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EXTENDED ABSTRACT

Il presente studio ha come scopo la valutazione delle proprieta fisico-meccaniche del granito Minawar, nella regione setten-
trionale del Gilgit-Baltistan (G-B), in Pakistan. Il granito, come pietra da costruzione, ¢ stato apprezzato per secoli per la sua
resistenza, durevolezza e proprieta estetiche.

L’obiettivo principale della ricerca ¢ quello di fornire una comprensione approfondita delle caratteristiche fisico-meccaniche
del granito Minawar per indirizzare la futura gestione della risorsa e lo sviluppo edilizio nella zona. Queste informazioni sono
particolarmente importanti per le iniziative governative e private nel contesto del corridoio economico Cina-Pakistan (CPEC).

Quattordici campioni di roccia sono stati sottoposti a una serie di test standardizzati, tra cui assorbimento d’acqua, porosita,
velocita di impulso ultrasonico (UPV), indice di carico puntuale (PLI), valori di rimbalzo del martello Schmidt, resistenza alla
compressione monoassiale (UCS) e prova di trazione indiretta brasiliana (BTS). I valori UCS per i campioni di granito sono
stati valutati in diverse condizioni. Le proprieta fisiche, porosita e assorbimento d’acqua, sono state misurate in tre condizioni di
saturazione: asciutto, saturo e fresco. La bassa porosita ¢ ampiamente apprezzata nei materiali da costruzione perché si traduce in
un’integrita strutturale piu efficace ed i bassi livelli di porosita di questo granito lo rendono estremamente durevole e resistente alle
intemperie. Pertanto, rimane una scelta eccellente sia per uso interno che esterno.

Per i materiali esposti all’umidita ¢ fondamentale un basso tasso di assorbimento dell’acqua perché riduce la probabilita di de-
terioramento nel tempo. Il minimo assorbimento d’acqua di questo granito lo rende quindi ideale per luoghi soggetti a esposizione
all’acqua, come fondamenta e pareti esterne.

Le caratteristiche fisiche associate alle proprieta meccaniche del granito Minawar mostrano la sua validita per un’ampia gam-
ma di usi edilizi. I nostri risultati rivelano come il granito Minawar soddisfi e superi le specifiche standard delle pietre dimensionali
secondo gli standard ASTM, confermando la sua qualita superiore e la sua durata come materiale da costruzione per uso sia interno
che esterno. Per la ricerca futura sul granito Minawar, lo studio ha raccomandato di indagare gli effetti della temperatura, poiché
cid potrebbe avere un impatto sostanziale sulla longevita del materiale.

Inoltre, tecniche avanzate come la diffrazione dei raggi X (XRD), la microscopia elettronica a scansione (SEM) e la spettro-
metria di massa al plasma accoppiato induttivamente (ICP-MS) consentiranno indagini approfondite sulle caratteristiche mineral-
ogiche, chimiche e microstrutturali. Studi comparativi e modelli computerizzati aiuteranno a prevedere le prestazioni del granito
Minawar, mentre la collaborazione con le parti interessate del settore garantira soluzioni pratiche e innovative.

In conclusione questo studio evidenzia come il granito Minawar del Gilgit-Baltistan, grazie alle sue proprieta meccaniche e fisi-
che, ¢ adatto a varie applicazioni architettoniche e ingegneristiche. Soddisfa gli standard delle pietre da costruzione, confermandosi
un materiale affidabile e duraturo per diversi usi edilizi.

La nostra ricerca convalida il granito Minawar come una preziosa pietra da costruzione locale per 1’edilizia in Gilgit-Baltistan
e progetti in corso nell’ambito del CPEC, auspicando ulteriori studi avanzati necessari per convalidarne pienamente il potenziale.

@@@@ LJEGE, 2 (2024): 35-44, DOI: 10.4408/IJEGE.2024-02.0-04
AT £-ISSN 2035-5688 | ISSN 1825-6635 / ©Author(s)



36

I. AHMAD, S. A. H. GARDEZI, M. ZHAO, M. J. KHAN, Z. QIUYAN, M. ALI & S. ZHANG

ABSTRACT

Granite, as a building stone has been valued for centuries
due to its strength, durability, and aesthetic properties. Granitic
rock deposits are abundant in Pakistan, mostly in the northern
regions that include the Himalayas and Trans-Himalayas. The
present study aimed to investigate the physio-mechanical
properties of Minawar granite, located near Gilgit city in Gilgit-
Baltistan, Pakistan to assess its suitability as a construction
material. Various standardized tests were performed on 14
rock samples, including uniaxial compressive strength (UCS),
Schmidt hammer rebound values, point load index (PLI),
ultrasonic pulse velocity (UPV), Brazilian tensile strength
(BTS), porosity, and water absorption. Results reveal that fresh
granite samples had an average UCS of 138.9 MPa, whereas dry
and saturated samples had lower UCS values. Schmidt Hammer
testing conducted on-site with natural environmental conditions
impacted rebound values to be higher than those obtained in
laboratory experiments. PLI values (5.32 to 9.13 MPa) revealed
granite’s variability, although UPV measurements proved its
high quality, with uniform density and few internal faults. The
BTS tests showed an average tensile strength of 17.76 MPa.
Moreover, the water absorption of the granite samples was
very low - average of 0.21% for a fore mentioned commercial
granites which is the reason to have an extremely good physical
endurance considering material durability and resistance to
weathering; low porosity and low water absorption make it
ideal for moisture-rich conditions. Our results reveal that the
Minawar granite meets and exceeds standard dimension stone
specifications, confirming its superior quality and durability
as a construction material for both indoor and outdoor use.
These findings provide useful insights for future construction
projects, demonstrating Minawar granite’s ability to deliver
higher performance and longevity.

KEYWORDS: minawar granite, physio-mechanical properties, building stone,
Gilgit Baltistan, CPEC.

INTRODUCTION

Globally (Fig. 1), granite is found across all continents in
diverse tectonic settings and geological conditions (MIGON,
2006). It is valued for centuries due to its exceptional durability,
elegance, heat-resistance and weather resilience feature, making
it an important building stone (ERDING, 2023; L1 & REN, 2011;
VASCONCELOS et alii, 2008; YASEEN et alii). Granite quarrying is a
constraint for building long-lasting roads, bridges, and structures
(SHUKLA & KauL, 2024), with growing global demand driven
by its strength and increasing use in building decoration. Rocks
that can be shaped into blocks and slabs, such as granite, marble,
limestone, and sandstone, are ideal for construction due to their
durability and availability (WALLE et alii, 2000).
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Fig. 1 - Global distribution of granite massifs, modified after (MIGON,
2006), with the location of Figure 2(b) marked by a circle.
Note: Within geological shields, granite usually coexists with
other igneous and metamorphic rocks, but distinguishing them
on this map is difficult due to scale limitations

As an under-developed country, Pakistan needs affordable
and naturally occurring building stones. Besides being accessible
and easy to quarry, the stone must meet requirements for strength,
hardness, workability, porosity, durability, and appearance (EREN
& BaHALL 2005). Characteristics like color, texture, and surface
finish are normal requirement (EGESI & TSk, 2011). The occurrence
of rock suitable as natural stone is influenced by the regional
geological history of the area. Each region has its own geological
potential for natural stone deposits (SELONEN et alii, 2014). Before
the 20" century, natural building stone was the predominant
material used in construction (EREN & BaHALL 2005). However,
with the production of modern cement and concrete, the use of
natural building stone has decreased in mega structures and has
almost disappeared in ordinary structures. Despite this decline,
stones are still used in the construction of rock fill dams, retaining
walls, as foundation material, armor stone, and especially as
decorative and facing material (Mustafa et alii, 2015).

Hayden (1915) was the first geologist to report the presence
of igneous rocks in the Gilgit Chitral area. After 1950, several
scientists (DEBON et alii, 1987; KHAN et alii, 1996; SEARLE et
alii, 1999; SHARMA et alii, 1981) studied this region. Hunza and
Gilgit districts were both extensively studied by (GUHA et alii,
1956; IvanAc, 1956) and (BAKR & JACKSON, 1964), which initially
highlighted the potential of these regions as source of building stone.
The physio-mechanical response of rocks utilized as building and
dimension stones is frequently documented in the literature (SIEDEL
& SIEGESMUND, 2014; Sousa, 2014; VAZQUEZ et alii, 2018). These
properties are influenced by numerous factors, with the mechanical
behaviour of the rock typically resulting from various influencing
factors such as weathering and porosity (SELONEN et alii, 2014;
Sousa & GONCALVEs, 2013; TUGRUL & ZARIE, 1999; UNDUL,
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2016). As rocks serve as construction materials, the industry strives
to meet all physical and mechanical standards to ensure their
suitability (SIEDEL & SIEGESMUND, 2014; SIEGESMUND & TOROK,
2010). Strength is a crucial property that impacts the mechanical
quality of building stones. The Uniaxial Compressive Strength
(UCS) of intact rock is a key parameter in almost all engineering
projects (ZorLuU et alii, 2008). It is the most vital parameter
required and assessed for mechanical studies in most civil and
mining projects (DEHGHAN et alii, 2010). Higher tensile strength
is necessary for rocks used as facing stones (BELL, 2007). Besides
the structural loading on masonry foundations, tensile strength
is also essential for the stone to resist environmental stresses
such as strong wind action causing suction on the outer masonry,
vibrations, and warping of stone from insufficiently sized slabs
(KiMURA et alii, 1987). Durability is a key factor in determining
the suitability of a rock for use as a building stone (Sims, 1991).

In Gilgit-Baltistan (GB), granite is highly valued for its
durability and local availability, making it a first choice for
building and dimension stones (AHMED et alii, 2021; MALKANI,
2020; ZAHIR et alii, 2022). Historically, it has been used for
constructions such as Hunza’s Altit and Baltit Forts, as well
as the Shiger and kharpocho forts (AZEeM et alii, 2024; Ovals
et alii, 2023). Apart from these historical structures, granite
is widely used in commercial and government facilities such
as government and private buildings, schools, colleges,
universities, and bridges (Ovais et alii, 2023). Despite its
widespread use, the strength properties of granite from various
places in GB have not been extensively studied. This oversight
is important, as understanding these properties is essential in
determining the material’s suitability for building uses.

Therefore, present research aimed to fill in the lack of
experimental data by studying the physical and mechanical
characteristics of Minawar granite located at coordinates 35° 88’
N latitude and 74° 38’ E longitude (Fig. 3). This location is easily
accessible from Gilgit city, and its proximity to the main road
simplified fieldwork logistics. The Minawar District in GB holds
strategic importance due to the Karakoram Highway, i.e., the only
road link between China and Pakistan. It is the part of $65 billion
China Pakistan Economic Corridor (CPEC) project (AFzaL &
NaseeMm, 2018; ALl 2020; KHAN & KHAN, 2019), to facilitate trade
and tourism between China, Pakistan, and other regions (SHAHZAD
& Javaip, 2020). Our study will be helpful in opening new channels
for economic exploitation and mega infrastructure development in
the area, especially within the context of the CPEC.

GEOLOGICAL SETTING

Pakistan is one of the countries with significant granitic
rock formations, particularly in the northern part (SANID & ARIF,
2015). These rocks are found in extensive geological belts extend
through the Himalayas and Trans-Himalayas (COWARD et alii,
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1982; GEORGE et alii, 1993; IsLaM et alii, 2005; ZEITLER, 1985).
They include, from north to south, Khunjerab Pamir granitic belt,
Karakoram belt, Kohistan granitic belt and Higher Himalayan
granitic belt (ALI et alii, 2020; SEARLE, 1986). Generally, the GB
in northern Pakistan comprises of three tectonostratigraphic units:
the Nanga Parbat Haramosh Massif (NPHM) (TRELOAR et alii,
2000), the Kohistan Island Arc (KIA) (SEARLE et alii, 1999), and
the Karakoram Block, separated by major thrusts and suture zones
(SEARLE, 1986; SEARLE & TRELOAR, 2010) (Fig. 2).
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Fig. 2 - (a) Geological map of the NW Himalayan region, illustrat-
ing the tectono-geomorphic zones, major tectonic boundaries,
modified after Searle and Treloar (2010)., with its location
marked in (b). The location of the study area is shown by a red
rectangle. The map highlights key features such as the Main
Boundary Thrust (MBT), Main Central Thrust (MCT), and
Indus Suture Zone (ISZ), providing insights into the complex

tectonic and geological evolution of the area

The KIA includes igneous and sedimentary rocks from the
Cretaceous period. The Kohistan Batholith, the main unit of the
KIA, is made up of gabbro-diorites, trondhjemite, granites, and
leucogranite sills and dykes. The South Karakoram Metamorphic
Zone and Karakoram Batholith are part of the Karakoram Block
(SEARLE, 1991). The Main Mantle Thrust in the south marks the
contact between the metamorphosed rocks in the Indian plate and
Calc-alkaline igneous rocks of KIA as shown in Figure 2. The
Main Karakoram Thrust, located to the northern most thrust fault
in Pakistan, marks the boundary between the KIA and southern
metamorphic belt of the Eurasian Karakoram Block (SEARLE,
1986). The NPHM consists of a relic of metasedimentary rocks
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sample collection site (Red rectangle) in the Minawar area and
adjoining regions, with its location marked in Figure 1(a). Red
circles represent the sample locations

from the Proterozoic basement of the Indian Plate (ZEITLER et ali,
2001). Comprising migmatite, quartz, and feldspathic gneisses
with minor calcareous gneisses and amphibolite and is intruded by
pegmatites and leucogranites formed by partial melting as a result
of late Cenozoic uplift (QURESHI ef alii, 2012).

MATERIAL AND METHODS

To achieve the desired goals, the following method was used,
as shown in Figure 4. This study incorporated an organized and
systematic procedure that includes several steps.

METHODOLOGY

{ ! 1

o Indi d Di
Data, Synthesis | Granite boulders | m:thlor::ln:l:l P o:?s'i:y |

Software & Processing|
(R, GIS) s 3
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Fig. 4 - Flowchart explaining data acquisition, lab-based tests, and
subsequent interpretations

Field surveys and data collection

Granite rock boulders were collected randomly from the
outcrop. The granitic rock collected from the field is typically
rough and rarely weathered (Fig. 5a). Additionally, a hand-held
global positioning system (GPS) is used to provide accurate
location information. In addition, Schmidt hammer readings were
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taken from intact granite rocks at the sampled locations to correlate
these results with UCS destructive values. A rock classification
hammer (45-D0561, L-type), non-destructive portable test device
is used for this purpose. This process was carried out according
to the ASTM standard. While taking the readings, weathered and
rough surfaces affect rebound values (AypIN & Basu, 2005), so
we ensured that the rebound numbers were taken from smooth and
fresh surfaces, as illustrated in Figure 5b. After the field test and
evaluations were completed, the selected samples were sent to a

laboratory for further geotechnical testing. Further analyses and

; Schmidt hammer
$ test

Ay
(a) Granite outcropped in the study site; (b) Schmidt hammer
test in outcrop

Fig. 5 -

Laboratory tests

Core samples were extracted from the raw granite boulder
using a core drilling machine in compliance with American
Standard for Testing Materials (ASTM) and the International
Society of Rock Mechanics (ISRM) standards, and all tests were
conducted in the mining department laboratory at Karakoram
International University, GB, Pakistan. Figure 6a shows some
samples prepared for these tests. The following tests were
performed on the prepared samples to assess the physical and
mechanical properties of the rock in the study area.
- Uniaxial compression test

The uniaxial compression test (UCS) was performed
with cylindrical specimens within a length to diameter (L/D)
ratio between 2.0 and 2.5; a diameter of 43 mm and average
length of 113 mm. A mechanical test was then performed on
these specimens through Universal Testing Machine (UTM)
by imposing constant Load on the specimen until failure. In
accordance with ASTM D2938-95 or ASTM D4543-08E1, the
peak load data was utilized to determine the UCS and the stress
and strain data were electronically logged.
- Schmidt hammer test

For the Schmidt hammer test, a non-destructive method was
used to determine the surface strength of the rock by getting
rebound numbers (R) on core samples both in the laboratory and
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in situ (Figure 5b). These rebound numbers were converted to
compressive strength using a Equation 1 (MILLER, 1965) that
includes the unit weight of the rock, providing an index value
that indicates the surface hardness:

Log10JCS = 0.00088 (y) (R) + 1.01 )

here, JCS -joint compressive strength (MPa), y - unit weight of
rock (KN/m?).
- Point load index

PLI test was used to calculate the UCS after subjecting fresh
sample specimens to both diametric and axial testing under
standard laboratory conditions. Table 1 reveals the values of
UCS obtained from diametric and axial testing methods and
the point load index (PLI) test assisted in the estimation of the
UCS because both the methods were used on the specimens.
Afterwards, the specimens were placed in the jaws of a point load
tester and load was applied until the rock sample failed, whereby
a shear (rupture) of failure immediately occurred, and the point
load strength index was then calculated using the applied load
and the geometric measurements of the sample (Fig. 6b).
- Ultrasonic pulse velocity

Ultrasonic Pulse velocity (UPV) test was carried out to find
the quality of the rock specimens. An ultrasonic pulse velocity
tester was used to examine rinsed fresh samples, which had
a coupling agent applied and then had ultrasonic pulses sent
through them. The pulse time of flight (TOF) was measured to
calculate the wave velocity (Figure 6d).

-3

=

Fig. 6 - (a) Preparation of sample for the UCS test; b Image of the
specimen after UCS testing procedure; ¢ Showing the PLI test;
d Showing the ultrasonic pulse velocity test

S ——
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- Brazilian test

Fresh cylindrical specimens were subjected to the Brazilian
test, which is used to assess the tensile strength of brittle materials
and rocks. With flat or curved bearing blocks, these specimens were
put within the testing apparatus. Tensile force was applied in the
diametrical plane until failure, which caused a tensile crack. The
tensile strength was estimated using the maximum load at failure.
Equation 2 was used to determine Brazilian tensile strength:

6,=2P/(xd 1) @)

here, o, - tensile strength in Pascals (Pa), P - denotes the
maximum load at failure in Newtons (N), d - specimen diameter,
(m); ¢ - thickness of the specimen, (m);
- Density

The density of the samples was determined by calculating
the weight and volume of each specimen. The density (p) was
calculated by using following equation:

p=w/V 3)

here, p - density in kilograms per cubic meter (kg/m?), w - weight
of the specimen in kilograms (kg), V' - specimen’s volume in
cubic metres (m?).
- Porosity and water absorption

Rock pore structure is an essential factor for determining the
parameter of porosity which was calculated by drying samples in an
oven at 105°C until a constant weight was achieved and finding the
difference between their masses. After dried, they were immersed
in water for 48 hours, weighed again to find out the mass changes.

RESULTS
Mechanical Properties

The mechanical properties of the granite samples from the
study area were determined through various standardized tests. The
comprehensive testing and analysis of the fresh granite samples
from Minawar region are summarized in (Table 1).

The UCS values for the granite samples were assessed under
different conditions. Fresh granite samples exhibited an average
UCS of 138.02 MPa. Dry samples showed a UCS of 122.48 MPa,
while saturated samples exhibited a further decrease in UCS, with
an average value of 106.6 MPa (Fig. 7). The UCS test stress-strain
curves for fresh, dry, and saturated samples are shown in Figure 8.

The Schmidt hammer test results varied between field and
laboratory conditions. In situ measurements yielded higher rebound
numbers, with the highest value reaching 59, compared to the
maximum laboratory value of 48 (Fig. 9). The overall field rebound
number was consistently higher, indicating that the test results are
affected by the rock surface’s natural, undisturbed state. Although
laboratory results were lower, they provided a controlled setting
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Sample ID  UCS (MPa) _ Scnmidt BTS (MPa) UPV (m/s)
Hammer (R)
MGS1 151 52 158 3521
MGS2 149 44 7.6 4112
MGS3 136.4 49 13.9 3990
MGS4 144.2 46 204 3451
MGS5 136.3 52 152 3952
MGS6 156.7 49 125 3621
MGS7 1202 48 20 3454
MGS8 130.5 59 14.1 4211
MGS9 131 47 189 3288
MGS10 161.7 44 8.1 4151
MGS11 149.5 52 21 3660
MGS12 1453 51 13 3544
MGS13 145 44 122 3612
MGS14 156 49 154 2912
MGS15 157.6 46 135 4140

Tab. 1 - Comprehensive testing and analysis of the mechanical proper-
ties of fresh granite samples

Condition

B Saturated

P S NS NS
FEEEEEE

S P SN

FEFPEE
Sample ID

Fig. 7 - UCS values of granite samples under different conditions

~— Fresh Rock — Dry Rock —— Saturated Rock

- \

100—

Axial Sress (MPa)

50—

| | | !
0.0 0.5 1.0
Axial Strain (%)

Fig. 8 - Stress-strain curves illustrating the pre-failure behaviour. The
three vertical lines mark the resistance peak for each of the
three specimen conditions

in which the data could be standardized. The observed variation
highlights the need to take into consideration environmental
conditions, including scale, when determining rock hardness.

The granite samples had PLI values ranging from 5.32 to
9.13 MPa, with an average of 6.24 MPa. The PLI test is essential
for calculating the UCS and other mechanical characteristics of
the rock. The variation in PLI values demonstrates the granite’s
heterogeneity, which is due to changes in mineral composition
and particle size. Considering the variance, the PLI test has shown
to be a reliable, non-destructive method for testing rock strength,
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Fig. 9 - Schmidt hammer test results showing rebound values obtained
in-situ and laboratory conditions

particularly in field circumstances when fast analyses are required.

The UPV is used to detect cracks, and identify voids within
core samples, following ASTM standards (SoiL & Rock, 2008).
The 58-E4800 UPV tester, a portable, lightweight device with
two 54 kHz transducers, was used for testing. In order to ensure
effective energy transfer, the core faces were smoothed and a
gel was used to form a tight seal against the sample surface. The
calculated velocities vary from 3451 to 4211 m/s, showing high
material quality with few intrinsic faults. Higher UPV readings
indicate denser, more cohesive rock samples. The UPV results
supported the findings of the UCS and Schmidt hammer tests,
confirming granite’s sustainability for construction and buildings.
The BTS tests showed an average tensile strength of 17.76 MPa
for the granite samples. This technique, utilizing a compressive
force to produce tensile failure, provides useful information on the
rock’s stress behavior. The granite’s relatively high tensile strength
suggests that it can sustain significant tensile stresses, making it
excellent for applications that require great durability and fracture
resistance.Figure 10 presents a graphical representation of these
results (a) PLL, (b)UPV, and (c) BTS test values.

(a) Point Load Index(PLI)
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(c) Brazilian Tensile Strength (BTS)
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Fig. 10 - Results of test samples: (a) PLI, (b) UPV, (c) BTS

Physical Properties

The hydrostatic weighing method was used to determine the
volume unit weight. Three saturation conditions dry, saturated,
and fresh were used for the measurements. Measurements of
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porosity varied from 0.53 to 1.12%. The estimated average was
0.83%. Low porosity is widely valued in construction materials
because it results in fewer gaps and, thus, more effective
structural integrity. This granite’s low porosity levels make it
extremely durable and weather resistant. Thus, it remains an
excellent choice for both indoor and outdoor use. The results
of water absorption tests ranged from 0.11% to 0.33%, with
an average of roughly 0.21%. Low water absorption rates are
important for materials exposed to moisture because they lower
the likelihood of deterioration over time. This granite’s minimal
water absorption makes it ideal for locations prone to water
exposure, such as foundations and exterior walls. Minawar
granite’s physical characteristics, together with its mechanical
properties, show its durability to a wide range of building uses.
Table 2 presents a detailed analysis of these physical properties.
This overview illustrates both the variety and the good quality
of the granite. Furthermore, as shown in figure 10, graphical
representations of the porosity, water absorption, and density
tests demonstrate the uniformity and good quality of these
granite samples. This further highlights their use for a wide
range of construction applications.
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Fig. 11 - Graphical representation of porosity, water absorption, and
density tests for granite samples

Density

Sample ID Porosity (%) (g/em?) ‘Water Absorption (%)
MGS1 0.61 2.54 0.21
MGS2 0.74 2.53 0.23
MGS3 0.53 232 0.19
MGS4 0.74 2.65 0.11
MGS5 1.12 2.52 0.31
MGS6 L.11 2.16 0.33
MGS7 1.13 233 0.13
MGS8 0.98 2.68 0.23
MGS9 0.73 2.57 0.13

Tab. 2 - Comprehensive testing and analysis of the physical properties
of Minawar granite samples

DISCUSSION
Our study of Minawar granite samples from northern Pakistan,
shows desirable physio-mechanical characteristics that make
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it suitable for various kinds of engineering purposes. The tests
were carried out in accordance with ASTM and ISRM standards,
ensuring that the results match with globally recognized standards
for dimension stone. The physio-mechanical properties of targeted
granite were understood by utilizing field and lab tests. UCS, PLI,
and BTS tests indicate high compressive and tensile strength, which
is important for its usage as a dimension stone. The low porosity
and water absorption add to its durability, making it resistant to
natural damage. The UCS results (Table 1 and Supplementary File
1) indicate that Minawar granite maintains a high compressive
strength even under complex geological and environmental
conditions of proposed study area. Furthermore, UCS values of
Minawar granite are high compared to other granites of northern
Pakistan (AHMED et alii, 2024; ASIF et alii, 2024; YASIR et alii,
2022). However, the unexpected trend in the stress-strain curve
observed after peak value for fresh, dry, and saturated samples in
figure 8 raises questions, as the failure behaviour for fresh, dry and
saturated samples were anticipated to show significant differences.
This inconsistency could be attributed to several factors influencing
the anomaly, which includes sample variability, measurement
conditions, and uneven moisture distribution within the rock
matrix (JIANG et alii, 2021; Ojo & BrOOK, 1990; STACEY, 2008).
These factors might account for the observed results, and further
investigation is needed to better understand the underlying causes.
Additional studies are suggested to explore these aspects in more
detail. The Schmidt hammer test findings, both in situ and in the
laboratory, provide a surface hardness index that is well correlated
with UCS values. The PLI test provides an immediate and efficient
approach for estimating UCS in the field, which supports results
from the laboratory. The UPV test findings reveal strong internal
integrity with slight faults, which increases the rock’s reliability for
building uses. BTS findings confirm the rock’s capacity to endure
tensile stresses, which is important for performance in applications
involving bending forces or stretching.

The granite’s physical characteristics, such as water absorption,
porosity, and density, make it suitable for construction. Consistent
density suggests a uniform composition and excellent material
integrity. Low porosity means fewer voids and more strength,
which improves durability and weather resistance. The low water
absorption rates indicate durability under severe circumstances,
which is important to outdoor structure maintenance. High UCS
values show that it can take large loads, making it suitable for
bridges, foundations, and walls. Schmidt hammer test results
confirm surface hardness and suggest a non-destructive method
for quickly determining compressive strength during on-site
inspections. The BTS results show that granite has a high tensile
strength. This indicates that the granite can sustain stretching
stresses without breaking. It is essential for lintels, beams, and
cladding that may bend or strain. Further, granite’s capacity to
endure freeze-thaw cycles with minimal deterioration ensures
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its ability to endure in hostile climates (TAN et alii, 2011). The
GB, generally experiences extreme weather conditions (ALI
et alii, 2024; AsLaM et alii, 2023; KHAN et alii, 2020), making
granite an excellent choice for outdoor applications that don’t
require weather-resistant materials. Minawar granite in general, is
excellent for a wide range of uses, including road-infrastructure,
dam-constructions, decorative purposes and countertops.

For future research on Minawar granite, the study
recommended to investigate the effects of temperature, as
this may substantial impact on the material’s longevity.
Furthermore, advanced techniques such as X-ray diffraction
(XRD), scanning electron microscopy (SEM), and inductively
coupled plasma mass spectrometry (ICP-MS) will allow for
extensive investigations of the mineralogical, chemical, and
microstructural characteristics. Comparative studies and
computerized modelling will assist in predicting the performance
of Minawar granite, while collaboration with industry stakeholders

will ensure practical and innovative solutions.

CONCLUSIONS

Fourteen rock samples of Minawar granite were studied for its
physical and mechanical characteristics. Various field and lab tests
were conducted to understand its potential as a building stone. UCS
tests revealed that Minawar granite has an average of 130.9 MPa
strength, confirming its toughness. However, its strength slightly
decreased to 122.48 MPa in both dry and saturated samples due
to moisture loss and the water presence. Schmidt hammer tests
indicated greater rebound values on-site compared to laboratory
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