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ABSTRACT

Railways have played vital role in the development of many countries worldwide. Government of Nepal has already
planned to establish various national and international railway networks within the nation. A substantial quantity of
durable rock ballasts is required for building a sustainable railway network. Quartzites from central Nepal Lesser
Himalaya can be a promising source to fulfill this requirement. Therefore, the quartzites from the stratigraphic unit
Fagfog Quartzites of the Lower Nawakot Group located in Dhading District along the Kalu Pandey Highway have been
assessed to determine physical, strength and durability characteristics of the ballasts. All quartzite ballasts obtained
from the bedrocks were of Precambrian, medium-grained, bladed to prolate shaped, white to brownish white, crushed
quartzites. Dry density and water absorption were respectively 2336-2641 kg/m? and 0-2.5%. The bulk density varies
from 1204 and 1387 kg/m?. Point load strength index varies from 2.04 to 11.55 MPa (medium strong to extremely
strong). Aggregate impact value (AIV) and aggregate crushing value (ACV) ranges from 14.85 to 22.77% and 15.51 to
22.17% respectively. Some 7% results of ATV and 20% of ACV results exceeded the established limiting value of 22%.
The slake durability index (I ) ranges from 95.19 and 99.11%, whereas I, ranged between 96.94 and 100%, which
shows that 80% of the samples have very high slake durability whereas remaining 20% exhibit high slake durability.
There was no significant change in slake durability index from the second to the fifth cycles. Los Angeles Abrasion Value
(LAAV) varies from 12.07 to 31.34% and sulphate soundness value (SSV) varies within a limited range of 0.20 and
4.59%. Conclusively, the comprehensive evaluation suggests that the quartzite ballast from the Fagfog Quartzite source
display favourable qualities in terms of point load, crushing and impact strengths and durable against abrasion, slaking
and frosting. Thus, the quartzites from Fagfog Quartzite hold significant potential as a suitable rock type for railway

track ballasts.
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INTRODUCTION

The most crucial and significant characteristics of rock are
strength and durability. Strength and its associated measures
are point-load strength index (PLSI), aggregate crushing value
(ACV) and aggregate impact value (AIV) that respectively
measure strength, resistance to crushing and resistance to
impact. Durability, meaning weathering in number of cycles
(temporal weathering) and abrasion and impact of individual
rock types give indication of long-term durability of rocks, and
it may differ due to variation in rock types and fabric. Slake
durability index (SDI), Sulphate Soundness value (SSV), and
Los Angeles abrasion value (LAAV) are widely used durability
measures to characterize durability against slaking, freeze
and thawing, and abrasion (Gokgeoglu et al., 2000; Erguler
and Ulusay, 2009; Gautam and Shakoor, 2013). Strength and
durability tests are made to distinguish clearly between the
superior and inferior quality of construction materials. Both
strength and durability are the determining factors when
assessing rock for various applications (Ahmada et al., 2017).

Several researchers examined the physical and mechanical
characteristics of the rocks from the Lesser Himalaya and the
Sub-Himalaya to show how they may be used as aggregates
(Tamrakar et al., 2002; Maharjan and Tamrakar, 2003; Dhakal
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et al., 2006; Khanal and Tamrakar, 2009). Gupta and Sharma
(2012) investigated quartzites from the northwest Himalayas
and came to the conclusion that texture and rock strength
were closely correlated. Quartzites are one of the most strong
and durable rock types (Maharjan and Tamrakar, 2007; Bista
and Tamrakar, 2015). They are therefore suitable rock types
for construction aggregates and stones because they perform
well under severe weathering environment and heavy load.
Therefore, present study primarily aims to investigate strength
and durability characteristics of some of the quartzites from
the Fagfog Quartzite of the Lower Nawakot Group (Stocklin,
1980) from Dhading District of central Nepal, mainly for
railway track ballast.

GEOLOGICAL SETTING

The Lesser Himalaya of central Nepal is bounded by the
Main Central Thrust in the north and the Main Boundary
Thrust in the South. It comprises mainly of sedimentary to
metasedimentary rocks like slate, phyllite, quartzite, limestone,
dolomite, sandstone, etc. (Stocklin and Bhattarai, 1977). The
Lesser Himalayan stratigraphic units are distinguished into
the autochthonous Nawakot Complex and the allochthonous
Kathmandu Complex. The Nawakot Complex is divided into
the Lower Nawakot Group and the Upper Nawakot Group
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(Stocklin and Bhattarai, 1977; Stocklin, 1980). The current
field study is located in the Bangchung-Kalidaha along the
road section from Dhading to Malekhu (Fig. 1). The Kuncha
Formation, Fagfog Quartzite, Dandagaon Phyllite, Nourpul
Formation, and Dhading Dolomite from the oldest to the
youngest units of the Lower Nawakot Group are well exposed
along this road section. Strata strike NW-SE and are overturned
dipping towards the north.

METHODOLOGY

Stratified selective samples of quartzites were taken as grab
samples from the Fagfog Quartzite exposed at the portion of
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the Kalu Pandey Highway between Kalidaha and Bungchung
(Fig. 2). Sampling horizons are indicated in Figure 3.
Information on sampling location, and rock texture and
structure was recorded during sampling.

The required amount of samples was brought to the material
testing laboratory for further tests. Thin slices of quartzite
were prepared to study under the polarizing microscope.
Test samples from the individual samples were prepared for
desirable tests; physical properties, strength and durability.

Test for physical properties
Shape Indices

Shape indices are attributed by flakiness index (FI) and
elongation index (EI). Both FI and EI were determined
following BS 812 105.1 (1989) and BS 812 105.2 (1990). FI
was determined for 50 mm down to 37.5 mm and 37.5 mm
down to 25 mm aggregates using a thickness gauge in which
aperture size is 0.6 times the average of passing and retained
sizes of aggregate to be tested. The Equation 1 was used to
compute FI.

(D

FlakinessIndex =
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Fig. 1: Location of study site, east of Fagfog and near the Thopal
Khola.
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Fig. 3: A columnar section of Fagfog Quartzite at the Kalu Pandey
Highway between Kalidaha and Bungchung in the Thopal Khola
area (See Fig. 2 for location).
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where, X denotes weight of the fraction passing through the
thickness gauge and W denotes the weight of the original
sample on the corresponding sieve size.

Elongation index: Aggregate particles are classified as
elongate when they have a length (greatest dimension) of more
than 1.8 of their mean sieve size. The elongation index was
determined by separating aggregates which fail to pass through
an elongation gauge. EI was calculated using the Equation 2.

()

ElongationIndex =

Where, Y denotes the weight of the fractions retained on the
length gauge and W denotes the weight of the original sample
retained as the corresponding sieve.

Specific gravity, density and water absorption

The laboratory procedures for specific gravity and water
absorption were followed according to ASTM C127 (2011).
The test sample was oven dried at constant mass at a temperature
of 110+£5°C. The oven dry (OD) mass of sample was recorded.
Subsequently, the sample was immersed in water at room
temperature for 24 hr. Then it was removed and was soaked
by moist cloth until all visible films of water were removed. At
this stage the saturated surface dry (SSD) mass of the sample
was recorded. The SSD sample was then immersed in water
removing all entrapped air by shaking the container when
immersed. The apparent mass of the sample was measured in
water. The following equations (3—5) were used to compute,
specific gravity of oven dried sample (G,), Density of oven
dried sample (D) and water absorption (WA).

A

G, =" 3)
OD (B _C)

D,, =997.5ﬁ 4)

WA _(B=4) 100 ®)

(4)

where, A is the mass of oven-dried test sample in air (in kg),
B is the mass of saturated- surface-dry test sample in air (kg),
and C is the apparent mass of saturated test sample in water

(kg).
Bulk density

When aggregates are packed in a given volume of space, the
volume of space not only contains aggregates but also void
spaces among particles. Therefore, bulk density takes into
account of both aggregates and void spaces in a given volume.
It is also a measure of how well packed the aggregates are
in the given space. Bulk density of ballasts was determined
following ASTM C 29/C 29M — 07 (2007) by rodding the
ballast in a measure. The dry bulk density for rodding was
calculated using the following relation (Eq. 6):

(G-T)
)

Bulk density =

(6)
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where, G is the oven dry mass of sample plus the measure
(kg), T is mass of the measure (kg), and V is the volume of the
measure (m?).

Strength test
Point load strength index test

Point load strength index (PLSI) test is intended as an index
test for the strength classification of rock material (Broch and
Franklin, 1972). Irregular lumps with its width and thickness
measured and tabulated, were used in this test following the
procedure of ASTM D5731-02 (2003). Irregular lumps were
loaded normal to the stratification, and the breakage load was
recorded in KN. The PLSI that is denoted by symbol I was
calculated using the Equation 7.

P

] =
Dé®

s

(N

where, P is a failure load (KN), and De is equivalent core
diameter (m).

The equivalent core diameter is found out using the following

expression (Eq. 8).
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where, A is a minimum cross-sectional area of plane through the
platen contacts points. The A was obtained from the products
of average width and average thickness of the lump measured
at least at two lines. The standard point load strength index,
I, Was obtained by the product of size correction factor and
point load strength index, I, using the following expression

(Eq. 9).
045
i

15(50) = (

For the purpose of classification of strength of intact rocks,
uniaxial compressive strength (UCS) was calculated applying
the following relation (Eq. 10).

D

e

—=< (€))
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Uucs=24 1

5(50)

(10)

Aggregate impact test

The aggregate test sample of size between 12.5 mm and 9.5 mm
and weight of about500 g was prepared according to BS 812-
112 (1990), and was filled in a cylindrical holder, one-third at a
time and tamped 25 times with a tamping rod. The test sample
was then fixed in position at the base of the impact machine. The
test-sample was subjected to a total of 15 blows by the 14 Kg
weight of hammer, each being delivered at an interval of not
less than one second. The crushed aggregate was then removed
and sieved on the 2.36 mm sieve. AIV was then calculated
using the following expression (BS 812-112, 1990) (Eq. 11).

M, -M

AlV 2.100 (1)
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where, M| is the initial weight of aggregate sample, and M, is
the weight of aggregate retained on 2.36-mm sieve.

Aggregate crushing test

The aggregate crushing value (ACV) provides a relative
measure of resistance to crushing under gradually applied
compressive load. It was determined after BS 8§12-110 (1990).
About 3 kg of sample of aggregate between 12.5 mm and
9.5 mm were put in cylindrical holder at three stages slightly
tamping 25 times at each stage. A plunger was inserted on to
the holder in leveled position. The cylinderwith the test sample
and plunger in position was placed on a compression testing
machine. The load was applied in such a way to achieve 400
kN load at 15 minutes. As soon as the load was achieved, the
crushed aggregate including the crushed portion were removed
from the cylinder and was sieved on a 2.36-mm sieve. The ACV
was calculated by using the following formula (Eq. 12).

acy =" 149 12)
m
where, W = 3 kg is the initial weight of the dry sample, W is
the weight of the aggregate retained on 2.36 mm sieve.

Durability test
Slake durability test

Durability of rocks against cyclic wetting in water and drying
is measured by the slake durability index (SDI). The SDI test
is often carried as an index test for two cycles of wetting and
drying and the standard value is reported. ASTM D4644-87
(1992) was followed to carry out SDI test to report standard
SDI at second cycles, I ,. Furthermore, three more cycles were
added to see deterioration behavior of samples. Therefore, in
total of five cycle-test was adopted. The test sample for each
of the sample was of 10 pieces of lumps weighing between
40 and 60 g of each piece, and 450 and 550 g of cach test
sample. All the corners of the lump were smoothened and dust
particles were brushed out before testing. Initially, the sample
fragments were weighed and dried in the oven for 16 hours
and allowed to cool at room temperature for 20 minutes, and
weighed again. Thus the natural water content was calculated
using the following expression (Eq. 13).

A-B

w=2"2 100 (13)
B

where, W is the percentage of water content, A is the mass of
sample at natural moisture content (g), and B is the mass of
oven-dried sample before the first cycle (g).

The lump test sample was inserted in a drum and the drum
with the test sample too was mounted in the trough filled
with distilled water at room temperature to the level of 20
mm below the drum axis. The drum was rotated at 20 rpm
for a period of 10 minutes. Afterwards, the test samples was
removed from the drum to dry in the oven for 16 hours at 105°
C. After cooling, the sample was weighed to obtain the oven-
dried mass for the second cycle. Again the cycle was repeated
to measure the weight of the sample to obtain a final mass. The
tested samples were retained to evaluate disintegration. The I,
was computed as follows.

W,

1, ="22.100 (14)
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where, 1, = slake durability index (second cycle), B= mass
of oven-dried sample before the first cycle in gram, and W =
mass of oven-dried sample retained after the second cycle, in

gram.

For assessing disintegration behaviour, samples at the end of
the second cycle were tallied with Type 1, Type 2 and Type
3 patterns (ASTM D4644-87, 1992), and tabular data and
graphical plots of 5-cycles were analysed.

Sulphate soundness test

The sulphate soundness test was carried out on the aggregate
samples to determine the durability ofaggregate againstphysical
weathering. The test was done as per the standard procedure of
determining the sulphate soundness of aggregates as ASTM
C88-05 (ASTM International, 2005). The test sample of two
kg of the size 50 mm down to 37.5 mm was prepared, and was
washed with distilled water and then oven dried at 105-110°C.
A saturated solution of magnesium sulphate having density
1.292 + 0.008 g/mL was subjected to five 48 hour immersion
and drying cycles in which they were Immersed in saturated
solution for 16—18 hour after drained for two hours then oven
dried at 105°C for 24 hour and cooled for five hours at lab
temperature. The sulphate soundness value (SSV) expressed in
percentage was calculated as (Eq. 15).

. -m,)

ssv =0 ""3) 100 (15)
W,

where, W, is an initial weight of sample (kg) and W, is the
weight of the sample after five cycles.

Los Angeles abrasion test

Los Angeles Abrasion test measures resistance of aggregates
to abrasion and impact, and is an indirect test of hardness of
rock. The test was carried out in LAA machine in accordance
with ASTM C535 (2016). To conduct the LAA test, the Grade
A test sample that constituted of 5 kg mass of aggregate of 50
mm down to 37.5 mm size and 37.5 mm down to 25 mm size
was prepared, and was placed in the LAA machine along with
12 steel balls. The machine was set to revolve for 1000 revolutions.
After completion of revolutions, the steel balls were taken out, and
the sample was place in a tray, and was sieved at 1.7 mm sieve. The
retained sample was weighed. The Los Angeles abrasion value
(LAAV) was calculated using Equation 16 which measures the
abrasion loss in percentage.

=)

LAAV = (16)

100
1
where, W, is an initial weight of the sample and W, is the

weight of the sample retained on 1.7 mm sieve.

RESULTS AND DISCUSSIONS

Location of sampling sites and field description of samples are
tabulated (Table 1), and sampling sites are indicated in Figure
2 whereas sampling horizons are shown in Figure 3. The
samples and data collected from field were further analyzed
for mineralogy and texture, and physical, mechanical and
durability properties of ballasts.

Geological outlines

The Fagfog Quartzite is underlain and overlain respectively
by the Kuncha Formation and the Dandagaon Phyllite, both of
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these units are distinct from the Fagfog Quartzite unit as they
contain phyllite which are distinct from the white quartzites of
the Fagfog Quartzite. All those three units belong to the Lower
Nawakot Group of the Nawakot Complex. Beds are overturned
and roughly extend NW-SE. All the quartzites are medium-
grained, brownish or yellowish white to white (Table 1). Most
of the quartzites show massive structure and few of them from
the lower and the upper parts of the formation are of laminated
structure (Fig. 3).

Description and classification of samples

The ballasts were described and classified considering three
attributes, i.e. aggregate type, physical and petrological
characteristics (Table 1). All the quartzite samples are from
the bedrocks of the Fagfog Quartzite. Almost all the samples
have nominal size 37.5 mm, and show very angular, bladed to
prolate shapes, rough surface texture, and white to yellowish
or brownish white colours. Coating and extraneous materials
are absent. These samples are medium-grained monomictic
quartzite of Precambrian Age (Stocklin and Bhattarai, 1980).
All the samples are classified as crushed quartzites because
samples come from crushing of the large fragments obtained
from the bedrocks.

Texture, fabric, microstructure and mineral composition

Quartzites have grain size ranging from 0.25 mm to 1.3 mm
showing that they belong to medium-grained category. In each
sample, the grain size range is quite wide and are inequigranular.
Grains are subequant to equant, and are subrounded to rounded
(in F1 and F2), subangular to subrounded (in F3, F4, F5, F8
and F13), very angular to subangular (F8 and F9), angular
to subangular (6, 11 and 14), and angular to subrounded (10,
12 and 15). Contacts among grains are long to sutured. Grain
boundaries are irregular and except for F13, F14 and F15,
the rest of the grains show undulosity and nearly preferredly
oriented grains.

Almost all the quartzite samples exhibit dynamic
recrystallization (Table 2). Three distinct microtextures
of quartz under dynamic recrystallization are bulging
(BLG) recrystallization (low T), subgrain rotation (SGR)
recrystallization (intermediate T), and grain boundary migration
(GBM) recrystallization (high T) (Stipp et al., 2002). Samples
show mortar texture, in which porphyroclasts are surrounded
by recrystallized subgrains (Howard, 2005). Only some of the
samples preserve bulging grain (BLG) recrystallization (as
in F5, F6, F8, F10, F14 and F15; Fig. 4), whereas subgrain
rotation (SGR) microstructure is distinct in all the samples
(Table 2, Figs. 4, 5, 6).

The proportion of porphyroclast quartz and subgrain quartz are
found to be more or less subequal in quartzites showing SGR
and lacking BLG (Fig. 4). But the quartzites undergoing both
BLG and SGR recrystallization show exceeding porphyrocasts
over subgrains, e.g., QP 70 to QS 21 where total quartz QT is
91 (Table 2; Figs. 5, 6). The QT ranges between 89% and 93%
in the model composition. Chert, biotite, tourmaline, sericite
and ferruginous material represent minor constituents and
vary in total from 6 to 11% of the model composition. Based
on mortar texture, SGR recrystallization microstructure and
presence of biotite, the quartzites have experienced low-grade
metamorphism with intermediate temperature. The fabric
and microstructure, therefore slightly differ among quartzites
whereas total content of quartz remains within narrow range.
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Shape indices of Fagfog Quarzite

Shape indices are a geometrically derived value to distinguish
the morphology of individual particles. Flakiness and
Elongation Indices were determined and listed for quartzite
ballasts of each of the samples (Table 3).

Flakiness is the percentage by weight of particles, whose
thickness is less than 0.6 times the average size of the particles
between passing and retained sieves. Flakiness Index ranges
between 0.92% (in F2) and 8.80% (in F13). Flakiness index
remains approximately below 9% and since quartzites are
strongly interlocked, flakiness is not influenced by structure.

Elongation Index is the percentage by weight of particles
whose length is greater than 1.8 times the average size of the
particles between passing and retained sieves. Elongation
Index varies between 26.33% (F11) and 56.68% (in F2). It
shows that the tendency to break quartzite in to ballast particles
seems somewhat elongated. There is no distinct bearing of
grain size on shape, as all the quartzites belong to medium-
grained category. Except F2, F3 and F6, the rest of the samples
have Elongation Index below 40% and are suitable according
to UK Railway Standards (BS EN13450, 2013).

Physical properties
Specific gravity, density and water absorption

The specific gravity also known as relative density ranges from
2.38 (F1 sample) to 2.70 (F12 sample) (Table 4). Variation
of specific gravity and density both in oven-dried basis, is
limited to narrow range and particles fall in to normal weight
aggregates. Density does not rely on quartz content in this
study which is opposed to the result of increasing density with
increased amount of quartz obtained by Gupta and Sharma
(2012). The quartzites they studied were of medium- to coarse-
grained, sillimanite grade with highly preferred orientation of
grains. Water absorption determines the ability of aggregate
to absorb water in the moist environment and does indicate
connectivity of voids from the surface inwards of the particles.
Water absorption ranges from 0 (as in F3 and F4) to 2.50% (as
in F12) (Table 4). Four samples show water absorption of more
than 1%. The sample F12 has the highest water absorption
despite of high apparent density. This can be because of
presence of connected pores around particles.

Bulk density

Bulk density includes both void spaces among aggregate
particles and the density contributed by particles. Bulk density
ranges from 1203.62 kg/m* (sample F13) to 1386.88 kg/m’
(sample F6) (Table 4). All the ballast samples possess bulk
density within the specified value of bulk density of 1120 kg/
m? by AREMA (2010).

Strength properties
Point load strength index

Point load strength index (PLSI) determines the strength
index value at the given point. It ranges from 2.40 to 11.45
MPa (Table 5). Samples F7 and F13 respectively possess
the least and the highest indices. The corresponding uniaxial
compressive strength (UCS) derived from empirical relation
ranges respectively from 39 to 302 MPa. The quartzite samples
are moderately strong to extremely strong and majority are
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Table 2: Results of texture, fabric, microstructure and composition of the Fagfog Quartzite.

Samol Texture Fabric **Microstructure #**Composition
ample .
i i Undulosi
No. Grain size *Shape Grain Grain Orientation  BLG SGR x QP QS QT Chr Bi To Ser Fer Total
contact boundary
often 0.31-0.6, SEtoE, longto . nearly
Fg1l upto 1 mm SRR sutured irregular preferred SGR undulose 50 41 91 2 1 5 1 100
often 0.31-0.6, SEtoE, longto . nearly
Fg2 up to 1 mm SRR sutured irregular preferred SGR undulose 51 40 91 2 1 3 3 100
often 0.31-0.6, SEtoE, longto . nearly
Fg3 upto 2 mm SA-SR  sutured irregular preferred SGR undulose 55 39 94 2 1 2 1 100
often 0.31-0.6, SEtoE, longto . nearly
Fg4 upto 12mm  SA-SR sutured irregular preferred SGR undulose 45 47 92 11 5 1 100
often 0.41-0.6, SE, SA- . nearly minor
Fg5 upto 1.2 mm SR sutured  irregular preferred BLG SGR undulose 70 21 91 2 1 5 1 100
often 0.31-0.5, SEtoE, longto . nearly minor
Fg6 upto 0.8 mm A-SA sutured irregular preferred BLG SGR undulose 65 25 90 2 1 6 1 100
often 0.31-0.6, SEtoE, longto . nearly
Fg7 upto 12mm  VA-SA  sutured irregular preferred SGR undulose 55 38 93 1 1 4 1 100
often 0.41-0.6, SEtoE, longto . nearly minor
Fg8 upto .0mm  SA-SR sutured irregular preferred BLG SGR undulose 40 50 9 2 1 1 5 1 100
often 0.41-0.6, SEtoE, longto . nearly
Fg9 upto .0mm  VA-SA sutured irregular preferred SGR undulose 35 55 90 1 1 1 4 3 100
often 0.61-0.8, SEtoE, longto . nearly
Fg 10 upto 1.0 mm A-SR . sutured irregular preferred BLG SGR undulose 70 22 92 3 1 4 100
often 0.21-0.5, SEtoE, longto . nearly
Fg 11 upto 0.5 mm A-SA sutured irregular preferred SGR undulose 30 62 92 1 1 1 5 100
often 0.41-0.6, SEtoE, longto . nearly
Fg12 upto 1.0 mm A-SR sutured irregular preferred SGR undulose 30 61 91 31 5 100
often 0.61-0.7, SEtoE, longto .
Fg 13 upto 12mm  SA-SR  sutured irregular  less preferred SGR undulose 65 26 91 1 1 5 2 100
often 0.41-0.8, SEtoE, longto . minor
Fg 14 upto 1.3 mm A-SA sutured irregular  less preferred BLG SGR undulose 60 29 8 1 1 1 6 2 100
often 0.41-0.6, SEtoE, longto . minor
Fg 15 upto 0.8 mm A-SR . sutured irregular  less preferred BLG SGR undulose 70 21 91 1 1 6 1 100

*Shape: SE=subequant; E=elongate; R=rounded; SR=subrounded; SA=subangular; A=angular; VA=very angular
**Microstucture: BLG=buldging grain recrystallization; SGR=sediment grain rotation
**#*Composition: QP=quartz porphyroclast; QS=quartz subgrain; QT=quartz total; Chr=chert; Bi = biotite; To=tourmaline; Ser=sericite; Fer=ferruginous material
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Fig. 4: Photomicrographs of quartzite (F5) of the Fagfog Quartzite from uphill side of the Kalu Pande Highway, Bungchug area,
Dhanding District. (a) Under plane polarized light, (b) under cross polarized light showing porphyroclasts and subgrains of mostly
BGR with minor SGR recrystallization.
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Fig. 5: Photomicrographs of quartzite (F1) of the Fagfog Quartzite from uphill side of the Kalu Pande Highway, Bungchug area,
Dhanding District. (a) Under plane polarized light, (b) under Cross polarized light showing porphyroclasts and subgrains of SGR

recrystallization.

Table 3: Flakiness and elongation indices of ballasts from the Fagfog Quartzite.

Passing ) Thickne'ss Il'litial [‘)?Zﬁls%ll:; . g;fgnegglze II'litial Weight .

Sample through Ret'amed Gauge size  weight of through the Flakiness  FI of (average weight of  retained on  Elongation  EI of

No. sieve Sieve '(average bal!ast thickness Index, FI  total sieves x bal!ast the length Index, E1 total

sieves x 0.6)  retained gauge 1.8) retained gauge
mm mm mm kg kg % Y% mm kg kg Y% %

Fl1 50.00 37.50 26.30 10.130 0.490 4.84 5.63 78.70 10.130 2.485 24.53 33.34
37.50 25.00 18.75 5.045 0.365 7.23 56.30 5.045 2.575 51.04

F2 50.00 37.50 26.30 10.075 0.090 0.89 0.92 78.70 10.075 4.730 46.95 56.68
37.50 25.00 18.75 5.150 0.050 0.97 56.30 5.150 3.900 75.73

F3 50.00 37.50 26.30 10.085 0.145 1.44 2.18 78.70 10.085 4.475 44.37 50.96
37.50 25.00 18.75 5.045 0.185 3.67 56.30 5.045 3.235 64.12

F4 50.00 37.50 26.30 10.105 0.735 7.27 6.87 78.70 10.105 2.105 20.83 38.50
37.50 25.00 18.75 5.025 0.305 6.07 56.30 5.025 3.720 74.03

F5 50.00 37.50 26.30 10.170 0.390 3.83 3.42 78.70 10.170 2.975 29.25 35.67
37.50 25.00 18.75 5.335 0.140 2.62 56.30 5.335 2.555 47.89

F6 50.00 37.50 26.30 10.197 0.285 2.79 4.56 78.70 10.197 4.635 45.45 51.00
37.50 25.00 18.75 5.145 0.415 8.07 56.30 5.145 3.190 62.00

F7 50.00 37.50 26.30 10.430 0.415 3.98 4.04 78.70 10.430 2.785 26.70 40.95
37.50 25.00 18.75 5.040 0.210 4.17 56.30 5.040 3.550 70.44

F8 50.00 37.50 26.30 10.055 0.880 8.75 7.77 78.70 10.055 3.140 31.23 35.85
37.50 25.00 18.75 5.135 0.300 5.84 56.30 5.135 2.305 44.89

F9 50.00 37.50 26.30 10.055 0.390 3.88 7.41 78.70 10.055 4.575 45.50 46.41
37.50 25.00 18.75 5.135 0.735 14.31 56.30 5.135 2.475 48.20

F10 50.00 37.50 26.30 10.505 0.177 1.68 2.83 78.70 10.505 2.250 21.42 31.94
37.50 25.00 18.75 5.290 0.270 5.10 56.30 5.290 2.795 52.84

F11 50.00 37.50 26.30 9.740 0.655 6.72 6.41 78.70 9.740 1.775 18.22 26.33
37.50 25.00 18.75 5.150 0.300 5.83 56.30 5.150 2.145 41.65

F12 50.00 37.50 26.30 10.105 0.765 7.57 8.11 78.70 10.105 3.125 30.93 34.70
37.50 25.00 18.75 5.055 0.47 9.20 56.30 5.055 2.135 42.24

F13 50.00 37.50 26.30 9.935 0.98 9.81 8.80 78.70 9.935 1.045 10.52 28.85
37.50 25.00 18.75 5.350 0.37 6.92 56.30 5.350 3.365 62.90

F14 50.00 37.50 26.30 10.400 0.78 7.50 6.54 78.70 10.400 2.455 23.61 36.77
37.50 25.00 18.75 5.130 0.24 4.58 56.30 5.130 3.255 63.45

F15 50.00 37.50 26.30 10.275 0.19 1.85 2.07 78.70 10.275 2.205 21.46 33.34
37.50 25.00 18.75 5.170 0.13 2.51 56.30 5.170 2.945 56.96
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Table 4: Density, specific gravity, water absorption and bulk density of quartzites from the Fagfog Quartzite.

Mass of Mass of sl:t[zls‘;toefd Specific
Sa;lnple oven-ldl:y s;lturated surfa'ce sample gravity Density (Ovesn- Wa'ter . Mass of  Volume Bulk
o sal.np em ay (S.SD) We.in immersed in  (Oven-dry) dry), (kg/m) absorption, (%) ballast  of bucket  density
air (kg) air (kg) water (kg) ke ()  (kgm)
A B C {A/(B-C)}  997.5 {A/(B-C)} {(B-A)/A}100
F1 2.035 2.070 1.201 234 233592 1.72 2720 0.00221  1230.77
F2 2.140 2.155 1.330 2.59 2587.45 0.70 2.945 0.00221  1332.58
F3 2.065 2.065 1.220 244 2437.68 0.00 3.033 0.00221  1372.62
F4 2.105 2.105 1.310 2.65 2641.18 0.00 2.846 0.00221 1287.71
F5 2.050 2.060 1.260 2.56 2556.09 0.49 3.053 0.00221 1381.29
F6 2.007 2.030 1.245 2.56 2550.30 1.15 3.065 0.00221 1386.88
F7 2.040 2.040 1.235 2.53 2527.83 0.00 2.965 0.00221 1341.63
F8 2.075 2.085 1.260 2.52 2508.86 0.48 3.005 0.00221 1359.52
F9 2.025 2.040 1.255 2.58 2573.17 0.74 2.815 0.00221  1273.88
F10 2.080 2.125 1.290 249 2484.79 2.16 2964  0.00221 134135
Fl1 2.035 2.055 1.245 2.51 2506.06 0.98 2.850  0.00221  1289.82
F12 2.000 2.050 1.290 2.63 2625.00 2.50 2,860  0.00221  1294.12
F13 2.050 2.060 1.235 248 2478.64 0.49 2,660  0.00221  1203.62
Fl14 2.050 2.070 1.270 2.56 2556.09 0.98 2.705 0.00221  1223.98
F15 2.025 2.040 1.235 2.52 2509.24 0.74 2.835 0.00221  1282.81
strong to very strong according to the ISRM (1979, 1981). Durability

Considering the amount of load required to break ballast as per
AREMA (2010), the very strong and extremely strong ballast
samples seem to be suitable for railway ballasts.

Aggregate impact value

The aggregate impact value is a measure of resistance to sudden
impact, which may differ from its resistance to gradually
applied compressive load. In short it measures the toughness
of the aggregate. The result shows that sample F13 possesses
the lowest AIV of 14.85% whereas sample F15 possesses the
highest AIV of 21.57% (Table 6). AIV of the Fagfog Quartzite
samples exhibit good resistance to impact as AIV lies within
specified limits (20-22%) of UK Railway (EN13450, 2013)
and Indian Railway (IRS-GE-1, 2004; IRS-GE-1, 2016).

Aggregate Crushing Value

The aggregate crushing value (ACV) provides relative
measure of the resistance of an aggregate to crush under a
gradually applied compressive load. The result shows that the
ACYV ranges between 15.51% (as of sample F5) and 29.70%
(as of sample F9) (Table 5). ACV below 22% is suitable for
aggregates to be used for ballasts according to UK Railway
(EN13450, 2013). The Fagfog Quartzite is therefore suitable
for the railway ballasts because the majority of the samples
give ACV <22%.
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Three durability attributes, i.e., slake durability index (I ),
sulphate soundness value (SSV) and Los Angeles Abrasion
value (LAAV) have been determined to assess durability of
quartzite.

Slake durability index

Slake durability index is a weathering test that determines the
resistance to slaking under cyclic wetting and drying. Five-
cycle slake durability test was conducted instead of standard
two-cycle test in order to obtain deterioration character of
rocks under more cycles. The two-cycle slake durability
index (I ,) varies between 96.94 and 100% (Table 6). Sample
F3, F6 and F7 are of high durability and the rest are of very
high durability against slaking. The least and the maximum
slake durability index up to the fifth cycle, 1 ; are respectively
95.1% and 99.11%. There has occurred 1 to 2% diminish in
index between the second and the fifth cycles (Table 6; Fig.
7). Samples F1, F2, F3, F4, F5, F10, F12 and F13 undergo
type I deterioration and the remaining samples undergo type II
deterioration (Fig. 8). F1, F2, F3, F4, F5, F7,F9,F10,F11,F14
and F15 all show type II deterioration after fifth cycle. Among
these, F7, F9, F11, F14 and F15, which did not deteriorate
showing type II at the second cycle, have deteriorated as type
IT under more repeated cycles of test. It shows that though
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Table 5: Results of point-load strength index, aggregate impact value (AIV) and aggregate crushing value (ACV) of ballast from the
Fagfog Quartzite.

De? _ _ _ g
mm? ’ ’ ’ 507 509

FI 3150 1460 58549 600 1025 0.72 7.39 6.82 177 Verystrong 1667 21.73
3420 1320 57472 500 870 0.72 6.25

F2 4835 3970 244366 1400 573 0.99 5.70 493 137 Very strong ~ 18.81 2146
4790 2010 122570 600  4.90 0.85 417

F3 4405 2890 162068  7.00 432 0.91 3.9 470 94 Strong  18.81  20.03
4940 2820 177349 1050  5.92 0.93 5.48

F4 5350 2995 203988 550 270 0.96 2.58 3.07 62 Stong 1748 21.63
5025 3125 1999.12 750 3.7 0.95 3.57

FS 4090 3660 190572  18.00  9.45 0.94 8.89 8.15 213 Very strong 2277 15.51
4545 3010 174162 1400  8.04 0.92 741

F6 4800 3335 203794 600  2.94 0.96 2.81 452 67 Stong 1500 16.54
5850 32.05 238692 1500 628 0.99 6.22

F7 4985 4500 285582 450 158 1.03 1.62 2.40 39 Nslfr‘ill‘:gm 17.82 20.30
6560 30.15 251794 800  3.18 1.00 3.18

F§ 4975 2635  1668.89 650  3.89 0.91 3.56 418 85 Stong 1683 22.57
5205 4180 276982 13.00  4.69 1.02 4.80

F9 4575 3695 215208 1100 5.1 0.97 494 6.02 119 Very strong 1961 29.70
4990 3865 245530  17.50  7.13 1.00 7.10

FIO 6000 3355 256270 850 332 1.01 3.34 3.48 80 Stong 1800 21.87
5220 2450 162813 650  3.99 0.91 3.63

FII 4945 3935 247722 1600 646 1.00 6.45 6.66 155 Verystrong  17.82  20.70
4820 4325 265391  18.00  6.78 1.01 6.87

FI2 4165 3350 177629 1150 647 0.93 5.99 423 144 Verystrong ~ 17.00 2217
5555 4560 322480 750 233 1.06 2.46

FI3 4040 3330 171269 2350  13.72 0.92 1260 11.55 302 Exsttrrf::;ly 1485 20.00
4370 2960 164675 1900  11.54 0.91 10.50

Fl4 5080 5895  4487.85 1400  3.12 1.14 3.56 2.93 85 Stong 1800  20.70
7250 2875 265356 600 226 1.01 2.29

FIS 4175 3500 186028 1200 645 0.94 6.04 5.42 145 Verystrong 2157 19.93
3840 3515 171835  9.00 524 0.92 4381

*ISRM (1981): 0.25-1 MPa= extremely weak; 1-5.0 MPa= very weak; 5.0-25 MPa = weak; 25-50 MPa= medium strong rock;
50-100 MPa= strong; 100-250 MPa= very strong; >250 MPa extremely strong
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Fig. 6: Photomicrographs of quartzite (F10) of the Fagfog Quartzite from uphill side of the Kalu Pande Highway, Bungchug area,
Dhanding District. (a) Under plane polarized light and (b) under cross polarized light showing porphyroclasts and subgrains of SGR
recrystallization.
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Table 6: Results of slake durability Index of quartzites from the Fagfog Quartzite.

Initial
Samole  Initial oven-dry  Moisture Durability  Deterioration
Nop wt. (@) wt.before  content I (%) *I,(%) I,(%) 1,(%) 1,(%) category type after Deterioration trend upto 5" cycle
’ € the st (%) based on I, 2 cycle
cycle (g)

Fl1 565 565 0.00 0823 9823 9823 98.23 98.23 VHD 1 no deterioration, constant trend

F2 505 505 0.00 99.01  99.01 99.01  99.01 99.01 VHD I no deterioration, constant trend

F3 530 530 0.00 100.00 97.17 97.17 97.17 97.17 HD I deterioration-constant after 2nd-cycle

F4 570 565 0.88 99.12  99.12  99.12 9823 98.23 VHD 1 constant-deterioration-constant

F5 530 525 0.94 100.00 100.00 99.05  98.10 98.10 VHD 1 constant-deterioration-constant

F6 490 490 000 9796 9694 9694 9592 9592 HD I deterioration-constant-deterioration-
constant

F7 520 520 0.00 98.08 97.12 97.12 97.12 95.19 HD 11 deterioration-constant-deterioration
deterioration-constant-deterioration-

F8 555 555 0.00 99.10 9820 98.20  95.50 95.50 VHD 11
constant

F9 560 560 0.00 99.11  99.11  99.11  99.11 99.11 VHD 11 no deterioration, constant trend

F10 515 510 0.97 100.00 100.00 100.00 100.00  99.02 VHD I constant-deterioration after 4th-cycle

Fl11 490 490 0.00 08.98 9898 98.98  98.98 98.98 VHD 11 no deterioration, constant trend

F12 470 470 0.00 100.00 9894 9894 9894 98.94 VHD I deterioration-constant after 2nd-cycle

F13 530 530 0.00 100.00  99.06  99.06  99.06  99.06 VHD I deterioration-constant after 2nd-cycle

Fl14 495 490 1.01 100.00 100.00 98.98  98.98 98.98 VHD 1I constant-deterioration-constant

F15 520 520 0.00 99.04  99.04 99.04 99.04 99.04 VHD 11 no deterioration, constant trend

* Gambles Slake Durability Classification (Goodman, 1980): I, : >98% very high durability; 95-98% high durability;

85-95 medium high durability; 60-85 medium durability; 30-60 low durability; <30 very low durability
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Fig. 7: Slaking behavior of quartzites from the Fagfog Quartzite under five-cycle slake durability test. (a) Quartzites samples F1 to F8,
(b) quartzites samples F9 to F15.
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2nd cycle Sth cycle

Fig. 8: Deterioration at 2" and 5" cycles of slake durability test of quartzites from the Fagfog Quartzite. Samples F1, F2, F3, F4, F5,
F10, F12 and F13 undergo type I deterioration and the remaining samples undergo type II deterioration.
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samples survive fragmentation under second-cycle test are
prone to fragmentation under more cycles.

Slake durability has very weak correlation with shape indices
and dry density of quartzite (Fig. 9). Slake durability index
of quartzite in present study (I,,) also does not have good
correlation with water absorption, but other researchers have
obtained good inverse correlation between slake durability
index and water absorption (Fereidooni and Khajevand, 2017).
Slake durability index also has very weak correlation with I,
AIV and ACV (Fig. 10), and thus is independent of strengt
parameters.

Sulphate soundness value

Sulphate soundness is a cyclical test that evaluates aggregates
for durability and resistance to degradation from weather
cycles. Magnesium sulphate soundness value (SSV) ranges
from 0.20% (as in F1) to 4.59% (as in F5) (Table 7). SSV has

very weak correlation with shape indices and dry density of

Fagfog Quarzite from the Lower Nawakot Group, central Nepal

Ten samples show SSV between 1% and 5% whereas five
samples remain below 1%. The obtained SSV are remarkably
low, hence the quartzites reflect appreciable durability. SSVs
are independent of structure in quartzites and the results lying
below 5% are suitable for ballasts (AREMA, 2009).

Los Angeles abrasion value

The LAA test determines the hardness property of aggregates.
It measures the abrasion resistance of aggregates (ASTM
C535, 2016). Los Angeles abrasion value (LAAV) of quartzite
ranges from 12.07% (as in F7) to 31.34% (as in F2) (Table
8). The variation of LAAV seems to be independent of shape
indices and physical properties such as dry density of ballasts
(Fig. 9). All the quartzite particles tested are of angular
to subangular shape because all the samples are crushed
aggregate. Therefore, angular shape does not indicate much
bearing on LAAV. However, with increased roundness of fresh

quartzites (Fig. 9). SSV has weak correlations with s and ballasts, the degree of Los Angeles abrasion tends to decrease
ALV, but very weak correlation with ACV. (Okonta, 2015). It is as opposed to results of Guo et al. (2018).
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Fig. 9: Relationships of durability with shape indices and dry density of quartzite. (a) Flakiness index (FI) index versus durability
parameters, (b) elongation index (EI) versus durability parameters, (¢) dry density versus durability parameters.
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They found flaky and elongated particles to be worn out more
readily loosing volume of particles under abrasion test. Present
study shows that the quartzite is less flat and slightly appreciably
elongated. Even under such condition, there is weak influence
of EI and FI on durability against abrasion presumably due to
good interlocking of grains in quartzite. Sekine et al. (2005)
also indicate that relationships between shape and strength
diminish as the stiffness of ballasts increases.

LAAV of quartzite has also very weak correlation with AIV,
ACV and PLSI (Fig. 10). However found good negative
correlation between LAAV and PLSI for carbonate rocks.
Therefore, the relationships perhaps rely on rock types.

Out of fifteen samples only F2 has exceeded LAAV of 30%
and seven samples have LAAV lying below 25% of which four
samples have <20%. The majority of the samples fall into the
acceptable limit of <35% suggested by AREMA (2009).

Comparison among quartzites of previous and present studies

Except for the similarity of the rock type of the Fagfog
Quartzite studied previously and at present, other quartzites of
the previous studies are different from the Fagfog Quartzite.
Quartzite studied by Bista and Tamrakar (2015) and Tumbapo
(2016) are comparable in terms of age and types (Table 9).
Density of the Fagfog Quartzite studied at present comes to
vary within a comparable range compared to the earlier studies
(Abdullah and Singh, 2010; Gupta and Singh, 2012; Paudel and
Tamrakar, 2013; Bista and Tamrakar, 2015; Tumbapo, 2016;
Singh et al., 2017). Specific gravity and water absorption are
also quite comparable with the results of the previous studies
(Abdullah and Singh, 2010; Paudel and Tamrakar, 2013; Adom-
Asamoah, 2014; Woode et al., 2015; Bista and Tamrakar, 2015;
Tumbapo, 2016) of similar and different quartzites (Table 9).
The bulk density of the Fagfog quartzite is lower compared to
that of quartzites determined by Shareef (2015).
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Fig. 10: Relationships between durability and strength parameters. (a) Point-load strength index versus durability parameters, (b) AIV
versus durability parameters, (c) ACV versus durability parameters.
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Table 7: Result of magnesium sulphate soundness test of ballasts from the Fagfog Quartzite.

1t cycle 2" cycle 3 cycle 4™ cycle 5t cycle
% Initial imvlzl‘;:sti‘t(:: in imvrrlti;:sti?r: in imvrrlte'z:sfitoel: in im:‘:;‘:i‘?rf in imvlrlte.}lflsfitoel: in ‘x;szfzz SSV%
?%. wt. (kg) Mg.SO4 and drying dll'\:ignsgoi:::::f(in dll"\;ignsgoi:j:::zn drl'\;;gnsg(:;t:in drl\;;gnsgc;:li)rif(:}n With. BaCl,
a3 in oven (kg) (kg) (kg) (kg) (kg) solution (kg)
F1 2.000 2.010 2.015 2.025 2.025 2.020 1.996 0.20
F2 2.035 2.050 2.050 2.050 2.050 2.050 2.014 1.03
F3 2.005 2.015 2.020 2.020 2.020 2.020 2.000 0.25
F4 2.015 2.020 2.020 2.015 2.015 2.015 2.003 0.60
F5 2.070 2.075 2.085 2.085 2.075 2.055 1.975 4.59
F6 2.005 2.015 2.025 2.030 2.030 2.025 2.000 0.25
F7 2.035 2.045 2.045 2.035 2.035 2.030 2.005 1.47
F8 2.110 2.120 2.130 2.130 2.130 2.125 2.090 0.95
F9 2.010 2.035 2.045 2.050 2.045 2.015 1.970 1.99
F10 2.020 2.060 2.050 2.040 2.040 2.040 1.980 1.98
F11 2.050 2.085 2.075 2.070 2.070 2.060 2.010 1.95
F12 2.040 2.080 2.070 2.070 2.065 2.070 2.015 1.23
F13 2.035 2.050 2.055 2.050 2.055 2.055 1.950 4.18
F14  2.055 2.060 2.065 2.065 2.060 2.035 2.010 2.19
F15 2.060 2.065 2.070 2.070 2.050 2.040 2.000 291
Table 8: Los Angeles Abrasion Value (LAAV) of the Fagfog Quartzite.
Sample s P S0 PSS ot of | WSIN in, LaaY
) 37.5 sieves (kg) sieves (kg) ple (ke) revolution (kg) (kg) *»)
F1 5.045 5.005 10.050 7.380 2.670 26.57
F2 5.02 5.03 10.050 6.335 3.150 31.34
F3 5.075 5.045 10.120 7.900 2.220 21.94
F4 5.065 5.04 10.105 8.340 1.765 17.47
F5 5.035 5.04 10.075 7.230 2.845 28.24
F6 5.19 5.075 10.265 8.070 2.195 21.38
F7 5.13 5.185 10.315 9.070 1.245 12.07
F8 5.05 5.03 10.080 7.140 2.940 29.17
F9 5.035 5.05 10.085 7.130 2.955 29.30
F10 5.195 5.06 10.255 7.565 2.690 26.23
F11 5.09 5.155 10.245 7.665 2.580 25.18
F12 5.02 5.5 10.520 8.112 2.408 22.89
F13 5.06 5.015 10.075 8.350 1.725 17.12
Fl14 5.18 5.095 10.275 8.680 1.595 15.52
F15 5.165 5.045 10.210 7.210 3.000 29.38
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Point-load strength index of the Fagfog Quartzite varies within
a wider range compared to the results of the earlier studies
(Bista and Tamrakar, 2015; Tumbapo, 2016). UCS of the
current study is wider in range compared to the range obtained
by Bista and Tamrakar (2015). Majority of quartzites gave less
than 150 MPa except of higher values around 300 Mpa (Adom-
Asamoah et al., 2014; present study, Table 9). This variation
occurred could be due to consideration of greater number of
samples at present study, variation of locality of sampling and
types of samples conpared to Paudel and Tamrakhar (2013),
and Bista and Tamrakar (2015). It does not differ with AIV
of other quartzites (Woode et al., 2015), but Adom-Asamoah
et al. (2014) obtained as low as 8%. ACV of the current study
(Table 9) is similar to that of quartzites studied by Woode et
al. (2015), Paudel and Tamrakar (2013) and Adom-Asamoah
et al. (2014).

Slake durability index of quartzites vary within narrow range
(Singh et al., 2017; Table 9), and generally quartzites have high
values of SDI. Sodium SSV of the Fagfog Quartzite (Bista and
Tamrakar, 2015) is slightly higher than the magnesium SSV of
the Fagfog Quartzite (Table 9).

LAAV of the Fagfog Quartzite varies between 12.07 and
31.34% which is quite lesser than the result obtained by Bista
and Tamrakar (2015) for the Fagfog Quartzite, and by Adom-
Asamoah et al. (2014), Woode et al. (2015) and Tumbapo
(2016) for other quartzites.

CONCLUSIONS

All the quartzite samples belong to the lithostratigraphic
unit: Fagfog Quarzite from the Lower Nawakot Group of
Precambrian age. Quartzites are medium-grained massive to
laminated, with dominantly of well interlocked quartz grains.
The rock fabric indicate recrystallization microstructure of low
to intermediate temperature where biotite appears.

The ballast particles are all crushed quartzite which have
low flakiness index but with slightly large elongation index.
Specific gravity and apparent dry density of the ballast samples
vary between 2.38 and 2.70, and between 2433.95 kg/m* and
2809.86 kg/m?, respectively. Bulk density of the samples
varies from 1203.62 kg/m?® to 1386.88 kg/m®. Therefore, the
ballast are normal weight aggregates. PLSI of quartzite varies
from 2.40 to 11.4 MPa. The quartzites are moderately strong to
extremely strong. with AIV below 22% and ACV 30% below.

The quartzite samples have yielded high to very high slake
durability indices indicating that they are durable against
slaking. There was no significant change in slake durability
index from the second to the fifth cycles, because reduction
of 1 to 2 percent occurred. Regarding deterioration, half of
samples deteriorated with type I and the remaining half with
type II. About one third of samples have shown deterioration
of type II after the fifth cycle. After the fifth cycle no sample
showed deterioration of type III.

The magnesium SSV and LAAV obtained for quartzites
represent that the quartzite samples are suitable for railway
track ballast suggested by AREMA (2009). The AIV and
ACYV show strong and satisfactory to resistance to impact and
crushing loads for ballast aggregate.

The correlations between shape and density with durability,
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and durability and strength parameters are found to be weak
to very weak.

The results of physical properties, and strength and durability
parameters obtained for the Fagfog Quartzites are comparable
with range of results obtained for different quartzites in earlier
studies. Some variation of the values are probably owing to the
change in locality of sampling, rock state of weathering, and
some inherent variation among quartzites.
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