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Abstract:

Infrastructure development projects in Oman are at a peak which results in a huge requirement for the construction
materials. Aggregates are one of the most common materials, naturally available and used in both cement and asphalt
concrete apart from being used as under laying material. The evaluation of aggregates physical, chemical and
mechanical properties thus become important as it directly affects the product in which they are used as a constituent.
Aggregates should be hard and tough enough to resist crushing, degradation and disintegration from any associated
activities including manufacturing, stockpiling, production, placing and compaction. In this article an attempt is made
to develop a modified method to determine the abrasion resistance of aggregates. Different sizes of aggregates
obtained from two natural sources in Oman were tested in the laboratory using both the standard and modified Los
Angles Abrasion (LAA) test and a mathematical relationship is developed. Based on this relationship, the standard
LAA value can be determined from the modified method results. In the modified LAA test method, the time required
for the test is reduced by 24 hours, apart from reducing the resources required for the test. Since the modified LAA
method is developed considering Oman climatic and geological conditions, thus there is a possibility that this method
and mathematical relationship may not be valid in a region when these conditions are changed. In such satiation the
modified LAA test method and mathematical relationship described in this article may need to be validated before it
is adopted.

Key Words: Strength & testing of materials, Quality control, Sustainability, Mathematical modelling,
Granular materials, Materials technology, Aggregates, Los Angeles Abrasion

1. Introduction:

Construction is a major industry providing jobs to millions of people and contributing to the countries and the world
economy. Construction industry’s contribution towards the Omani economy is around 9% of the total gross domestic
product and employs 18% of the total population (Umar et al., 2018). The ongoing and planned construction projects
in Oman for the financial year 2015-2016 amount to a total value of US$43.160 billion (Umar, 2016). This includes
the largest project ‘Oman Rail’, which is in the pre-execution phase with a total length of 2135 km and a budget of
US$15.6 billion. The ongoing and planned infrastructures projects reflect a large demand for construction materials.
Cement production capacity in Oman currently stands at 8.81 Megaton/year (GB, 2016). This can be translated to the
requirement of aggregates for cement concrete which will be equal 52.86 Megaton/year. A more or less similar
quantity of aggregates would be required for asphalt concrete. A report published by the Ministry of Transport and
Communication, Oman indicates that the asphalt road network in Oman has grown exponentially in recent decades,
soaring from 3,766 km in 1990 to 13,209 km in 2013, an increase of 11 percent annually. The graded road network
also grew significantly during the same period, climbing from 13,048 km in 1990 to 16,600 km in 2013, an increase
of 1.2 percent annually (MOTC, 2015). This can be translated to an annual increase in aggregates requirement for
highway sector in Oman which is roughly equal to 10%. The infrastructure projects in other gulf countries are also at
peak these days. All these projects need an increased quantity of construction materials which results in sustainability
issues. Sustainability in a number of areas in the gulf region is comparatively lower than other countries around the
world (Umar and Egbu, 2018-a).

Aggregates are one of the most common materials used in engineering and infrastructure projects. Roughly, both fine
and coarse aggregates accumulate more than 85% of cement and asphalt concrete. The accumulative percentage of
aggregates used in underlying layers is more than 90%. Aggregates can be obtained from natural sources like gravel
pit, river bed and rocks (Umar and Wamuziri, 2016; Mamlouk and Zaniewski, 2018). Aggregates are exposed to a
variety of physical and chemical influences depending on the areas in which they are used. An aggregate should
generally be hard, durable, and uniform and clean, as well as highly abrasion resistant (Teymen, 2017). The aggregates
are tested in the laboratory to ascertain their properties. Roberts et al., (1991) noted that aggregates undergo substantial
wear and tear throughout their life. The aggregates used in both building and highway projects must be able to transmit
loads from top layers to the lower layer of earth surface. Mechanical properties are especially critical for open or gap
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graded hot mix asphalt (HMA), which does not benefit from the cushioning effect of the fine aggregate and where
coarse particles are subjected to high contact stresses (Parker and Kandhal, 1998). Aggregates which fail to resist
abrasion and polishing may cause premature structural failure and a possibility of loss of skid resistance. Poor
resistance to abrasion can produce excessive dust during HMA production which results in environmental problems
as well as mixture control problems (Wu et al., 1998). The LAA test measures the degradation of a coarse aggregate
sample that is placed in a rotating drum with steel spheres. As the drum rotates the aggregate degrades by abrasion
and impact with other aggregate particles and the steel spheres (called the “charge”). Once the test is complete, the
calculated mass of aggregate that has broken apart to smaller sizes is expressed as a percentage of the total mass of
aggregate. The lower Los Angeles Abrasion loss values indicate aggregate that is tougher and more resistant to
abrasion. This article presents the results of LAA tests conducted on different grades of aggregates obtained from a
local source of gravel pit in Oman. The aggregates of different grades were tested with the standards procedure wherein
the aggregates were first washed and then dried out at 110° C. The same grades of aggregates were then tested
following the standard procedure, but without washing and drying. The aim of this experimental study was to compare
the results of LAA test conducted on the different grades of aggregates obtained from a local source of gravel pit and
to compare the results of test following both the standard and modified methods.

2. Standard and Modified LAA Test:

The standard LAA Test referred in this article is conducting the test in accordance to the procedure defined in
AASHTO T 96-02, ASTM C131/ C131M — 14 and ASTM C535 — 16. The standard procedure of the test indicates
that the test samples need to be separated into individual size fractions and recombined to the grading as shown in
Table 1 ((ASTM (1994), C131-81), AASHTO T 96-02). The sample of the aggregates shown in Table 1 need to be
collected from washed aggregate dried at 110 + 5 °C (230 + 9 °F). The abrasive charge and number of revolutions
depends upon the grading of the test sample as described in Table 2. In the LAA as the drum rotates, a shelf plate
picks up the sample and the steel spheres, carrying them around until they are dropped to the opposite side of the
drum, causing an impact-crushing effect. The contents then roll within the drum with an abrading and grinding action
until the shelf plate impacts and the cycle is repeated. In the standard Los Angeles Machine, the drum normally rotates
at a speed of 30 to 33 revolutions per minute. After the prescribed number of revolutions, the contents are removed
from the drum and the aggregate portion is sieved to measure the degradation as percentage loss. After the prescribed
number of revolutions the material is discharged from the machine and a preliminary separation of the sample is made
on 4.75 mm sieve. The fine material portion is sieved on a 1.7 mm sieve. Aggregates coarser than the 1.70 mm are
washed, oven dried at 110 £ 5 °C, and weighed to the nearest gram. Washing the aggregates over a 1.70mm sieve and
re-drying is normally only required when the percentage loss is within 2% of the specification limit. The test has more
acceptability because the resistance to abrasion and impact is determined simultaneously. Depending upon the
percentage loss value, the suitability of aggregates for different layers of road constructions can be judged as per
Ministry of Transportation and Communication, Oman specifications given in Table 3. Mathematically, the percentage
loss in the weight of aggregates after performing the test can be obtained from Eq. (1).

Percentage Loss = % X100 .iieieiniiiiiiiiieeiierieeneeeiecncncneaenncanns Eq. (1)

Where,

X = Weight of the sample in grams before testing.
Y = Weight of the sample after testing.
Z = Weight Loss in grams (X-Y)

The standard LAA test required approximately 25 hours. The time required for each component of the test is shown
in Table 4.



Modified LAA Test referred in this article is conducting the test as per the procedure mentioned in the standard LAA
Test expects washing and drying the aggregates at 110 £ 5 °C before and after the test. This method is adopted to
observe the variation in the results of aggregates obtained from a specific source (gravel pit) in Oman. The hypothesis
behind adopting this procedure is that although the results obtained from standard and modified would not be the
same, if the results in both cases would be in the range of acceptable range, then the stages of washing and drying the
aggregates can be waived from the standard procedure of LAA Test. This will help to establish a relationship between
the results obtained from both methods. There is a possibility that modified LAA Test will best suit the aggregates
obtained from Oman due its climatic conditions and crust properties.

The LAA test was developed considering the United States environmental conditions. However, in the gulf region
particularly, Oman environmental conditions are totally different from the United States. The average maximum
reported temperature in July 2017 was 39° C, while the average rainfall in the same period was 0.4 mm (WWO, 2017).
It needs to be noted that the actual temperature in the summer season in Oman is far more than the reported one. Umar
and Egbu (2018-b) quoting some local newspaper reported that in summer, the maximum temperature could reach to
50° C in some parts of Oman. The summer period in Oman usually remain eight months of the year covering the
period from March to October. Both the high climatic temperature and low rainfall in Oman could have an impact on
the aggregates and somehow raise concerns about the washing and drying of the aggregates for LAA test. This also
supports the argument that if there is to be any impact on the result of LAA value of the aggregates, it would be much
less and may have no practical implication. If the argument is supported by the laboratory experiments results, then it
can lead towards reducing the two steps, washing and drying of aggregates for LAA Test in Oman. This will not only
reduce the time required for the testing but will also reduce the use of resources and energy to conduct such tests.

Sieve sizes (square Mass of indicated sizes, (grams)
openings), mm
Passing | Retained Grading
on A B C D E F G

75 63 -- -- -- -- 250050 -- --

63 50 -- -- -- -- 250050 -- --

50 37.5 -- -- -- -- 5000450 5000+50 --
37.5 25.0 1250 + 25 -- -- -- -- 5000+25 5000+25
25.0 19.0 1250 + 25 -- -- -- -- -- 5000+25
19.0 12.5 1250 + 10 2500 + 10 -- -- -- -- --
12.5 9.5 1250 + 10 2500 + 10 -- -- -- -- --
9.5 6.3 -- -- 2500 + 10 -- -- -- --
6.3 4.75 -- -- 2500 + 10 -- -- -- --
4.75 2.35 -- -- -- 5000 + 10 -- -- --

Total: 5000 + 10 5000 + 10 5000 + 10 5000 + 10 10000 + 100 | 10000 + 75 10000 + 50
Table 1: Gradation of Aggregates for LAA Test (ASTM (1994), C131-81).
Number | Weight of
Grading | of Charge Number_ of
Revolutions
Spheres (grams)
A 12 500 500
B 11 458 500
C 8 333 500
D 6 250 500
E 12 500 1000
F 12 500 1000
G 12 500 1000




Table 2: Abrasive Charge and Number of Revolutions for Different Grades of Aggregates.

S. No. Type of Pavement Maximum Permissible
abrasion value (%)
1 Water bound macadam sub base course 60
2 WBM base course with bituminous surfacing 50
3 Bituminous bound macadam 50
4 WBM surfacing course 40
5 Bituminous penetration macadam 40
6 Bituminous surface dressing, cement concrete surface course 35
7 Bituminous concrete surface course 30

Table 3: Maximum Permissible Abrasion Value (%) of Aggregates for Different Layers of Flexible Pavement
(MOTC, 2010).

Test Component Required Time
Reducing a sample to testing size 5 — 10 minutes
Washing the sample 5 — 10 minutes
Drying to a constant mass 8 — 12 hours (overnight)
Time in rotating drum 30 minutes
Sieving and rewashing 30 minutes
Drying to a constant mass 8 — 12 hours (overnight)
Final weighing 5 — 10 minutes

Table 4: Time Required for Each Component of a Standard LAA Test.
3. Laboratory Experiments:

The samples of aggregates for laboratory experiments were obtained from two gravel pit sources of aggregates. The
aggregates from these sources were in use in the construction of a local highway project connecting two cities of
Oman with an estimated cost of US $305.90 million and a length of 75 km. Overall in this project, aggregates from
five different locations were used. The reason of obtaining aggregates from two different locations was that at each
location different sizes of aggregates were available. At the first location of aggregate source, the size of aggregates
available was from the range of 2.35 mm to 37.5 mm and at second location of source, the aggregates size was from
25 mm to 75 mm. Thus aggregates of grades A, B, C and D were obtained from the first source and aggregates of
grade E, F and G were obtained from the second source. The AASTTO (T2) and ASTM (D75 / D75M — 14) standards
which cover the sampling of both coarse and fine aggregates were used to collect the appropriate field samples of
aggregates. The test samples for different grading of aggregates were prepared in accordance with criteria mentioned
in Table 1 (ASTM (1994), C131-81). Measuring balance (weighting scale) with a readability of 0.5 g was used to
measure the mass of each sample. The LAA machine used for the testing was also in compliance with European
Standards CSN EN 1097-2 (2010). Large capacity oven with a temperature control from 40° C to 250° C was used
where the samples were required to be oven dried. Two samples of each grade were prepared. One sample of each
grade was tested according to the standard LAA test procedure and second sample was tested according to the modified
method of LAA method. The modified LAA test is similar to the standard LAA method; however, in the modified



LAA method the washing and drying of aggregates was ignored. Equation (1) was used to determine the percentage
loss in each sample. The test results obtained from both methods are reported in Table 5.

Grade of Standards LAA Test Modified LAA Test
Aggregates Mass of Mass of Percentage Mass of Mass of Percentage
Sample Sample After Loss of Sample Sample After Loss of
Before Test Testing Materials (%) | Before Test Testing Materials (%)
(grams) (grams) — Equation (grams) (grams) — Equation No.
No. 1 1
A 5000 3841.5 23.17 5000 3912 21.76
B 5000 3778.5 24.43 5000 3951 20.98
C 5000 3710 25.80 5000 3811 23.78
D 5000 3719.5 25.61 5000 3882.5 22.35
E 10000 7737 22.63 10000 8249 17.51
F 10000 7824 21.76 10000 8450 15.50
G 10000 7850 21.5 10000 8329 16.71

Table 5: Results of Laboratory Tests by Using Standard and Modified LAA Method.
4. Interpretation of Results and Discussion:

The results of standard and modified LAA test shows that in both cases the results are different, however after
comparing with the maximum values as shown in Table 3, they are in the acceptable range if used in the construction
of highways. The results indicate that the values of LAA test performed on different size of aggregates are not the
same using a standard method or modified method. For instance, aggregates of grading A, B, C and D are obtained
from the same source of aggregates, however the percentage loss in all cases is different, which reveals that the LAA
values are more dependent on the size of aggregates rather than the geological nature of aggregates. Comparatively,
aggregates from second source which has grading of E, F and G give a lower value of percentage loss by both standard
and modified method which indicates that aggregates from second source have a higher abrasion resistance.
Comparing both the results of LAA values obtained through a standard method and modified method encourages the
argument that since the values obtained are in the acceptable range, therefore there is a possibility of skipping two
components of the test which is washing and drying of aggregates. This can reduce the time required by 24 hour
interval from reducing the resources required for the standard test. The typical time required for a standards LAA test
is approximately 25 hours (Table 4). The results of modified LAA test can be translated to the standard test. For
instance, the aggregates of grading “A” gives a percentage loss in weight equal to 21.76% while the percentage loss
through the standard LAA test is equal to 23.17%. Mathematically the relationship between two results can be
developed through the Eq. (2) as under.

_ Log10(X)
- Log10(Y)

Where,

N = Modification Factor

X = Percentage Loss through Standard Los Angeles Abrasion Test
Y = Percentage Loss through Modified Los Angeles Abrasion Test

Using equation No.2, the modification factor (N) for aggregates of grading A will be equal to 0.958. The standard
LAA can be obtained by using equation No.3 as under.

SLA = 100 x {%}N



Where;

SLA = Standard LAA Value

MLA = Modified LAA Value

N = Modification Factor (Calculated from Eq.(2)

The calculated Los Angeles Abrasion value for aggregates grading “A” using Eq. 3 is equal to 23.17% which is the
same value obtained from the standard LAA test (Table 6). Based on these equations, the modification factors (N) and
the values of percentage loss for all grading of aggregates are calculated and presented in Table 6. These modification
factors (N) can be used whenever the modified LAA test is used and it is required to determine the standard value of
LAA value.

Grade of | Standard Modified Method Modification  Factor | Calculated (% Loss) —
Aggregates Method (% | (% Loss) (N)-Eq. (2) Eq. 3)
Loss)

A 23.17 21.76 0.958 23.17

B 24.43 20.98 0.902 24.43

C 25.8 23.78 0.943 25.80

D 25.61 22.35 0.909 25.61

E 22.63 17.51 0.852 22.63

F 21.76 15.50 0.818 21.76

G 21.50 16.71 0.859 21.50

Table 6: Calculation of Modification Factors (N) and Los Angeles Abrasion Values.

The results of standard and modified LAA test shown in Table 5 are not consistent, which reflects that even if the
aggregates source is the same the Los Angeles Abrasion value can be different. This indicates that there is a major
role of the size of aggregates which is one of the main factors which control the Los Angeles Abrasion value. The
procedure mentioned above for the calculation of standard Los Angeles Abrasion Value from modified Los Angeles
Abrasion Value will be valid for the aggregates from the same sources, however, as the sources aggregates will change,
their standard and modified LAA values will change, this will change the modification factors. For instance, the
aggregates from river bed and rocks will have different values for Los Angeles Abrasion. Thus it is recommended that
appropriate validation needs to be done before considering the use of modified method for Los Angeles Abrasion test.
It is also necessary to keep in mind that as the earth crust properties change, the aggregates properties will change.
The aggregates used in these experiments were from two sources approximately 10 km away from each other, and
there is a considerable variation in the values of Los Angeles Abrasion obtained through standard and modified
method. The research is conducted in a specific area in Sultanate of Oman, which has its own geological facts.
Therefore apart from crust and upper plate’s properties of the earth, temperature variation and rain fall could be some
of the factors which need to be considered before adopting modified method of Los Angeles Abrasion.

5. Conclusion:

Aggregates are one of the main and important construction materials which are used very widely. Aggregates can be
obtained from natural sources such as gravel pit, river pit and rocks. Physical, chemical and mechanical properties of
aggregates and their effective evaluation are considered important as it influences the final product such as cement
or asphalt concrete properties. Although there are several laboratory and field tests which help researchers to
understand aggregates properties and to decide on the use of aggregates for a specific mix design. In this article the
abrasion resistance of aggregates is considered and an attempt is made to develop a time effective method for



determining the LAA value. Aggregates obtained from two sources in Oman are tested through a standard and
modified LAA method and a relationship between both methods is developed. The standard LAA test normally
required 25 hours for one test, while in modified method the duration of the test can be reduced by 24 hours apart
from reducing the resources required for a standard LAA test. Considering the high temperature and low rainfall in
Oman, two main components from standard LAA test which are washing and drying of aggregates are skipped from
the modified LAA test. The results from both standard and modified LAA test were, however, not the same but were
in the acceptable range if used in the highway construction. To calculate the standard LAA value from the modified
LAA results a mathematical relationship is developed and a modification factor is obtained for different grades of
aggregates. The modified LAA test and the mathematical relationship with standard LAA discussed in this article
may only be valid in Oman and other gulf countries as the temperature, rainfall and earth crust and upper plate’s
properties are similar. In a situation where these factors are changed, the modified Los Angeles results and its
relationship with the standard LAA results will change, and it will require validation before the modified LAA test is
adopted. The results obtained from both standard and modified LAA are limited to two locations and the same
source (gravel pit) of aggregates. It is possible that the results from a different source of aggregates such as river bed
or rocks would be different and the modification factors may need to be calculated. Thus further research is
recommended to investigate the topic further considering the other source of aggregates and finding similar
modification factors which could be applicable in different situations. Since this was an initial attempt to develop a
modified LAA test, the laboratory experiments were on a limited scale. One standard and one modified test for each
grade of aggregates were conducted. In further research, the number of tests may need to be more to increase the
reliability of the results.
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