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 The asphalt industry is making constant efforts to minimize energy consumption and 

reduce emissions by lowering production temperature, and this made possible by 

incorporating warm mix asphalt additive name Cecabase®. However, low mixing and 

compaction temperatures could result in increased binder stiffness thus making it 

difficult to compact and subsequently mixtures are susceptible to rutting.This study 
was focused on the investigation of rutting potential in warm mix asphalt incorporating 

0.4% Cecabase® with anti-stripping agents, namely Ordinary Portland Cement, a 

newly developed filler known as Pavement Modifier and quarry dust as filler. It was 
found that addition of Cecabase® in base binder has decreased G*/Sin δ value. The rut 

depth of specimens prepared with Pavement Modifier tested using a wheel tracker 

machine at 45°C and 60°C significantly lower compared to specimens containing 
Ordinary Portland Cement and quarry dust. It can be concluded that, decreasing 

compaction temperature has resulted reduce rut depth value for specimens 

incorporating Cecabase®. Pavement Modifier filler, which contains chemical 
compounds that reacted with the mixes to increase the aggregate-bitumen bonding can 

potentially improve resistance to rutting of asphalt mixes compared to Ordinary 

Portland Cement and quarry dust regardless of compaction temperature. 
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INTRODUCTION 

 

 The performances of asphalt mixes are very closely related to the material properties. High performance of 

asphalt mixes is achieved if quality materials are used. Rutting is one of the most detrimental distresses in 

asphalt pavement. It is caused by material consolidation and lateral movement due to repeated heavy wheel 

loadings on the various pavement layers or subgrade. The distress is manifested by a depressed rut along the 

wheel path on the pavement surface. The rutting distress is viewed as non-structural failure, however effect of 

hydroplaning due to rutting during rainy weather could result serious traffic accidents. Moreover, vehicles tend 

to be pulled towards the rut path, making it difficult to drive. Many factors can contribute to the rutting distress 

of pavement such as environment, truck speed and tire contact pressure (Aman, 2013).  

 In recent years, there has been an increase of awareness on issues related to global climate change. In an 

asphalt plant, aggregates and bitumen are typically heated to between 138°C to 160°C in order to completely 

remove moisture before being coated with hot bitumen at the desired viscosity. The cost of energy (fuel) is 

significantly high due to continuous heating of the aggregates and asphalt, which also contribute to increase in 

emissions and greenhouse gases (You and Goh, 2008). However, with warm mix technology, asphalt mixes 

could be produced at lower temperatures without compromising its performance. There are many benefits 

attained by reducing asphalt production temperatures such as savings in fuel, slowing down the rate of asphalt 

oxidation, less odour emission and improve workability (Wasiuddin et al., 2008). This can be achieved by 

adding an additive to a binder, one of which is a chemical process type called Cecabase
®

. Croteau and Tessier, 

(2008) reported that warm mix asphalt (WMA) technology can reduce carbon emissions and lower fuel 

consumption by reducing the mixing and compaction temperatures of asphalt mixes as compared to 

conventional Hot Mix Asphalt. Reduction of mixing and compaction temperatures give better working 

conditions and reduce workers' exposure to hazardous emissions (Biro et al., 2009). 
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 Despite improving the workability of the asphalt mixtures, the changes in the warm asphalt binder 

rheological properties influenced the asphalt mixtures performances. However, lower temperatures in the 

mixing and compaction process could result in incomplete drying of the aggregates. The resulting water trapped 

in the coated aggregate may cause moisture damage by compromising the bond between asphalt and aggregates 

(Aman and Hamzah, 2014). According to Hearon et al., (2008), the reduction of production temperatures of 

WMA mixtures below 150°C can increased susceptibility to moisture damage since the aggregate not being 

sufficiently dried before mixing. Kim et al., (2012) found that, despite their benefits, asphalt mixture prepared 

using the WMA additives suffer the increasing tendencies to rutting and moisture susceptibility. Due to being 

heated and dried at lower temperatures, the moisture is incompletely dried from the aggregates and the possible 

presence of water in the mixtures, which will influence the aggregate-bitumen bonding and have potential to 

reduce the mixes durability. Anti-stripping agent, namely hydrated lime is commonly used in asphalt mixes to 

increase physic-chemical bond between the bitumen and aggregate and improve wetting by lowering the surface 

tension of bitumen. 

 According to Tayebali (2003), anti-stripping agents, which are commercially used in asphalt mixes able to 

reduce the surface tension of the binder hence allowing for greater adhesion between bitumen and aggregates. 

As reported by Aksoy et al., (2004), the used of anti-stripping agents in asphalt mixes, surfactants affect the 

physiochemical properties of both the asphalt and the aggregate. The intent of anti-stripping additives is to 

modify the interfacial chemical properties, enabled active adhesion and prevented water at the interface from 

impairing the bitumen-aggregate bond thus passively promoting adhesion. The aggregate selectively absorbed 

some components of the bitumen. Hao and Hachiya (2003) conducted a study on advantages of anti-stripping 

agents used in asphalt mixtures named as hydrated lime slurry and Ordinary Portland cement tested with wheel-

tracking test. They found that the hydrated lime slurry is more effective to improve the physical-chemical 

interaction to increase stiffening of the asphalt binder and increasing the aggregate-bitumen bond to improve the 

mixes durability.  

 Further, Ozen, (2011) investigated the hydrated lime containing calcium carbonate improved the aggregate-

binder bonding and reduced long-term oxidative aging to potential moisture damage. Moreover, hydrated lime 

can reduce asphalt cracking to some extent despite its stiffening effects because initial microcracks can be 

intercepted and deflected by tiny active lime particles, resulting in improved fatigue cracking resistance and 

rutting. Aman and Hamzah, (2014) conducted study to assess moisture damage of asphalt mixtures prepared 

with granite aggregate incorporating hydrated lime and a newly developed anti-stripping agent known as 

Pavement Modifier (PMD). They found that specimens incorporating PMD as filler can better resist stripping 

compared to those specimens incorporating hydrated lime tested with indirect tensile strength test, but decreased 

the air voids. The main purpose of this study was to evaluate the effects of filler namely Ordinarily Portland 

Cement, Quarry Dust and a newly developed anti-stripping agent known as Pavement Modifier (PMD) at 

different compaction temperatures. The compacted specimens were tested for wheel tracking at different test 

temperature and resistance to rutting were investigated. This study was also evaluated the effect of Cecabase on 

resistance to rutting of asphalt mixes at low compaction temperature. 

 

MATERIALS AND METHODS 

 

A. Materials: 

 Crush aggregate granites were washed, dried and sieved into a selected size range according to gradation 

limit for asphaltic concrete ACW14 as requirements by the Malaysia Public Works Department (PWD, 2008). 

Conventional bitumen 80/100 penetration grade were used for the whole specimen preparations as well as 

incorporating Pavement Modifier (PMD), Ordinary Portland cement (OPC) and quarry dust as filler. The PMD 

is a grayish-black powder was appreciable soluble in water that odourless to slight earthy odour. The modifier 

composed of Calcium Oxide, CaO which mainly came in two forms which are Calcium Carbonate (CaCO3) and 

Calcium Hydroxide (Ca(OH)2). Other important components are Silica, (SiO2) and Magnesium Oxide, (MgO), 

respectively. This modifier was not combustible or flammable, but when reacted with water might released 

sufficient heat to ignite combustible materials. Used of PMD in mixes should not exceed 5% of the mix total 

weight as recommended by the supplier. The latter was developed to enhance resistance to rutting. The 

aggregate gradation used is shown in Table 1. 

 All aggregate fractions were clean and dried at 110°C for 8 hrs to remove the moisture content, 

subsequently the total amount of anti-stripping agent was gradually added and mixed at mixing temperature. 

Used of anti-stripping agents in mixes should not exceed 2% of the mix total weight as recommended by the 

Public Works Department (JKR, 2008). Thus three different asphalt mix designs have been evaluated consisting 

of 2% PMD, OPC and quarry dust as filler, respectively. Crushed granite was produced by Hanson Quarry Sdn 

Bhd., Batu Pahat, Johor. While Cecabase
®
 was supplied by Asa Infratech (M) Sdn. Bhd.  The experimental 

work was carried out at the Highway Engineering Laboratory, Universiti Tun Hussein Onn Malaysia. As 
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reported by Rubio et al., (2012), the total amount of the Cecabase
®
 shall be approximate 0.4% by mass of 

bitumen. Therefore, the Cecabase
®
 content used in the study was 0.4% by weight of the bitumen.     

 
Table 1: Gradation Limit for Asphaltic Concrete (ACW14). 

Sieve Size (mm) Percentage Passing 

20.0 100 

14.0 90-100 

10.0 76-86 

5.0 50-62 

3.35 40-54 

1.18 18-34 

0.425 12-24 

0.150 6-14 

0.075 4-8 

 

B. Mixing and Compaction Temperatures: 

 The mixing and compaction temperatures of asphalt mix greatly depend on the viscosity of the binder used 

as determined from a Brookfield Viscometer test result. According to Asphalt Institute (2007), the ideal mixing 

and compaction temperatures correspond to conventional binder viscosity of 0.17± 0.02 and 0.28± 0.03 Pa.s 

respectively. The binder viscosity test result show that the control binder and  Cecabase
® 

modified binder were 

found between 162°C  ̶ 148°C and 154°C  ̶ 142°C, respectively. Based on the said criteria, for the control binder, 

the required mixing and compaction temperatures were selected at 160°C and 150°C, respectively. For 

Cecabase
®
 modified binder the mixing and compaction temperatures were 150°C and 140°C, respectively. The 

mixing and compaction for low temperature mixes were selected at 110°C and 100°C respectively for control 

mixes and mixes incorporating with Cecabase
®
. 

 

C. Determination of Design Binder Content: 

 The determination of adequate binder content is important in pavement construction. Low bitumen content 

may result in incomplete coating of aggregates, or in a bitumen film that is very thin and oxidizes rapidly, 

resulting in premature failure of surfacing. The optimum asphalt content was calculated based on the average 

asphalt content that meets maximum stability, flow, maximum density, air void in mixes and voids filled in 

aggregate filled with bitumen according to Malaysia Public Works Department (PWD) specifications for 

ACW14 (PWD, 2008). The summary of desired binder content determination parameters for asphalt mixes 

prepared using  Cecabase
®
 modified binder and the control binder tabulated in Table 2. The results indicate that 

the mix parameters complies with the PWD (2008) specification for ACW14. 

 
Table 2: Parameters in determining design binder content. 

Bitumen (%) Cecabase (%) VFB VTM Stability (kg) Flow (mm) Stiffness (kg/mm) 

5.4 0 81.6 3.83 1917.40 3.63 528.21 

5.0 0.4 76.5 3.75 1815.02 2.82 643.62 

 

D. Specimen Preparation: 

 Aggregates and fillers were batched in a metal container, and the batch was measured in appropriate 

quantities to produce the final-mix specimens of approximately 2400 g. The batched aggregates were pre-heated 

in an oven for a period of at least 4 hrs at the desired mixing temperature. To enhance mixing at lower 

temperature, warm-mix additive material was employed. Cecabase
®
 was blended in desired proportions using an 

electrical propeller mixer at 160°C for 30 min. The control binder was also heated for the same period to 

simulate the aging condition. The loose mixes were conditioned in an oven for 2 hrs at the compaction 

temperature to allow the asphalt binder absorption to take place as recommended by the Asphalt Institute 

(2007). The cylindrical specimen dimension of 150mm in diameter and 65mm height compacted to 5% air voids 

were prepared using Superpave Gyratory Compactor. The specimens were applied a 600-kPa compaction 

pressure and rotates at a constant rate of 30 revolutions per minute during compaction, with the mould 

positioned at a compaction angle of 1.25 degrees. The laboratory mixing apparatus, such as mixer bowl, wire 

ship, scoop and tray, were also pre-heated in the oven at the mixing temperature to avoid binder stick to the 

apparatus, which could reduce the amount of binder used during mixing. 

 

E. Dynamic Shear Rheometer Test: 
 The Dynamic Shear Rheometer (DSR) test was conducted in accordance to Superpave requirements as 
recommended by Asphalt Institute, (2007) to characterize bitumen rheology, both viscosity and elastic 
behaviour, by measuring the complex modulus (G*) and phase angle (δ) of the asphalt binders at different 
temperatures. G* is considered as the total resistance of the binder to deformation when repeatedly sheared, 
whereas δ is an indicator of the relative amounts of recoverable and non-recoverable deformation (Roberts et al., 
1996). The short-term aged binder samples were heated to 160°C and then poured into moulds, to form samples 
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of 25 mm diameter with 1 mm thickness. The SuperpaveTM mix design proposed that the rutting resistance 
values was assessed by the G*/Sin δ. Binder samples were applied with the loading frequency sweep at 1.59 
Hertz that simulated the shearing stress corresponding to traffic speed at 100 km/h. The test temperature sweeps 
were carried out from 58°C to 82°C at 6°C increments for short-term aged conditions 
 

F. Wheel Tracking Test: 
 A wheel tracking test was conducted in the laboratory using a wheel tracker machine on 150 mm diameter 
specimens with applied load 700N at 45°C and 60°C. The test was conducted according to the British Standard 
BS 598 Part 110 (1989) procedures. Cylindrical specimens incorporating Cecabase compacted at different 
temperatures were prepared for 150 mm diameter and 65 mm thickness compacted at 5% air voids using a 
gyratory compactor. Subsequently, the specimens were assessed the rut depth via the wheel tyre with an outer 
diameter  of 20 mm and cross section of    50x10-13 mm. The tyre travel distance was 230 mm. The rate of 
tracking was 42 passes/min. The test was run until 15 mm rut depth was achieved or the specimen had been 
tested for 45 minutes, whichever that came first.  
 

RESULTS AND DISCUSSION 

 

A. Effect of Cecabase
®
 on Rutting Parameter: 

 The effects of Cecabase
®
 as warm asphalt additive on rutting parameter was evaluated after conducting 

RTFO at 163°C. According to Gandhi (2008), the binder rheological measured at 64°C would influence the 
stress and strain relationship due to the action of wheel loads. The SuperpaveTM mix design proposed that the 
limiting values of rutting are controlled by the G*/Sin δ. Figure 1 shows the result of G*/Sin δ for the short-term 
aged control binder and Cecabase

®
 modified binder at different test temperatures. Generally, the bar chart 

depicts as test temperature increases, the G*/Sin δ decreases for both control binder and Cecabase
®
 modified 

binder. The short-term aged Cecabase
®
 modified binder exhibited lower values compared to control binder. The 

G*/Sin δ value for control binder and Cecabase
® 

modified binder at 58°C and 82°C were found between 36.29 
kPa to 1.39 kPa, and 28.04 kPa to 1.38 kPa, respectively. It can be seen that the G*/Sin δ values for control 
binder and Cecabase

®
 modified binder tested at 58°C and 82°C decreased the rutting resistances by 22.7% and 

0.7%, respectively. At 64°C, the G*/Sin δ for Cecabase
®

 modified binder has decreased by 16.9%. Thus, 
Cecabase

®
 changes in the properties of the binders and improved the G*/Sin δ value to the resistance of rutting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: G*/Sin δ of short term aged conditions at different temperatures. 

 

 The experimental data obtained were analysed using Two-Way Analysis of variance (ANOVA), the 

specimens incorporating hydrated lime and PMD compacted at various temperatures. At 95% confidence level 

(α = 0.05) was used. Table 3 shows that anti-stripping agents and compaction temperature have a significant 

effect on air void content with p-value less than 0.05. 

 
Table 3: A two-way ANOVA on the resistance to rut depth. 

Source DF SS MS F p-value 

Cecabase 1 25.31 25.313 7.01 <0.019 

Temp 4 2572.24 643.059 178.15 <0.001 

Error 14 50.54 3.610   

Total 19 2648.08    

R-Sq = 98.09%   R-Sq(adj) = 97.41% 
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B. Effect of Anti-stripping Agent on Resistance to Rutting: 

 Permanent deformation on asphalt pavements defined as unrecoverable the accumulation of small amounts 

of strain resulting from impact of wheel load considered as a major problem. Figure 2 shows the result of 

specimens prepared with anti-stripping agents, namely Pavement Modifier (PMD), Ordinary Portland Cement 

(OPC) and quarry dust were assessed for rutting using wheel tracking tester at different temperatures.  
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Fig. 2:  Effects of anti-stripping agent on resistance to rutting. 

 

 Based on result in Figure 2, T he results indicate as the test temperature increases, the rut depth also 

increases. The rut depth of specimens containing PMD, OPC and quarry dust as filler compacted at 150°C, 

tested at 60°C increased by 53.5%, 52.7% and 29.9%, respectively. This might due to decreasing of binder 

viscosity  and resulted in reducing the aggregate-bitumen bonding. According to Read and Whiteoak (2003), 

increasing the test temperature decreased the binder viscosity make it became softer, reduce the aggregate-

bitumen bonding and reduce to resist the rutting. This finding was similar to Hussain et al., (2008), which 

increasing wheel tracking test temperature increased the ruth depth of asphalt mixes. It can be seen that 

specimens incorporating PMD exhibit lower rut depth and higher resistance to deformation compared to the 

specimen prepared with OPC and quarry dust fillers. According to Aman (2013), PMD which contains chemical 

compounds that reacted with the mixes to increase the aggregate-bitumen bonding and improved the resistance 

to pavement deformation. 

 Further analysis was performed using a two-way Analysis of Variance (ANOVA) to determine the effects 

of anti-stripping agent and test temperature on rut depth at 95% confidence level. Table 4 summarizes the 

analysis results on the rut depth. It can be seen that the anti-stripping agents and test temperature significantly 

affected the rut depth. Moreover, a significant interaction was observed between anti-stripping agents and test 

temperature. 

 
Table 4: A two-way ANOVA on the resistance to rut depth. 

Source DF SS MS F p-value 

Anti-stripping agent 2 4.1432 2.07160 586.30 <0.001 

Temperature 1 4.9923 4.99230 1412.92 <0.001 

Interaction 2 0.0488 0.02440 6.91 <0.028 

Error 6 0.0212 0.00353   

Total 11 9.2055    

R-Sq = 99.77%   R-Sq(adj) = 99.58% 

 

C. Effect of Cecabase
® 

on Resistance to Rutting:  

 Figure 3 shows the graphical plot of mix specimens incorporating quarry dust blended with different 

Cecabase
®
 compacted at different temperatures and tested at 45°C and 60°C. Generally, all specimens tested at 

45°C show high resistance to rutting at high compaction temperature. The individual bar chart shows that the 

average rut depth of specimens containing Cecabase compacted at high temperature (150°C and 140°C), and 

low temperature (100°C) were between 2.18 mm to 3.17 mm and 3.25 mm to 4.62 mm, respectively. By 

incorporating 0.4% Cecabase
®
, the rut depth specimens compacted at 140°C and 100°C, correspondingly 

decrease by 16.2% and 11.2% tested at 45°C, and 4.4% and 19.9% at 60°C, respectively. Clearly specimens 

incorporating Cecabase
®

 decreased the rut depth at high and low temperature. This is due to the reduction in the 

binder viscosity, the aggregate coated with bitumen establish a stronger bond between aggregate and bitumen. 

Anti-stripping Quarry Dust              OPC                     PMD 
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According to Rubio et al., (2012), specimens containing Cecabase
®
 increase the strength of the binder and 

potential to reduce a rutting at lower temperatures but not influence the rutting performance. Therefore, at lower 

compaction temperatures, both specimens tested at 45°C and 60°C record lesser rut depth values. However, the 

addition of Cecabase
®
 changed the flow properties and decreasing the binder viscosity at high temperature 

become more fluid and less viscous binder resulted the binder of less resistance to rutting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3: Effects of Cecabase
®
 and compaction temperature on rut depth. 

 

 The Two-Way Analysis of Variance (ANOVA) was performed to analyze the effects of compaction 

temperature and Cecabase
®
 on rut depth at 95% confidence level (α = 0.05). Table 5 shows the results of the 

statistical analysis; decreasing the test temperature and Cecabase
®
 used has a significant effect on rut depth, with 

the p-value of less than 0.05. Clearly, the reduction of compaction temperature increased the rut depth value 

significantly, indicating that Cecabase
®
 added to the elasticity of the asphalt binder to increase binder stiffness 

and binder resistance to deformation. Moreover, no a significant interaction was observed between compaction 

temperature and Cecabase
®
. 

 
Table 5: Two-way ANOVA on the effects of the ruth depth. 

Source DF SS MS F p-value 

Cecabase 1 0.89302 0.89302 2.18 0.166 

Temperature 1 2.00223 2.00223 4.88 <0.047 

Interaction 1 0.01323 0.01323 0.03 0.860 

Error 12 4.92150 0.41013   

Total 15 7.82997    

S = 0.6404   R-Sq = 37.15%   R-Sq(adj) = 21.43% 

 

D. Effect of Low Compaction Temperature on Rutting Potential: 

 Figure 4 shows the bar chart result of rut depth for asphalt mixes prepared with quarry dust compacted at 

different temperatures. The bar chart the rut depth shows the variations of rut depth tested at 45°C and 60°C 

irrespective of the compaction temperature. The results indicate as the compaction temperature decreases, the 

rut depth increases for both testing temperatures. Specimens compacted at 150°C exhibit lower rut depth values 

as compared with specimens compacted at 100°C. The rut depth values for specimens compacted at 150°C were 

between 2.18 mm to 2.56 mm and between 2.60 mm to 3.93 mm when specimens were compacted at 100°C. 

Thus, the rut depth value of specimens compacted at 100°C and tested at 45°C and 60°C increased by 16.2% 

and 34.9%, respectively. This can explain in terms of increased binder stiffness as its temperature reduces, 

inadequate the aggregate-binder coating and making it more difficult to compact in result reduce the mix 

durability. These reduce the strength of the binder-aggregates and contribute to surface deformation. This 

finding is similar to Aman (2013) and Zhao et al., (2012), which the specimen compacted at low temperature 

reduced the aggregate-binder bonding, lead to an increase of the densification of the mix and resulted reduce the 

strength and increases the rutting of pavement. On the other hand, the rut depth of specimens tested at 60°C 

increased by 14.8% and 33.8%, compacted at 150°C and 100°C, respectively. This due to specimens tested at 

high temperature reduced the binder viscosity and decreased the binder stiffness make more fluid and less 

viscous, resulting in a decrease in resistance to plastic deformation of the binder. However, decreasing the 

compaction temperature and increasing test temperature results in a further increase in rut depth. 

Cecabase (%) 

0.0

1.0

2.0

3.0

4.0

5.0

6.0

0 0.4 0 0.4

R
u

t 
d

ep
th

 (
m

m
)

Test Temp.(45°C)

Test Temp.(60°C)

Temp.(C)         150                  140                  100                  100



463                                                                  Mohamad Yusri Aman et al, 2014 

Australian Journal of Basic and Applied Sciences, 8(10) July 2014, Pages: 457-465 

0.0

1.0

2.0

3.0

4.0

5.0

45                   60 45                   60

R
u

t 
d

e
p

th
 (

m
m

)

 
 

 

Fig. 4: Effects of compaction temperature and test temperature on rut depth. 

 

 The data obtained was statistically analyzed using a two-way ANOVA to determine the effect of 

compaction temperature and test temperature on rut depth based on 95% confidence interval (α=0.05). Table 5 

presents the results of the statistical analysis at 95% confidence level (α = 0.05). The results indicate that the 

compaction temperature and test temperature have a significant influence on the rut depth of the specimen 

resistance to surface deformation at p-value less than 0.05. The results also show the significant interaction 

between compaction temperature and test temperature. 

 
Table 6: Two-way ANOVA on the influences of compaction and test temperature on rut depth. 

Source DF SS MS F p-value 

Compaction Temperature 1 1.60205 1.60205 970.94 <0.001 

Test Temperature 1 1.46205 1.46205 886.09 <0.001 

Interaction 1 0.45125 0.45125 273.48 <0.001 

Error 4 0.00660 0.00165   

Total 7 3.52195    

R-Sq = 99.81%   R-Sq(adj) = 99.67% 

 

E. Influence of Test Temperature on Rutting Potential: 

 Figure 5 illustrates the effects of compaction and test temperature, Cecabase
®
 and anti-stripping agents used 

on rut depth. The result shows a bar chart for specimens prepared with PMD, OPC and quarry dust blended with 

Cecabase
® 

compacted and tested at different temperatures. A general pattern was observed, in which the rut 

depth of specimens incorporating PMD, OPC and quarry dust were mixed with control binder and Cecabase
®

 

modified binder increased as the compaction temperature reduced. Increasing the Cecabase
®
 content results in 

lower rut depth for specimens incorporating PMD, OPC and quarry dust tested at 45°C and 60°C, regardless of 

compaction temperature. Based on the results, the rut depth values of the specimens compacted at 150°C and 

100°C containing PMD, OPC and quarry dust tested at 45°C were found to be between 2.36 mm to 2.60 mm,  

and 3.19 mm to 3.66 mm, whereas 2.69 mm to 3.17 mm,  and 4.21 mm to 4.62 mm when tested at 60°C, 

respectively. By decreasing the test temperature from 60°C to 45°C, the rut depth of the specimens prepared 

with PMD, OPC, quarry dust and Cecabase
®

 compacted at 140°C have decreased 25.3%, 29.5% and 28.1%, 

respectively compared to the 12.3%, 17.3% and 17.8%,  when compacted at 150°C,  respectively. This due to 

the binder decreases the viscosity and softer compared tested at 45°C. This finding is similar to Zhao et al., 

(2012) which lowered testing temperature increases the rutting of pavement. According to Read and Whiteoak 

(2003), increasing the test temperature decreased the binder viscosity make it became softer, reduce the 

aggregate-bitumen bonding and reduce to resist the rutting. According to Hussain et al., (2008), increasing the 

test temperature of wheel tracking test increased the ruth depth of asphalt mixes. The similar trend was observed 

on specimens compacted at low temperature.  

 The data obtained was further analyzed using General Linear Model (GLM) analysis to determine the effect 

of Cecabase
®
, compaction temperature and test temperature on rut depth. Table 7 presents the results of the 

statistical analysis at 95% confidence level (α = 0.05). The results indicate that the Cecabase
®
, compaction 

temperature and test temperature has a significant influence on the rut depth of the specimen resistance to 

surface deformation at p-value less than 0.05. The result also indicates that no significant interaction is found 

among the factors. 

 

Compaction Temp.(C)  150                                        100 
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Fig. 5: Effects of Cecabase
®
, compaction and test temperature on rut depth. 

 
Table 7: A General Linear Model analysis on rut depth. 

Source Type III Sum of 
Squares 

df Mean Square F p-value 

Corrected Model 27.069a 7 3.867 66.541 <0.001 

Intercept 481.333 1 481.333 8282.429 <0.001 

Cecabase 0.832 1 0.832 14.319 <0.001 

Comp.test 17.473 1 17.473 300.654 <0.001 

Test.temp 8.135 1 8.135 139.973 <0.001 

Cecabase*Comp.test 0.002 1 0.002 0.037 0.849 

Cecabase*Test temp 0.043 1 0.043 0.743 0.394 

Compaction test*Test temp 0.480 1 0.480 8.259 0.006 

Cecabase*Compaction test *Test temp 0.105 1 0.105 1.799 0.187 

Error 2.325 40 0.058   

Total 510.727 48    

Corrected Total 29.394 47    

a. R Squared = .921 (Adjusted R Squared = 0.907) 

 

Conclusions: 

 The results of a laboratory evaluation of the resistance to rutting of warm mix asphalt incorporating 

Cecabase
® 

have been investigated. It can be concluded that anti-stripping agents, compaction and test 

temperatures have apparent influenced in the rut depth value. Pavement Modifier (PMD) was able to decrease 

the rut depth of specimens incorporating Cecabase
®
 and has greater resistance to rutting at low compaction 

temperature compared to OPC and quarry dust. Furthermore, the addition of Cecabase
®
 in base binder has 

significantly improved the rutting resistance and lower permanent deformation. 
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