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and gradation, and improper design of thickness of base and
subbase. Subgrade properties and condition are crucial factors
to be considered in the pavement structural design. Where
subgrade is of poor quality it is generally recommended to use
capping layer followed by thick subbase and base courses.

Poor quality construction that leads to poor compaction
of subgrade can arise longitudinal and fatigue cracks, rutting,
potholes, depression and pumping. Similar distresses can happen
when base and subbase courses are poorly compacted during
construction. On the other hand, low thickness layers designed
for subbase and base courses can lead to longitudinal and fatigue
cracks, rutting, depression, potholes, patching and pumping.

Pavement distresses due to poor construction operation
are those that are caused by placement of excessively moisture
mix on the surface. Such construction practice may bring about
stripping. Other distresses that can occur upon excessive moisture
are cracking, deformation, delamination, potholes, patching and
raveling.

OBSERVATION OF PAVEMENTS OF TU ROAD AND
OF MANANG COLONY

Inspection of flexible pavement of the Tribhuvan
University (TU) road from the TU Gate to the Science Faculty
Blocks that of the Manang Colony, Mhyepi, Kathmandu (Fig.
1) was made. From the TU Gate to the Science Faculty Block
(Fig. 1a) several kinds of pavement distresses were observed,
which have been described in captions of Figs. 2 to 9. Rutting
and potholes dominate the stretch between the TU Gate and
Tinkune, whereas corrugation, stripping, and potholes dominate
the stretch between CEDA and the Science Faculty Block.
Fatigue cracks and stripping and raveling are the dominant
distresses. It was found that the pavement structure of the TU
road was constructed over a subgrade of mud. Poor subbase
course of less than 15 cm thickness composed of mud and
coarse aggregate, and poor surfacing of less than 4 cm were
recorded from the pit dug for drainage lining (Fig. 10). The TU
road reflects poor construction design, poor selection of
construction materials, and poor construction operation.

The pavement of the Manang Colony (Fig. 1b) shows
severe stripping, raveling and pothole distresses, which must
have occurred due to poor selection of construction materials
and poor construction of the pavement. No subgrade related
problem was identified in the pavement of the colony.

CONCLUSIONS

1. Four broad categories of flexible pavement distresses
are cracking, deformation, deterioration and mat problems.

2. Pavement distress can happen due to single or multiple
causative factors.

3. Improper selection of construction materials and
pavement structural and constructional design are very much

responsible for pavement distress apart from the traffic loading.

4. Pavement distresses observed in the TU road are
caused by subgrade deformation as well as poor construction
design and quality of construction. Pavement distresses observed
in the Manang Colony were mainly caused due to poor selection
of construction materials and quality of construction.

5. It is recommended to (a) firstly assess subgrade
condition, (b) prepare structural and mix designs considering
subgrade conditions, traffic and environment (temperature,
moisture and drainage), (c) then select appropriate construction
materials which meet desirable functions of each of the structural
layers of the pavement structure, and (d) finally control the
quality of paving operation.
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Fig. 10: A portion of the pavement (TU road) dug for
maintaining a drainage line revealing pavement structural
layer and subgrade soil; 1 = Asphaltic layer, 2 = Subbase
course, 3 = subgrade
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Los Angeles Abrasion Testing: From the meaning of test to the results of test

INTRODUCTION
The Los Angeles Abrasion (LAA) is the most common

and widely used method to determine aggregate abrasion
resistance. Crushed stone of aggregate, which are obtained
through breakdown from different type of rocks, e.g. igneous,
metamorphic and sedimentary are subject to LAA test for
determining resistance to fragmentation of rocks. Crushed stone
of aggregate can be used in various engineering purposes: dam,
pavement, concrete, and asphaltic pavement, etc. Trend of
demand of crushed stone aggregate has increased in worldwide
due to lack of the uncrushed stone of aggregates in different
sources. To evaluate the quality of crushed stone aggregates,
one of the commonly tested parameters is Los Angeles Abrasion
(Al-Harthi, 2001).

The grade of aggregate can be determined by physical
test methods. The Los Angeles Abrasion test has been developed
to provide quantitative method to determine the quality of
abrasion resistance of aggregates for the specification of
requirements for their specific uses. The resistance of aggregates’
fragmentation due to attrition between rock particles and also
to impact and crushing by steel spheres (Fernlund, 2005;
Kahraman and Fener, 2007; Ugur et al., 2010) is determined in
the LAA test.

Methods for determining the LAA tests of aggregates
particles have been standardized in various forms in many places
around the world. The tests to measure the abrasion resistance
of aggregate particles are described in ASTM C131-01 (2003),
ASTM C535 -031 (2003), AASHTO T96-02(2006), AS 1141.23
(2009) and ASTM C131 /131M (2014).

ABSTRACT
Los Angeles Abrasion test is widely a common test for abrasion resistance for multiple engineering applications. The test has been
developed since 1980s. To understand the test to the result of test, two types of rocks, i.e. metasandstone and gneiss were tested on
grades A and B of the test samples for Los Angeles Abrasion (LAA) Test. The LAA values of gneiss vary from 62.13 to 63.19%, and
that of metasandstone from 37.30 to 36.65%, showing that relatively consistent results have occurred for different grades A and B of
the Test Samples. It shows that the material properties play the main role in abrasion and Los Angeles Abrasion loss than the nominal
size selected for different grades of the Test Samples, and in the present study it has been explained by anisotropy in fabric and
anisotropy related strength of rock types for LAA loss. It is considered that the aggregates of different petrographic properties have
yielded low or high LAA and hence have bearing on quality of aggregates for engineering purposes. A selection of rock type is
important to achieve desirable qualities regarding abrasion loss for concrete pavement, asphalt concrete pavement, surface dressing,
crushed stone base and subbase courses.

Keywords: Los Angeles Abrasion Testing, Coarse aggregates, Test samples, Anisotropy in fabric

In 1870s France developed the Micro Deval test method
of testing and was the only accepted method to determine the
toughness of aggregates. This method was adopted as a standard
test for use on road materials by ASTM in 1908 and revised in
1926. Later on, the LAA test was approximately adopted in
1937 (Sweet, 1948). Because the LAA test is related closer with
the performance of aggregates in pavements than the Micro
Deval test the LAA test was adopted as a standard test for
measuring the wear of aggregates in 1940 (Sweet 1948).

Woolf and Runner (1935) conducted suitability of Los
Angeles testing and the test result for specifying limit for coarse
aggregate. West et al. (1970) studied tests for evaluating
degradation of base course. They concluded that the LAA test
appears to be a good indicator of the degradation properties of
carbonate rocks, but not of basalt rocks. The grain size and
roundness were related to the LA abrasion wear value.

Larson et. al. (1971) reviewed and investigated and
presented that the LAA test was satisfactory for determining
the resistance of an aggregate to dry abrasion. At the same time
some state highway departments had developed tests of their
own for determining wear ability of aggregates under wet
abrasion conditions. A modification is proposed to the standard
LAA test to include 250 revolutions with the aggregate in the
dry state plus 250 revolutions after a fixed amount of water has
been added.

Wieden et. al (1977) studied to improve the Los Angeles
test and concentrated in three aspects, i.e., sample material, test
conditions and type of stress. The sample material and test
conditions affect test values because of the specific characteristics
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of the rock and the particle dimensions. The greatest effect was
produced by the number of revolutions of the drums and shown
that each tolerance of the revolution speed leads to great errors.
An analysis of the stressing process during the Los Angeles test
showed the spheres rolling through the sample material may
exert a stress similar to an impact stress.

Kazi and Al-Mansour (1980) investigated the abrasion
and soundness characteristics of crushed-rock aggregates obtained
from a wide variety of igneous rocks of volcanic and plutonic
origins. The grain size and the volume of pore spaces were
found to be the significant geological factors. Fine-grained
rocks when compared with coarse-grained rocks having the
same porosity were found to be sounder and more resistant to
wear.

Maharjan and Tamrakar (2007) studied natural uncrushed
gravels from the Rapati River central Nepal. It was suggested
that the gravels were suitable both for road and other concrete
structures.

Kahraman and Fener (2007) studied in LAA and some
physical and mechanical tests were performed on 32 different
rocks, ten of which were igneous, metamorphic and sedimentary.

Khanal and Tamrakar (2009) studied LAA of crushed
limestone and siltstone, and suggested their suitability for base
and subbase courses based on Nepal Road Standard (DOR,
2001).

Ahmet Teymen (2017) studied thirty-nine igneous rock
aggregates to measure the quality of the aggregates and to
determine the relationships between the LA values and the
mechanical physical properties of the aggregates. The regression
analyses indicated strong correlations between LAA and
mechanical tests of aggregate.

The value obtained from the Los Angeles abrasion test
gives an indication of the abrasion resistance of the material.
A low LAA loss% indicates that the material has high abrasion
resistance. Conversely, a high LAA loss% indicates that the
material has low abrasion resistance. Table 1 shows a list of

typical LAA values for different rock types that may or may
not be used in road construction.

Nepal Standard (2072) has specified limiting loss
percentage of LAA for various application of construction
aggregates (Table 2).

A CASE STUDY ON EFFECT OF GRADE AND ROCK
TYPE ON LAA

Two rock types: metasandstone and gneiss were selected
for understanding whether grade of sample and rock types have
significant influence on LAA test results. Both rock types
selected are metamorphic rocks sourced to terrestrial and are
natural (Table 3). Gneiss sample is feldspathic with well-
developed foliation, slight feldspar alteration, and with moderate
degree of induration. Metasandstone sample is massive and
fine-grained one, and is indurated.

The LA test machine consists of a hollow steel drum
with an inner diameter of 711 mm, with a 90 mm deep and 25

Table 1: LAA values for different types of rock (Interactive,
2011)

Table 2: (a) Physical requirement of aggregates interms of
LAA (based on Nepal Standard, 2072), and (b) Classes of
material quality (after NS, 2072)

*Uncrushed

Material
classes

LAA,
%

AIV, ACV,
%

SSS, % Flakiness
index, %

Crushing
ratio, %

A <25 <20 <12 <20 100
B <30 <20 <12 <25 100
C <35 <25 <12 <25 80

C2* <30 <20 <12 <25 -
D <40 <30 <12 <30 60

D2 <35 <20 <12 <30 -
E >35 & <50 <25 <18 - -

E2 >40 & <50 <30 <18 - -
E3 >50 <30 <18 - -

C1

D1

E1

*Classess  for rounded materials only

(a)

(b)
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RESULT AND DISCUSSION
Test results of testing under Los Angeles Abrasion

machine after the test exhibit fragmentation by breakage of
particles and disintegration into finer particles as well as wearing
away of grains from the corners and surface withou significant
breaking down (Fig. 1). It can be seen from the result that the
Gneiss Samples of Grade A and Grade B respectively yields
LAA of 62.13% and 63.19% (Table 5). Metasandstone samples
of Grade A and Grade B give LAA of 37.30% and 36.65%,
respectively (Table 5). The values of each of the test grade
samples A and B are similar to each other. But the LAA % are
drastically different between gneiss and metasandstone samples.
Both test grade samples were metamorphic rock type as gneiss
and metasandstone but their origin is different. Gneiss is sourced
to igneous rock and metasandstone is sourced to be originated
by metamorphism of sedimentary rock. Besides, two selected
rock types also differ in terms of fabric. Gneiss samples were
foliated augen gneiss with extreme anisotropy in fabric and
perhaps related to strength, showing their tendency of breakage
along the foliation. Contrarily, the metasandstone samples were
more massive compared to gneiss and showed homogeneity in
fabric and also possessed high degree of induration.

The test results exhibit that the variation of LAA has no
significance considering preparation of the Test Samples of

mm thick shelf inside. Two sets of samples for each rock type
were produced to aggregate sizes especially Grade A with a
graded mix of 37.5–25 mm, 25–19 mm, 19–12.5 mm, and
12.5–9.5 mm size fractions and Grade B with a mix of two size
fractions, 19–12.5 mm and 12.5–9.5 mm, as defined in ASTM
C 131–131M (2014). Grades A and B for the Test Samples of
each rock types were prepared by crushing the samples by using
hammers (Table 4). There were two groups of operators in
preparing the samples of different rock types.

Each of the Test Samples were tested for LAA following
ASTM C 131–131M (2014). They were then placed in a steel
drum, along with 12 and 11 steel spheres (approximately 5000
and 4584 g in total), respectively for Grade A and Grade B Test
Samples. The hatch lid was then bolted in place and the drum
was rotated for 500 revolutions at a rate of 30–33 rev/min. After
the 500 revolutions were completed, crushed aggregate particles
and the steel spheres (charge) were emptied into a tray set. The
aggregate samples were separated from the steel spheres and
then crushed aggregate particles were sieved through a 1.7-mm
sieve. Fines were removed from the aggregate coarser than the
1.70 mm sieve and oven-dried to a constant mass at 110ºC for
24h. After cooling, the mass was weighed. The amount of
material passing the sieve, expressed as a percentage of the
original mass, was calculated as the Los Angeles Abrasion
(LAA) and was expressed in percentage.

Table 3: Petrographical description of the Test Samples

Table 4: Selected test grades and total mass of test samples
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(a)

(b)

Fig. 1: (a) Grade A and B Test Samples of gneiss before and after testing, and (b) Grade A and B of Test Samples of
metasandstone before and after testing
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different grades, Grade A and Grade B, in case of both rock
types studied. However, LAA test results significantly vary
among the rock types. The higher LAA loss obtained in gneiss
samples could be due to development of micro cracks along
the foliation along which rock tends to split. In case of massive
metasandstone, the interlocking among mineralogical constituents
could be good enough to resist abrasion. Absence of prominent
and continuous foliation in metasandstone could be another
cause to resist degree of abrasion, hence giving lower LAA loss
than that of the gneiss samples.

The obtained LAA values of sample of gneiss
(62.13–63.19%) suggest that they should be avoided, whereas
those of sample of metasandstone (36.65–37.30) suggest its
suitability for various concrete and subbase course of pavement.
 Even the metasandstone sample does not reflect its suitability
for base and wearing courses. Compared to natural river gravel
tested by Maharjan and Tamrakar (2007) and limestone and
siltstone tested by Khanal and Tamrakar (2009), the results of
the present study for gneiss and metasandstone have shown
inferior quality of hardness and toughness against abrasion.
Those gravels tested by Maharjan and Tamrakar (2007) were
composed of dominant quartzite, and subordinate schist,
carbonate and granite. The LAA loss obtained for those gravel
was 30%. Similarly, the LAA values obtained by Khanal and
Tamrakar (2009) for crystalline limestone, siliceous limestone
and calcareous siltstone were respectively 28.4–30.3%, 26.8–30%
and 29.2–30.2%. Therefore, results of all those carbonate and
siliciclastic rocks showed their suitability for under the acceptable
limit of NRS (DOR 2001) for base and subbase courses.

CONCLUSIONS
1. LAA of gneiss varies from 62.13 to 63.19%, and that

of metasandstone varies from 37.30 to 36.65%, showing that
somewhat consistent results have occurred for different grades
A and B of the Test Samples.

2. Considering the vast different results of LAA between
gneiss and metasandstone, it is concluded that the LAA is more
dependent on (a) the material properties than on the nominal
particle size selected for different Grades of the Test Samples,
(b) and anisotropy in fabric and anisotropy related strength of
rock types.

3. Considering the LAA results, the tested metasandstone

can be used in ordinary concrete and subbase course, while
gneiss should be rejected.
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Fig. 1: (a) Grade A and B Test Samples of gneiss before and after testing, and (b) Grade A and B of Test Samples of
metasandstone before and after testing
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Industrial rocks and minerals in Chandragiri-Chitland Range, southwest
of Kathmandu Valley

INTRODUCTION
There are various metallic as well as non-metallic mineral

deposits in different parts of the country. Nepal Himalaya is
rich in non-metallic mineral resources like limestone, dolomite,
marble, magnesite, and talc minerals, decorative, construction
and dimension stones which have significant commercial value.
The present study area lies in between 27°35'00"N to 27°43'30"
N latitudes and 85°09'30"E to 85°19'00"E longitudes in
Chandragiri-Chitlang section in the southwestern hills of the
Kathmandu valley. Hagen (1969) brought forward the nappe
concept in the Nepal Himalaya. He has reported the Nawakot
Nappe made up of low-grade metamorphic rocks underlain by
a medium-to high-grade metamorphic rocks of the Kathmandu
Nappe. The study area mainly represents a part of the Kathmandu
Complex, which is further divided into the Bhimphedi Group
and the succeeding Phulchauki Group (Stöcklin and Bhattarai,
1977). A preliminary report published by ESCAP (1993) and
mineral resources of Nepal (2004) published by Department of
Mines and Geology are the main sources of information for the
mineral resources of the study area. Sedimentary and low-grade
metamorphic rock succession of the study area (4.8 km thick)
is occupied by the four geological units as the Tistung Formation,
Sopyang Formation, Chandragiri Limestone and Chitlang
Formation from older to younger respectively (Acharya 2018).
Low-grade metamorphic rocks like metasandstone, phyllite,
argillaceous limestone, ortho-quartzite and slate dominate the
study area (Acharya and Paudyal, 2019). The study area consists
of many industrial minerals, decorative stones and dimension

ABSTRACT
Geological mapping along Chandragiri-Chitlang Range, southwest of Kathmandu valley shows that the area is a potential on non-
metallic minerals especially industrial rocks like metasandstone, limestone, quartzite, dolomite and slate belonging to lower four
geological units of the Phulchauki Group of the Kathmandu Complex. These units are the Tistung Formation, the Sopyang Formation,
the Chandragiri Limestone and the Chitlang Formation from older to younger stratigraphy. These non-metallic mineral resources are
considered potential in terms of quantity and quality and suggested for further prospecting and exploitation systematically and
scientifically. Limestone distributed within the units of the Chandragiri Limestone and the Chitlang Formation may be the good raw
material for cement industries. Similarly, Quartzite, metasandstone, dolomite and slate in the area may be the good source rock for
the construction purposes. Existing mining of these resources in many areas are very traditional, haphazard and unscientific. These
resources are located very near from the capital city of Nepal and there is great demand of these materials forever. However, systematic
prospecting, exploration and exploitation techniques with zero waste mining concepts are not being applied for such fruitful resources.
Non- metallic mineral resources present in the Chandragiri-Chitlang range helps industrial and economic development of a country
and ultimately plays vital role to increase the national GDP if explored, exploited and utilized properly.

Key words: Chandragiri-Chitland Range, Kathmandu Complex, Phulchauki Group, Industrial rocks and minerals

stones. Investigation on the stratigraphic control and the nature
of mineralization are helpful to find out the possible new
locations for exploration and to find the mineral resources for
exploitation. The present study has aimed to overcome the
mineralization zone in the study area and to prepare detail
geological map in 1:25000 scale. Limestone, dolomite,
metasandstone, quartzite and slate are the potential non-metallic
minerals in the study area. Sustainable development of such
resources is considered as the good source of the economy of
a country.

LOCATION AND ACCESSIBILITY
The study area lies in Chandragiri-Chitlang section in

the southwestern hills of the Kathmandu valley covering some
parts of Kathmandu, Makwanpur and Dhading Districts (Fig.
1). The study area is of about 16 km from Kathmandu to
Chandragiri and 13 km from Chandragiri to Chitlang. It is
mainly connected by the Prithivi Highway from Kathmandu,
which is linked further with many local earthen roads and foot
trails.

OBJECTIVES
The main objective of the study is to prepare a prognostic

map for mineral resources of the study area. The specific
objectives are as follows:

i. Geological mapping around the Chandragiri-Chitlang
range in 1:25,000 scales.


