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1. Introduction

An adequate and economical design for a pavement structure is just as important as a design for any other
engineering structure [1]. It is possible to improve the characteristics of the asphalt mixture, using its components,
aggregates and bitumen.

Aggregates make up high proportion of volume and mass of asphalt mix; hence, it is predicted to have an
enormous impact on the mixture properties. Major characteristics of aggregate are stiffness, shape, texture and
gradation, that only gradation can be changed for a special mine. Aggregate gradation is the distribution of particle
sizes expressed as a percentage of the total weight [2] and considered as the centerpiece property of aggregate which
needs a careful consideration due to its effect on mix properties and performance of HMA mixtures, including air
void, stability, stiffness, durability, permeability, workability, fatigue resistance, frictional resistance, resistance to
moisture damage [1, 2] and also rutting resistance of asphalt concrete under traffic and environmental loads. So this
parameter is considered as a very important parameter in the process of mixture design.

Usually pavement design codes supply proposed aggregate gradations by an upper and a lower limit. It has been
the custom for researchers and contractors to choose a gradation between these limits (in particular, the gradation
that is located in the middle of the band is more preferable).

As the moisture damage was the first distress identified in HMA, significant effort has been made to define
moisture susceptibility mechanisms and predict its occurrence [3]. Moisture damage is a widespread problem and it
generally starts at the bottom of an asphalt layer or where the water content is the highest. Sengoz and Agar [4]
introduced moisture damage as the major causes of premature pavement failure which diminish the performance and
service life of the pavement and determined aggregate properties as a main factor that influences moisture damage.

2. Methodology
2.1. Mixture design

To achieve the primary objective of this study, three gradations were tried for mix design. These consist of
gradations that are denoted by simple symbols, L, M and U, which represent, lower bound, mid-range and upper
bound gradations, respectively. The structure of these gradations becomes coarser from the upper limit to the lower
limit. To determine the structure of these gradations (percent passing each sieve), the acceptance criterion of the
local code for gradation was chosen so that the finally selected gradations meet band limit.

To determine the Optimum Asphalt Content (OAC) by weight of total mix, for each aggregate gradation,
Marshall mix design procedures (ASTM D 1559) were followed. Three specimens of each asphalt content (4.5%,
5%, 5.5%, 6% and 6.5% for mixes prepared using gradation U, and 4%, 4.5%, 5.0%, 5.5% and 6.0%, for mixes
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prepared using gradations M and L) were prepared and compacted using 75-blows/face (heavy traffic). Once
Specimens have been compacted using Marshall Hammer, they were tested for stability, flow, air voids, unit weight,
and Voids in Mineral Aggregate (VMA). The OAC was determined based on these parameters. It was calculated as
the asphalt content that meets 4.0% air voids, in accordance with local code specification. Then the OAC was
checked whether it achieved the specification limits of the other parameters (stability, flow, unit weight, and VMA).
The resulting optimum asphalt contents were 5.8%, 5.3%, and 5.1% for mixes prepared using gradations U, M, and
L, respectively.

3. Test method and results

Three mixes were prepared to evaluate each mixture. The moisture sensitivity of these mixes was evaluated
using two commonly used test methods: AASHTO T-283 and ASTM D3625; and the dynamic creep test were
carried out using a UTM-5 according to Australian code 2891.12.1. The mixtures were prepared at OAC, based on
the Marshall laboratory compaction method and tested by performance related, mechanical test methods. The loose
specimens used in the Texas boiling test were prepared by mixing 100 gm of the aggregate with the OAC. The
results from these tests were analyzed to evaluate the effect of introduced gradations on performance of the HMA
mixtures. The following section describes several laboratory performance related tests, which were used.

3.1. Dynamic creep test

The dynamic creep test was performed to measure the resistance of asphalt concrete to tertiary deformation
(flow). Finally, the mixture’s response characteristics and flow number are obtained. The dynamic creep test was
carried out using a UTM-5 to apply repeated axial stress pulse to asphalt specimens and measuring the vertical
deformation with Linear Variable Displacement Transducers (LVDTS). In this research a square pulse wave with
frequency of 0.5 Hz (by setting 500 ms for the pulse width and 1500 ms for the rest period) was chosen according to
Australian code AS 2891.12.1.

An increase in FN is accompanied with an increase in Marshall Quotient. It is possible to draw a comparison
between the trend of FN and Marshall Quotient results. Also, results of the dynamic creep indicate that there is an
obvious direct relationship between G/S (Gravel to Sand ratio) and FN. On the other hand it could be concluded that
stone-on- stone contact between coarse aggregate particles can increase the load bearing capacity in these mixes and
hence minimize the potential for rutting

3.2. Moisture susceptibility tests

Many variables affect the amount of water damage in asphalt concrete layer. In this study AASHTO T283 and
ASTM D 3625 were carried out in order to determine the moisture susceptibility mechanism of mixtures. Research
work demonstrated that the modified Lottman test (AASHTO T283) or the Root-Tunnicliff test (ASTM D 4867)
was more effective than the Boiling water test (ASTM D 3625) [3] but in this study a combination of these methods
and visual inspection tests were used to evaluate the moisture susceptibility.

The test results from AASHTO T-283 were used to distinguish the effect of aggregate gradation on the moisture
sensitivity of hot mix asphalt concrete. HMA prepared using U gradation shows the highest result for dry ITS and
the greatest reduction due to conditioning and eventually demonstrate the lowest TSR and so poor moisture
performance. This is a reflection of the thin asphalt film thickness in mixtures manufactured using such a gradation
that diminishes the strength of mixture in wet conditions. Overall, it can be concluded that the gradation L has the
lowest decrease in ITS due conditioning which means it has the highest moisture resistance.

The results of ASTM D3625 were used to distinguish the effect of aggregate gradation on occurrence of
stripping and also to convert the qualitative results of this test (based on researcher observation) to quantitative ones.
To achieve this aim a numerical analysis was performed on digital images taken after applying the test on each
specimen. In this test it is important to determine which parts of the aggregates were stripped. For this, at first all
images were cropped in a fixed dimension and then these pictures were converted to black and white images,
considering a specific color as a threshold color. Black areas are aggregates covered with bitumen and white areas
are aggregates which have lost their bitumen coating and have been stripped. Finally, each color (black and white)
portion was determined using a computer code written in MATLAB. In this program the number of each color’s
pixels was determined.

The results showed that Texas boiling test was able to assess the effect of aggregate gradation on the stripping of
HMA. Taking into account that the results of this table evaluate the potential of stripping and so “adhesion failure”
mechanism, a similar trend in TSR results indicates that the most important reason for moisture susceptibility for
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this special mine is “adhesion failure”, and also it can be concluded that “adhesion failure” is more noticeable for
HMA prepared using finer gradation.

4. Conclusion

The main aim of this study was to determine the effect of various gradations on performance of HMA and
contrary to general belief, the middle range of gradation does not produce the best results. As a result of this study,
the convenient selection of gradation in the process of mixture design has a considerable influence on performance
of the mixture, furthermore the results can help designer to use potential of the resource as much as possible.

Based on the clear evidence of this study, it seems difficult to realize appropriate aggregate gradation in advance
without conducting any test.

The change in aggregate gradation not only affects the moisture performance, but also can influence on moisture
susceptibility mechanism. It was observed that as selected gradation gets finer, the “adhesion failure” becomes
dominant mechanism.

It was observed that the resistance to permanent deformation (rutting) is largely affected by aggregate gradation
and L gradation withstand permanent deformation considerably high, as it was expected.
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