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ABSTRACT: Recently, there has been growing interest in pavements constructed with polymer-modified asphalt, 
largely driven by the significant increase in traffic volumes and loads. This study aims to improve the 
understanding of polymer-modified asphalt's detailed mechanical behaviour and to support the development of 
reliable pavement designs that incorporate it. This study employed styrene-butadiene-styrene (SBS), including one 
hard and one soft variant, to modify asphalt binders used in two distinct types of mixtures. A series of laboratory 
fatigue tests - including the beam wheel tracker fatigue test (BWTFT), 4-point bending test (4PBT), and indirect 
tensile fatigue test (ITFT) - were conducted, covering both unmodified and polymer-modified asphalt materials 
under various testing conditions. The findings indicate that data from the beam wheel tracker fatigue test can 
provide a way forward in pavement design, enabling the application of standard laboratory fatigue tests with a 
shift factor. Furthermore, the laboratory results suggest that polymer-modified asphalt pavements can be designed 
similarly to conventional asphalt pavements, but with an adjusted fatigue characteristic. This shift can be derived 
from data obtained through the BWTFT, 4PBT, or ITFT. 
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1. INTRODUCTION 

 
An asphalt pavement’s primary function is to 

facilitate the safe, smooth, and economical movement 
of traffic between different locations. However, 
various factors can negatively impact its 
performance, including increased traffic, extreme 
climate conditions, and the presence of heavy 
vehicles. These factors contribute to a decline in the 
pavement’s initial smoothness and serviceability, 
ultimately leading to premature deterioration [1]. The 
two primary failure modes in flexible pavements are 
permanent deformation (rutting) and fatigue 
cracking. Rutting, or the formation of a depression 
along the wheel path, results from internal strains 
within one or more layers of the pavement, whereas 
fatigue cracking in the bituminous layer arises from 
repeated tensile strains at the bottom of the asphalt 
layer due to traffic loading. In addition to traffic, 
environmental factors must also be considered when 
assessing asphalt pavement performance [2-4]. 

After years of research and development, it is now 
widely accepted that simple design considers only 
two critical locations in the structure: the bottom of 
the asphalt layer and the top of the subgrade, where 
maximum values of key parameters are observed [5]. 
The stress condition at the top of the subgrade is 
crucial, as the pavement must prevent the soil from 
being overstressed and deformed, with compressive 
strain often serving as the design criterion. In 
contrast, fatigue cracking in asphalt under repeated 
loading is mainly caused by tensile strain, which is 
typically used as the fatigue design criterion [3, 6-9]. 

Polymer modified asphalt (PMA) mixtures are 

now widely utilised in flexible pavement structures 
and overlays that accommodate high traffic volumes. 
The key benefits of incorporating polymer modifiers 
in asphalt mixtures include the reduction in both the 
extent and severity of permanent deformation and 
fatigue cracking, which in turn extends the service life 
of hot mix asphalt (HMA) pavements and overlays 
[10-13]. While numerous laboratory and field studies 
have confirmed the enhanced performance of PMA 
compared to conventional HMA mixtures, there has 
been limited effort to fully understand the detailed 
mechanical behaviour of PMA and to develop 
confident pavement design methods incorporating 
PMA based on relevant specifications and design 
guidance. 

The fatigue test using a wheel tracker has been 
successfully employed by many researchers as it aims 
to replicate the realistic conditions experienced by an 
asphalt layer in a road. Its fundamental distinguishing 
feature is that the load is applied by a moving wheel. 
In early studies using the wheel tracker device, Van 
Dijk [14] and Rowe [15] utilised investigated the 
effects of a loaded wheel with a pneumatic tyre on an 
asphalt slab positioned on an elastic rubber 
foundation, with crack initiation and propagation 
detected using strain gauges attached to the underside 
of the slab specimen during the test. Based on the data 
from the beam wheel tracker fatigue test, a pathway 
for analysing pavement structures was proposed, 
along with recommended shift factors for converting 
laboratory test data into fatigue characteristics for 
pavement design. Liao, Chen and Tsou [16] 
conducted the wheel tracking fatigue test by applying 
a moving wheel load to an asphalt beam while 
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monitoring the tensile strain induced at the bottom of 
the beam. The results of this test were utilised to 
compare the fatigue performance of asphalt mixtures 
with that of bitumen-filler mastics. In similar studies, 
Lacalle Jiménez [17] utilised the beam wheel tracker 
test to observe the differences in behaviour between 
hot and cold mix asphalt. 

To facilitate more reliable pavement design using 
PMA and to enhance the understanding of the fatigue 
cracking behaviour of asphalt mixtures, this research 
has conducted various fatigue tests, including two 
standard tests (the indirect tensile fatigue test and the 
4-point bending test) and a non-standard fatigue 
machine, the beam wheel tracker fatigue test. These 
tests were performed under a range of conditions, 
covering both unmodified and PMA materials. The 
findings will be compared and analysed, and based on 
the outcomes, shift factors will be recommended for 
different cases. 

The subsequent sections of the paper are 
organised as follows: Section 2 provides a summary 
of the laboratory testing programme. Section 3 
presents the experimental results. Section 4 offers a 
comparison and discussion. Finally, Section 5 
concludes the paper with key findings from the study. 

 
2. RESEARCH SIGNIFICANCE 

 
This study highlights that while material 

differences were similar at 20°C, a larger variation in 
the BWTFT at 10°C shows the PMA benefits are 
greater than anticipated based on the ITFT at lower 
design temperatures. The BWTFT data provide 
valuable insights for pavement design, and the study 
introduces shift factors to convert standard laboratory 
data to fatigue characteristics, addressing differences 
between BWTFT and other tests. The analysis 
suggests that shift factors at 20°C underestimate 
PMA advantages, which become more significant at 
lower temperatures. 

 
3. LABORATORY TESTING PROGRAMME 

 
3.1 Materials and Preparation 

 
This study examines three types of asphalt 

mixtures: 20mm Dense Bitumen Macadam 
(DBM50), 14mm Enrobé à Module Élevé 2 (EME2), 
and 10mm Stone Mastic Asphalt (SMA). This 
particular selection of asphalt mixtures was carefully 
chosen to investigate the key factors influencing their 
fatigue behavior. The primary goal of this study is to 
improve the reliability of pavement designs that 
incorporate PMA mixtures. By examining these 
mixtures, the research aims to gain a deeper 
understanding of how different variables affect their 
performance under repeated loading, ultimately 
contributing to the development of more durable and 
efficient pavement designs. 

For the first mixture, a standard 20mm 
continuously graded DBM50 was chosen. The binder 
used was 40/60 bitumen, commonly applied in the 
UK. The binder content was set at 4.7% by mass, in 
line with the recommendations of BS-EN 4987 [18]. 
Limestone aggregate, obtained from Tunstead Quarry 
in Buxton, UK, with a nominal maximum particle 
size of 20mm, was used. The particle size distribution 
for the design, alongside the standard’s upper and 
lower limits, is shown in Fig. 1. 

 

 
Fig. 1 DBM50 design particle size distribution 

 
For the second mixture, a 14mm EME2 was 

chosen. Its gradation is quite similar to that of the 
DBM50, as it is intended for the same structural layer 
(base or binder course). A hard SBS polymer-
modified binder (21 pen) was utilised, with a binder 
content of 5.5% by mass, in accordance with BS-EN 
13108 [19]. The aggregate used was also limestone, 
sourced from Tunstead Quarry, featuring a nominal 
maximum particle size of 14mm (Fig. 2). 

 

 
Fig. 2 EME2 design particle size distribution 

 
For the third mixture, a standard 10mm Stone 

Mastic Asphalt (SMA) surface course was selected 
for this study. This mixture employed a soft SBS 
polymer-modified binder (65 pen) at a content of 
6.5%, as specified in BS-EN 13108 [20], and utilised 
granite aggregate with a design particle size 
distribution shown in Fig. 3. 

 
3.2 Experimental Programme 

 
3.2.1 Indirect tensile fatigue test (ITFT) 
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The ITFT method is commonly employed to 
evaluate the stiffness modulus and fatigue 
performance of asphalt mixtures in both stress-
controlled and strain-controlled modes, with this 
project specifically utilising the stress-controlled 
mode. The specimens, which were prepared to final 
dimensions of 100 mm in diameter and 40 mm in 
height, were created as previously outlined. It is 
crucial to note that prior to the ITFT, the indirect 
tensile stiffness test (ITST) was carried out to assess 
the stiffness of the specimens at various stress levels. 
Following this, the specimens underwent the ITFT to 
ascertain the number of load applications until failure 
at the same stress level used during the ITST. 
Additionally, before commencing the ITFT, the 
specimens were conditioned in a Nottingham Asphalt 
Tester (NAT) cabinet for a minimum of four hours at 
the designated testing temperature. 
 

 
Fig. 3 SMA design particle size distribution 

 
In this study, the ITFT was executed in stress-

controlled mode within the NAT at temperatures of 
20°C and 10°C. The temperatures encountered in 
road pavements vary significantly, ranging from -
40°C to +70°C globally, depending on the location 
and climate zone. In the UK, a fatigue design 
temperature of 20°C is typically used. However, in 
practice, fatigue damage is more likely to occur at 
lower temperatures. For this reason, this study has 
selected test temperatures of 20°C and 10°C. 

In accordance with British standards [21], the test 
was performed with a repeated constant loading time 
of 124 ± 4 ms and a pulse repetition time of 1.5 ± 0.1 
s. Failure was deemed to occur when the total vertical 
deformation of the specimen reached 10 mm. A 
schematic representation of the ITFT is illustrated in 
Fig. 4. 

 
3.2.2 4-Point bending test (4PBT) 

The 4PBT is commonly employed to evaluate the 
stiffness modulus and fatigue resistance of asphalt 
pavement materials. This test effectively simulates 
pavement fatigue failure under traffic loads, as 
repeated loading induces tension in the lower section 
of the specimen. Fracture typically occurs in the 
region of constant maximum bending moment 
between the two inner clamps [22]. 

 

 
Fig. 4 Configuration of the ITFT 

 
In this study, the asphalt beams measured 380 mm 

in length, 50 mm in width, and 50 mm in height. 
These beams were cut from larger asphalt slabs 
measuring 500 mm x 500 mm x 70 mm and were 
trimmed to maintain a thickness of 50 mm. 

The 4PBT employs a continuous sinusoidal 
waveform applied to a prismatic specimen via two 
load points, known as the inner clamps (see Fig. 5). 
The beam specimen is supported at four points with 
the assistance of four clamps, including two static 
outer clamps that only shift horizontally, while the 
inner clamps move in response to the applied loads 
[22]. At all loading levels and reaction points, free 
translation and rotation are permitted. 

In the context of the 4PBT, initial stiffness is 
typically defined as the stiffness measured between 
the 50th and 100th load applications. Traditionally, 
fatigue failure is identified as the point at which the 
stiffness modulus has reduced to 50% of its initial 
value [22, 23]. 

The deformation of the specimen is recorded at 
the bottom between the two inner clamps, as specified 
by BS EN 12697-26 and BS EN 12697-24 [24, 25]. 
In this research, the 4PBTs were conducted using a 
Cooper 4-point bending machine at temperatures of 
20°C and a frequency of 30 Hz in strain control mode. 
The strain levels applied ranged from 100 to 400 µε, 
depending on the specific asphalt mixture used. 

 

 
Fig. 5 Configuration of the 4PBT 
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3.2.3 Beam wheel tracker fatigue test (BWTFT) 
In this project, the BWTFT was conducted on 

asphalt beam mixtures at a temperature of 20°C and 
10oC within a controlled environment. A cam system 
was employed to move the specimen back and forth 
relative to the wheel at a frequency of 0.4 Hz, as 
illustrated in Fig. 6. Two strain gauges were attached, 
one to the bottom of each vertical face, and these 
gauges were connected to a computer system using 
National Instruments equipment. Additionally, a 
camera was utilised to directly observe crack 
progression, with the faces painted white to enhance 
visibility. 

The asphalt beams used in this research were 306 
mm long, 50 mm wide, and 35 mm high. They were 
cut from roller-compacted slabs measuring 306 mm x 
306 mm x 50 mm, and trimmed at the bottom to 
achieve the required thickness of 35 mm. The test 
beam was placed at the centre of a steel mould 
measuring 306 mm x 306 mm x 80 mm and rested on 
two layers of rubber pads, totalling 20 mm in 
thickness, supported by a steel base plate. These 
rubber pads served as an elastic foundation for the 
asphalt beam. In addition, two steel end restraints 
were used to secure both ends of the test beam, 
preventing vertical movement and simulating the 
behaviour of a continuous beam. 

During the BWTFT, a wheel load was applied to 
the moving asphalt beam while monitoring the tensile 
strains along its sides. The solid tyre wheel used in 
this study had an outer diameter of 200 mm and a 
width of 50 mm, with a travel distance of 225 mm. 
Various load levels, ranging from 0.76 to 1.50 kN, 
were applied. Before starting the test, the beams with 
attached gauges were conditioned at the test 
temperature for at least four hours. The tests 
continued until a visible crack propagated through the 
entire thickness of the beam [26]. 

 

 
Fig. 6 Configurtation of the BWTFT 

 
4. EXPERIMENTAL RESULTS 

 
4.1 ITFT Results 

 
The fatigue results for the DBM50, EME2, and 

SMA mixtures obtained from the ITFT are presented 
in Fig. 7. Additionally, Table 1 summarises the ITFT 

data, which includes fatigue equations along with 
their R² values, and the number of cycles to failure 
(Nf) at 100 microstrain for all types of mixtures at 
testing temperatures of 20°C and 10°C. It should be 
noted that the Nf at 100 microstrain is derived from 
significant extrapolation of limited data. The 
outcomes of the ITFT were comprehensively 
presented in the research carried out by [27]. 

 
Table 1. Fatigue results for all mixtures tested using 
the ITFT [27]. 

 

 
Fig. 7 ITFT fatigue lines of DBM50, EME2 and SMA 
mixtures at 20 and 10oC [27] 

 
4.2 4PBT Results 

 
The results of the fatigue tests for the DBM50, 

EME2, and SMA mixtures conducted using the Four-
Point Bending Test (4PBT) at 20°C and 30 Hz are 
illustrated in Fig. 8. Table 2 presents the fatigue 
equations for each mixture, along with their 
corresponding R² values. These equations 
demonstrate a high level of accuracy for all mixtures, 
as indicated by R² values exceeding 0.90. 
Additionally, the table provides the number of cycles 
to failure (Nf) at 100 microstrain for each type of 
mixture tested at 20°C. 

 
4.3 BWTFT Results 

 
Fig. 9 presents the strain-life characteristics for all 

three asphalt materials tested at 20°C and 10°C, with 

Mixture 
Type 

Temp  
(oC) 

Equation based on 
𝑁𝑁𝑓𝑓 

𝑁𝑁𝑓𝑓@
100𝜇𝜇𝜇𝜇 

𝑅𝑅2 

 
DBM50 

20 𝑵𝑵𝒇𝒇 = 𝟓𝟓.𝟑𝟑𝟑𝟑𝟑𝟑× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝜺𝜺−𝟒𝟒.𝟕𝟕𝟕𝟕 160,535 0.98 

10 𝑵𝑵𝒇𝒇 = 𝟓𝟓.𝟕𝟕𝟕𝟕𝟕𝟕× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝜺𝜺−𝟓𝟓.𝟖𝟖𝟖𝟖 98,301 0.96 

 
EME2 

20 𝑵𝑵𝒇𝒇 = 𝟖𝟖.𝟓𝟓𝟓𝟓𝟓𝟓× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝜺𝜺−𝟑𝟑.𝟗𝟗𝟗𝟗 131,538 0.96 

10 𝑵𝑵𝒇𝒇 = 𝟐𝟐.𝟔𝟔𝟔𝟔𝟔𝟔× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝜺𝜺−𝟓𝟓.𝟒𝟒𝟒𝟒 406,874 0.99 

 
SMA 

20 𝑵𝑵𝒇𝒇 = 𝟓𝟓.𝟖𝟖𝟖𝟖𝟖𝟖× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝜺𝜺−𝟒𝟒.𝟎𝟎𝟎𝟎 4,322,580 0.90 

10 𝑵𝑵𝒇𝒇 = 𝟓𝟓.𝟕𝟕𝟕𝟕𝟕𝟕× 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝜺𝜺−𝟒𝟒.𝟕𝟕𝟕𝟕 2,117,110 0.97 
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failure defined as the stage at which crack 
propagation was fully complete, as monitored by a 
camera. The initial strain is identified as the 
maximum strain (recorded at the bottom of the beam) 
during the 100th loading cycle, calculated as 1.4 times 
the peak-to-trough strain observed. This is due to the 
positioning of the strain gauges, which were located 
5 mm from the bottom edge of the beam in the tests. 
 

 
Fig. 8 4PBT fatigue lines for DBM50, EME2 and 
SMA mixtures at 20oC and 30Hz [4] 
 
Table 2. Result data for all mixtures at 20oC and 30 
Hz using the 4PBT [4] 

Mixture 
Type 

Equation 
based on Nf50 Nf @ 100𝜇𝜇𝜇𝜇 R2 

DBM50 Nf50 = 1.1118 x 
1016 𝜺𝜺−𝟒𝟒.𝟗𝟗𝟗𝟗 1,399,673 0.94 

EME2 Nf50 = 1.6906 x 
1020 𝜺𝜺−𝟔𝟔.𝟑𝟑𝟑𝟑 30,844,829 0.94 

SMA Nf50 = 8.6712 
x1022 𝜺𝜺−𝟔𝟔.𝟗𝟗𝟗𝟗 895,504,354 0.96 

 
A significant observation from this figure is that 

the strain levels are notably higher than those 
typically found in other standard fatigue tests. In fact, 
they are closely aligned with the strain levels used in 
real pavement design, indicating that this testing 
method might be realistic enough to eliminate the 
need for applying a transfer function (shift factor) 
before its application. The findings related to the 
BWTFT were detailed in the research conducted by 
[26]. 

 

 
Fig. 9 Initial strain versus number of cycles to failure 
for BWTFTs at 20oC and 10oC [26] 

5. COMPARISON AND DISCUSSION ON 
PAVEMENT DESIGN 

 
5.1 Comparison of Three Fatigue Tests 

 
As illustrated in this paper, three different fatigue 

tests have been undertaken for DBM50, EME2 and 
SMA mixtures under various loading or strain 
conditions at 20 and 10oC. A summary of the fatigue 
lines derived from these tests is shown in Fig. 10. In 
terms of strain-life characteristics, uncertainty is 
acknowledged since the fatigue lines shown in the 
figure are derived from only 4-10 individual 
specimens compared to the 18 minimum 
recommended by standards [25, 28]. 

 

 
Fig. 10 Comparison of fatigue lines for three mixture 
types using different tests at 20 and 10oC 
 

It can be seen from Fig. 10, in general fatigue lines 
derived from the BWTFT are located at the highest 
positions compared to those obtained from the 4PBT 
and the ITFT. In contrast, the ITFT fatigue line 
positions are the lowest, while the 4PBT results lie in 
between. It is highlighted that the performance of 
SMA mixtures using PMB with its higher binder 
content was the best compared to the EME2 and 
DBM50 at both 20 and 10oC test temperature in all 
fatigue tests conducted. At 20oC, fatigue 
performances of the EME2 and DBM50 mixtures 
were quite similar in the BWTFT and ITFT, while the 
EME2 mixture experienced better fatigue 
performance in the 4PBT. Moreover, it is noted that 
all 10oC fatigue lines lie below the 20oC 
corresponding lines as expected in the BWTFT and 
ITFT, except the EME2 fatigue lines taken from the 
ITFT. 

It is acknowledged that the selection of stress- or 
strain-controlled testing, along with other factors such 
as binder content and the volumetric composition of 
the mixture, may influence the comparability of 
results. However, the primary focus of this study is on 
the fatigue characteristics of various asphalt mixtures 
incorporating PMA, with the goal of enhancing the 
reliability of pavement design. Therefore, the 
differences in the control methods of the fatigue tests 
are considered acceptable. 
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5.2 Discussion on Pavement Design 
 

One of the key reasons for carrying out the 
different tests in this study is to observe whether the 
difference between materials remains similar in all 
fatigue tests or not. The experimental results illustrate 
that generally the difference remains relatively 
similar in all tests, although the difference appears 
slightly greater with the BWTFT at a test temperature 
of 10oC. This therefore may lead to the conclusion 
that design of pavements using PMA could be 
conducted in the same way as ordinary asphalt 
pavements but with a shifted fatigue characteristic, 
and the shift could be derived from one of the fatigue 
tests. To indicate the shifted fatigue characteristic, all 
fatigue lines have been assumed to have a realistic 
slope of 0.25 bearing in mind the low number of tests 
conducted for each line (Fig. 11). Based on the figure, 
the shifted characteristics are calculated for PMAs in 
relation to the DBM50 derived from all fatigue tests 
at 20 and 10oC as shown in Table 3. 

 

 
Fig. 11 Fatigue lines adjusted with a slope of 0.25 for 
all mixtures using different tests at 20 and 10oC 
 
Table 3. Shifted fatigue characteristic for PMAs in 
relation to conventional DBM50 derived from all 
tests at 20 and 10oC 

PMA material EME2 SMA 
Design temp. (oC) 20 10 20 10 
Shifted 
fatigue 

characteristic 
using 

BWTFT 

On 
strain 
scale 

1.1 1.7 1.8 3.7 

On Nf 
scale 1.5 9 11 190 

Shifted 
fatigue 

characteristic 
using ITFT 

On 
strain 
scale 

1.1 1.4 2.5 2.3 

On Nf 
scale 1.5 4 39 28 

Shifted 
fatigue 

characteristic 
using 4PBT 

On 
strain 
scale 

1.5 - 2.3 - 

On Nf 
scale 5 - 28 - 

 
As can be seen from Table 3, at 20oC, based on 

the three tests the shifted factor is 1.1 – 1.5 on the 
strain scale (about 1.5 – 5 on the load applications 

scale) for EME2 and 1.8 – 2.5 on the strain scale 
(about 11 – 39 on the load applications scale) for 
SMA while at 10oC, the factor is 1.4 – 1.7 on the 
strain scale (about 4 – 9 on the load applications scale) 
for EME2 and 2.3 – 3.7 on the strain scale (about 28 
– 190 on the load applications scale) for SMA using 
the BWTFT and ITFT. 

Based on the shifted factors indicated in this table, 
it is noticeable that while the difference between 
materials at 20oC is relatively similar among the three 
tests, the greater difference found in the BWTFT (i.e. 
the most realistic test) at 10oC implies that the 
advantage of PMA is rather greater than pavement 
designers would have expected based on the ITFT at 
lower design temperature. 

On the other hand, if the BWTFT can be taken to 
be approximately representative of a pavement layer, 
this suggests that it may be acceptable to use the 
standard laboratory fatigue (ITFT or 4PBT) data with 
a shift factor in pavement design. Based on Fig. 11, 
the shift factors calculated for the ITFT and 4PBT at 
design temperatures of 20 and 10oC are shown Table 
4. The calculation and assumption made for the shift 
factors in the table are the same as those used in Table 
3. 

 
Table 4. Shift factor for the ITFT and 4PBT in 
relation to the BWTFT for all materials at 20 and 
10oC 
 

Material DBM50 EME2 SMA 
Design temp. 
(oC) 20 10 20 10 20 10 

Shift 
factor 
for 
ITFT 

On 
strain 
scale 

6.5 2.7 6.3 3.3 4.7 4.4 

On Nf 
scale 1,790 50 1,580 120 490 370 

Shift 
factor 
for 
4PBT 

On 
strain 
scale 

3.4 - 2.6 - 2.7 - 

On Nf 
scale 130 - 45 - 50 - 

 
As can be seen from the table, if the design 

temperature is 20oC and the ITFT data is used, the 
shift factor is 4.7 – 6.3 on the strain scale (about 490 
– 1,580 on the load applications scale) for PMAs and 
6.5 on the strain scale (about 1,790 on the load 
applications scale) for conventional DBM50 while if 
the 4PBT data is used, the shift factor decreases to 2.6 
– 2.7 on the strain scale (about 45 – 50 on the load 
scale) for PMAs and 3.4 on the strain scale (about 130 
on the load scale) for conventional material. 
Meanwhile, if the design temperature decreases to 
10oC, the shift factor used for the ITFT is 3.3 – 4.4 on 
the strain scale (about 120 – 370 on the load scale) for 
PMAs and 2.7 on the strain scale (about 50 on the load 
scale) for conventional material as indicated in Table 
4. 

At 20oC, it is clear that the shift factor for PMAs 
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is similar or even lower when compared to that for the 
conventional material and this suggests that relying 
on 20oC tests may give an underestimate of the 
benefit of PMAs. Meanwhile, at 10oC, the picture is 
very different, where the shift factor for PMAs is 
significantly greater as shown in the table. This, 
therefore, indicates that the advantage of PMAs 
becomes more evident in the case of lower design 
temperature. 

 
6. CONCLUSIONS 

 
In this study, three different fatigue tests, the ITFT, 

4PBT and BWTFT, have been carried out for DBM50, 
EME2 and SMA mixtures under various loading or 
strain conditions at test temperatures of 20oC and 
10oC. Based on the analysis and discussion presented 
in this paper, the following conclusions are offered: 

This study demonstrates that fatigue lines derived 
from the BWTFT consistently occupy higher 
positions compared to those obtained from the 4PBT 
and ITFT, indicating more favorable fatigue 
performance. Specifically, the SMA mixture with 
higher PMB content exhibited superior fatigue 
performance across all tests (BWTFT, ITFT, and 
4PBT) at both 20°C and 10°C, outperforming the 
EME2 and DBM50 mixtures. As expected, fatigue 
lines at 10°C are lower than those at 20°C in both the 
BWTFT and ITFT, except for the EME2 mixture 
from the ITFT. 

The findings suggest that pavement design using 
PMA can be conducted in the same manner as 
ordinary asphalt, with an adjusted fatigue 
characteristic. This shift in fatigue performance can 
be quantified using data from the BWTFT, ITFT, or 
4PBT. Notably, the greater difference observed in the 
BWTFT results at lower temperatures reveals that the 
advantages of PMA may be more pronounced than 
anticipated when based on the ITFT at typical design 
temperatures. 

While this study does not offer an in-depth 
analysis, it establishes that BWTFT data provides a 
practical tool for pavement design. The shift factors 
derived from the BWTFT, relative to the ITFT and 
4PBT results, offer a more accurate representation of 
the fatigue performance of PMAs. It is recommended 
that these shift factors be incorporated into design 
practices. The analysis further suggests that relying 
solely on 20°C test results may lead to an 
underestimate of the benefits of PMAs, with these 
benefits becoming more apparent when lower design 
temperatures are used. 
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