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1. Project Description  

This report discusses a laboratory study on stone mastic asphalt (SMAH10) produced by Fowlers 

Asphalting plant in Victoria. The SMA mixes incorporated either a single or double dose of ACE XP™ 

aramid fibre, supplied by iNFORCE Global Pty Ltd. The performance of the fibre-reinforced asphalt 

was compared with that of a conventional SMA mix produced by the same contractor under the same 

conditions. 

The laboratory testing focused primarily on cracking tolerance, rutting, and fatigue resistance. This 

report summarises the outcomes of the investigation conducted by RMIT University on plant-produced 

SMAH10 mixes: conventional, single-dose ACE XP™, and double-dose ACE XP™ aramid fibre 

asphalt. 

2. Materials and Mix Design 

ACE XP™ aramid fibre enhances asphalt pavement performance by providing a crack-bridging 

strengthening effect. The use of ACE XP™, a high-tensile-strength aramid fibre, enables the 

construction of stronger, longer-lasting, and cost-effective asphalt pavements with improved crack and 

rutting resistance, fatigue life, and overall durability, according to the supplier. ACE XP™ aramid fibre 

is supplied in pellet form, consisting of numerous hair-like fibres in a pale-yellow colour, each 

approximately 38 mm in length, coated with wax. The wax melts and allows the fibres to disperse 

uniformly when fed into the asphalt mixer with the hot aggregate at the production site, creating physical 

reinforcement within the aggregate and bitumen in asphalt pavements. 

In this study, a polymer-modified binder (PMB) A10E was used in the conventional SMAH10 mix as 

well as in the single-dose (106 grams per tonne of asphalt) and double-dose (212 grams per tonne of 

asphalt) fibre-reinforced SMAH10 mixes. Table 1 presents the A10E binder density; other 

characteristics of the binder were not measured but it is assumed that the binder was compliant with the 

national ATS3110 specification. 

Table 1: Binder Characteristics 

Binder Class Binder Density g/m3 

A10E 1.028 

 

All three SMAH10 mixes contained the same content of heavily modified PMB A10E (approximately 

5.2-5.5% SBS by weight of the binder) supplied by the same supplier. The asphalt was produced at the 

plant by Fowlers using the same aggregate and particle size distribution. The only difference among the 

three mixes was the presence of fibre in two of them. Plant production is generally recommended when 

testing aramid fibre, as it ensures better fibre dispersion compared to laboratory mixing. 
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The SMAH10 asphalt complied with VIC RC 500.01 guidelines for minimum and maximum aggregate 

grading limits. The mix design used is registered under VicRoads. Aggregates were supplied by 

Matthews Quarries in Traralgon, Victoria, and limestone filler was provided by Graymont. Table 2 

presents the plant setup and aggregate content required to produce one tonne of SMAH10 with fibre. 

Table 2: SMAH10 Mix Proportions – Fowlers Asphalting Plant Batch Setting 

Batch Setting (kg of aggregate and other ingredients per 1000 kg batch of asphalt) 

Material Type Material Description Quantity (kg) 

Conventional Hot Bins 

Fines 112 

7 mm 126 

10 mm 578 

14 mm 20 

20 mm 0 

Recycle Bins 

RAC 1 (recycled asphalt pavement) 0 

Baghouse 35 

Filler 60 

Additives 

ACE XP aramid fibre* 
0.106 (single dose) or  

0.212 (double dose) 

Cellulose fibre (drain off) 

Bitumen A10E 

3 

65 

* Aramid fibre was introduced as a supplementary material to the standard mix design 

3.   Laboratory Test Results 

3.1  IDEAL CT Test 

The IDEAL-CT test is used to evaluate the Cracking Tolerance Index (CT Index), which measures an 

asphalt mixture’s resistance to crack propagation caused by stresses from traffic and environmental 

conditions. In practice, a higher CT Index indicates greater resistance to cracking propagation. 

The test was conducted in accordance with ASTM D8225. For each SMA mix, three cylindrical 

specimens (150 × 62 mm) with an air voids content of 7 ± 0.5% were compacted using a gyratory 

compactor. Each specimen was then conditioned at 25 °C for 2 hours prior to testing. A vertical load 

generating indirect tensile stresses on the horizontal plane was applied to the specimen at a constant 

monotonic loading rate of 50 mm/min. Equation 1 provides an estimate of the cracking tolerance index. 

 𝐶𝑇𝑖𝑛𝑑𝑒𝑥 =  
𝑡

62
 𝑥 

𝑙75

𝐷
 𝑥 

𝐺𝑓

𝑚75
 (1) 

 𝐺𝑓 =  
𝑊𝑓

𝐷 𝑥 𝑡 
 𝑥 106 (2) 



 

 

Page 6 of 12 

 

 𝑊𝑓 = ∑((𝑙𝑖+1
− 𝑙𝑖)  𝑋 𝑃𝑖 +  

1

2

𝑛−1

𝑖=1

 𝑋 (𝑙𝑖+1
− 𝑙𝑖) 𝑋 (𝑃𝑖+1

−   𝑃𝑖  ))   (3) 

Where: 

t = thickness of the sample (mm) 

l75 = displacement at 75% of the peak load after the peak (mm) 

D = sample diameter(mm) 

Gf = fracture energy or failure energy (j/m2) 

m75 = absolute value of the post peak slope (kN/mm) 

Wf = fracture work determined as the area under the load displacement curve, up to the 

value of post peak load of 0.1 kN 

Pi = applied load (kN) at the i-load step application 

Pi+1 = applied load (kN) at the i+1 load step application 

li = load displacement line (mm) at i step 

li+1 = load displacement line (mm) at i + 1 step 

 

 

Figure 1: IDEAL CT index of asphalt mixes 

 

Figure 1 presents the results of the IDEAL-CT test for each asphalt mix. The test demonstrated a 

significant improvement in cracking resistance with the addition of ACE XP™ aramid fibre. A single 

dose of fibre increased the CT Index by approximately 89%, while a double dose increased it by 212%, 

compared to the conventional SMAH10 asphalt. The results indicate that the fibre enhances aggregate 

interlocking and provides crack-bridging capabilities, allowing the asphalt mix to withstand higher 

tensile stresses. 
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Additionally, test parameters such as 𝑙75, 𝐺𝑓, and |𝑚75| provide further insight into the performance of 

each mix under monotonic loading. Generally, asphalt with higher 𝑙75and 𝐺𝑓, and lower ∣ 𝑚75 ∣, 

exhibits more ductile behaviour and can absorb more energy prior to fracture. In this study, increasing 

the dose of ACE XP™ aramid fibre significantly improved the deformation of the specimen prior to 

breakage (i.e. fibre-reinforced asphalt can sustain greater levels of deformation before propagation of 

the cracks occurs due to the fibre’s crack-bridging effect). Additionally, the use of fibre increased the 

energy absorbed by the specimen during testing and reduced the post-peak slope of the force-

displacement curve (i.e. shifting from brittle failure without fibre to more ductile failure with fibre). 

The IDEAL CT test parameters for each SMA mix are shown in Figure 2(a-c). 

   

 Figure 2(a): Displacement at 75% of peak load l75 

 

 
Figure 2(b): Fracture energy  
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Figure 2(c): Absolute value of m75 

 

3.2 Fatigue – FPBB Test 

Fatigue tests were conducted on nine beams at three strain levels following AGPT-T274. Only 

SMAH10 conventional and SMAH10 single-dose fibre samples were tested due to time constraints. 

Asphalt samples were compacted in a box compactor to produce slabs, which were then cut into beams 

of the required size. Each beam was conditioned at 20 °C and tested using a four-point bending machine 

in strain-controlled mode. 

Specimens were tested at three strain levels: 300, 500, and 700 microstrain. At the 50th loading cycle, 

the initial flexural stiffness was measured for each strain level and asphalt mix. The fatigue life (Nf) of 

the samples was defined as the number of cycles at which stiffness dropped to 50% of the initial value. 

At all applied strain levels, SMAH10 single-dose fibre asphalt exhibited higher fatigue resistance than 

SMAH10 conventional asphalt. The addition of fibre increased the fatigue life of the mix at each strain 

level, as shown in Table 3. 

Table 3: Fatigue life (Nf) at different strain level and initial flexural stiffness at 50th cycle 

Fatigue Life (Nf) at various strain levels Initial flexural stiffness at 50th cycle 

Mixture 300 μ strain 500 μ strain 700 μ strain 
Mean stiffness 

in MPa ± SD 
% difference 

SMAH10-
Conventional 

298,250 24,713 3,275 4,109.5 ± 706 N/A 

SMAH10-Single 
Dose ACE XP 

689,523 69,193 8,050 3,720.4 ± 413 -9.5% 

Nf increase due to 
fibre 

131.2% 180.0% 145.8%   
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The slight variation in stiffness is not considered significant, and the stiffness values reported represent 

the average of the nine beams tested at three different strain levels for each asphalt mix. There was 

considerable overlap among the beams tested. 

Furthermore, the fatigue data were analysed to determine the strain level required to cause specimen 

failure after one million cycles (𝜀6). The strain behaviour of SMAH10 conventional and SMAH10 

single-dose fibre asphalt at a fatigue life of one million cycles was calculated using Equation 4. 

 𝒇(ɛ𝟔) = 𝑨𝟎𝑵𝒇
𝑨𝟏  = 𝟏𝒆𝟔 (4) 

 

Where: 

A0 & A1  = model regression parameters 

Nf = fatigue life 

ɛ6 = strain to achieve 1 million cycles 

 

The fatigue curve for one million loading cycles was developed for both SMAH10 conventional and 

SMAH10 single-dose ACE XP™ fibre mixes, as shown in Figure 3. The strain corresponding to one 

million cycles (𝜀6) was calculated for both mixes (Table 4). The addition of a single dose of fibre 

increased the 𝜀6value by 17.3% compared to the conventional mix, enabling the fibre-reinforced mix to 

withstand higher strain levels under repeated loading. This enhanced fatigue performance is expected 

to result in a longer service life under traffic loading and a delay in crack formation. 

 

 

Figure 3: Fatigue curve for one million cycles 
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Table 4: Parameters fatigue life equation for one million cycle and % variation compared to SMAH 10-

conventional 

Mix A0 A1  ɛ6 % increase 

SMAH 10-Conventional 3144.6 -0.185 244.1 N/A 

SMAH 10-Single Dose 

Fibre 
4118.7 -0.193 286.3  17.3% 

 

3.3 Rut resistance – Hamburg Wheel Tracker Test 

Only SMAH10 conventional and SMAH10 single-dose fibre mixes were considered for this test. The 

test was conducted using the Hamburg Wheel Tracking machine in accordance with AASHTO T324. 

The machine consists of two steel wheels, each 203.2 ± 2.0 mm in diameter and 47 mm wide, applying 

a load of 705 ± 4.5 N at the centre of the specimen. Test specimens for both mixes were prepared with 

an air voids content of 7.0 ± 0.5%. 

The test was carried out under wet conditions at 50 °C, with specimens submerged in water throughout 

conditioning and testing, following AASHTO T324. The wheel speed was set to 52 passes per minute, 

as specified by the standard. The test was terminated when either the rut depth reached 25 mm or 20,000 

passes were completed, whichever occurred first. 

This test evaluates the potential for permanent deformation and stripping of the asphalt mix under the 

combined effects of traffic loading and moisture. The rutting results at the completion of 20,000 passes 

for SMAH10 conventional and SMAH10 single-dose fibre mixes are shown in Figure 4. The results 

indicate no substantial difference between the two mixes, likely due to the inherently rutting-resistant 

nature of stone mastic asphalt, which incorporates a heavily polymer-modified binder and high binder 

content. Figure 5 illustrates the gradual progression of rut depth during the test up to 20,000 passes. No 

stripping was observed in either mix. 

 

Figure 4: Hamburg Wheel Tracking Test - Final rut depth at 20,000 passes 
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Figure 5: Rutting Result from Hamburg Wheel Tracker for 10,000 Cycles - SMAH10 – Conventional Mix 

 

 

Figure 6: Rutting Result from Hamburg Wheel Tracker for 10,000 Cycles - SMAH10 Single-Dose Fibre Mix 

 

4.    Conclusion  

This report presents the outcomes of a study evaluating the mechanical performance of single- and 

double-dose ACE XP™ aramid fibre in stone mastic asphalt (SMA) mixes, produced at a plant in 

Victoria. The SMAH10 mixes were registered with VicRoads and included A10E binder. All mixes 

used the same aggregate, aggregate gradation, and binder content, with the only difference being the 
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and rutting tests on SMAH10 conventional and SMAH10 single-dose ACE XP™ aramid fibre mixes, 

showed the following: 

• The inclusion of ACE XP™ aramid fibre in SMAH10 significantly improved cracking 

tolerance, with an estimated increase of 89% for a single dose and up to 212% for a double 

dose compared to SMAH10 conventional. These results strongly suggest that the fibre enhances 

crack-bridging capabilities and significantly reduces crack propagation within the asphalt mix. 

• Regarding fatigue life, the SMAH10 single-dose ACE XP™ aramid fibre mix exhibited 

approximately 17.3% higher 𝜀6strain values compared to the conventional mix, with no 

significant reduction in initial flexural stiffness. At each strain level, the presence of fibre 

approximately doubled the number of cycles to failure under cyclic loading (fatigue), 

indicating greater durability and delayed crack formation. 

• No significant differences in rutting or stripping were observed between the conventional and 

fibre-reinforced mixes during the Hamburg Wheel Tracking test. This was possibly due to the 

intrinsic nature of stone mastic asphalt, a rutting resistant mix. 


