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1. Introduction

ABSTRACT

The central Alborz structural-sedimentary area in the middle part of the Alborz Mountain Range
has endured geological events from the Precambrian to the present era, and contains numerous
geological structures and formations. Among these, sandstone formations also have a significant
expansion. In this research, 6 different sandstone formations were sampled in 2 locations and tested
to determine their physical and mechanical characteristics. In general, in the sandstone formations of
central Alborz, top quartzite has stronger mechanical parameters than other formations. Shemshak
Formation has the lowest mechanical parameters among the selected formations. Based on regression
analysis, the conversion factor of PLT, BST and CPI parameters to unconfined resistance or UCS
showed 20.6, 6 and 20.40 respectively with R%s of 0.75, 0.90 and 0.78. In terms of the Cerchar
Abrasivity Index (CAI) as an index that can show the amount of abrasion, top quartzite has the most
abrasiveness, which is due to its lithological composition. This sandstone formation is placed in the
category of stones with high abrasive ability, and Shemshak Formation has the lowest Cerchar index

among the formations and is placed in the group of stones with extremely low abrasiveness.

In the geological domain of Iran, geological formations and events
as old as this structural sedimentary zone have been formed. A
considerable portion of them are sandstone formations, located in
the vicinity of areas with high population density. Besides other
formations, sandstones are used in engineering activities for
infrastructure development in Iran. On the other hand, there is a

strong relationship between mechanical and lithological properties

of sandstones. Therefore, it is essential to study and categorize
sandstone formations in light of their mechanical properties within
a particular region like the Central Alborz structural-sedimentary
zone.

Sandstones are categorized under sedimentary rocks. Like other
sedimentary, igneous, and metamorphic rocks, sandstones have

wide outcrops on the earth surface. According to some estimates,
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sandstones make up to 40% of all sedimentary rocks. In stratigraphic
studies, it has been estimated that sandstones comprise 20%-25% of
all rocks. The mineralogical composition and diagenesis condition
under which the sandstone is transformed from sediments to stone
determine its lithological features (Bell, 1978; Franklyn et al.,1989;
Gunsallus and Kulhawy, 1984; Shakoor and Bonelli, 1991; Ulusay
et al., 1994; Bell and Lindsay, 1999; Ronov, 1968; Boggs, 2016).

Petrophysical properties of sandstones, which control or
explain their behaviors, include density, porosity, permeability,
water absorption, seismic wave propagation speed, and damping
properties. Textual features of the stone determine geometrical
properties of the particles, including the size, shape and texture
direction of the grains, and interlocking and density of the grains
in comparison with cement (Ronov, 1968; Williams et al., 1982;
Montoto, 1983; Jeng et al., 2004; Chatterjee and Mukhopadhyay,
2002; Tamrakar et al., 2007; Azhar et al., 2022).

It is fundamental to understand the mechanical properties of
sandstones, which are used to analyze the rock behavior in drilled
environments, hydraulic fracturing, and the risk of rock explosion.
Various laboratory-based methods are currently used to explore
sandstone breaking characteristics. Stones’ mechanical features
largely depend on their lithological properties since the latter
reflect how a stone is formed during sedimentation, diagenesis, and
weathering (Beavis,1985; Benaafi et al., 2018; Wang et al., 2019;
Azhar et al., 2020; Nouri et al., 2022).

From a sedimentary-structural viewpoint, Iran is divided into
various zones or units. The vastest zones are central Iran, Alborz-
Azerbaijan, the Zagros, Sanandaj-Sirjan, Makran, and Nehbandan-
Khash. Perhaps the most important zone is the sedimentary-
structural Alborz zone, which encompasses an area ranging from
Afghanistan to Turkey borders (Alavi, 1996) and hosts various
population centers (fig. 1).

The middle and curved part of this zone is known as Central
Alborz, which has witnessed geological events from the
Precambrian to the present era. As a result of these events, a wide
array of lithological formations, including igneous, metamorphic,
carbonate, and clastic, are detectable in this region. Lagoons and
coal deposits have also been formed in this area in different periods
due to the advance and retreat of the sea (Darvishzadeh, 2004;
Aghanabati, 2004).

The structural unit of Central Alborz consists of Paleozoic
platform sediments (similar to those found in the Central Iran
zone) and Neogene sediments, which are separated by numerous
sedimentation intervals. Sandstone formations are widely scattered
in this zone (fig. 2). In the current study, the target sample formations
were selected based on the extent and accessibility of the outcrop.

Samples were obtained from two locations (Tab. 1).

2. Research and methodology
Physical and mechanical properties of sandstones in Central Alborz

were examined through field survey, sampling, and Schmidt

hammer test. First, various references about the geology of Iran
and Central Alborz were consulted to gain a better understanding of
the study area. At this stage, 1:100000 and 1:250000 maps and the
related reports as well as Iran’s geology references were examined
to identify the outcrop locations of sandstone formations and the
degree of their expansion. At the end, out of the eight sandstone
formations in Central Alborz, the researchers decided to collect
samples from Barut, Zagun, Lalun, top quartzite, Dorud, and

Shemshak Formations.

2.1. Field survey

Upon identifying the target formations, two stone blocks with the
dimensions of 40x30x30 cm were collected from two different
parts of each formation (12 blocks in total). At the location of each
of these outcrops, 60 Schmidt hammer tests were performed, with
their average being considered as the Schmidt hammer index of the

formation.

2.2. Laboratory tests

The blocks obtained in the field survey stage were transported to
the quarrying workshop of Tarbiat Modares University for coring
and preparation of thin-section samples. Samples were obtained
from the stone blocks for porosity, water absorption, unit volume
weight, unconfined compressive strength (UCS), point load,
Brazilian, cylindrical punch, and Cerchar Abrasivity Index (CAI)
tests. Table 2 contains information about the number of samples and

the conducted tests in light of the mentioned standards.

3. Results and discussion

The thin-section samples were used to describe and name the
rock and identify its constituents, mineralogy, and the type of
rock-forming cement. The results showed that the samples could
be classified into 3 categories. The first category, which included
samples like top quartzite, contained a high percentage of quartz.
In this category, there are stone particles and silicate cement next
to each other. The second category contained a lower percentage of
quartz (compared to the first one) and a higher amount of feldspar.
The samples in this category mainly consisted of silicate cement,
but they also contained carbonate cement, dark minerals, and stone
fragments. Feldspar had a more prominent presence in the third
category, which also contained silicate cement, carbonate cement,

and clay mineral impregnated with iron oxide (Tab. 3) and (Fig. 9).

3.1. Physical properties

As previously mentioned, stones’ physical properties depend on
their nature and historical trajectory of their formation. Porosity,
water absorption, and unit volume weight tests were carried out
for each sample and a numerical value was selected as the average
of these properties. According to the obtained results, porosity
varied from 1.19% in the top quartzite sample to 6.39% in the one

collected from the Shemshak Formation. Similarly, water absorption
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ranged from 0.46% in the top quartzite to 2.50% in the Shemshak
Formation. It appears that, in addition to the higher porosity, the
high percentage of water absorption in the Shemshak Formation
can be attributed to the amount of constituent clay minerals
(Tab. 4).

3.2. Strength properties

-UCS: The results obtained through conducting the UCS test indicate
that this index ranges from 34 MPa in the sandstones collected from
the Shemshak Formation to 92 MPa in the ones gleaned from the
top quartzite. Following Deer and Miller (1966), the classification
of sample formations is displayed in Table 5. Reduction in the
amount of silicate cement, the rise of feldspar percentage, and the
presence of clay and other non-resistant minerals cause a decline in

the uniaxial strength of the rock.

- Point load test (PLT): The results showed that the point load
index, which was obtained from disc samples with a diameter of
NX (Fig. 10), ranged from 2.5 MPa in the Shemshak Formation
to 5 MPa in the top quartzite. Inspired by Broch and Franklin’s
(1972) classification based on point load index, the sandstones in
Central Alborz demonstrate high strength (in the case of Shemshak

Formation) and very high strength (in other formations).

- Brazilian test: It is an index for assessing the tensile strength of
rocks. The test was performed on the NX cores prepared from the
formations (Fig. 11). As observed in Fig. 12, sandstones obtained
from the top quartzite and Zagun Formations demonstrated the
highest tensile strength. As a result of the increase in the portion of
feldspar minerals, non-silicate cements, and irresistible minerals,
the Brazilian index dwindled, reaching the minimum value in the

Shemshak Formation.

- Cylindrical punch: For this test, disc samples with a thickness of 10
mm and a diameter of 54 mm were prepared. They were placed in
the test frame and loaded using a uniaxial compression test machine
(Fig. 13). In this test, the applied load and pin passage chamber
must be concentric, otherwise the rock failure will not occur
properly. The results revealed that cylindrical punch index for the
sandstones collected from Central Alborz ranged from 1.75 MPa in
the Shemshak Formation to 4.2 MPA in the top quartzite (Fig. 14).

- CAI test: This test is used to quantify the rock abrasivity. The test
entails measuring the wear of a metal pin of a defined hardness
when it scratches the surface of a rock under static load of 7 kg
over a distance of 10 mm (Fig. 5). Of course, the test distance must
be proportionate to the diameter of the particles that make up the
rock. To ensure test accuracy, CAI was performed on five samples.
The length of the scratch over the rock created by the pin must

be in alignment with the test instructions. The wear of the pin tip
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was measured by a suitable microscope. Since the test was carried
out on cut samples, the modified index was also calculated for the
rocks. Tab. 5 contains information about the classification of both

normal and modified states.

3.3. Correlation among rock mechanical properties

Upon conducting laboratory tests on the samples and analyzing
the data, it is essential to explore the relationship between the
obtained indices for different parameters. Thus, in this stage, the
correlation among various mechanical properties of sandstones was
explored. Different correlation coefficients have been reported for
the relationship between UCS and point load index (Tab. 6).

There was a relatively strong linear correlation between the
uniaxial strength and point load index (R? = 0.75). Figure (16)
illustrates the association between these two parameters.

Although the Brazilian test is primarily used to assess the
tensile strength of rocks, it has been exploited in various empirical
studies to estimate the UCS of rocks. Despite of a large number
of variations in different regions, one of the most well-known
exploring the relationship between these two variables is Sheorey
(1997), who believes that UCS is approximately ten times bigger
than the Brazilian tensile strength. Numerous studies have
examined the interaction between these two parameters, some of
which are presented in Table (7).

In the current study, a strong positive correlation was detected
between UCS and the Brazilian tensile strength of the sandstones
collected from Central Alborz (R*= 0.90) (Fig. 17).

Regression analysis was carried out on the results of the
cylindrical punch test and UCS, with the output demonstrating a
coefficient of 21.40 (Fig. 18). This coefficient is measurably larger
than the ones reported by Ulusay et al. (2001) (which was equal to
5.1) and Jalali et al. (2019) (which was equal to 7.4).

4. Conclusion

In this study, sandstones collected from 6 formations of the Central
Alborz structural-sedimentary zone were examined. According to
Folke’s lithological classification of rocks, the studied sandstones
belonged to the quartz arenite or arkose categories. The results
revealed that the formations containing larger amounts of silicate
cement and quartz enjoyed better mechanical properties. As
a result, the sandstones collected from the top quartzite and
Shemshak Formations respectively demonstrated the best and the
worst mechanical properties.

Moreover, the results indicated that sandstones with higher
percentages of quartzite and silicate cement possessed higher CAls.
Considering the formations of Central Alborz, the highest CAI
was observed in the sandstones collected from the top quartzite.
These sandstones are thus classified as rocks with high and very
high abrasion. In contrast, the sandstones gleaned from Shemshak

Formation demonstrated very low abrasion.
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Figure 2. The geological map of central Alborz (Sahandi and Sohaili, 2014).
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Figure 3. Microscopic image of Barut Formation’s sandstone (a: light XPL and b: PPL) (scale:

0.3mm).
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Figure 4. Microscopic image of Zagun Formation’s sandstone (a: light XPL and b: PPL) (scale:

0.2 mm).

Figure 5. Microscopic image of Lalun Formation’s sandstone (a: light XPL and b: PPL) (scale:
0.3 mm).
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Figure 6. Microscopic image of top quartzite sandstone (a: XPL light and b: PPL) (scale: 0.3mm).
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Figure 7. Microscopic image of Dorud Formation’s sandstone (a: light XPL and b: PPL) (scale: 0.3mm).

Figure 8. Microscopic image of Shemshak Formation’s sandstone (a: XPL light and b: PPL) (scale: 0.3mm).
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Table 3. Results of microscopic studies.
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Figure 9. Classification of sandstones based on Folk (1968).
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Table 4. Results of physical characteristics.
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Table 5. Classification of investigated sandstones based on Deere and Miller’s classification

(1966).
Wil b 03950 S 5 3Lid cwglin S 09 o gi
O OS5 sk mly Ly 5IS - CL L e S slia
s 39,83 FA-YY DL U’l‘ll"- Ca}ljﬁ

s T s sad 5 (shalai b 0 g T oGz -+ IS

Figure 10. Point load test device and tested samples.
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Figure 11. Brazilian test device and tested samples.
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Figure 12. a) Amount unconfined compressive strength, b) point load test, ¢) Brazilian test in the formations.
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Figure 13. Punch test and tested sample.
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Figure 14. Punch index in the studied formations.
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Figure 15. Cerchar test device and tested sample.
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Table 6. Classification of formations based on the Cerchar Abrasivity Index.
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Table 7. Some experimental relationships between uniaxial compressive strength and point load index.
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(Singh et al. (2012 Limestone UCS =223 PLI 0.68
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(Sadeghi et al. (2022 Limestone UCS = 11.406 I1S50+ 13.456 0.75
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Figure 17. Correlation between unconfined compressive

strength and Brazilian test.
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Figure 16. Correlation between unconfined compressive

strength and point load index.
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Table 8. Some experimental relationships between uniaxial compressive strength and Brazilian

test.
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Figure 18. Correlation between unconfined compressive

strength and cylindrical punch index.
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