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Abstract

This study aims at evaluating the utilization of carbonate rocks from the Bampokha (Nikanai Ghar Formation) and Sawaldher
(Kashala Formation) areas in different industries. Two varieties from the Nikanai Ghar Formation, known under the trade names as
Super-white and Sunny-grey, are selected for petrographic and geochemical analysis to evaluate these as a source of calcite (CaCO3),
in chemical industries. Petrographically, both the varieties from Bampokha area, are calcitic marbles that exhibit heteroblastic mosaic
texture. Geochemical data coupled with X-ray diffraction and petrographic analysis confirms that the Super-white variety is very
high purity marble and hence meets the specifications for different chemical industries such as iron and steel industry, glass
manufacturing, flue gas desulphurization, soda ash manufacturing and water purification and effluent treatment. In contrast, the high
silica (4.1 wt.%) and low calcite contents (<95 wt.%), render the Sunny-grey unsuitable for chemical industries. The rock from
Sawaldher quarry, exhibiting an interlocking mosaic pattern, is calcitic marble. Minor amounts of quartz, muscovite and opaque
minerals also occur. Comparing the physico-mechanical properties of the aggregate from Sawaldher marble with time-honoured
international standards suggests its suitability in concrete work with ordinary portland cement and asphalt. The concrete mix,
designed for Class D2 concrete, has an average 28-days compressive strength value of 518 kg/cm? and thus well above the minimum
targeted strength of 425 kg/cm? for the mentioned class, and hence further endorses that the aggregate can produce strong concretes.

This study also suggests the utilization of the studied carbonate resources on industrial scale.
Keywords: Carbonates, Chemical industries, Aggregate properties, Concrete mix design, Industrial scale

1. Introduction

Marble is a metamorphic rock formed in response to
recrystallization of carbonate rocks such a limestone and
dolomite under elevated temperature and pressure
conditions below surface zone of weathering (Reeder et
al. 1983; Vagenas et al. 2013). Marble can be calcitic
(CaCOs3) or dolomitic (CaMg (COs3))2 based upon the
mineralogy of the protolith. Most of the marble varieties
are calcitic in character (Dervos et al. 2005). Marble is
extensively utilized as dimension stone and aggregate in
both concrete and asphalt works worldwide (Cetin 2003;
Onargan et al. 2006). Kore and Vyas (2016), suggested
that the coarse aggregate of marble can be used to
improve the mechanical properties of conventional
concrete mixes. Marble, having high purity, is also a
valuable source of carbonates for its use in different
chemical industries, including paper, dying, paint,
plastic, medicine, cosmetics, animal forage, lime-
production, and steel (Carreddu et al. 2009). Chemical
analysis of marble is necessary to assess its grade as
many industrial applications of marble require
constraints on the levels of specific impurities such as
SiOy, Fe203, AlbO and MgO (Harrison 1992).
*Corresponding author.
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The specifications of limestone for its use in different
industries are displayed in Table 1. Pakistan, especially
the Khyber Pakhtunkhwa (KP) possesses large reserves
of marble, including those belonging to Nikanai Ghar
Formation (NGF) and Kashala Formation (KF) of
Alpuri Group. The quarries in District Buner from NGF
are widely spread and cover an area of ca.700 km?
(Fahad et al. 2015; Baratian et al. 2018). These are
widely extracted as dimension stone and coarse
aggregate. Fahad et al. (2015), studied the chemistry and
crystal structure of selected marble samples from NGF.
Manan and Igbal (2007), studied the phases and
microstructure of some selected marbles from NGF and
concluded that the major phase in Super-white marble
variety is calcite with a small percentage of quartz as a
minor phase. Malahat et al. (2018), assessed various
coarse aggregates obtained from different quarries of
District Mardan, including the selective carbonate
quarries from KF and found them suitable for various
engineering applications. However, no work has been
carried out so far to investigate the industrial utilization
of the Super-white and the Sunny-grey varieties of NGF
exposed in Bampokha and the aggregate quality of the
newly developed quarries within KF in the Sawaldher
area. The carbonates of the KF are evaluated as
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aggregate in asphalt work as well as concrete mix for
their potential use in the on-going 81 km Sawabi-Swat
motorway mega project.

Therefore, the first part of this research work, focuses
on the geochemical analyses of Super-white and Sunny-
grey marble varieties from Bampokha (Fig 1) for
assessing them as a source of calcium carbonate in
various chemical industries. In the second part,
aggregate obtained from carbonates of KF is assessed
for its use in concrete and asphalt works, with a special
emphasis on examining the effect on strength of the
designed concrete mix.

2. Regional Geology

North Pakistan can be divided into three distinct tectonic
domains which from north to south include Eurasian
plate (north), Kohistan Island Arc or KIA (middle), and
Indian plate (south; Searle et al. 1999; Ahmad 2004;
Bina et al. 2020). The Main Karakoram Thrust (MKT)
marks the boundary between the Karakoram plate and
KIA which formed from their collision that took place
between 85 to 95 Ma ago (Khan et al. 1993; Schneider
et al. 1999; Dipietro et al. 2000). Khan et al. (2009),
argued that the Indian plate collided first with KIA
(marked by Main Mantle ThrustMMT) about 65 to 61
Ma ago and later on with Eurasian plate at about 50 Ma
ago. Due to this collision, Indian plate was remobilized
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and metamorphosed during the late Cretaceous-Eocene
orogeny (Ahmad et al. 2003; Jehangir Khan et al. 2021).
The Indian plate rocks have been divided into
tectonostratigraphic zones based on characteristic
stratigraphy and faults that bound each zone (DiPietro
and Pogue 2004). Peshawar basin lies in between Main
Central Thrust (MCT) to the south and MMT to the
north and is part of the western hinterland or
metamorphic zone. Its tectonic setting is intermediate
between a sedimentary fold and thrust belt to the south
and a metamorphic terrane to the north (Pogue et al.
1992). Geographically, the study area lies to the north of
Peshawar in Buner and Mardan districts. Geologically,
these rocks belong to the meta-sediments of the Indian
plate, exposed to the north and northwest of the
Peshawar Basin. In Buner, rocks of the Nikanai Ghar
Formations are investigated for petrography and
geochemical analysis from a quarry in village
Bampokha, whereas, the rocks sampled for petrography
and physico-mechanical properties from Mardan
(Sawaldher) belongs to Kashala Formation. The Nikanai
Ghar and Kashala Formations which consist of
carbonate rocks, being metamorphosed during the late
Cretaceous-Cenozoic Himalayan orogeny as a result of
collision of the Indian plate with the Kohistan arc-
Eurasia (DiPietro and Lawrence 1991; Gharib-Gorgani
et al. 2017).

Table 1. Showing general specification of carbonate rocks for use in different industries.

CaCOg3 Fe,O3 MgO Brightness
Industrial uses (min.) CaO (min.)  SiO,(max.)  Al,O3(Max) (Max) (Max) (min.)
Steel industry [2, 9, 11] 91 51 6 1.3 1 2
Paper [1, 6] 96 53.76 04 0.5 0.1 0.45 93.3
Filler [3,7,10] 96 53.76 12 0.3 0.08 0.72 75
Pottery & Porcelain ware [6, 12] 96 53.76 2 0.3 0.5
Bleaching powder [2, 5] 96.6 54 0.75 05 2
Soda ash & caustic soda [2, 5] 94.6 53 3 1
Calcium carbide [2, 5, 6, 7] 97 54 12 0.5 0.8
Sugar [3, 5] 89.29 50 2 15 1
Glassware [3, 4, 8, 9] 98 54.85 0.3 0.4 0.1 0.83
Ceramic [1, 2] 97 54.32 0.12 0.3 3 95.5
Textile production [2, 7] 94 52.64 25 2 3
Food & pharmaceutical [1] 97 54.35 0.12 0.1 0.42 90
Adhesive & sealants [1] 92 51.55 45 0.1 1.2 75
Agriculture & animal feed [1, 2] 92 51.55 45 0.1 96 81

[1] BGS 2011, [2] Umeshwar 2003; [3] Harben 1995; [4] Emefurieta and Ekuajemi 1995;
[5] Boynton 1980; [6] Mills 1962; [7] Bowen 1957; [8] Hodeg 1938; [9] Gaied 1996;
[10] Elueze et al. 2015; [11] Harrison 1993; [12] American Ceramics Society 1928.
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Fig 1. Geological map of the northern boundary of Peshawar basin displaying the study areas represented by red rectangles
(modified and reproduced from Hussain et al. 2004).

3. Methodology

Several grab samples were collected from Bampokha
quarry for petrographic, mineralogical and geochemical
analyses. These samples were cut into thin sections for
detailed petrographic analysis. Mineral phases were
identified, using the Geol. XRD having built-in
software, for the determination of loss on ignition (L10),
powdered samples were heated for an hour at 1000 °C
and allowed to get cool. The weight before and after
heating was used to calculate the LOI. Representative
samples were powdered for mineralogical and
geochemical investigations using X-ray diffractometer
(XRD) and X-ray fluorescence (XRF) techniques
respectively. Samples were finely powdered and
subsequently scanned between the range 20 and 65 and
the d-spacing values were listed with their intensities
using Geol-XRD at Centralized Resource Laboratories
of the University of Peshawar. In order to determine
engineering properties of Sawaldher source, bulk
samples were collected. The bulk samples were crushed
in the rock crushing plant as per specifications of
American Society for Testing and Materials (ASTM)
and National Highway Authority (NHA) to determine
Loss Angeles abrasion values (LAAV), soundness,
water absorption, porosity, aggregate impact value
(AlV), aggregate crushing value (ACV), flakiness and
elongation indices and concrete making, at the
laboratories of Frontier Works Organization (FWO).

4. Petrography
Marble units of Bampokha (Nikanai Ghar Formation)

consist of two commercially-known varieties as Super-
white and Sunny-grey. Petrographcally, the Super-white
consists of coarse-grained calcite whereas, the Sunny-
grey consists of medium to coarse calcite grains (Fig 2).
In both varieties, calcite is the solely mineral present
with no other minerals observed. The grains exhibit
rhombohedral cleavage and characteristic twinning (Fig
2A, C) In the Super-white samples, subhedral to
euhedral, inequigranular to subequigranular, sutured
calcite grains with irregular shapes can be observed. The
grain boundaries are fairly straight or curved, sometimes
meeting at triple junctions. The overall texture can be
termed as heteroblastic mosaic texture (Fig 2A, B). The
Sunny-grey samples consist of inequigranular to
subequigranular, medium to coarse and sutured calcite
grains with heteroblastic mosaic texture (Fig 2C, D).
The fine to medium-grained carbonates from Sawaldher
(KF) consists predominantly of euhedral to subhedral
and equigranular to subequigranular calcite grains,
which form a mosaic pattern and thus classifies them as
calcitic-marble. Quartz, muscovite and opaque minerals
also occur but in minor proportions (Fig 3). The quartz
present is mostly strained and can be recognized by its
undulose extinction. Opaque minerals generally occur in
disseminated form as discrete grains whereas, some can
also be observed as fractures infilling (Fig 3C, D). The
average modal mineralogical abundances of the
carbonates from Sawaldher exhibits that calcite
constitutes more than 90 % of the samples by volume
(Table 2).
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Fig 2. Photomicrographs (XPL) showing petrograpi features of Super-white (A and B) and Sunny-grey (C and D) marble varieties.
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Table 2. Average modal mineralogical composition of
Sawaldher Marble

Minerals Percentage (%0)
Calcite 95
Quartz 2

Muscovite 2

Opaque minerals 1

5. Geochemistry / Mineralogy of Bampokha
Marble

Prior to the use of a material in any industry, its purity
and chemical content is thoroughly investigated with the
help of different chemical analysis techniques. The
purpose of the quantitative analysis of the Bampokha
marble is to determine the concentration of calcium

carbonate (CaCOs), as the use of carbonates in majority
of chemical industries demand high purity (>98%).

5.1. X-Ray Fluorescence Analysis

Five samples, including 4 from Super-white and one
from Sunny-grey varieties, were grinded to fine powders
(moisture-free) and accordingly analysed for various
oxides (Table 3). Geochemical analysis revealed that
CaO concentration in Super-white samples is >55.2
wt.% (55.42-55.73 wt.%), whereas, in Sunny-grey
sample, its concentration is 51.5 wt.%. The silica (SiO2)
concentration in Super-white samples ranges from 0.8 to
1.25 wt.%, whereas, in Sunny-grey marble, its
concentration is 4.1 wt.%. Minor amounts of Fe;Os
(0.04-0.5 wt.%), AlOs (1.07-1.48 wt.%), and other
oxides also occur (Table 3). The LOI (loss on ignition)
values of all the samples were also determined, which
ranges from 40.9 to 41.65 wt.%.

Table 3. XRF results of the analysed samples

Samples

Oxides (wt.%) Super-white 1 Super-white 2
SiO, 0.89 1.21
Al,03 1.26 1.12
Fe;0; 0.07 0.07
CaOo 55.53 55.42
CaCOg 96.83 96.42
MgO 0.82 1.001
SrO 0.05 0.08
TiO, BDL BDL
CuO 0.04 0.04
NiO 0.02 0.03
Ag.0 BDL BDL
MnO BDL 0.03
LOI1% 41.3 41

Super-white 3 Super-white 4 Sunny-grey 1
1.07 1.26 4,18
1.48 1.071 1.20
0.04 0.06 0.51
55.73 55.6 51.54
96.63 96.6 93.19
0.64 0.85 0.73
0.08 0.06 0.06
BDL BDL 0.04
0.04 0.04 0.04
0.04 0.03 0.04
BDL 0.04 BDL
BDL BDL BDL
40.9 41 41.65

BDL= below detection level

5.2. X-Ray Diffraction Analysis

XRD technique is utilized for determining the
mineralogical phases present in the crystalline samples.
Three samples, including two from Super-white and one
from Sunny-grey were analysed with X-Ray
diffractometer. The results reveal that the peaks in all
three samples correspond to calcite mineral which
conforms to the data acquired through petrography and
chemical analysis (Fig 4).

6. Aggregate properties of Sawaldher Marble
The aggregate from Sawaldher is subjected to various
physio-mechanical tests to evaluate its suitability before

its use in various engineering structures as per national
and international standards. Two bulk samples (KB1
and KB2) were crushed for coarse aggregate from the
newly developed quarries of Sawaldher area and the
standard test procedures were performed on them. The
tests include water absorption (ASTM C 128/C 70) and
specific gravity (ASM C 128), aggregate impact value
(AlV; ASTM D 5874), aggregate crushing value (ACV;
ASTM C131), Los Angeles abrasion (LAA; ASTM C
131) value, soundness (sodium sulphate; ASTM C 88))
and flakiness and elongation indices (ASTM D 4791,
Table 4).

Table 4. Results of the various aggregate tests

Sample Specific Water AlV ACV LAA Soundness Flakiness Elongation
Gravity Absorption (%) (%) (%) (%) Index (%) Index (%)
KB1 2.72 0.47 17 20 27 1.38 12 105
KB2 271 0.50 19 21 26.2 1.22 15 25
Permissible ranges 2.5-3.0 <0.6 20-30 35-45 <40 <12 25 25
(ASTM)
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Fig 4. XRD Super-white (A and B) and Sunny-grey (C) marble samples

7. Concrete Mix Design

In a mega construction project, special concrete
mixtures are designed for different constructional
elements to achieve the desired strength, durability and
workability. Concrete consists of cement, fine
aggregate, coarse aggregate, and water in a certain
prescribed proportion (Alexander and Mindes 2005). By
volume approximately 75% of concrete consists of
aggregate (Bell 2007). Therefore, the role of aggregate
in concrete cannot be taken for granted. In this study, a

concrete mix was designed for a specific targeted
strength to determine the aggregate capability to
produce a concrete of the required strength. For the
aforementioned purpose, according to the item 401 of
the NHA specifications (Table 5), various classes (Al—
A3, B, C, D1—D; and Y) of concrete were designed. A
Class D, concrete with a minimum targeted 28-days
compressive strength of 425 kg/cm? was designed for
pre-stressed and post-tensioned elements (Table 6).

Table 5. Classes of concrete (NHA general specifications, 1998)

Class of Min.* cement Max.** size of 28 days compressive Consistency Maximum
concrete kg/m?® coarse aggregate strength (Minimum) (mm) permissible w/c
(mm) kg/cm? ratio
Ay 300 20 210 25-75 0.58
A, 350 25 245 100-150 0.58
A; 400 38 280 100-150 0.58
B 250 51 170 25-75 0.65
C 275 38 210 25-75 0.58
D, 450 25 350 50-100 0.40
D? 500 25 425 50-100 0.40
Ds 550 25 500 50-100 0.40
Y 400 13 210 25-75 0.58
Lean concrete 175 51 100 _ _

*Min. = Minimum, **Max. = Maximum

7.1. Concrete Mix Proportioning
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The mix proportioning is done according to the weight
and absolute volume method described in American
Concrete Institute (ACI 211.1; 1991). The constituent
materials of the concrete and the adopted ratios are
presented in Table 5. Mix design calculations for one
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laboratory trial batch, the weights of the materials were
scaled down to produce 0.55 m® of concrete. Enough
concrete was mixed for obtaining appropriate test results
while casting six cylinders (3 for 7-day and 3 for 28-day
compressive strength tests).

cubic meter yield are presented in Table 7. For the

Table 6. Concrete mix design for class D2 concrete (ACI 211.1 (1991))

Parameter Value Parameters Value
2.693** Water-Cement ratio 0.32
(13—25mm)
2.681** Cement weight (kg) 600
Specific gravity 2.69* (10—16mm)
2.671** Strength 425 kglcm?
(5—10mm)
0.404** Max: Agg: Size 25 mm
(13—25mm)
0.447** Air content (%) 2.0
Absorption 1.485* (10—16mm)
(%)
0.509** Slump 100—150 mm
(5—10mm)
Fineness Modulus 2.6* Admixture (%) 13
Cement Sp. Gravity 3.150 Admixture Sp. gravity 1.18
Water source Well
* Fine Aggregate (Qibla Bandi), ** Coarse Aggregate (Sawaldher)
Table 7. Mix design volume of one cubic meter (m?) yield
Material Absolute Volume Uncorrected Corrected Trial Batch
(m®) weight (kg) Weight (kg) (0.055 m®) (kg)
Cement 0.190476 600 600 33.0
Water 0.192000 192 204.1 11.2
Air Voids 0.020000 - - -
Admixture (ultra-super 675) 0.006610 7.80 7.80 0.429
Paste 0.409086 - - -
Vol. of coarse and fine aggregates 0.590914 - - -
Vol. of coarse aggregate 0.407730 - - -
Vol. of fine aggregate 0.183183 - - -
Coarse agg: 25-13mm 25 % 0.101933 2745 2734 15.0
Coarse agg: 16-10 mm 69 % 50 % 0.203865 546.6 544.1 29.9
Coarse agg: 10-5 mm 25% 0.101933 272.3 270.9 14.9
Fine aggregate 31% 0.183183 492.8 485.4 26.7
Total weight 2386 2386 131.2
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7.2. Slump Test

The slump test is performed (as per ASTM C 143) on
freshly mixed concrete to evaluate its workability.
Workability is defined as the ability of concrete to flow.
Workability has a direct impact on the strength, quality
and appearance of the concrete. Results of different
samples are displayed in the Table 8.

7.3 Compressive Strength Test

Compressive strength is the ability of a material to carry
the loads on its surface until it starts cracking or
deflection. In this test, a compressive axial load is
applied on moulded cylinders (6x12 inches) until they
fail by fracturing (Table 9).

Table 8. Results of the slump test performed on the concrete at different time intervals

Slump samples Fresh After 15 min. After 30 min. After 45 min.
01 185 mm 165 mm 150 mm 135 mm
02 184 mm 163 mm 151 mm 134 mm
03 184 mm 164 mm 149 mm 136 mm
Table 9. Showing compressive strength values
Required strength (28-days) Min: 425 kg/cma*
Date of casting 13/12/2018
Testing Date Age (days) Load (kg) Area Strength (kg/cm®) Average Strength
(cm?) (kg/cm®)
78000 427.6
20/12/2018 7 76300 182.4 418.3 422.3
76800 421.1
96800 530.7
10/01/2019 28 95000 1824 520.8 518.4
91900 503.8

8. Discussion

8.1. Industrial Suitability of Bampokha Marble
Marble is used in different industries as a source of
calcite according to its geochemical composition (Table
1). As indicated by the CaO (wt.%) value of >55.2%,
the calcium carbonate (CaCOs) content in Super-white
samples is >985 wt% whereas silica (SiOy)
concentration is low (0.89-1.26 wt.%) which conforms
to their very high purity class according to the
classification of Cox et al. (1977) and Harrison (1992;
Table 10). Such high-class carbonate rock is often called
as industrial marble (BGS 2006) On the other hand,
lower concentration of CaCO3 (<98 wt.%) and higher
amount of 4.1 wt.% silica (SiO>) in Sunny-grey marble
assigns a medium purity class (Harrison 1992) and
hence renders it unsuitable for use in majority of
chemical industries.

The XRD analysis of the Super-white marble, being
compatible with the petrographic examination, confirms
that calcite is the only mineral phase present thus
suggesting a pure calcitic composition with no other
identifiable phases. No silicate phases are detected in
Sunny-grey marble and that is why calcite is the only
identifiable phase. The SiO; (<5 wt.%) and Al.O3 (<2

wt.%) shown by XRF results in the Sunny-grey marble
sample were not detected by the X-ray diffractometer in
the form a mineral phase, which may be attributed to the
occurrence of minor concentration of clays in the
analysed sample. Based on the chemical composition,
the Super-white variety is considered suitable for its use
in different industries, i.e., iron and steel industry, flue
gas desulphurization, soda ash manufacturing, glass
manufacturing, water purification and effluent treatment
(Cox et al. 1977; Tables 1 and 10).

Table 10. Classification of marble/limestone by purity (Cox et
al. 1977: Harrison et al. 1998).

Category CaCO; (wt.%) CaO (wt.%)
Very high purity >98.5 >55.2
High purity 97.0-98.5 54.3-55.2
Medium purity 93.5-97.0 52.4-54.3
Low purity 85.0-935 47.6-52.4
Impure <85.0 <47.6

8.2 Aggregate Suitability of Sawaldher Marble
The petrographic analysis of marble samples from
Sawaldher quarry reveals that calcite is the dominant
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mineral constituent and a narrow range of variations is
observed in terms of mineralogical composition and
texture. Rocks containing physically strong minerals
tend to behave strongly whereas, those composed of low
strength minerals are weak (Tugrul and Zarif 1999). The
investigated marble can be considered relatively
medium in strength as compared to rocks having hard
minerals. The intergranular contact and shape of mineral
grains in a rock also affect its strength (Shakoor and
Bonelli 1991). The grains of the investigated marble are
irregular in shape due to which the grains are closely
packed and thus forms a mosaic pattern. The close
packing of grains, therefore, could have imparted
strength to the rock as a whole. Apart from calcite, small
amounts of mica (2%) and strained quartz (2%) are also
observed in the studied samples, which are considered
deleterious and harmful for ordinary portland cement
(OPC) concretes if they occur in higher concentrations
(Kosmatka et al. 2002). According to Gogte (1973),
rocks containing >40% strained quartz are highly
reactive, whereas those with between 30% and 35% are
moderately reactive. However, the concentration of such
deleterious material in the studied samples is in
innocuous range and hence safe from ASR.

The different mechanical and physical values of the
Sawaldher aggregate are in accordance with the suitable
ranges of standard values and hence classify it as
suitable for use as coarse aggregate. The water
absorption value in percentage for the KB1 sample is
0.4% and KB2 is 0.5%. According to BS 5337 and
ASTM C 128, the maximum permissible range of water
absorption is 3% and 0.6% respectively.

Rocks having specific gravity >2.5% are considered
more suitable for heavy construction (Blyth and Freitas
1974). Neville (2011), states that the specific gravity of
coarse aggregates should range from 2.5 to 3.0. Good
quality rocks possess high specific gravity and low
water absorption. The specific gravity values for KB1
and KB2 are 2.72 and 2.71, respectively and hence fall
within the standard ranges.

The soundness value for sample KB1 is 1.38%, whereas
for KB2, it is 1.22%. The ASTM C 188 specifies the
upper limit of the permissible range of soundness for
coarse aggregate to be 12% (using sodium sulphate).
Hence, the aggregate is classified as durable and
suitable.

The Los Angeles abrasion test values for KB1 and KB2
are 27% and 26.2%, respectively. These values are
within safe limits for all types of constructional works
because the maximum specified limit for Los Angeles
abrasion is suggested 30% as per BS 882 (1992).
Aggregate crushing value is a numerical index of the
strength of the aggregate. The crushing value test
performed on the aggregates give values of 20% for
KB1 and 21% for KB2, which are well within the
suitable range (30% for wearing surfaces and 45% for
aggregate used in concrete (ASTM C 131).

According to ASTM D 5874, the upper limit of the
permissible range for heavy concrete floor finishes is
25% and for concrete used in pavement wearing
surfaces is 30 %, whereas for all other construction
works the upper limit is 45%. The aggregate impact
values (AlV) for the studied samples KB1 and KB2 are
17% and 19%, respectively, which indicate that the
studied rocks fall in the strong category (Tables 4 and
11).

Table 11. Classification of aggregate on the basis of impact
value as per Indian Road Congress (IRC 2000)

AlV Classification
<10% Exceptionally strong
10-20% Strong
20-30% Satisfactory for road surfacing
>35% Weak for road surfacing

The Flakiness index values for KB1 and KB2 samples
are 12% and 15%, respectively while the elongation
index values for KB1 and KB2 samples are 10.5% and
15%, respectively which also lies within the suitable
range as per ASTM D 4791 (maximum limit = 40%).
8.3 Concrete Mix Design

The concrete mix for class D, concrete was
proportioned in accordance with ACI 211.1 (1991), with
a minimum required 28-days compressive strength of
425 kg/cm?. The class D, concrete is used in pre stressed
and post-tensioned elements. The consistency of the
concrete calculated after every 15, 30 and 45 minutes
suggests that the concrete is workable. The hardened
concrete specimens (cylinders) were subjected to
compression, and their compressive strengths were
calculated. The average 7-days compressive strength of
the three specimens is 422 kg/cm?, while the average
28-days compressive strength of the other three
specimens is 518 kg/cm?. The three specimens fractured
well above the minimum targeted value of 425 kg/cm?
after 28 days, suggesting that the concrete is suitable for
the required application.

The role of aggregate in a concrete cannot be ignored as
the properties of aggregate influence the stress
concentrations in the composite material when the
concrete is under compression. Elaxander and Mindes
(2005), states that the strength of the concrete depends
on the strength of the binder phase, aggregate phase and
the interfacial bond between the phases. Kaplan (1959
a) concluded that with careful selection of aggregates
without changing the mix proportions, an increase in
compressive strength of concrete can be witnessed.
Neville (2011), also agrees to the conclusion that a
strong relationship exists between the aggregate
properties and strength of the concrete and states that
the concrete strength is greatly affected by the
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mechanical strength of the aggregate, its absorption and
bonding with the cement. Quiroga (2003) and Bell
(2007), argues that the surface texture of aggregate
plays a role in bonding between the cement and
aggregates; a rough surface creates a good bond whereas
a smooth surface creates a weak bond. It is, therefore,
fair enough to say that the better strength of concrete
could be also be attributed to the surface roughness
(jagged surfaces) and close packing of mineral-grains of
the studies aggregate.

9. Conclusions
Following are the conclusions derived from this study.

i) The Super-white marble variety from the
Bampokha quarry (NGF) consists of more than 98.5
wt.% CaCOs; and a minor amount of quartz which
indicates a very high purity (>98.5 wt.%) and less quartz
content. The chemical composition meets the
specification for the targeted chemical industries,
including iron and steel industry, soda ash
manufacturing, glass manufacturing, flue gas
desulphurization and water purification, and effluent
treatment.

i) The Sunny-grey marble variety belonging NGF
do not meet the specification for chemical industries due
to its low CaCOs3 content (<98% for various industries)
and high amount of SiO; (>3%).

i) Petrographically, the carbonate rocks from
newly developed quarries in Sawaldher (KF) consist of
fine to medium grained re-crystallized calcite as the
dominant mineral phase while minor to trace amount of
quartz, muscovite, opaque minerals and carbonaceous
material also occur thus classifying them as marble.

iv) The strained and poly-crystalline quartz which
are considered reactive for causing alkali-silica
reactivity (ASR), occur in the permissible range. The
Sawaldher marble aggregate, therefore, falls as
innocuous for wuse in ordinary portland cement
concretes.

V) The physio-mechanical properties of the coarse
aggregate of Sawaldher marble lie in the permissible
ranges as per international and national standards.
Hence, these rocks can be utilized in highway projects,
particularly in the Swat motorway project, in both
asphalt and concrete purposes.

Vi) The average 28-days compressive strength
value of the concrete developed for Class D, from
Sawaldher quarry amounts 518 kg/cm?, thus showing a
higher value than the minimum required 28-days
compressive strength of 425 kg/cm?2. This higher
strength value is attributed to the higher mechanical
strength, low water absorption, and rough surfaces,
close mineral packing, and angular shapes of the
Sawaldher aggregate.
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