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Abstract

The use of marble as a building or dimension stone is one of the most growing commodities throughout
the world. Due to the rapid increase in urbanization, dimension stones are commonly used in building
interiors as well as exteriors. Marble, being a metamorphic rock is very desirable to be utilized in structural as
well as decorative purposes. The study presented herein evaluates the geotechnical characteristics of the
Gahirat marble in the Chitral area, Pakistan. For this purpose, 40 representative samples of the Gahirat marble
from ten different vicinities of the Chitral area were collected and tested to determine the correlation amongst
the different geotechnical properties of the studied rock. The uniaxial compressive strength (UCS), Brazilian
tensile strength (BTS), water absorption, specific gravity, point load strength (PLS), Schmidt rebound
hammer, ultrasonic pulse velocity (UPV), and soundness, tests were performed to evaluate the strength of the
Gahirat marble for its possible use as a dimension and building stone. An average of 12 measurements for
each of the ten rock sample collection vicinities were performed. The statistical analysis shows that a fairly
strong linear positive correlation (R2 =0.80, 0.81, 0.84, 0.92) exists between UCS along with BTS, specific
gravity, water absorption PLS and UPV. The maximum values obtained for the 12 measurements regarding
the mechanical properties such as UCS, BTS, PLS and Schmidt hammer rebound number were 97.25 MPa,
11.34 MPa, 6.75 MPa and 51, respectively. The maximum values of the physical properties such as water
absorption, soundness, specific gravity and UPV tests were calculated to be 0.08%, 0.38, 2.68 and 5.04 km/s,
respectively. The results of the uniaxial compressive strength, Brazilian tensile strength, point load strength
and Schmidt hammer rebound tests indicate that the Gahirat marble shows high resistance to crushing and
bending effects while the specific gravity values indicate its ability to bear the impact of the degree of
polishing and grinding. The water absorption and soundness test values indicated that the Gahirat marble is
appropriate to be utilized for floor tiles and outdoor cladding due to its resistance against weathering and low
rate of the water absorption.

Keywords: Chitral; Gahirat marble; Geotechnical properties; uniaxial compressive strength; Brazilian tensile
strength; Empirical correlation; North Pakistan

1. Introduction and arif, 2015; Sajid et al., 2016; Scrivano etal.,
2018; El Aal and Kahraman 2017). Marble is
Natural stones such as marble, granite, mostly considered as a classy, elegant and
basalt, sandstone, slate, laterite, gneiss, decorative natural stone used for artistic
quartzite and limestone have been used sculpture making and for building construction
extensively as construction material and  on the basis of geo-mechanical properties of
dimension stone throughout history (Mustafaet ~ marble (Peng et al., 2016; Singh et al., 2015;
al., 2016). Moreover, they are being used for Jian-binetal.,2019).
monumental and decorative purposes as well
Like sedimentary and igneous rocks, the The study area lies in the Chitral district,
metamorphic rocks are highly valued and have Khyber Pakhtunkhwa (KPK) province,
also great importance for use as a building and  Pakistan (Fig. 1). This province is blessed with
dimension stone because of their desirable  the huge reserves of marble in Swabi,
composition and complex rock fabric (Sajid  Nowshera, Buner, Mardan, Swat and Kohistan

28



area. The district Chitral is blessed with the
huge reserves of grey and white quality marble
(Figure 2- a, b). Shakirullah and Afridi, 2004
described the four major deposits of marble in
the Chitral District such as Gahirat marble,
Reshun marble, Shishi valley marble and
Shoghore valley marble. Fahad, 2016
investigated the marble on the basis of physico-
mechanical properties along the Mardan-Buner
Belt. Mustafa et al., (2015) studied the rocks
like marble, granite, limestone, sandstone
commonly exploited as building stones in Sub-
Himalayas Muzaffarabad, Azad Kashmir
region. The marble deposit exposures in the
Chitral area are easily accessible and in most of
the areas, quarrying of these deposits have
already been started (MDDKPK, 2014). In
addition to the availability of the marble
deposits and ease of quarrying, the Gahirat
marble of the Chitral area must fulfil the
requirements of geotechnical properties such as
strength, durability, hardness, toughness,
specific gravity, porosity and absorption,
finishing and appearance to ensure its
suitability as a dimension and building stone.

2. Geological Setting

Tectonically, the area is located on the
southern side of the Pamir Block in the north of
the Chitral (Tahirkheli, 1979). The rocks
exposed in the Karakoram Block are situated
between the Indus Tsangpo Suture Zone (ITSZ)
in the northern side and the Indus Suture Zone
(ISZ) in the south (Gaetani et al., 1996). In the
north of ISZ, the Chitral area is distributed in
two geological zones on the northern and
southern sides of the Reshun fault (Pudsey et
al., 1985). The northern zone comprises the
Chitral slates, the Koghozi greenschist, the
Gahirat marble, the Krinj limestone, the
Reshun Formation and the Karakoram Block
The rock units are comprised of a Permo-
Carboniferous Darkot group of slates and
quartzose sandstone, the Cretaceous Gahirat
marble and Krinji limestone, Koghozi
greenschist, Jurassic Chitral slates, and the
Tertiary Reshum formation (Fig. 1; Desio,
1959; Calkins et al., 1981). The Cretaceous
Gabhirat marble is a thick complex of white to
ash grey, massive and coarsely crystalline
marble (Fig. 2; Desio, 1959). Pudsey et al.
(1985) described this formation as a massive
light grey coarsely crystalline marble.
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The Cretaceous Gahirat marble is a thick
complex of white to ash grey, massive and
coarsely crystalline marble. The marble
contains dominantly calcite along with the
accessory minerals such as muscovite,
phlogopite, chlorite and ore minerals. It is
mainly exposed near the Chitral city and its
surrounding areas (Fig. 1). It is exposed in
bands and separated by grey micaceous phyllite
towards the Drosh-Chitral road section.

3. Materials and Methods
3.1 Sample collection

The detailed fieldwork was carried out for
geological rock sampling and outcrop
observation in August 2017 (Fig. 1). Forty
representative rock samples from ten different
vicinities of the Chitral area such as Chinar,
Goja Lasht Khairabad, Kesu, Birir, Gang
Gabhirat, Gahirat Gol, Gumbat and Domun were
collected based on their exposure and
variations. These variations were occurred in
the rock quality on the basis of various colors,
textures and geo-mechanical characteristics
that make their high possibility to be utilized as
a building stones. The rock samples were
observed for macroscopic defects to ensure that
the specimens were intact, free of visible
cracks, flat and unweather.

3.2 Sample preparation

For the geotechnical analysis, rock
samples were prepared in the laboratory for
testing. The cores of the samples were prepared
as per the requirement of the specified test. The
geotechnical analyses were conducted
following the specifications of the American
Society for Testing and Materials (ASTM)
standards. The geotechnical tests included
uniaxial compressive strength (UCS), Brazilian
Tensile Strength (BTS), specific gravity, water
absorption, Point Load Strength Test (PLS),
Schmidt rebound hammer, ultrasonic pulse
velocity (UPV) and soundness tests. All these
laboratory tests were performed at the
geotechnical laboratory of the Institute of
Geology, the University of Azad Jammu and
Kashmir, Muzaffarabad, Pakistan.
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Fig. 1. Geological and location map of the study area after Khan and Khan
(2000) and Calkins et al. (1981). GMC= Chinar Gahirat Marble,
GMGL= Goja Lasht Gahirat Marble, GMKB= Khairabad Gahirat
Marble, GMK= Kesu Gahirat Marble, GMB= Birir Gahirat Marble,
GMG= Gang Gahirat Marble, GMGT= Gabhirat Gahirat Marble,
GMGG= Gahirat Gol Gahirat Marble, GMGz= Gumbat Gahirat
Marble, GMD= Domun Gahirat Marble.

Fig. 2. (a) Field photograph showing an outcrop of the Gahirat Marble near Gahirat area. (b) Light grey
color Gahirat Marble exposed along the roadside near Khairabad area.
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3.3 Laboratory tests

The UCS and BTS tests were performed
following the ASTM standards
C170/C170M-17 and ASTM D3967-16,
respectively. Based on these tests, the rock was
characterized based on its strength and
durability since these are the two significant
parameters that are essential to evaluate every
type of building stone (Sims, 1991). Besides,
the UCS and BTS were also useful to check the
mechanical soundness of a rock (Mustafa et al.,
2016).

The UCS and BTS tests were conducted
on 40 representative cylindrical Gahirat marble
rock cores with lengths (L) of 98.4 mm,
diameters (D) of 49.2 mm and length-to-
diameter ratios (L/D) of 2.0 in most cases to
calculate the strength of the rock. On average, 3
cores were tested for each rock sample by using
a CONTROLS Model No. C56B02 rock UTM
machine with a capacity of 3000 kN following
the ASTM specification (Fig.3). The uniaxial
compressive strength values reported in Table 1
represent average values of twelve
measurements for each vicinity of the Chitral
area. The BTS is an indirect test to determine
the tensile strength of the rocks. According to
Liang et al. (2015), the measurement of the
splitting tensile strength by the BTS gives
replicable results, where the test is mainly used
due to its low price and its ease (Altindag and
Guney, 2010).

Specific gravity and water absorption
tests were conducted as per the ASTM
C97/C97M — 18 standard. The rock samples
were saturated in water for 48 h and then were
completely dried at a temperature of 60 °C. The
water absorption is the ratio of the capacity of
the rock specimen to absorb water to the weight
of'the dry Specimen.

The point load strength (PLS) test is also used to
indirectly determine the uniaxial compressive
strength of the rock (Karakus and Tutmez,
2006; Franklin, 1970; Bieniawski, 1975; Bell,
2007; Kohno and Maeda, 2011). Rock samples
collected from the field were prepared for
testing as per the ASTM D5731 — 16 standards.
For this purpose, samples were trimmed and the
surfaces were smoothened following the
relevant ASTM standard to determine the UCS
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for each rock core sample. A minimum of 3
cores for each rock sample were tested for PLS
to determine the strength of the rock. The
results reported an average of twelve
measurements for each of the representative
locations of the Gahirat marble (Table 1).

Schmidt rebound hammer value is being
used for testing the rebound surface of hardened
concrete and rocks (Schmidt, 1951). The test
provides a rapid estimation of the compressive
strength. The Schmidt rebound hammer test
was performed according to the ASTM D5873
— 14 standards on samples obtained from the
field. Before testing, it was confirmed that the
samples that were collected from the field were
intact (unweathered, free of cracks, voids and
flat). At least four rebound values were
determined for each sample and the average
value was used to calculate the UCS.

The soundness test was performed using
350 g of sodium sulphate (Na2SO4) in 1 litre of
water. After the samples were submerged in this
solution for 16-18 h and then subsequently
weighed, they were placed in the oven for a
period of 24 h to dry out and then weighed
again. Subsequently, the immersion and drying
cycles were repeated 5 times on the same
sample with a solution change after each cycle.
The obtained values were checked with the
ASTM D5240/D5240M - 20 standard.
The UPV test (ASTM D-2845) was also carried
out on the rock samples prior to unconfined
compressive strength test (UCS). The test was
conducted on oven dried samples to measure
the effect on wave velocity.

3.4 Statistical analysis

The test results of the Gahirat marble for
each rock sample was assessed to determine the
coefficient of determination. The purpose
coefficient of determination (R?) is to develop
reliable interrelations among various
geotechnical properties of rock to help in
simplifying the process of testing the rocks. The
regression results showed that there were two
tailed relationships among variables. In other
words, the coefficient of determination tells one
how well the info fits the model. The
relationship among different tests was
evaluated to understand the relation between



the rock properties. Correlation and regression
analysis were used to understand the variability
of test results. The results of the UCS were
correlated with other tests such as BTS, PLS,
UPYV, specific gravity and water absorption
tests. The correlation coefficient and the best-fit
equation were calculated using regression
analysis.

4. Results and Discussion
4.1. Geotechnical analysis

The Geotechnical analysis used for
evaluation of the materials or rock for their
suitability used as dimension stones or
construction building material. These
evaluations based on determining the rock
properties through laboratory testing, in-situ
testing during field exploration etc. The
following are the laboratory testing being
performed on the basis of ASTM standards

4.1.1 Uniaxial compressive strength (UCS)
tests

The average values of the UCS of the
Gahirat marble of the Chitral area that were
determined for each locality are presented in
Table 1. The values represent an average of four
rock sample tests at each vicinity. The UCS
values range from 84.66 MPa to 97.25 MPa.
The highest UCS value was obtained in Sample
GMKB (97.25 MPa) from the Khairabad area,
while the lowest value was obtained in Sample
GMD (84.66 MPa) from the Domun area. All
rock samples were classified based on UCS
ranges presented followed ISO 14689-1, 2003.
Based on the classification of the rock material,
all UCS values fell into strong category. The
results of the UCS measurements on rock
samples that were collected from different
vicinities of the Chitral area indicate that there
is a minor variation in the uniaxial compressive
strength values.

Table. 1. Values obtained from laboratory analyses. The values represent an average of four rock sample

tests at each vicinity.
Sch. H.
S Sample Location UCsS BTS Sp.erv W.Ab | PLS Test UPV | Soun. Test
11D Mpa) | Mpa) | PV @) | (Mpa) | (Av.N | (km/s) | (%age)
values)
1 | GMC | Chinar 864 995 |246 |008 |4.70 45.8 450 |038
2 | GMGL | GojaLasht| 922 999 |2.57 1005 |5.63 46.8 479 027
3 | GMKB | Khairabad | 9725 | 1127 |2.68 |0.035 |6.75 50.0 504 |0.18
4 |GMK |Kesu 855 912 |250 0075 |434 4775 | 441 038
5 |GMB | Birir 9375 |10.84 |2.66 |0.040 |6.70 50.5 450 |02
6 | GMG | Gang 915 972 |266 |0.040 |544 51 466 | 022
7 | GMGT | Gahirat | 914 |10.02 |2.60 |0.052 |5.82 47.6 490 |027
8 | GMGG gzllnrat 930 | 1134 | 263 0048 |6.03 4975 | 499 | 024
9 |GMG |Gumbaz |91.0 |10.13 |255 |0.063 |5.83 49 474 027
10 |GMD | Domun |84.66 |9.40 |246 |0076 |497 44.66 | 442 039
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4.1.2 Brazilian tensile strength (BTS) test

The average values of the BTS of the
Gahirat marble of the Chitral area that were
determined for each locality are presented in
Table 1. The BTS values range between 9.40
and 11.34 MPa for all of the rock samples
collected from the different vicinities of the
Chitral area. The highest value of the BTS was
determined in Sample GMGG (11.34 MPa) and
the lowest value was determined in Sample
GMD (9.40 Mpa).

4.1.3 Specific gravity and Water absorption

The average values of the specific gravity
of the forty rock samples from the ten different
vicinities of the Chitral area are listed in Table
1. The average values of the specific gravity in
the rock samples collected from each vicinity
ranged between 2.46 to 2.68. The specific
gravity values for the majority of the samples
were above the minimum value of specific
gravity as per the ASTM standard specification
(i.e. > 2.5). The maximum specific gravity
value was determined as 2.68 for the GMKB
rock sample from the Khairabad area, whereas,
the minimum specific gravity value was
determined as 2.46 for the rock samples GMC
and GMD from the Chinar and Domun
vicinities of the Chitral area, respectively. The
highest specific gravity value found in the
Khairabad area was due to the compact nature
of the rock and low weathering impact. The
water absorption values of each vicinity range
between 0.035 and 0.08% (Table 1). All values
of water absorption were found in accordance
within ASTM C-503 specification (<. 0.20%).

4.1.4 Point load strength and Schmidt hammer
reboundtests

The average values of the point load
strength tests of each vicinity of the Gahirat
marble in the Chitral area are listed in Table 1.
The point load strength values range from 4.70
to a maximum of 6.75 MPa. The maximum
value was observed for Sample GMKB of the
Khairabad marble and the minimum value was
noted for Sample GMC of the Chinar area. The
Schmidt hammer rebound test was used to
determine the hardness of the samples that were
collected from the Gahirat marble of the Chitral

33

area. A maximum Schmidt hammer rebound
test value of 54 was obtained for Sample GMG
whereas a minimum value of 41 was obtained
for Sample GMD (Table 1).

4.1.5 UPV and soundness

The values of the UPV tests that were
performed in a dry condition ranged from 4.41
to 5.04 km/s (Table 1). The minimum value of
UPYV tests was observed in Sample GMK from
the Kesu area and the highest value was
observed in Sample GMKB from the
Khairabad area. The soundness values of the
Gabhirat marble ranges from 0.18 to 0.39% in
each vicinity (Table 1). The maximum
soundness value was found for sample GMD
from the Domun vicinity (0.39%), whereas, the
minimum value was found for the sample
GMKB from the Khairabad area (0.18%).

4.2 Relationship between the different
properties of the rock samples

A bivariate correlation was performed
amongst the various properties of the rock
samples that were collected from different
vicinities of the Chitral area (Table 2). A
significant relation (R2= 0.81) was observed
between specific gravity and the strength of
rock samples recovered from Gahirat marble
(Table 2). The fig. 3-a shows that the high
values of UCS the higher the specific gravity.
The bivariate correlation validated the strong
positive correlation (Pearson correlation =
0.779 to 0.901) between specific gravity and
UCS, BTS, PLS, UPV along with the Schmidt
rebound hammer value (Gupta and Sharma,
2012). However, a strong inverse correlation
was observed between specific gravity and the
water absorption (Pearson correlation =-0.989)
and a strong relation was noted between UCS
and the water absorption of rocks (R2 = 0.84;
Fig. 3). A strong inverse correlation (Pearson
Correlation = —0.79 to —0.989) was found
between water absorption and the other
strength measures of the rocks (Table 2).

A strong relation exists between UCS and
BTS (R2=0.84) (fig. 3-d). The bivariate
correlation also confirms a strong positive
correlation (Pearson correlation =0.778 to
0.960) between UCS vs. specific gravity, BTS,



PLS, UPV and Schmidt rebound hammer
number. A strong relation exists between UCS
and BTS (R2=0.84). A strong inverse
correlation (Pearson correlation = -0.957) was
observed between UCS and water absorption
(Table 2). Likewise, a strong positive
correlation (Pearson correlation = 0.717 to
0.934) was noted between BTS and specific
gravity, water absorption, BTS, PLS, UPV and

Schmidt rebound hammer number. The values
observed during the PLS also showed a strong
inverse correlation between water absorption
and point load strength (Pearson correlation = -
0.943,R2=-0.92) (Table 2; Fig. 3), however, the
bivariate correlation (Pearson correlation
=0.775 to 0.960) confirmed the positive strong
correlation amongst other properties of rock
and point load strength (Nurietal., 2012).

Table 2. Bivariate correlation amongst the different properties of the rocks

Correlations
Sp.gravity [W.absorption [UCS  BTS  |PLS S.Hamm [UPV
cr
| IC)Z?;Z(I):tion _.989" 901" 779" | 885"  [811*  |823™
SP-ErAVItY iGio (2 tailed) 000 000 000 000 000  |000
N 40 40 40 40 14O 40 40
W absorptio I;‘zzse‘l’;ion -.989 |1 _917" 1.794™ L.902™ 796" |.838"
n Sig. (2-tailed) 000 000 1000 000  looo  |000
N 40 40 40 40 4o 40 40
Iz?i)ii(l):tion 901 L917™ | 917" 960 778"  |895™
ues Sig. (2-tailed) 000 000 000 000 000|000
N 40 40 40 40 4o 40 40
Eﬁi‘l’:ﬁon 779" L794* 917" i 934 717|814
BTS Sig. (2-tailed) 000 000 000 000 000|000
N 40 40 40 40 4o 40 40
Pearson 885" 902" 960" 9347 |1 775" 852"
Correlation
PLS Sig. (2-tailed) 000 000 000 1000 000 000
N 40 40 40 40 140 40 40
IC)T)?’rrZ(I):tion 811" 796" 778|117 1775 i 682"
S-Hammer o0 "0 tailed) 1000 .000 000 000|000 000
N 40 40 40 40 4o 40 40
I;i)?“ise(l):tion 823" 838" 895" 814" 852" 682" i
UPv Sig. (2-tailed) 000 000 000 000 000 000
N 40 40 40 40 4o 40 40
**_Correlation is significant at the 0.01 level (2-tailed).

34



A strong positive correlation was found
between UCS and UPV (R2 = 0.80). Likewise,
bivariate correlation confirmed a strong
positive correlation (Pearson correlation =-
0.823 to 0.895) between UPV and amongst
other properties of the rock samples. However,
a strong inverse correlation was found between
UPYV and water absorption (Pearson correlation
= R2=-0.838). The moderate correlation (R2=
0.60; Fig. 3c) exists between UCS and the
Schmidt rebound hammer number (Fig. 3a and
51). The bivariate correlation strongly validates
a strong positive correlation (Pearson
correlation = 0.682 to 0.811) between the
Schmidt rebound hammer number and specific
gravity, UCS, BTS, PLS and UPV (Table 2).
However, a strong inverse correlation (Pearson
correlation =-0796) was observed between the
Schmidt rebound hammer number and water
absorption and UPV.

The tests conducted in the present study
included uniaxial compressive strength,
specific gravity, water absorption, point load
strength, Schmidt rebound hammer, soundness,
Brazilian tensile strength and ultrasonic pulse
velocity to estimate the strength and the other
physical parameters of the Gahirat marble rock
samples at each vicinity of the Chitral area. The
physical properties, i.e., specific gravity,
soundness, water absorption and UPV mainly
reflect the mechanical response of the rock
samples (Table 1). The mechanical properties
such as UCS, BTS, Schmidt rebound hammer
number and point load strength tests are
considered to determine the strength and
durability of rock used for building and
dimension stone. The UCS test is a key
indicator to determine the compressive strength
ofrocks (Liangetal., 2015). Likewise, the point
load strength test is considered to be the best
technique of the classification of material based
on strength (Mustafa et al., 2016). In the point
load strength test, it was observed that the rock
failed along the planar surface as stated by
Cargill and Shakoor (1990). They pointed out
that it is more closely related to the UCS as
compared to the other methods. For
establishing an empirical relationship, the
Schmidt rebound hammer numbers and
compressive strength values are very important
(Cargill and Shakoor, 1990). The Schmidt
rebound hammer provides very rapid response
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to estimate the rock hardness and strength of the
rock samples both in the field and in the
laboratory.

The present research was conducted to
reveal the geotechnical characteristics of the
Gahirat marble of the Chitral area for its use as a
building and dimension stone. It was observed
that the rock samples of the Gahirat marble
collected from the different vicinities of the
Chitral area showed minor variation in the
compressive strength (Table 1). The UCS
values of the Gahirat marble are relatively
higher than the UCS of the Nauseri 66 MPa
reported by Mustafa etal. (2015) and the Nikani
Ghar marbles as 88 MPa (Max. value) and
Fahad et al. (2016) respectively. However, the
UCS values of the Gahirat marble are almost
similar to those reported by Yasar and Yiizer
(2004) and Baker (2017), respectively. Hence,
the Gahirat marble presents the highest uniaxial
compressive strength as compared to the values
obtained for the Nauseri and the Nikani Ghar
marbles and can be used as a building and
dimension stone. The Brazilian tensile strength
values of the Gahirat marble are higher as
compared to the values obtained by Mustafa et
al. (2015) and Fahad etal. (2016). Similarly, the
point load strength values of the Gahirat marble
are also higher than the values obtained by
Mustafa et al. (2015). However, the values are
almost similar to those reported by Cargill and
Shakoor (1990). The ultrasonic pulse velocity
values of the Gahirat marble are merely less
than the findings of Cargill and Shakoor (1990).
The specific gravity and water absorption
values of the Gahirat marble are merely less
than the values reported by Mustafa et al (2015)
and Fahad et al. (2016). The obtained specific
gravity values indicate a low degree of
weathering impact on the studied rocks.
Likewise, the lower values of the water
absorption tests are probably due to the
compact nature of the rock.

An attempt has been made to correlate the
results of the rock properties using correlation
and regression analysis. The relationships
among various rock properties were assessed
with the help of the coefficient of determination
and bivariate correlation. Fig. 3 indicates that
there are strong and positive correlations
between specific gravity and the strength of the
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Fig.3. Correlation between the different properties of the rocks. a) Relationship between UCS and Specific
gravity, b) Relationship between UCS and Water absorption, ¢) Relationship between UCS and
Schmidt hammer rebound, d) Relationship between UCS and BTS, e) Relationship between
UCS and Point load strength, f) Relationship between UCS and Ultrasonic pulse velocity.

rock samples (R2=0.81). A strong inverse
relation (R2 = 0.84) was noted between the
UCS and the water absorption of rocks. On the
other hand, a strong positive relation was found
between UTS and BTS (R2 =0.84). The values
achieved for the point load strength test also
showed a strong positive correlation between
PLS and UCS (R2 = 0.92). Similarly, a strong
positive correlation was also found between
UCS and UPV (R2=0.80). A moderate inverse
correlation (R2=0.60) was found between UCS
and the Schmidt rebound hammer number.
Bivariate Pearson correlation confirmed the
strong correlation among the different
properties of the studied rock (Table 2).

6. Conclusions

The study performed herein evaluates the
uniaxial compressive strength and the physical
parameters of the Gahirat marble rock samples
for each vicinity of the Chitral area. The
strength properties indicate that there is a
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significant strong positive correlation (R2 =
0.81,0.84,0.92,0.80) exist between the UCS vs
specific gravity, BTS, PLS and UPV. However,
a moderate positive correlation (R2 = 0.60)
exists between UCS and the Schmidt rebound
hammer number. A positive strong inverse
correlation was observed between UCS and
water absorption (R2 = 0.84). All UCS values
fall in the “strong classification” as per the
standard. The highest values of the mechanical
properties for an average of 12 measurements
for each vicinity were: uniaxial compressive
strength (97.25 MPa), Brazilian tensile strength
(11.34MPa), point load strength (6.75 MPa)
and Schmidt hammer rebound number (51).
The maximum values of the physical properties
were determined as specific gravity (2.68),
water absorption (0.08%), soundness (0.38)
and UPV (5.04 km/s).

The results showed that the characteristics
of the Gahirat marble in the current study areas
are favourable for the architectural purposes in



various construction industries. The UCS
results indicate that the Gahirat marble has a
high resistance to crushing and bending effects.
The specific gravity values show its ability to
bear the impact of the degree of polishing and
grinding. The low rate of water absorption
makes it appropriate for floor tiles and outdoor
cladding due to its resistance against
weathering. Based on these values, the Gahirat
marble of the Chitral area is suitable to be used
as a dimension and building stone due to its
sufficient geotechnical and physical
characteristics.

The extraction of local stones on a
commercial scale will contribute to the local
economy's growth. By minimizing waste,
pollution, and environmental hazards, the
decrease of construction transportation costs
and the simple availability of stone will
improve construction quality and promote
environmentally sound building practices.
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