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Point load strength index (PLSI) and slake durability index (SDI) are two important indices
of rocks used to evaluate strength and durability for various engineering applications. This
research investigates these two indices in sandstones from the Amile formation coupled
with petrography, aiming to determine the strength and durability of rock, and test for
correlations among mineral constituents, texture, PLS/, and SDI to develop empirical

relationships among them. The study provides insights into the geotechnical properties of
an important geological formation in the Lesser Himalayan Zone, contributing valuable
data for infrastructure development. The methodology involved field sampling, petrographic
analysis of thin sections, SDI testing over two cycles, and PLSI testing on irregular lump
samples. Correlations between SDI, PLSI, water absorption, packing density, and packing
proximity were statistically analyzed. Quarztose sandstones have extremely high durability
(SDI: 99.17-99.78%), very strong to extremely strong compressive strength (PLSI:
5.94-14.81 MPa), and low water absorption values (WAV: 0-2.17%). Very high positive
correlations were found between SDI and PLSI with R?> =0.804. Based on this correlation,
future research can use the equation SDI = 0.0712PLSI + 98.727 to estimate durability
from strength for similar sandstones, saving time and resources.

1. Introduction

Rock strength and durability evaluation is critical for
assessing geological materials in engineering applications
(Hatheway, 2009). Index tests like the Point Load Strength
Index (PLSI) and Slake Durability Index (SDI) offer efficient
methods for characterizing rock mechanical properties
(Bieniawski, 1975; ISRM, 1985). These tests are valuable for
determining construction material quality and predicting rock
mass behavior under various conditions (Gokceoglu et al.,
2000; Tamrakar et al., 2007).

PLSI provides a simple estimate of rock strength,
correlating with uniaxial compressive strength (UCS)
while requiring less sample preparation (Broch & Franklin,
1972). SDI evaluates rock resistance to weathering through
repeated wetting and drying cycles (Franklin & Chandra,
1972; Gamble, 1971).

Previous studies on sandstones in Nepal have reported
varying PLSI and SDI values. For instance, (Sharma &
Tamrakar, 2023) found PLSI values ranging from 2.40 to
11.4 MPa for the Fagfog Quartzite, while (Budhathoki &
Tamrakar, 2022) reported PLSI and SDI values ranging

from 0.024 to 2.16 MPa and 93.23% to 30.37% respectively
for sandstones in the Siwalik Group. Sandstones from the
Sneinton Formation in England are moderately strong and
deformable and durability correlates with quartz content and
clay fraction (Bell & Culshaw, 1998). Sabatakakis et al.,
(2008) reported PLSI values for sandstones ranging from
0.5 to 5.7 MPa. Tsiambaos & Sabatakakis (2004) found that
the PLSI of sandstones varied between 0.5 and 8.4 MPa,
correlating strongly with UCS. Dhakal et al. (2002)
reported SDI values for sandstones ranging from 90% to
99% after two cycles, emphasizing the role of mineralogy
in durability characteristics. Celik & Kacmaz (2016)
observed SDI values for various building stones, including
sandstones, ranging from 94.8% to 99.6%. demonstrating
their high resistance to weathering. Shakoor & Bonelli
(1991) found SDI values for sandstones between 86%
and 100%, correlating with petrographic characteristics
and other engineering properties.

The Water Absorption Test, measuring rocks’ water
absorption, provides insights into porosity, permeability, and
degradation susceptibility (ASTM, 2019; Benavente et al.,
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2015). Sandstone water absorption values typically range from
less than 1% to over 20% (Bell, 2007; Celik & Kacmaz, 2016).
Multivariate correlation is a statistical technique used
to analyze relationships among variables by considering three
or more variables at once. In the context of rock mechanics,
multivariate analysis can reveal how different petrographic,
physical, and mechanical properties interrelate, providing
insights that may not be apparent from simple bivariate
correlations (Shakoor & Bonelli, 1991). For instance, studies
by Bell & Lindsay (1999) and Tamrakar et al. (2007) have
used multivariate techniques to investigate the influence of
petrographic properties. In this research, multivariate correlation
is used to explore how petrographic properties along with water
absorption relate with PLSI and SDI of sandstone samples.
The Amile Formation, part of the Tansen Group in
west-central Nepal, is distributed well in the hillslopes of the
Siddhartha Highway (Figure 1). Understanding the strength and
durability characteristics of sandstone is crucial for assessing
their suitability as construction materials and comprehending
geological factors influencing slope stability. This research
aims to determine the PLSI, SDI, packing density, packing
proximity, and water absorption values of sandstones from
the Amile Formation, and explore correlations between them.

2. Geological setting of the study area

The Tansen Area is located within the Lesser Himalayan
Zone of west-central Nepal. This zone lies between the
Main Boundary Thrust (MBT) to the south and the Main
Central Thrust (MCT) to the north. The Lesser Himalayan
rocks in this region consist of low-grade metasedimentary
sequences (Sakai, 1983). The Precambrian rocks in the
Tansen Area belong to the Kali Gandaki Supergroup.
The younger sedimentary sequence is represented by the
Tansen Group, comprising the Dumri Formation, Bhainskate
Formation, Amile Formation, Taltung Formation, and the
Sisne Formation (Figure 2). The Lesser Himalayan rocks
in the Tansen Area exhibit typical structural features
like thrusts, folds, and the emplacement of the Lesser
Himalayan nappes.

A huge syncline exists in the study area, where the
younger sequence of the Tansen Group of rocks is overlain
by the older Heklang Formation and the Virkot Quartzite
of the Kali Gandaki Supergroup with tectonic contacts.
The formations of the Kali Gandaki Supergroup were brought
as tectonic clippe. The study area particularly lies in the
northern limb of the syncline.

81°0'0"E 84°0'0"E 87°0'0"E 83°0|'0"E 8400.'0"E
-Z 1 1 1 N
2 z
g ] | S
4 =)
- %
Z N
)
2 z
5 =
z 020 40 &
=) a
oo T \ T \ 1 \ 1 . T
N Legend N
N .
) < Raidada Y Places 3
X p .
: S SiddarthasHighway % Sample Location =
<t - & ;‘I\ﬁﬁ lath — Stream <
- Tansen o aulathar — Hich =
i iy SN J Highvay o
a s @Y Sanda Chirtundhara . —Roa S
« : Bartun\\ x p x  Dhowadi ~ __ .0 a
Madi Arya Bhanjyan , ;@
. R U
Archale %
—_— X g
z %2 |z
v Tg}
g 4 Butwal \\ 0 1 ) R g
g , Km n
o~ T T T T ~
« 83°33'0"E 83°34'30"E 83°36'0"E 83°37'30"E «

Figure 1. Location map showing study area.
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3. Methodology

3.1 Sampling

Twenty-five sampling locations (Figure 2) were
selected across the study area. From each location, ten fresh
sandstone fragments (40-60g each) were collected for SDI
testing, and three orthorhombic samples were taken for PLST
determination.

3.2 Microscopic examination of sandstone

Thin sections were examined under a polarizing light
microscope to analyze rock composition, texture, packing
density, packing proximity, and grain characteristics (size,
sorting, roundness, and interlocking fabrics). Packing density
(Pd) and Packing proximity (Pp) were measured using the
expressions of Kahn (1956):

Pd ={(11+12+13....+In)/ L}.100(%) (1)

Pp={(gl+g2+g3+..... gn/Nc}.lOO(%) 2)

where: In = length of grains across the traverse line and L is
the traverse length, and Gn = grain-to-grain contact and Nc

IS(SO) = FX]S (3)

where: /| ;, = corrected point load strength; /= Size correction
factor; and / = Uncorrected Point load strength index, MPa.

I 5, was used to calculate the UCS of the test sample
using an empirical relation (Vallejo et al., 1989).

Ucs =174><[Y(50) (4)

The value obtained for the UCS of the test sample was
employed to classify the rock with the reference of ISRM
(1981) (Table 1).

3.4 Testing for SDI following ASTM D4644-87

To conduct the test, the ASTM procedure D4644 standard
procedure is used. For determining the sandstone’s durability,
the standard cycle i.e., the second cycle (/) of the Slake
Durability Index was compared to the classification proposed
by Franklin & Chandra (1972) (Table 2).The / , is obtained
from:

1d2=WF /B ©)

Table 1. Uniaxial compressive strength index classification (ISRM, 1981).

is the total number of contacts. UCS (MPa) Strength Classification
0.25-1 Extremely Weak
3.3 Testing for Point Load Strength Index 1-5 Very Weak
5-25 Weak
A point Load Test of irregular lumps ranging in 25-50 Medium Strong
thickness of 25-30 mm was performed following ASTM 50 - 100 Strong
D5731 02 (ASTM, 2003). The point load strength index 100 - 250 Very Strong
I 5 is calculated using: >250 Extremely Strong
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Figure 2. Geological map of study area.
Soil. Rocks, Sao Paulo, 2025 48(2):¢2025006924 3


https://creativecommons.org/licenses/by/4.0/

Relationship between Point Load Strength Index and Slake Durability Index of sandstones from the Amile Formation, Tansen Group, West-Central Nepal

where: I , = slake durability index (second cycle); WF'=mass
of oven-dried sample retained after the second cycle, gm;
and B = mass of the oven-dried sample before the second
cycle, gm.

3.5 Testing for Water Absorption test following ASTM
C127

For conducting the test, standard procedure ASTM
C127 (ASTM, 2011) was used. The water absorption is
calculated using the formula:

WAV =((B-4)/ 4) *100 (6)

where: WAV = Water Absorption Value; 4 =Mass of oven-
dried sample; and B = Mass of saturated sample.

3.6 Linear regression correlation

Linear regression is a statistical method that analyzes
relationships between continuous variables, fitting a linear
equation to observed data for predictions and insights. This
study uses linear regression to explore the correlation between
strength, durability, and factors like water absorption, packing
density, and packing proximity.

3.7 Multivariate correlation

Multivariate correlation analyzes relationships among
multiple variables simultaneously extending beyond simple
bivariate correlations. This study used multivariate correlation
to examine relationships between SDI, PLSI, WAV, Pd, and
Pp. The analysis, conducted in two phases with SD/ and
PLSI as dependent variables, assessed how various properties
collectively influence rock durability and strength, providing
a comprehensive understanding of complex interactions
among studied rock properties.

4 Results

4.1 Lithological description of Quartose Sandstone in
sampling sites

The exposure consists of thick-bedded (40 cm) coarse-
grained, moderately weathered, pebble-bearing sandstone
with ferruginous molting having pebbles of diameter
3-4 c¢m interbedded with thick-bedded purple shale. Thin
to medium bedded, coarse-grained grey quartose sandstone
interbedded with medium bedded, moderately weathered
muddy sandstone. Thick-bedded coarse-grained quartzose
sandstone with hematite and siderite speckles interbedded
with reddish-brown siltstone. Medium bedded (10-20 cm)
moderately weathered grey fresh siltstone with pisolites and

Table 2. Slake durability index classification (after Franklin &
Chandra, 1972).

1

( 4/12) Durability Classification
0-25 Very Low
26-50 Low
51-75 Medium
76-90 High
91-95 Very High
96-100 Extremely High

thin-bedded fine-grained dark grey moderately weathered
limestone. Thick-bedded coarse-grained white quartzose
sandstone interbedded with medium to thick-bedded muddy
sandstone, bioturbated muddy sandstone, and carbonaceous
shale.

4.2 Description of rock thin sections under Polarizing
Microscope

The composition and texture of each sample were
determined through meticulous petrographic examination,
to understand their potential influence on slaking behavior
and rock strength. Thin sections were analyzed under cross-
polarized light (XPL) conditions (Figure 3). Figure 3 consists
of six different samples: LA1(a) exhibits a poorly sorted
Quartz Wacke with the (94.69% quartz, 5.31% feldspar,
16% matrix); LA9(b), a moderately sorted Subarkose arenite
with (94.83% quartz, 5.17% feldspar, 3% matrix); MA1(c),
Subarkose arenite with lower quartz content and insignificant
mica presence than LA9(b) (94.36% quartz, 1.88% rock
fragments, 0.36% mica); MA7(d), a poorly sorted Lithic
Wacke with a significantly lower matrix percentage them
LA1(a) and the third highest percentage of rock fragments
in the plate (87.04% quartz, 8.17% rock fragments, 15.37%
matrix); UA1(e), a well- sorted Quartz arenite (95.5%
quartz, 4.5% feldspar); UA2(f), Quartz arenite with the
highest quartz content among the samples with (98.73%
quartz, 1.27% feldspar). The detailed compositional result
along with the microscopically observable texture of rocks,
subsequent rock classification, Pd and Pp is tabulated below
(Table 3 and Table 4).

4.3 Point-load strength index (PLSI)

The obtained strength index values are presented in a
table, where samples from the Lower Middle and the Upper
Members are indicated by LA, MA, and UA, respectively.
Sample LA10 exhibited the highest strength of 14.81 MPa
among all the samples tested (Table 5). In contrast, sample
MADY had the lowest durability with a strength value of 5.94 MPa.
According to the calculated value of UCS (Vallejo et al.,
1989), the test samples are classified as extremely strong to
very strong rock based on Brown (1981), (Table 4).
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b

Figure 3. Photomicrograph of Sandstone from The Amile Formation under XPL sample LA1 (a) LA9 (b) MA1 (c) MA7 (d) UA1 (e)
and UA2 (f).

4.4 Slake Durability Index (SDJ)

As per the value of SDI of the second cycle, the value ranged
from 99.78% (MA1) t0 99.17% (LA2, MAS). The test sample
lies on the type I disintegration pattern, ASTM D464487 (ASTM,
2001) Method. According to the classification proposed by
Franklin & Chandra (1972), these values correspond to an
extremely high durability rating (Table 6).

4.5 Water absorption test

The WAV ranges from 0 to 2.17% (MA9). According
to the ASTM (2011) C 127 specification, the sample > 3%
WAV indicates a high effective porosity whereas below
3% indicates a low effect of porosity which is seen in all
samples (Table 7).

S 4 T . 3 . o2 &
e e

4.6 Linear regression correlation

The study examined the relationship between SDI and
PLSI by plotting them on a scatter chart and calculating the
best-fit line with a 95% confidence level and the relationship
coefficient (R?) (Figure 4). The analysis showed a strong
correlation between SDI and PLSI across all samples, with
a coefficient of determination (R’ = 0.804), significantly
higher than the critical R-value of 0.337, indicating statistical
significance.

A good correlation was found between PLSI vs WAV
(R?=0.79), PLSI vs Pd (R*= 0.88), PLSI vs Pp (R’=0.83),
SDIvs WAV (R*=0.74), SDI vs Pd (R°*=0.84) and SDI vs Pp
(R*=0.78). All these correlations were statistically significant,
reinforcing the connection between these indices and the
measured properties (Table 8)
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Table 3. Result of the petrographic analysis of sandstone from the Amile Formation.

Clast (%) . Cement (%) Packing Packing
SN Quartz ) Others+ Mimx ) density Proximity

Oom o F RF Mica Heavies (%) Ferr. Sil. Arg. (Pd%) ( P %)
LAl 44.57 8.88 3 2 2.59 16 10 1296 977 92.2
LA2 67.7 10.12 1.18 1.00 3 11 6.00 87.2 82.4
LA3 63.92 5.08 5 1.00 3 6 12 4.00 97.0 93.2
LA4 68.7 4.96 1.49 1.85 2 6 9 6.00 95.2 90.3
LAS 73.64 232 1.09 1.41 3 8 6 4.54 94.4 89.9
LA6 75.88 2.12 2 1.00 2 11 6 94.5 88.3
LA7 46.36 9.36 3 2 1.86 16 9 1242 93.7 88.7
LA8 73.22 4.63 1.39 3 5 7 4.36 94.9 89.4
LA9 72.73 2.36 4.09 2.00 3 5 7 3.82 93.4 88.7
LA10  69.77 5.12 5.75 1.03 4.15 9 5.18 97.4 91.7
MAI1 65.61 9.73 3 1.50 0.36 1.95 7.09 6.76 2 2.00 97.8 90.2
MA2 64.73 221 3.47 7.31 0.58 1.00 9.01 5.69 3 3.00 87.0 82.6
MA3 63.09 231 5.01 6.00 1.27 14 1.32 2 5.00 87.4 81.5
MA4 58.61 3.49 6.04 5.52 1.05 16 2.29 4 3.00 97.8 913
MAS5 65.83 2.19 421 6.57 1.77 10 243 3 4.00 87.4 82.7
MAG6 66.43 2.71 3.49 6.69 1.32 12 2.36 2 3.00 88.1 83.0
MA7 61.01 4.83 3.62 6.18 1 1.59 15.37 0.93 1 4.47 93.3 89.0
MAS 56.53 1 6.02 8.00 1 1.38 18 2.38 1 4.69 89.7 83.6
MA9 59.84 1.09 4.74 6.00 1 1.00 15 4.52 2 4.00 87.1 82.6
MA10  64.46 2.18 1.04 8.00 1 1.29 15 1.00 2 4.03 97.4 92.7
MAI1l  52.65 4.89 2 12.00 1.50 17 3.00 3 3.96 93.2 88.6
MA12 5098 3.80 3 12.00 1.00 19 4.00 2 422 96.1 91.8
MA13  65.54 232 2.19 7.00 1.08 13 3.00 2 3.87 87.1 83.7
UALI 82.63 3.89 1.61 1 3.00 6 1.87 97.0 91.5
UA2 82.43 1 1.07 1.64 1 3.00 8 1.86 97.7 91.8

4.7 Multivariant correlation

To create a more accurate predictive model with a
higher R?, we conducted multiple regression analyses for each
property. Each analysis used one test as the dependent variable
and the other four as independent variables. We identified
significant independent variables based on their P-values,
discarding those that were insignificant.

For the prediction of PLSI, our analysis revealed that
SDI, WAV, and Pd were the most significant independent
variables. While single regression analysis showed Pd as the
best predictor for PLSI with an R? of 0.88, combining the three
significant independent variables in a multiple regression
model improved the correlation strength, resulting in an
R?0f0.916. This R? value remained unchanged when only
WAV and Pd were kept as independent variables (Table 9).

In the case of SDI prediction, WAV and Pd emerged
as the most significant independent variables. The initial
correlation between SDI and Pd yielded an R’ of 0.845.
To enhance the reliability of the prediction, we performed
multiple regression, which slightly increased the R’ to 0.869.
Interestingly, this R? value remained unchanged when PLS/
and WAV were included alongside Pd as independent variables.

5. Discussion

SDI values for sandstone from the Amile Formation
ranged from 99.17% to 99.78% after the second cycle, indicating
extremely high durability (Franklin & Chandra, 1972). This
range is comparable to high/very high SDI values reported
for quartzite from the Fagfog Quartzite (Sharma & Tamrakar,
2023), but higher than sandstone from the Siwalik Sub-group
(30.37%-93.23%) from Hetauda (Budhathoki & Tamrakar, 2022).
Spherical samples generally yielded higher index values than
irregular samples (Cicek et al., 2016). The results are similar to,
but slightly better than, those sandstone from an underground
coal mine at the United Mineral Coal Company Sor-range
(97.36%-98.71%) at 4000 ft depth (Ahmed et al., 2022).

Analysis of results showed sample MA 1 had the highest
SDI and LA2 the lowest. This correlates directly with quartz
content, where MA1 had high quartz content and LA2 low,
consistent with findings from Bell & Culshaw (1998) for
sandstone from the Sneinton Formation. All samples exhibited
a Type I disintegration pattern after the second cycle.

PLSI values for sandstone from the Amile Formation
ranged from 5.94 MPa to 14.81 MPa, higher than those reported
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Table 4. Texture and classification of sandstone from the Amile Formation.

Texture .
SN Size (um) Shape Soring Recalculation (%) Type
Range Model (0] F RF
LAl 50-130 200 Angular  Poorly Sorted 94.69 5.31 0 Quartz wacke
LA2 40-110 180 Sub Angular Poorly Sorted 98.51 1.49 0 Quartz arenite
LA3 60-140 210 Sub Angular  Moderate 93.24 6.76 0 Subarkose arenite
LA4 70-130 190 Sub Angular  Moderate 98.02 1.98 0 Quartz arenite
LAS 60-130 220 Sub Angular  Moderate 98.59 1.41 0 Quartz arenite
LA6 50-200 280 Sub Angular  Moderate 97.5 2.50 0 Quartz arenite
LA7 40-120 190 Angular  Poorly Sorted 94.89 5.11 0 Quartz wacke
LA8 50-150 230 Sub Angular ~ Moderate 98.25 1.75 0 Quartz arenite
LA9 50-140 150 Sub Angular  Moderate 94.83 5.17 0 Subarkose arenite
LA10 100-500 600 Sub Angular  Moderate 92.87 7.13 0 Subarkose arenite
MA1 50-220 400 Sub Angular  Moderate 94.36 3.76 1.88 Subarkose arenite
MA2 40-200 260 Sub Angular ~ Moderate 86.13 4.46 9.41 Sublitharenite
MA3 30-170 200 Sub Angular  Moderate 85.59 6.56 7.85 Sublitharenite
MA4 50-150 300 Angular  Poorly sorted 84.31 8.20 7.49 Feldspathic wacke
MAS 40-130 280 Sub Angular  Moderate 86.32 5.34 8.34 Sublitharenite
MA6 40-140 290 Sub Angular ~ Moderate 87.17 4.40 8.43 Sublitharenite
MA7 60-250 300 Angular  Poorly sorted 87.04 4.79 8.17 Lithic wacke
MAS 40-110 150 Angular  Poorly sorted 80.41 8.41 11.18 Lithic wacke
MA9 40-230 300 Sub Angular  Moderate 85.01 6.61 8.37 Sublitharenite
MAL10 50-200 300 Sub Angular ~ Moderate 88.05 1.37 10.57 Sublitharenite
MA11 40-210 260 Angular  Poorly sorted 80.43 2.80 16.77 Lithic wacke
MA12 30-200 600 Sub Angular  Moderate 78.50 4.30 17.2 Lithic wacke
MA13 50-180 240 Sub Angular  Moderate 88.07 2.84 9.09 Sublitharenite
UAl 60-220 320 Rounded Well sorted 95.50 4.50 0 Quartz arenite
UA2 130-520 700 Rounded Well sorted 98.73 1.27 0 Quartz arenite

for quartzite from the Fagfog Quartzite (2.40-11.4 MPa) by
(Sharma & Tamrakar, 2023) and sandstone from the Siwalik
Sub-group (0.024-2.16 MPa) by (Budhathoki & Tamrakar,
2022). Based on calculated UCS values, samples are classified
as extremely strong to very strong (Brown, 1981). Lower PLSI
values may be influenced by smaller sample sizes. Higher
quartz content correlates with higher UCS (Sabatakakis et al.,
2008), while feldspar can reduce strength (Yusof & Zabidi,
2016). Lower moisture content is associated with higher
strength (Aligholi et al., 2017), as observed in samples LA3,
LA6,LA10,MA9, and MA11. Samples with higher moisture
content (LA9, MA1, MA4, MA6, MA7) showed lower PLSI
values. Mica presence can reduce rock strength (Yasir et al.,
2018), consistent with observations in samples LA1, MAI,
MA2, MA7, and MA10. The highest PLSI value (sample
LA10) corresponded to a lack of mica.

The samples LA1, LA10, UA1, and LA2 have higher
SDI values and are found predominantly of quartz whereas
samples MA2, MAS, MA7, and MA9 have relatively low
SDI values and are found less quartz content. The sample
having a higher SDI value has the least amount of matrix
whereas the sample having a lower value of SD/ has more than
15% matrix. Discontinuous matrix sandstones exhibit lower
durability than those with continuous matrices (Tugrul & Zarif

1998). The present study found that samples having matrix,
rock fragments, and mica may have slightly lower durability.
Sandstone rich in smectite and zeolite had higher durability

than pyroclastic rocks with just smectite (Dhakal et al., 2002).
Yusof & Zabidi (2016) found that the rock containing

a high percentage of quartz gave high strength in this
context, the sample UA 1 and UA2 with maximum strength
is found to have high quartz content whereas samples MA2,
MAO9, and MA13 with minimum strength is found to have
less quartz content. There were no strong correlations
between point load and slake durability with mineralogy
(Ayakwabh et al., 2009).

WAV for sandstone from the Amile Formation ranged
from 0% to 2.17%, indicating low effective porosity (below
3%) according to ASTM C 128 specifications. These values
are comparable to the low water absorption values reported
for quartzite from the Fagfog Quartzite in Nepal (Sharma &
Tamrakar, 2023) but lower than sandstone from the Siwalik
Sub-groups (1.26% to 17.6%) in Hetauda (Budhathoki &
Tamrakar, 2022). Samples with high quartz content showed 0%
WAV. The low WAV indicates high durability and weathering
resistance, similar to sandstone from the Sneinton Formation
in England (0.3% to 2.5%) reported by Bell & Culshaw
(1998), which correlated with high durability and strength.
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Table 5. Point load strength index values of sandstones from the Amile Formation.

SN gg(l;‘rej)s W‘(i:}r‘nf;vg Load (kN) De (mm) De?(mm?) I (MPa) F (mm) (1{2'13021 ) (ﬁcpi) Class
LAl 29.5 53.4 26.78 4479 200573 1335 0.95 1271 221.09 V. strong
LA2 255 447 11.58 3810 145130  7.98 0.88 7.06 12285 V. strong
LA3 283 475 2522 4137 171155  14.74 0.92 13.53 23544 V. strong
LA4 26.7 438 18.14 3859  1489.00 1218 0.89 10.84  188.65 V. strong
LAS 26.5 473 18.93 39.95 159594  11.86 0.90 1072 18656 V. strong
LAG6 27.6 482 20.42 41.16 169382 12.06 0.92 11.04  192.18 V. strong
LA7 26.8 475 18.81 4026 162083 1161 0.91 1053 183.17 V. strong
LAS 262 467 18.64 3947  1557.86 1197 0.90 1076 187.18 V. strong
LA9 27.4 45.45 17.34 39.82 158560  10.94 0.90 9.87 171.76 V. strong
LAI10 27.8 447 25.97 39.78 158220 1641 0.90 1481 25767  E.strong
MAL 283 4535 2228 4042 163408  13.63 0.91 1239 215.60 V. strong
MA2 28.7 48.8 12.3 4223 178325 690 0.93 6.39 11123 V. strong
MA3 267 54.1 16.64 4289  1839.16  9.05 0.93 8.44 146.92 V. strong
MA4 28.5 484 24.76 4191 175631  14.10 0.92 13.02 22657 V. strong
MAS 25.7 455 11.92 3859  1488.86 8.0l 0.89 7.12 12397 V. strong
MAG 28.8 458 16.5 4098 167945  9.82 0.91 8.98 15631 V. strong
MA7 28.6 53.8 22.83 4426 1959.11  11.65 0.95 11.03  191.94 V. strong
MAS 263 453 16.25 3895 151692 10.71 0.89 9.57 166.58 V. strong
MA9 27.8 487 11.13 4152 172379 6.46 0.92 5.94 10333 V. strong
MA10 28.4 45.6 26.68 40.61 164890  16.18 0.91 1473 25637 E.Strong
MAI1 26.8 49.6 19.65 41.14 169249 1161 0.92 1063 185.04 V. strong
MAI2 28.9 45.02 21.75 4070 165658  13.13 0.91 1197 20825 V. strong
MA13 283 49.8 1245 4236 179443 694 0.93 6.44 112.04 V. strong
UALI 27.6 454 25.77 39.94 159542 16.15 0.90 1460 25404 E.Strong
UA2 28.4 477 25.27 4153 172483 14.65 0.92 1348 23450 V. strong

V. strong = Very strong E. strong = Extremely strong.

Table 6. Result of slake durability index test of sandstones for two cycles.

Ini.tial 10DW Moisture ~ ODW after ODW after Durability  Disintegration
SN weight before Ist  Content Istcycle  2nd cycle 1,% 1,% Classification Type
(gm)  cycle(gm) (%) (gm) (gm)
LAl 531.74 530.61 0.21 529.97 529.34 99.88 99.76 EH I
LA2 507.08 506.81 0.05 504.23 502.6 99.49 99.17 EH I
LA3 534.62 534.59 0.01 533.52 532.77 99.8 99.66 EH I
LA4 513.89 512.95 0.18 511.51 510.59 99.72 99.54 EH I
LA5 512.12 511.96 0.03 510.63 509.66 99.74 99.55 EH I
LA6 532.2 531.72 0.09 530.44 529.11 99.76 99.51 EH I
LA7 548.43 547.68 0.14 545.6 544.34 99.62 99.39 EH I
LAS8 529.67 528.8 0.16 526.9 526.26 99.64 99.52 EH I
LAY 516.42 515.09 0.26 513.44 512.41 99.68 99.48 EH 1
LAI0 546.02 545.72 0.05 544.85 544.14 99.84 99.71 EH I
MA1 541.53 539.84 0.31 539.35 538.65 99.91 99.78 EH I
MA2 549.09 547.53 0.28 543.75 542.99 99.31 99.17 EH I
MA3 530.45 528.56 0.36 525.18 523.96 99.36 99.13 EH I
MA4 519.81 518.14 0.32 517.41 516.64 99.86 99.71 EH I
MAS 549.87 548.37 0.27 544.64 543.82 99.32 99.17 EH I
MAG6 543.86 542.01 0.34 540.17 539.35 99.66 99.51 EH I
MA7 540.15 538.2 0.36 535.62 534.38 99.52 99.29 EH I
MAS 540.92 539.61 0.24 538.05 536.16 99.71 99.36 EH I
MA9 546.34 545.69 0.12 541.54 541.27 99.24 99.19 EH I
MAT10 511.37 510.87 0.1 509.95 509.34 99.82 99.7 EH 1
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Table 6. Continued...

Ini.tial 10DW Moisture ~ ODW after ODW after Durability ~ Disintegration
SN weight before 1st Content Istcycle  2ndcycle 1,% 1,% Classification Type
(gm.) cycle (gm) (%) (gm) (gm)
MAT11 521.58 521.11 0.09 519.6 518.87 99.71 99.57 EH I
MAI12 538.12 537.13 0.18 535.73 535.04 99.74 99.61 EH I
MAI3 491.51 490.31 0.24 487.71 486.73 99.47 99.27 EH I
UALI 499.2 498.59 0.12 497.89 497.24 99.86 99.73 EH I
UA2 513.31 512.59 0.14 511.67 511 99.82 99.69 EH I

Table 7. Water Absorption values of sandstones from the Amile Formation.

S.N. Dry wt.(gm) Wet. wt.(gm) WAV %
LA1 940 940 0
LA2 860 870 1.16
LA3 1500 1500 0
LA4 2910 2920 0.34
LAS 2610 2620 0.38
LA6 2080 2100 0.96
LA7 1080 1090 0.93
LA8 1170 1180 0.85
LA9 1240 1250 0.81
LA10 900 900 0
MA1 750 750 0
MA2 930 940 1.08
MA3 1910 1930 1.05
MA4 1500 1500 0
MAS5 690 700 1.45
MAG6 1120 1130 0.89
MA7 1270 1280 0.79
MAS 2680 2690 0.37
MA9 460 470 2.17
MAI10 1350 1350 0
MAI11 1620 1630 0.62
MAI12 410 410 0
MAI13 1510 1530 1.32
UALI 400 400 0
UA2 840 840 0

Table 8. Correlation between distinct tests under single linear regression.

Correlation Equation R’
PLSI vs SDI PLST=11.294S8DI - 1113 0.8043
PLSI vs WA PLSI=-4.080WA + 13.14 0.7982
PLSI vs Pd PLSI=0.605Pd - 45.714 0.8856
PLSI vs Pp PLSI=0.6233Pp - 44.222 0.8353
SDI vs WA SDI=-0.3131WA4 +99.677 0.7455
SDI vs Pd SDI=0.0469Pd + 95.113 0.8455
SDI vs Pp SDI = 0.0479Pp + 95.269 0.7824

This study explored the relationship between SD/and the ~ =0.337), indicating a meaningful relationship. This finding is
PLSIin sandstone samples, revealing a strong correlation with  consistent with Khajevand & Fereidooni (2018) work, which
an R? of 0.804, significantly higher than the critical r-value (r  reported a strong SDI-PLSI correlation in travertine samples,
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Table 9. Correlation between various tests employing significant independent variables under multiple regression.
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Figure 4. Correlation of best-fitted curve under linear regression (a) PLSI vs WAV (b) PLSI vs Pd (c) PLSI vs Pp (d) SDI vs WAV (e)
SDI vs Pd and (f) SDI vs Pp.

Depe?ndent Independent Variable Equation R SEE  Critical »
Variable
SDI PLSI, Water Absorption, Packing SDI=96.486 + 0.005PLSI - 0.98 WA + 0.869 0.082 0.404
density 0.032Pd
SDI PLSI, Water Absorption, Packing SDI=97.480 + 0.022PLSI - 0.109WA + 0.848 0.089 0.404
proximity 0.02Pd
SDI Water Absorption, Packing proximity SDI=97.010-0.153WA4 +0.029Pp 0.840 0.892 0.396
SDI Water Absorption, Packing density SDI=96.355-0.105WA +0.034Pd 0.869 0.080 0.396
PLSI SDI, Water Absorption PLSI=-605.295 +6.204SDI-2.138 WA 0.860 1.051 0.396
PLSI SDI, Water Absorption, Packing density PLSI=-73.998 - 0.485DI- 0.916 0.833 0.404
1.470WA+0.4064Pd
PLSI SDI, Water Absorption, Packing PLSI=-236.624 +2.2185DI- 0.903 0.894 0.404
proximity 1.663WA+0.3137Pp
PLSI Packing density, Packing proximity PLSI=-45.584 + 0.662Pd - 0.062Pp 0.886 0.947 0.396
PLSI SDI, Packing density, Packing PLSI=-285.246 +2.519SDI + 0.510Pd - 0.892 0.944 0.404
proximity 0.025Pp
PLSI SDI, Packing density PLSI=-288.944 +2.5578DI + 0.485Pd 0.892 0.922 0.396
PLSI SDI, Packing proximity PLSI=-530.442 +5.1038DI + 0.379Pp 0.871 1.007 0.396
PLSI Water Absorption, Packing density PLSI=-27.794 — 1.52WA + 0.423Pd 0.916 0.814 0.396
PLSI Water Absorption, Packing proximity PLSI=-21.409 —2.002WA + 0.378Pp 0.898 0.896 0.396

SDI = Slake Durability Index, PLSI= Point Load Strength index, WA=Water Absorption, Pd=Packing density, Pp=Packing proximity, SEE=Standard error of the estimation
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and Ahmad et al. (2017), who found an SDI-PLSI correlation
with an R? 0f 0.812 in sedimentary, metamorphic and igneous
rocks altogether 45 samples. However, it contrasts with
Liang et al. (2015), who noted a weaker correlation between
SDI and uniaxial compressive strength (UCS) in stronger rocks.

A good correlation was found between PLSI vs WAV
(R*=10.79), PLSI vs Pd (R*=0.88), PLSI vs Pp (R’=0.83),
SDIvs WAV (R*=0.74), SDI vs Pd (R*=0.84) and SDI vs Pp
(R?>=0.78). These results align with Yusof & Zabidi (2016)
findings, where higher quartz content and Pd were linked
to greater rock strength. The strong correlations observed
suggest that PLSI, SDI, and other physical properties are
interconnected and contribute to the mechanical behavior
of sandstone from the Amile Formation. These relationships
could be useful for geotechnical assessments, allowing for
the estimation of one property based on another.

Multiple regression analysis further improved predictive
models. For PLSI, combining SDI, WAV, and Pd increased the
R?t0 0.916, while for SDI, including WAV and Pd raised the
R?t0 0.869. These findings, consistent with Yusof & Zabidi
(2016), build on previous studies by incorporating multiple
parameters, offering a more comprehensive understanding
of sandstone properties, which could enhance predictions
for geotechnical applications.

6 Conclusion

Sandstone from the Amile Formation exhibited extremely
high durability (SDI 99.17-99.78%) and very strong to
extremely strong compressive strength (PLSI5.94—14.81 MPa).
The water absorption test results of sandstone from the Amile
Formation indicate very low porosity and high resistance
to water penetration (WAV: 0-2.17%). Based on the strong
correlation between SDI and PLSI (R’=0.804), future research
can use the equation SD/=0.0712PLSI + 98.727 to estimate
SDI from PLSI for similar sandstones. PLSI is well explained
by WAV, Pd, and Pp, whereas SDI is explained well by Pd
and Pp. Multiple regression analysis, with an R? of 0.869,
indicates that SDI can be very well explained by PLSI in
combination with water absorption and Pd. Expanding the
dataset could improve the study’s accuracy.
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List of symbols and abbreviations

ASTM American Society for Testing and Materials

De Equivalent core diameter for an irregular rock lump
F Size correction factor

Gn Grain-to-grain contact

1, Slake durability index (first cycle)

1, Slake durability index (second cycle)

EH Extremely High

I Uncorrected Point load strength index, Mpa

Corrected point load strength

ISRM International Society for Rock Mechanics
L Traverse length

MBT  Main Boundary Thrust

MCT  Main Central Thrust

Nc Total number of contacts

10DW Initial oven dry weight

ODW  Oven dry weight

Pd Packing density

Point Load Strength Index
Pp Packing proximity

0 Quartz

Om Monocrystalline quartz
Op Polycrystalline quartz

R’ Relationship coefficient
RF Rock fragments

SDI Slake Durability Index
SEE Standard Error of Estimate
LA Lower Amile

MA Middle Amile

UA Upper Amile
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UCS  Uniaxial Compressive Strength
XPL  Cross-polarized light
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