0.887 0.556 0.64 0.99 2.65 4 95 0.31 BH7
0.665 0.376 0.58 0.61 3.15 12 43 0.42 BHS
0.733 0.466 0.64 0.56 2.85 22 61 0.36 BH9
1.2 0.863 0.71 0.8 2.68 30 185 0.63 BHI10
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Fig 4. Relationship between texture coefficient and mechanical properties of rock samples
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Fig 5. Relationship between texture coefficient and physical properties of rock samples
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Table 5. Regression equations and related statistical analysis parameters
. F- value F-value t- value t-value
2
Equation R df (observed) (critical) (observed) (critical)
Q=32.653(TC)+6.4746 024 17 4447 227 8.54 2.10
BTS=4.1705(TC)+0.5373 023 17 74.43 227 6.26 2.10
SCHMIT=17.042(TC)+25.446 0.14 17 2031 228 15.05 2.10
N =-11.436(TC)+22.27 0.18 17 712 227 8.56 2.10
GS=0.2416(TC)+2.1698 062 17 0.1 0.44 27.43 2.10
VP=-489.72(TC)+1817 047 17 59195 2.31 36.82 2.10
oyt Wz Gge S ) Jelod @l -7 Jou
Table 6. Multiple regression models
Equation R? Significance of F
TC= (0/0092) UCS+(0/0199) BTS-(0/006) SCHMIT 0.27 0.194
TC= (1/98) GS+(0/002) N-(0/00066) VP 0.76 0.00009
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