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Abstract— The main aim of this research paper is to evaluate the performance of treated aggregates (treated with palm oil) 
in asphalt concrete so as to address the problem of residual moisture that prevents full development of asphalt aggregate 
bonds thereby reducing mix and, thus, pavement strength. Moisture has significant effect on the quality of asphalt concrete. 
The methodology of this research paper involves: selection of good quality aggregates, bitumen and mineral filler. Asphalt 
concrete mix design would be conducted and based on the mix design, a set of samples would be produced as a control 
(Untreated aggregates) and another set would be produced with coated coarse aggregates of palm-oil (Treated 
aggregates).Series of asphalt concrete tests (indirect tensile strength test, stability test, flow test, moisture susceptibility test, 
fatigue and rutting test) will then be conducted to determine the performance and strength of the two sets of prepared asphalt 
concrete 
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I. INTRODUCTION 
 
The vast majority of road pavements have an 
asphaltic surface, which are designed not only to 
carry and distribute wheel loadings but also to 
provide an impermeable covering to all lower 
pavement layers. Water does penetrate such surfacing 
and cause stripping of aggregates from the 
bituminous mixes, moisture effects can be due to 
residual moisture at the surface / interior of 
aggregates or moisture induced into the pavement 
during post construction period i.e. during life span of 
the pavement (Parker, 1996).   
Governments have been spending billions of naira 
each year to rehabilitate the existing deteriorated 
roads surface constructed with asphalt concrete. This 
makes the government to lose huge amount of money 
that can be used for other societal developments. As 
earlier stated, the stripping or deterioration of flexible 
pavement is greatly influenced by moisture in the 
surrounding environment or due to presence of 
residual moisture in the laid asphalt concrete, also it’s 
not easy to control the moisture in the surrounding 
environment effectively, but residual moisture in 
aggregates can be eliminated or greatly minimized so 
as to reduce the cost of maintenance in the design life 
span of the road. 
This research tends to provide better process of 
asphalt concrete production that will last longer, 
which would help in reducing the running cost for 
road users (accidents, break shoes, high fuel 
consumption, etc).   
 
Moisture Effects in Asphalt Pavement 
The presence of water (or moisture) often results in 
premature failure of asphalt pavements in the form of 
isolated distress caused by debonding of the asphalt 
film from the aggregate surface or early 

rutting/fatigue cracking due to reduced mix strength. 
Francis Hveem, in 1940, realized the importance of 
water resistance and identified it along with 
consistency, durability, and curing rate or setting as 
the four critical engineering properties that need to be 
determined in the selection of quality asphalts for 
pavement construction. As the concept of perpetual 
pavements and long life pavements become more 
popular, engineers must focus on how to minimize 
the detrimental effects of moisture damage. 
Current engineering practice is predicated on the fact 
that water enters the pavement despite the efforts to 
prevent it. The presence of water in the pavement is 
mainly due to infiltration through the pavement 
surfaces and shoulders, melting of ice during 
freezing/thawing cycles, capillary action, and 
seasonal changes in the water table. The significance 
of the respective routes depends on the materials, 
climate, and topography. High water table and 
capillary water are thought to be the primary causes 
of excess water in pavements (Little and Jones, 
2003). However, crack and shoulder infiltration, and 
to some extent subgrade capillary action, are also 
considered to be the major routes of water entry to the 
pavement.  
Residual moisture in hot mix asphalt concrete is 
thought to adversely affect pavement performance. It 
is believed that residual moisture prevents full 
development of asphalt aggregate bonds thereby 
reducing mix and, thus, pavement strength. The 
significance of the problem created by residual 
moisture is debatable, the level at which residual 
moisture begins to be detrimental to pavement 
performance is also debatable. In USA, specifications 
on allowable residual moisture content vary from 
state to state ranging from 0.5 to 2% (Parker, 2006). 
Two types of known failure, namely adhesion and 
cohesion failure were observed in problems related 
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with the stripping mechanism. Shah (2003) 
mentioned that adhesive failures in aggregates and 
asphalt occurred at an interface, while cohesive 
failures occurred directly within asphalt or the 
aggregate surface. According to Little and Jones 
(2003), detachment, displacement, spontaneous 
emulsification, pore pressure induced damage, and 
hydraulic scouring and environmental effects have 
been cited as several mechanisms that cause moisture 
damage. However, the level of impact of individual 
or combined mechanisms on moisture sensitivity of a 
HMA mixture is not well understood. Failure due to 
adhesion at binder-aggregate interface and cohesion -
within mastic are undesirable and induce moisture 
damage within asphalt mixtures. Various efforts were 
made to determine the cause of adhesion-cohesion 
mechanisms of moisture, damage (Bagampadde et al., 
2004). 
According to Majidzadeh et al. (2009), the 
detachment of asphalt film from aggregate surface 
can occur due to the film of water surrounding the 
aggregate surface. Materials type, workmanship and 
moisture effects are among the contributors of 
stripping in asphalt concrete pavement, the traditional 
method of reducing stripping in asphalt concrete 
mixes is by using anti-stripping additives which is 
only surface shield; it also uses water to provide 
coating of additives at the surface of aggregates 
(DOT 2004).  
 
The Use of Anti-stripping Agents to Reduce 
Moisture Damage in asphalt Pavements 
Of the many ways to prevent moisture damage in 
pavements, the use of anti-stripping additives is 
deemed the most effective. Historically, lime and 
amines have been used to address stripping in asphalt 
mixtures (Yoon and Tarrer, 1988). The use of other 
materials as anti-stripping additives could be 
beneficial against moisture damage of asphalt 
mixtures. Wasuidian et al. (2007) evaluated the 
moisture sensitivity of two types of HMA mixtures 
made with two types of aggregate with and without 
styrene–butadiene–rubber (SBR) treatment for 
moisture-induced damage potential. SBR coating 
altered the aggregate 
surface from hydrophilic to hydrophobic and thereby 
increased the wettability of the asphalt binder over 
the aggregate. 
Sebaaly et al. (2004) examined the resilient modulus 
and tensile strength properties of the field mixed 
laboratory compacted samples measured at both wet 
and dry conditions, and showed that aggregate 
coating with hydrated lime and polymer (UP5000) 
exhibited better moisture resistance than the control 
and mixtures containing liquid anti-stripping agents. 
In their study, Kim et al. (2008) presented an 
approach to help understand moisture damage 
mechanisms and to evaluate the effects of moisture 
damage resisting agents. To this end, various cases of 
performance testing of HMA samples induced by 

moisture damage and several fundamental property 
measurements (stiffness, strength, toughness, and 
bonding energy) of mixture components were 
conducted. Testing data and analyses demonstrated 
that the use of anti-stripping additives contributed to 
moisture damage resistance due to the synergistic 
effects of mastic stiffening, toughening, and advanced 
bonding characteristics at mastic-aggregate 
interfaces. Moghadas Nejad et al. (2012) studied the 
effects of nanomaterial coating, namely Zycosoil, on 
the moisture damage of asphalt mixtures. The result 
of  their study showed that aggregate coating with a 
suitable agent caused an increase in the ratio of 
wet/dry values of indirect tensile strength and indirect 
tensile fatigue in treated samples compared to the 
control mix. In another study, the performance of 
three anti stripping additives – a lime treated 
aggregate, an amine treated asphalt and a polymer 
treated aggregate, was studied by Williams and 
Miknis (1998). Samples were prepared with the 
untreated asphalt and aggregate, the treated asphalt 
with untreated aggregate and untreated asphalt with 
each treated aggregate. In their research, the 
observation of the asphalt-aggregate interface before 
and after freeze-thaw cycling showed that the 
polymer coated aggregate samples performed better 
than the amine treated asphalt and lime treated 
aggregate samples. 
 
II. DETAILS EXPERIMENTAL  
 
2.1. Selection of Materials 
Firstly, I  conducted various quality check tests on 
both aggregates (aggregate crushing value, 
aggregates impact value, hardness test, flakiness and 
elongation test), bitumen (flashing and fire point test, 
softening point test, ductility test and penetration 
test), palm oil (flashing and fire point test) to be 
used; 
Asphalt Concrete Mix Design 
Asphalt concrete mix design was conducted using 
marshal method in which cylindrical samples of 
approximately 6.5cm receive 75 blows for 
compaction and was tested by deploying the 
following standard procedures: the bulk specific 
gravity (ASTM D2726), the stability and flow test 
(ASTM D1559), and the maximum theoretical 
specific gravity (ASTM D2041). 
Conditioning of Aggregates 
Coarse aggregate (4.5mm and above) was treated by 
coating it with palm-oil at 2%, 4% and 6% and then 
exposed to moisture; 
Another set of coarse aggregates was exposed to 
moisture without being treated with palm-oil. 
Samples Production 
 A set of asphalt concrete mixtures were prepared 
using treated aggregates, and also another set of 
samples were produced using untreated aggregates as 
control. 
Laboratory Test on Prepared Samples 
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Stability Test 
Stability test determines the strength of asphalt 
concrete. The test would also be conducted using 
Marshall Machine. 
 
Moisture Susceptibility Test (Indirect tensile and 
Stripping Test) 
Indirect Tensile Strength (ITS) test is an indicator of 
the tensile strength of asphalt mixture. The test was  
conducted on asphalt concrete samples  prepared with 
treated aggregates and un-treated aggregates using 
Marshall Test machine. The test result obtained  is 
referred to as tensile strength of the asphalt mixture. 
Enough material was mixed to produce at least twelve 
specimens at the binder content recommended for the 
mixture. Extra mixture was needed for trials to 
establish the compaction required and for determining 
the maximum specific gravity of the mixture. 
After mixing, the mixture was placed in the pans and 
spread to about 1 in. (25 mm) thick. The mix was 
then cooled to room temperature for 2 ± 0.5 hours. 
The mixture was placed in the oven for 2 hours at 275 
± 5°F (135 ± 3°C), and stirred every 60 ± 5 minutes 
to maintain conditioning. The specimens were 
compacted in accordance with AASHTO T 312. After 
the specimens were removed from the molds, they 
were stored at room temperature for 24 ± 3 hours. 
The percentage of air voids (Pa) was determined in 
accordance with AASHTO T 269.  
For those specimens  subjected to vacuum saturation, 
a freeze cycle, and a warm-water soaking cycle, the 
volume of the air voids (Va) in cubic centimeters is 
calculated as follows: 

 
where: 
Va = volume of air voids, cubic centimeters 
Pa = air voids, percent 
E = volume of the specimen, cubic centimeters 
 
Reconditioning of Specimens 
At the end of the curing period, the dry subset was 
wrapped with plastic in a heavy duty, leak proof 
plastic bag. The specimens were then placed in a 77 ± 
1°F (25 ± 0.5°C) water bath for 2 hours ± 10 minutes 
with a minimum of 1 in. (25 mm) of water above 
their surface. 
The other subset was conditioned as follows: 
The specimens were placed in a vacuum container 
supported a minimum of 1 in. (25 mm) above the 
container bottom. The container was filled with 
potable water at room temperature so that the 
specimens have at least 1 in. (25 mm) of water above 
their surface. 
 A vacuum of 10-26 in. Hg partial pressure (13-67 
kPa absolute pressure) is applied for approximately 5 
to 10 minutes. 
The vacuum was removed and the specimen was left 
submerged in water for approximately 5 to 10 
minutes. 

The degree of saturation (S1) was determined by 
comparing the volume of absorbed water (J1) with the 
volume of air voids (Va) using the following 
equation: 
 

 
Testing 
The specimen was removed from the bath, the 
thickness (t1) determined, and then placed on its side 
between the bearing plates of the testing machine. 
Steel loading strips are placed between the specimen 
and the bearing plates. A load is applied to the 
specimen by forcing the bearing plates together at a 
constant rate of 2 in (50 mm) per minute. The 
maximum load was recorded, and the load continued  
until the specimen cracks. The machine was stopped 
and the specimen broken apart at the crack for 
observation . The approximate degree of moisture 
damage is estimated on a scale from 0 to 5, with 5 
being the most stripped. 
 
Data Analysis 
The tensile strength is calculated using the following 
equation 
 

Where: 
St = tensile strength, kPa 
P = maximum load, Newtons 
t = specimen thickness, mm 
D = specimen diameter, mm 
 

The results obtained was compared with the control 
(asphalt concrete produced with untreated aggregates) 
so as to suggest better dosage if found suitable; 
As the research is experimentally oriented, evaluation 
was based on the findings obtained from laboratory 
tests. 
 
III. RESULTS AND DISCUSSION 
 
3.1. Aggregate Composition  
The most suitable aggregate gradation found for          
asphalt concrete formation is as follows    
 
12.5mm - 5% = 60g,          9.5mm - 15% = 180g 
5.0mm - 29.1%= 349.2g,   1.18µmm  - 25% = 300g 
300µmm -15% = 180g,      75µmm - 5% = 60g 
 
Optimum Bitumen Content 5.9% = 70.8g 

 
CONCLUSIONS 
 
It has been observed after the water absorption test 
that there was no penetration of water into the asphalt 
at 4% palm oil inclusion however there was small 
percentage drop of stability and small increase in 
flow. 
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