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Abstract: Warm porous mix asphalt may be easily subjected to stripping and which could induce
ravelling. This paper focuses on the effects of incorporating Sasobit® on the severity of porous asphalt
ravelling by subjecting conditioned and unconditioned Marshall specimens in the Loss Angeles Drum
to 300 rotations. The specimens incorporated with Sasobit® were prepared using two anti-stripping
agents, namely a conventional hydrated lime and a newly developed filler known as Pavement
Modifier (PMD) compacted at various temperatures. Specimens conditioning was carried out in the
specially designed dynamic stripping machine which was used to simulate rainfall at 40ºC for 48
hours. Upon subjected to dynamic stripping, the specimens were dried in an oven at 35ºC for fourteen
days before tested for its resistance to disintegration in the Loss Angeles drum at 25ºC. Resistance
to disintegration was measured from the ratio of conditioned and unconditioned specimens. It was
found that the abrasion loss ratio reduces as the compaction temperature reduces while the air voids
increases. Mixes incorporating PMD filler exhibits better potential to improve resistance to ravelling
compared to mix with hydrated lime filler. 
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INTRODUCTION

Porous asphalt was developed with higher proportion of coarse aggregates but lower sand and filler content
with air voids in excess of 20%. Due to the existence of interconnected air voids, porous asphalt is able to
prevent ponding water on road surfaces that resulted in reduced splash and spray during wet weather. Interest
in the application of porous asphalt has been promoted by its ability to reduce traffic noise caused by traction
of tires on the road surface and improved safety in wet conditions (Poulikakos et al., 2004).

The concerns of global warming and emissions of greenhouse gases have led to the development of new
technologies in the asphalt industries particularly warm mix asphalt (WMA). WMA can reduce carbon
emissions and lower fuel consumption by reducing the mixing and compaction temperatures of asphalt mixes
as compared to traditional dense hot mix asphalt. This can be achieved by adding an additive to a binder, one
of which is a synthetic wax type called Sasobit®. According to Wasiuddin et al., (2007), Sasobit® reduced the
asphalt production temperature by decreasing the binder viscosity. It also reduces the binder viscosity at higher
temperature while significantly decreasing the rutting factor. Furthermore, addition of Sasobit® upgrades the
binder performance grading without increasing the binder viscosity.  

Nevertheless, the open structure of porous asphalt adversely affects its durability due to high surface area
exposure to air and water. This causes rapid aging of the binder resulting in loss of adhesion and particle loss
which culminates into ravelling (Poulikakos et al., 2004). Herrington et al., (2005) studied the durability of
compacted porous asphalt. The distress of porous asphalt is normally due to loss of aggregate particles from
the wearing course caused by the embrittlement of the bitumen after reaction with atmospheric oxygen. This
form of distress involved aggregate loss through cohesive failure between the bitumen and aggregate interface.
While adhesion failure is distinguished from water-induced stripping, which tends to occur only when the mix
is kept saturated with water. Watson et al. (2004) recommended the Cantabro test as a standard mix design
procedure to indicate mixture resistance to wear or stone loss in an abrasive environment. According to
Poulikakos et al., (2004), the Cantabro test is a special test for porous asphalt to evaluate its resistance to
particle loss by abrasion and impact forces. Furthermore, it is used as an important parameter to evaluate
bonding properties between aggregate and bitumen.
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Generally, warm mix asphalt technologies can improve the workability of asphalt mixtures at conventional
and reduced temperatures (Bennert et al., 2010). In addition, high air voids in the porous asphalt make it
permeable to huge amounts of rainfall throughout the years, leaving the porous asphalt partially or fully
saturated. During rainfall, the presence of water flowing through its porous structure causes desorption of the
outer layers of the mastic films. This will wash away the mastic film by advective transport and exposed the
next layer of mastic asphalt to the water flow that resulted in stripping (Kringos and Scarpas, 2005). To
mitigate stripping, anti-stripping agents are added to the asphalt mix in which hydrated lime is the most
commonly used. Hydrated lime [Ca(OH)2] functions to coat aggregate particles, reduces its polar components
in the asphalt mixture to bond the aggregates surface. This effect also inhibits hydrophilic polar group in the
asphalt from congregating on the aggregate surface (Lu and Harvey, 2006).  

Many literatures on moisture sensitivity studies of asphalt mixtures are available. Huang et al., (2005)
investigated the impact on the moisture resistance of paving mixtures due to the addition of hydrated lime
directly to the asphalt prior to mixture preparation. The result indicated that incorporation of hydrated lime has
effectively reduced moisture damage. It was found that the hydrated lime with carboxylic acid chemical
components absorbed on the aggregate surface in high concentration further enhanced interfacial bonding
between aggregate and binder in asphalt mixtures. The beneficial effects of hydrated lime in reducing the
moisture damage in asphalt pavements was also studied by Jahromi (2008) who investigated the resistance to
moisture destruction in asphalt mixture due to the presence of water with and without hydrated lime. The result
indicated that the hydrated lime increased the dynamic modulus and reduced the moisture susceptibility, which
reduced the moisture-induced damage of the asphalt mixture. 

Objectives: 
The main objective of this paper is to investigate the resistance to abrasion loss of warm porous asphalt

mix before and after subjected to conditioning via a specially designed dynamic stripping machine. Two anti-
stripping agents, namely a conventional hydrated lime and a newly developed anti-stripping agent known as
Pavement Modifier (PMD) was used. Resistance to abrasion loss was assessed based on the ratio of abrasion
loss before and after conditioning in the dynamic stripping machine. The volumetric properties of the mixture
were evaluated at different compaction temperature. 

MATERIALS AND METHODS

3.1 Materials:
The experimental work involved used of crushed granites that were washed, dried and sieved into selected

size ranges according to the proposed porous asphalt gradation as explained in Section 3.4. A conventional
bitumen 60/70 penetration grade was used for all specimen preparations. Two anti-stripping agents namely;
hydrated lime and pavement modifier (PMD) were used as filler. Two porous asphalt mix designs were
evaluated that consisted of 2% and 3% hydrated lime and lime stone dust, and 5% PMD, respectively. Crushed
granite aggregate was supplied by a local quarry while the PMD as anti-stripping agent and Sasobit® were
supplied by NSL Chemicals Ltd, Ipoh, Perak and Sasol Wax, South Africa; respectively.

3.2 Design Binder Content:
The design binder content of the porous asphalt mix used was the average of an upper and a lower limit.

The upper limit was determined from the binder drainage test developed by the British Transport Research
Laboratory as described by Daines, (1992). The lower limit was determined from the Cantabro test results
according to the earlier procedures described by Jimenez and Perez, (1990). Both porous mixes incorporating
hydrated lime and PMD were designed with 4.7% and 5.4% binder contents, respectively.

3.3 Mixing and Compaction Temperatures:
The mixing and compaction temperatures of the asphalt mixes were evaluated according to the Asphalt

Institute (2007) recommendations based on the binder viscosity test using a Brookfield Rotational Viscometer.
The adopted mixing and compaction temperature were respectively 155°C and 145°C for binders incorporating
1.0% Sasobit®. Thus, to determine the effects of anti-stripping agents used and incorporation of Sasobit®, the
adopted mixing and compaction temperatures are shown in Table 1. 

Aggregate Gradation:
The aggregate gradation used is shown in Figure 1. The gradation consists of predominantly coarse

aggregate to ensure high mix air voids and water permeability. The gradation utilized sieve sizes that are
specified in the Malaysian specifications for road works (PWD, 2008). 
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Table 1: Mixing and Compaction Temperatures.
Temperature (°C) 
-----------------------------------------------------------------------------------------------------------------------------
Mixing Compaction
155 145
145 135
135 125
125 115

Fig. 1: Particle size distribution of the aggregate used in this study.

Mix Preparation:
Mixes were prepared by initially pre-heating aggregates for four hours in an oven at 155°C. Each specimen

was made up of about 1100 g of aggregate batches in addition to the asphalt binder that was subsequently
blended at their corresponding mixing temperatures. After mixing, the loose hot mixes were conditioned in an
oven for two hours at the compaction temperature to allow asphalt binder absorption to take place as
recommended by the Asphalt Institute (2007). Subsequently, the specimens were compacted by applying 50
blows per face of the specimens using the standard Marshall hammer and then left to cool down overnight at
the ambient temperature.  

3.6 Parameters for Resistance to Disintegration:
A specially designed dynamic stripping machine fabricated by the Highway Engineering Laboratory,

Universiti Sains Malaysia installed with nine separate sprinklers was used to shower compacted specimens in
their Marshall moulds, without extrusion, with water incorporating sodium carbonate. A similar number of
samples were cured dry in an incubator at 20ºC. Sodium carbonate concentration 6.62 and 13.25 gm/litre were
selected. This concentration was selected based on a study by Solaimanian et al., (2003). The adopted
concentration 6.62 and 13.25 g/litre corresponds respectively to Levels 5 and 6 according to the Riedel and
Weber (R&W) Number. Specimens were showered for 48 hours at 40ºC according to the immersion wheel
tracking test temperature conducted by Read and Whiteoak, (2003). Subsequently, the specimens were further
conditioned for four hours at 20ºC before tested for the indirect tensile strength (ITS) according to ASTM
D4123, (ASTM 2005). Equation (1) is used to calculate the indirect tensile strength ratio (ITSR).

ITSR = 100 x   (1) %wet

Dry

ITS

ITS
Where;
ITSwet = Indirect tensile strength of specimens conditioned in the dynamic stripping machine (kPa).
ITSDry  = Indirect tensile strength of unconditioned specimens (kPa).

The moisture damaged was targeted at least 77% according to BS EN 12697-12 (2008). Figure 2 shows
the single interaction plot to illustrate the effects of Levels of sodium carbonate concentration on a porous
sample incorporating hydrated lime and PMD. Thus, for this study, concentration Level 6 with 13.25 g/litre
of sodium carbonate was selected.
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Fig. 2: Level of Sodium Carbonate used.

3.7 Cantabro Test:
After subjecting to the dynamic stripping test, the specimens were placed in an oven at 35ºC for fourteen

days while the unconditioned specimens were conditioned at ambient temperature for a similar period of time.
Figure 3 presents the individual plot of results of conditioned samples after drying in the oven.

Fig. 3: Dry conditioned time in oven after dynamic stripping test.

Table 2 indicates that the One-Way Analysis of Variance (ANOVA) at 95% confidence level was
conducted to determine the effects of time conditioned on specimens to dry in the oven upon subjected to
dynamic stripping test. The results show that the duration of conditioning of specimen in the oven has a
significant effect in which the p-value is less than 0.05. Subsequently, specimens were tested for Cantabro test
to determine the resistance to moisture sensitivity.

Table 2: One-Way ANOVA of dry samples conditioned in oven only.
Source DF SS MS F p-value Significant
Time (Days) 13 1968.1 151.4 4.74 <0.001 Yes
Error 28 895.0 32.0
Total 41 2863.2              
S = 5.654   R-Sq = 68.74%   R-Sq(adj) = 54.23%

The Cantabro method for evaluating the stone loss of porous asphalt mixtures was used to evaluate the
resistance to stripping. The single Marshall compacted specimen was placed in a Los Angeles abrasion drum.
Each specimen was conditioned at 25°C for four hours in an incubator before tested. The Cantabro test was
carried out according to ASTM C131 (ASTM 2003), in which porous specimens were tumbled in the drum
for 300 revolutions at 30 rpm without the normal steel ball charges. The mass of the specimens before and
after the test was recorded and calculated.  An abrasion loss ratio was adopted to indicate moisture sensitivity
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according to AASHTO T283, (AASHTO 2007) in which the ratio should be at least 80%. The abrasion loss
in percentage was calculated based on Equation (2). 

P   =  [(P1 – P2)/P1] x 100   (2)

Where;
P   = Abrasion Loss (%)
P1 = Mass before test (g)
P2 = Mass after test (g)

3.8 Air Voids:
The primary function of porous asphalt is to drain water quickly through its porous structure instead of

across the pavement surface. According to Watson et al., (2004), 18% air voids is the minimum requirement
to provide adequate void structure for satisfactory water drainage. In this study, the specimen geometry method
was used to determine specimen volume. The bulk specific gravity of a compacted specimen (Gmb) was
obtained by measuring its diameter and thickness, and noting the mass of the specimens in air (Ma). The
uncompacted specimens were tested to determine the theoretical maximum density (Gmm) according to ASTM
D2041 procedure (ASTM 2006). Air voids in the compacted specimens were calculated using Equation (3)
derived from ASTM 3203 procedure (ASTM 2000).

Va       = 100x (1 – (Gmb/Gmm))   (3)
Where;

Va     = Air voids
(Gmb)  = Bulk specific gravity of a compacted specimen
(Gmm) = Theoretical maximum density

RESULT AND DISCUSSION

Resistance to Disintegration: 
Figure 4 illustrates the individual plot of Cantabro test results for porous asphalt incorporating Sasobit®

blended with the two anti-stripping agents. The results indicate a general trend in which the abrasion loss
increases as the compaction temperature decreases. However, specimens incorporating PMD exhibit lower
abrasion loss compared to mixes incorporating hydrated lime. According to Watson et al., (2004)
recommendations, the abrasion loss of both mixes should not exceed 20% for unaged specimens at 25°C.
Apparently, high abrasion loss reduces the resistance of porous mixes to disintegration.  Therefore, mixes with
PMD filler exhibits better resistance to abrasion loss compared to mixes incorporating conventional hydrated
lime. 

The MINITAB statistical software with a Two-Way Analysis of Variance (ANOVA) was employed to
analyze the effects of anti-stripping and various compaction temperatures on abrasion loss. Table 3 depicts the
abrasion loss results of porous asphalt incorporating Sasobit®. It shows that the anti-stripping and compaction
temperatures have a significant effect on the abrasion loss values. However, there is no significant interaction
between anti-stripping and compaction temperature.

Table 3: Two-Way ANOVA on abrasion loss of porous asphalt.
Source DF SS MS F p-value Significant
Anti-Stripping 1 2.1603 2.16030 11.63 <0.004 Yes
Compaction Temperature 3 7.6483 2.54943 13.72 <0.001 Yes
Interaction 3 0.0603 0.02011 0.11 0.954 No
Error 16 2.9723 0.18577
Total 23 12.8412

S = 0.4310   R-Sq = 76.85%   R-Sq(adj) = 66.73%.

4.1 Resistance to Moisture Sensitivity:
The Cantabro test for evaluating particle loss of porous asphalt mixtures was also used to evaluate

moisture sensitivity. Compacted specimens incorporating hydrated lime and PMD were tested to determine the
abrasion loss ratio by comparing the abrasion loss percentage of dry and conditioned specimens subjected to
the dynamic stripping test. Figure 5 shows the grouping interval plot with the mean connected line on samples
incorporating hydrated lime and PMD. The general trend shows that the abrasion loss ratio for both specimens
containing 
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Fig. 4: Individual interaction plot of abrasion loss.

hydrated lime and PMD decreases as compaction temperature decreases. Despite being subjected to moisture
damage in the dynamic stripping machine, specimens incorporating PMD proves to better resist moisture
damage at 78.5% ratio for specimens compacted at 145ºC.

Fig. 5:  Effect of anti-stripping agent and compaction temperature on abrasion loss.

A statistical analysis was performed to identify the effects of anti-stripping agents on the moisture
sensitivity of porous asphalt. A Two-Way Analysis of variance (ANOVA) at 95% confidence level (α = 0.05)
was adopted. Table 4 shows that the effects of anti-stripping agent on the resistance to abrasion loss of porous
asphalt compacted at various temperatures. It can be seen that the anti-stripping type and compaction
temperature has a significant effect and are major factors in reducing abrasion loss values.

Table 4: Two-way ANOVA on abrasion loss ratio.
Source DF SS MS F p-value Significant
Anti-stripping 1 155.222 155.222 59.14 <0.001 Yes
Compaction Temperature 3 275.217 91.739 34.95 <0.001 Yes
Error 19 49.867 2.625
Total 23 480.306
S = 1.620   R-Sq = 89.62%   R-Sq(adj) = 87.43.

Effect of Air Voids on Resistance to Disintegration:
The air voids of porous specimens incorporating Sasobit® prepared with anti-stripping agents were

estimated based on the bulk specific gravity (Gmb) and maximum theoretical density (Gmm). Figure 6 presents
the individual plot of air voids which reflects the reduction of the compaction temperature. The air voids
increases as compaction temperature decreases for both mixes with hydrated lime and PMD. However,
specimens incorporating PMD exhibits lower air voids compared to mixes incorporating hydrated lime.
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Fig. 6: Effects of anti-stripping agent and compaction temperature on air voids.

The results of Two-Way ANOVA analysis as shown in Table 5 indicates that the types of anti-stripping
agent and compaction temperature are significant factors that influence air voids but the interaction factor
shows no significant effects. 

Table 5: Two-Way ANOVA on air voids.
Source DF SS MS F p-value Significant
Anti-stripping 1 14.692 14.6919 28.86 <0.001 Yes
Compaction Temperature (C) 3 84.212 28.0705 55.14 <0.001 Yes
Interaction 3 0.266 0.0886 0.17 0.913 No
Error 40 20.364 0.5091
Total 47 119.533
S = 0.7135   R-Sq = 82.96%   R-Sq(adj) = 79.98%.

Figure 7 illustrates the regression equation with the fitted line, which shows the linear relationship between
the abrasion loss of unconditioned porous asphalt and air voids with R² value equal to 70.9%. Thus, an
increase in air voids is a major cause of porous specimen’s disintegration. Table 6 shows the significant effects
of air voids on unconditioned abrasion loss of porous asphalt based on the analysis of variance. 

Fig. 7:  Effects of air voids on abrasion loss of unconditioned samples.

Table 6: Analysis of variance on the effects of air voids on abrasion loss of unconditioned samples.
Source DF SS MS F p-value Significant
Regression 1 9.1075 9.10748 53.66 <0.001 Yes
Error 22 3.7337 0.16971
Total 23 12.8412



Aust. J. Basic & Appl. Sci., 5(9): 113-121, 2011

120

Conclusion:
The results of a laboratory evaluation of the resistance to disintegration of warm porous asphalt

incorporating Sasobit® have been investigated. It can be concluded that the PMD filler has high resistance to
abrasion but low air voids. On the contrary, conventional hydrated lime exhibits low resistance to disintegration
but high air voids. Therefore, incorporating PMD filler can enhance porous mix resistance to disintegration and
PMD is a better anti-stripping agent compared to hydrated lime.
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