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Abstract: Asphalt pavement is typically susceptible to moisture
damage. However, it could be improved with the incorporation of
additives or modifiers through binder modifications. The objective
of the study is to assess the effect of adhesion promoters, namely
PBL and M5000, onto the Hot Mix Asphalt (HMA). The
performance of asphalt mixture has been assessed in terms of the
service characteristics, the bonding properties, and mechanical
performances. The service characteristics were assessed through
the Workability Index (WI) and Compaction Energy Index (CEI)
to evaluate the ease of asphalt mixture during the mixing and
compaction stage. The bonding properties of the modified asphalt
mixtures were determined using the boiling water test and static
water immersion test to signify the degree of coating after
undergoing specific conditioning period and temperature. The
mechanical performances of the modified asphalt mixture were
evaluated via Marshall stability, semi-circular bending, and
modified Lottman tests. All specimens were prepared by
incorporating adhesion promoters at the dosage rates of 0.5% and
1.0% by weight of asphalt binder. From the investigation, the
bonding properties significantly improved for the modified
asphalt mixture compared to the control mixture. The WI of the
modified asphalt mixture increased while the CEI decreased in
comparison to the control specimen. This implies the workability
of modified asphalt mixture is better and requires less energy to be
compacted. Modified asphalt mixture generally had better
mechanical performance. Therefore, it can be deduced that the
asphalt mixture with adhesion promoters have better overall
performance than the control mixture.

Keywords: adhesion promoters, binder modifications,
mechanical performance, service characteristics

I. INTRODUCTION

Hot Mix Asphalt (HMA) is the most common type of
asphalt pavement constructed in Malaysia. HMA is defined as
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a complex mixture composed of asphalt binders, aggregates,
and mineral fillers. The asphalt binder act as an adhesive
material, binding the aggregate into a dense mass and
waterproofing the aggregate particles. The mineral aggregate,
when bound together, act as a stone framework to provide
strength and toughness to the composite system.

However, typical asphalt pavement roads are less
durable and highly susceptible to harsh climate, particularly
rainy weather. Moisture damage is a prevalent failure of
bonding in asphalt pavement. This remain as a topic of debate
among researchers for years [1]. Moisture damage is defined
as the loss of strength, bonding, and stability caused by the
presence of moisture in asphalt pavement [2]. Whereas,
Behiry [3] stated that the moisture damage usually causes the
loss of bonding between asphalt-aggregate interface and also
the reduction of bonding within the asphalt binder itself.
Sebaaly et al. [4] mentioned that this phenomena could lead to
various types of pavement distresses such as raveling,
stripping, cracking, rutting, and potholes.

The propagation of moisture damage generally occurs
through two mechanisms: the loss of adhesion and cohesion
[5]. Adhesion is the bonding mechanism between the
aggregate particles and the asphalt binder. While, cohesion is
the bonding mechanism that present within the molecules of
asphalt binder itself. The adhesion and cohesion between the
asphalt binder and aggregates are the forces that are holding
the asphalt mixtures together. According to Lytton et al. [6],
asphalt film thickness, aggregate shape characteristics, and
surface energy are the contributing factors that affect the
resistance towards moisture damage. Abuawad et al. [7]
specified that the most common technique to mitigate
moisture damage is by using additives or modifiers during the
production of asphalt mixture. Various additives and
modifiers are used to enhance the performance of asphalt
mixtures. The purpose of the study is to assess the
performance of the asphalt mixtures incorporating adhesion
promoters in terms of service characteristics, bonding
properties and its mechanical performance. A variety of tests
including boiling water test, static test method, Marshall
stability, semi-circular bending test and Modified Lottman
test were conducted and compared with the control mix.
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Il. EXPERIMENTAL MATERIALS

A. Aggregates

Crushed granite aggregates with various sizes were used
throughout this study to prepare the asphalt mixture samples.

The aggregate gradation adopted in this study was based
on the Malaysian Public Works Department (PWD) AC14
wearing course, as specified in Table-I.

Table- I: Design of PWD Asphaltic Concrete 14

B.S Sieve Size | % Passing Median AC 14 Mix

(By Weight) (%) Design (%)
20 mm 100 100 0
14 mm 90 - 100 95 5
10 mm 76 — 86 81 14
5mm 50 — 62 56 25
3.35mm 40 - 54 47 9
1.18 mm 18 - 34 26 21
425 um 1224 18 8
150 pm 6-14 10 8
75 um 4-8 6 4
Mineral - - 4

Filler

OPC - - 2

B. Asphalt Binder

Bitumen is regarded as the binding agent that holds the
aggregate particles together in the asphalt mixture. In general,
the binder generally comprise of 4 — 8% of the asphalt mixture
by weight [8]. Conventional asphalt binder with the
penetration grade of 60/70 was used. An optimum binder
content of 5.0% by weight of aggregates was adopted for the
production of asphalt mixture.

C. Adhesion Promoters

Two liquid adhesion promoters, named Pave Bond Lite
(PBL) and Morlife 5000 (M5000), were used. The adhesion
promoters were added at two different dosage of 0.5% and
1.0% by the weight of asphalt binder. The physical and
chemical components of the adhesion promoters are as shown
in Table-II.

Table- I11: Physical and Chemical Components of PBL

and M5000
Properties PBL M5000
Ingredients Polyalkylene Glycol Polyethylene
Mixture & Glycol polyamines
Ethers
Physical Form | Dark Brown Liquid | Dark Brown Liquid
Odor Ammoniacal Fishy
Specific 1.04 1.09
Gravity
Boiling Point > 220°C 255°C
Flashpoint 155°C 145°C

D. Preparation of PBL and M5000-Modified Binder

Prior to the preparation of the modified asphalt binder, the
base asphalt binder was pre-heated for 2 hours at 160°C. The
required dosage rates of 0.5% and 1.0% were added into the
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pre-heated asphalt binder. The asphalt binder was then
blended using a high shear mixer at 160°C for 30 minutes with
the speed of 1000 rpm to ensure the homogeneity of the
asphalt binder.

I1l. TEST PROCEDURES

A. Compaction Energy Index (CEI)

The compactability of asphalt mixture was assessed while
compacting the specimen using Servopac Gyratory
Compactor (SGC). The energy needed to compact the asphalt
mixtures to the desired density is represented by CEI. The
mixtures with lower CEI values represent that less energy is
required for the compaction process to achieve the desired
density. CEIl was computed by the integral of the area under
the densification curve (degree of compaction against
numbers of gyration) between the 8th gyration and 92% G,
[9]. Equation (1) was used to fit the data collected from the
SGC:

Ap=aNi-b 1)
Where A= Accumulated area;
a, and b = regression coefficients

B. Workability Index (W1)

Workability represents the ease of asphalt mixture blending
at the specified temperature. Dessouky and Diaz [10] stated
that the asphalt mixture resistance to compaction which are
expressed in terms of specimens height reduction versus the
number of gyrations, can be used to evaluate the workability
and compactability of the asphalt mixture. Mohd Hasan et al.
[9] derived the workability index (WI) by plotting the
semi-logarithmic relationship between air voids and the
number of gyrations. The reduction of air void is linearly
linked to the number of gyrations with a correlation
coefficient of more than 90 %. Asphalt mixture that exhibits
higher W1 represent that the asphalt mixture is more workable
and shall require less energy to be compacted. The regression
shows a negative linear relationship as Equation (2).

AV (%) =-aNi+b (2)
Where AV = air void; a and b are regression coefficients; and
WI is computed using Equation (3).
WI =100/b 3)

C. Boiling Water Test

Boiling water test is a method to evaluate the loss of
adhesion in loose asphalt mixture due to the action of boiling
water. This test was carried out in accordance with ASTM
D3625 [11]. During test, 250 g of loose asphalt mixture
comprise of coarse and fine aggregates was prepared. Before
placing the sample into the boiling water, the temperature of
the loose asphalt mixtures was kept below the water boiling
temperature but not less than 85°C. The loose asphalt mixture
was then immersed in boiling water (100°C) for 10 minutes +
15 sec. Excessive manipulation of the loose asphalt mixture
should be avoided. At the end of 10 minutes, any asphalt
binder that are floating on the water surface was skimmed off
to avoid recoating.
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Then, the wet mixture was transferred to a white towel and
allowed to cool under room temperature. The visual rating
was conducted to assess the level of stripping after the sample
had cooled down.

D. Static Water Immersion Test

Static water immersion test was carried out to determine the
percentage of asphalt binder that remain coated after being
immersed in water. This test was conducted according to BS
EN 12697-11 [12]. Approximately, 150g of aggregates with
size of 10/14 mm were prepared and mixed with asphalt
binder. After an hour of cooling down the loose asphalt
mixture, the sample was then immersed in water at 40 + 1°C
for 48 hours. If the adhesion strength between aggregates and
asphalt binder are weak, it would result in partial removal of
coated film due to the infiltration of water between the thin
asphalt binder film. The degree of coating for each mineral
aggregate were visually assessed.

E. Marshall Stability

Marshall stability test was conducted to determine the
stability and flow of the asphalt mixture. The test was carried
out in reference to ASTM D6927-06 [13]. Stability is the
maximum load attained by the asphalt mixture prior to the
failure. While, flow is the deformation of asphalt mixture at
the point of failure. The compacted specimens were
conditioned in the water bath for 30 to 40 minutes at 60 + 1°C.
The load was applied to the specimen at the constant rate of
50 + 5 mm/ min.

F. Semi-Circular Bending Test

The Semi-Circular Bending Test (SCB) was carried out in
accordance to AASHTO TP 124. SCB was conducted to
determine the maximum tensile strength of asphalt mixture
[14]. A specimen with diameter of 150 mm and thickness of
50 mm was cut into two identical semi-circular sample. A
notch of approximately 15 + 0.5 mm in length along the axis
of symmetry of each semi-circular was cut. The specimens
were conditioned in an incubator at 15°C for 4 hours before
testing. SCB test is a simple three-point bending
configuration. Two roller supports were separated at 2s = 120
+ 0.1 mm apart. The specimen was subjected to a load cell of
100kN with a constant displacement rate of 50.8 mm/min.
Somé et al. [15] demonstrated that the maximum tensile at
failure, omax is given by Equation (4).

Omax = 4.263F e/ Dt
(4)
Where
Fmax = Maximum load at failure (N);
D = Specimen diameter (mm)
t = Specimen thickness (mm)

G. Modified Lottman Test

Modified Lottman test was conducted to evaluate the
resistance of compacted asphalt mixtures to moisture induced
damage. The test was carried out according to AASHTO
T283 [16]. Two sets of compacted specimens with diameter
of 100 mm and height of 63.5 + 2.5 mm were prepared. Three
specimens were prepared for each set. After the mixing
process, the loose asphalt mixture was cooled at room
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temperature for 2 + 0.5 hours. Then, the loose asphalt mixture
was cured in an oven for 16 + 1 hours at 60 + 3°C. After the
curing duration, the loose asphalt mixture was heated at the
compaction temperature of 150°C for 2 hours £ 10 minutes
prior to compaction. The specimens were compacted with
suitable number of gyration in order to achieve air voids of
7.0 £ 0.5 %. The specimens were then left to cool down under
room temperature before conducting the test. The specimens
were separated into two subsets, namely dry (unconditioned)
and wet (conditioned). The subset tested dry was wrapped
with a heavy-duty plastic bag and placed in an incubator at
15°C for 2 hours + 10 minutes.

The wet subset was tested by applying a vacuum of 13 — 67
kPa absolute pressure for about 5 to 10 minutes in a container
filled with potable water at room temperature. Then, the
specimen was left submerged in water for about 5 to 10
minutes. The vacuumed specimens should reach a degree of
saturation between 70% and 80%. The vacuum-saturated
specimens were then wrapped tightly using a plastic bag
containing 10 £ 0.5 ml of water. The wrapped specimens were
then placed in a freezer at the temperature of -18 + 3°C for a
minimum of 16 hours.After the freezing process, the
specimens were then exposed to thawing process where the
specimens were put into a water bath at 60 + 1°C for 24 hours
+ 1 hour. After the thawing process, the specimens were
conditioned in an incubator at 15°C for 2 hours + 10 minutes.

The specimen of dry and wet conditioned were then
subjected to a constant loading rate of 50.8 mm/minute at
15°C along its diametrical axis. The indirect tensile strength
(ITS) of dry and wet conditioned specimen was calculated
using Equation (5).

Indirect tensile strength, ITS (kPa) =2000P/zhD  (5)
Where
P = maximum load applied to the specimen (N)
h = Specimen height immediately before test (mm)
D = Specimen diameter (mm)
Moisture susceptibility determined by the indirect tensile
strength ratio (ITSR) using Equation (6).

ITSR = ITS (Conditioned)/ ITS (Dry) (6)

IV. RESULTS AND DISCUSSION

A. Compaction Energy Index (CEI)

Fig. 1 shows the computed CEI of the asphalt mixtures
incorporating adhesion promoters. It shows that the
unmodified asphalt mixture has the highest CEI, which is
51.03 in relative to modified asphalt mixtures. The CEI of the
P 0.5% and the P 1.0% are 38.28 and 25.74, respectively. The
same trend has also been observed for M 0.5% and M 1.0%.
As the dosage rate increased from 0.5% to 1.0%, the CEI
decreases from 46.87 to 34.52, accordingly. With the
presence of adhesion promoters, a significant reduction in
CEl is observed compared to the control mixture.
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Fig. 1. Compaction Energy Index

Lower CEl is desirable as it represents that less energy is
required to compact the asphalt mixture to the required
density. However, very low CEI should be prevented as this
could be a sign of a tender mixture. Besides, CEl is also
inversely proportional to WI. The lower the workability of the
asphalt mixture, the higher the energy required for
compaction of asphalt mixture.

B. Workability Index (WI)

From the graph of the workability index shown in Fig. 2, it
can be concluded that the control sample has the lowest W1 of
4.081 compared to other mixture type. The modified asphalt
mixtures with P 0.5% and P 1.0% have the W1 of 4.208 and
4.366 respectively. Whereas asphalt mixtures prepared with
M 0.5% and M 1.0% achieve the WI of 4.277 and 4.343,
respectively. Overall, the incorporation of both adhesion
promoter at different percentages has similarly comparable
outcomes in terms of WI.
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Fig. 2. Workability Index

As shown in Fig. 2, the presence of the PBL and M5000
increases the WI of the asphalt mixture in comparison to the
unmodified asphalt mixture. According to the similar research
done by Zhu et al. [17], it is reported that with increasing
dosage of M5000, the viscosity of the asphalt binder
increased initially and then decreased considerably. The
viscosity reached a maximum value at the dosage of 0.25%.
Since the dosage rates used for both adhesion promoters are
0.5% and 1.0%, therefore, the viscosity would be lower,
which subsequently would improve the workability index as
obtained in this study. In conclusion, the asphalt mixtures
incorporating adhesion promoters at higher percentages are
easier to be mixed, coated, and compacted to the required
specifications.

C. Boiling Water Test
According to the boiling water test result, it can be inferred
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that the use of adhesion promoters can improve the adhesion
between the asphalt binder and the aggregate. The usage of
adhesion promoters enhanced the durability of the asphalt
mixture against moisture damage. Therefore, all the modified
asphalt mixtures demonstrated superior adhesion even after
subjecting to the action of boiling water. The modified loose
asphalt mixture retained approximately 100% degree of
coating at the end of the test. Whereas, the control sample
demonstrated the lowest degree of asphalt binder coverage.
According to the visual observation, the control sample only
retained approximately 80% of asphalt binder coating.

The strong difference of the asphalt binder coverage
between the control sample and the modified asphalt mixture
can be appreciated from Fig. 3. The degree of asphalt binder
coverage after the test is estimated and classified as above
95% or below 95%. The findings shows that the control
sample retained < 95% of the initial coating. While all the
modified asphalt mixtures irrespective of adhesion promoters
retained > 95% of the initial coating. The results appear to be
in line with earlier research conducted by Liu et al. [18] as the
use of the adhesion promoters caused a measurable decrease
in binder loss and is effective in reducing moisture sensitivity.

@ (b)
Fig. 3. Captured Image After Boiling Test (a) Control
(b) P 0.5% HMA

D. Static Water Immersion Test

From Fig. 4, it can be seen that after 48 hours of water
conditioning, the control sample has the lowest percentage of
aggregate remains fully-coated, which is 51% compared to
the modified asphalt mixtures. While all modified asphalt
mixtures incorporating PBL and M5000 regardless of the
dosage rates, demonstrated a good affinity with asphalt
binder, where 100% of aggregate remaining coated. Since
there is no any significant asphalt binder debonding detected
from the aggregate of the modified asphalt mixtures, thus it is
impossible to differentiate and compare the influence of
different adhesion promoters at different dosages on the
degree of coating.

The percentage of aggregate remain coated on the control,
and the modified asphalt mixture after subjecting to static
water conditioning is as illustrated in Fig. 5. From Fig. 5, it is
clear that the control sample suffers from moisture damage,
and the degree of particle remain coated is low compared to
all types of modified asphalt mixture.
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might occur within the binder mastic itself (cohesive fracture)

o or at the interface of the aggregate and binders (adhesive
g 100 e i i T fracture). For the Marshall stability test, adhesive bond
g % i i i i strength can be deemed to control the failure mechanism.
Eé “ E:E: :E:E :E:E E:E:E When the adhesive bond strength increases, the stability
o i i 2 i values of asphalt mixtures increases as well. This statement is
§E 40 i i i i validated by the results shown in Figure 6. It is clearly proven
59 o) i i S i that when the dosage rate of adhesion promoter increases, the
< i i i i stiffness of the asphalt mixture increases too. This shows that
g 0 s = - i the strength gained by the asphalt mixture is greater than the

Confol ~ P0S%  P10%  MO03%  M10% rate of deformation when the dosage rate of adhesion

Sample Asphalt Mixture Type promoters is higher. This subsequently results in higher

stiffness of modified asphalt mixture.
Fig. 4. Percent Aggregate Remaining Intact Coating

After Static Test F. Semi-Circular Bending Test

From the results shown in Fig. 7, the control sample has the
lowest tensile strength, which is 3.68 MPa. The asphalt
mixtures incorporating P 0.5% and P 1.0% attained tensile
strength of 4.12 MPa and 4.28 MPa, respectively. While the
asphalt mixtures incorporating M 0.5% and M 1.0% obtained
tensile strength of 3.76 MPa and 4.59 MPa, respectively. A
similar trend has been observed in the SCB test where asphalt
mixtures with the incorporation of PBL and M5000
demonstrated higher resistance against fracture compared to
the control sample. This is possible due to the addition of
adhesion promoters in asphalt mixture which could
substantially enhance the adhesive strength of asphalt

®)

Fig. 5. Captured Images After Static Method Test (&)  mixture.
Control (b) M 0.5% HMA

E. Marshall Stability 5.00

Fig. 6 depict the stiffness of all asphalt mixture types. The g 450 5%
stiffness of asphalt mixture is computed by dividing the =1
maximum load (N) carried by the specimen over the %4-00
deformation (mm) during the marshall stability test. The & .5
control sample exhibited the lowest stiffness, which is 3493 = iy
N/mm, in comparison to the modified asphalt mixtures. The B 300 G

modified asphalt mixture incorporating P 0.5% has a stiffhess
of 3530 N/mm, whereas the P 1.0% asphalt mixture achieved
stiffness of 3650 N/mm. Both the P 0.5% and the P 1.0%
manifested higher stiffness than the control sample. While the
asphalt mixtures incorporating M 0.5% and M 1.0% achieved
stiffness values of 3592 N/mm and 3693 N/mm, respectively.
From the results, it is evident that both the M 0.5% and the M
1.0 % have higher stiffness in relative to P 0.5% and P 1.0%,
respectively. In other words, modified asphalt mixtures
exhibits higher stiffness.

3800
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3400

Stiffness (N/mm)

o

3200

£

%

"

3000

Control P0.5% P1.0% M0.5% M 1.0%
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Asphalt Mixture Type

Fig. 6. Marshall Stability of Asphalt Mixtures

Kok et al. [19] stated that the damage in asphalt mixtures
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Control P 0.5% M0.5%

Sample

P 1.0% M 1.0%

Asphalt Mixture Type

Fig. 7. Tensile Strength of Asphalt Mixtures

The outcome reveals that the modified asphalt mixture
performs better than the control mix in terms of the tensile
strength, which signifies the adhesion promoters do have
impact towards the performance of asphalt mixture. This
shows that the result is in line with the study conducted by
Al-Qadi et al., where the improvement in terms of fracture
resistance of the asphalt mixture is seen when liquid anti-strip
(adhesion  promoter), styrene-butadiene-styrene (SBS),
hydrated lime wet, and hydrated lime marination were used

[2].
G. Modified Lottman Test
The results from the moisture sensitivity test can be used to

predict the potential of long-term stripping and to assess the
additives added to the asphalt mixture.
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Fig. 8 illustrates the Indirect Tensile Strength (ITS) of
different asphalt mixture types under different condition.
From Fig. 8, it can be inferred that the control sample has the
lowest ITS value among the wet specimen, which is 1697 kPa,
while the P 1.0% has the lowest ITS value among the dry
specimen, which is 1957 kPa. The ITS value of P 1.0% is
slightly lower than the control sample in dry condition.
Conversely, M 1.0% has the highest ITS value for both wet
and dry condition which are 2060 kPa and 2205 kPa,
respectively. The conditioned (wet) specimens is reported to
have a lower ITS value compared to the unconditioned (dry)
specimens because the conditioned (wet) specimens had
undergone freeze-thaw cycle in which water causes damage to
the asphalt-aggregate interface. Freeze-thaw cycle simulates
the effects of moisture damage that occurrs to the asphalt
mixture at the actual pavement site, which causes the
reduction in adhesive and cohesive strength of asphalt
mixture.

2500

2000

1500

1000

ITS (kPa)

500

0

Control
Sample

P 0.5% P 1.0% MO0.5% M 1.0%

Asphalt Mixture Type
BWet Condition  @Dry Condition

Fig. 8. ITS Value of Conditioned (Wet) and
Unconditioned (Dry) Asphalt Mixture

Nazirizad et al. [22] mentioned in the study that it is
apparent that the role of adhesion promoters in enhancing the
resistance of asphalt mixture against moisture susceptibility
and creating a strong asphalt-aggregate bonding. The addition
of adhesion promoters could improve the moisture sensitivity
of asphalt mixture even under freeze-thaw cycle as proven in
this study.

The ITS ratio (ITSR) of asphalt mixture is illustrated in
Fig. 9. ITSR act as a performance indicator for moisture
sensitivity of asphalt mixtures. From the findings, it is evident
that the control specimen has the lowest ITSR among all the
asphalt mixture types, which is 0.81. This shows that the
control sample are prone to moisture damage. However,
increasing trend in ITSR value had been observed with the
incorporation of higher dosage of adhesion promoters
irrespective of adhesion promoter type. The ITSR of P 0.5%
and P 1.0% are 0.86 and 0.88, respectively. Whereas the
ITSR of M 0.5% and M 1.0% are 0.86 and 0.93, respectively.
Thus, it can be deduced that the M5000 offers better
resistance against moisture damage and stripping than the
PBL as it has the highest ITSR. Nevertheless, the PBL
modified asphalt mixture still has better moisture damage
resistance compared to the control sample.

Retrieval Number: C100211835319/2019©BEIESP
DOI:10.35940/ijrte.C1002.1183S319

337

1.00
0.95
0.90

TIITEOIT]
T

Lt e e T

o

-

=T
T

0.85

T
o

FErY
R

ITS Ratio

0.80

TIET,
FTeg,

R e e by ey

=T

0.75

1.0% MO0.5%

Control
Sample

P M 1.0%

Asphalt Mixture Type

Fig. 9. Indirect Tensile Strength Ratio (ITSR)

V. CONCLUSION

The investigation on the effects of adhesion promoters on
the asphalt mixtures were evaluated based on CEIl, WI,
boiling water test, static water immersion test, Marshall
stability, semi-circular bending test, and Modified Lottman
test. From the result analysis, the following conclusions can
be drawn:

o Modified asphalt mixtures incorporating adhesion
promoters have higher W1 than the control mixture. While the
modified asphalt mixtures also exhibits lower CEI than the
control specimen. This represents that the modified asphalt
mixtures are more workable and require less energy to be
compacted in order to achieve the specified density. The PBL
modified asphalt mixtures attained lower CEI and higher WI
compared to M5000 modified asphalt mixture.

¢ In boiling water test and static water immersion test, the
modified asphalt mixtures shows that more than 95% of the
aggregate particle remain coated with asphalt binder in
comparison to the control sample. The degree of coating for
control sample is less than 95%.

e From the Marshall stability test, it is proven that all
modified asphalt mixtures exhibit higher stiffness. Which
shows that modified asphalt mixture has greater resistance
towards shear stress and permanent deformation. The M 1.0%
sample has the highest stiffness value.

e According to the SCB test, asphalt mixtures integrating
adhesion promoters has higher resistance against fracture
compared to the control sample. The incorporation of
adhesion promoter  significantly  enhanced the
asphalt-aggregate interface which leads to better resisatnce
against fracture.

e From the ITS test, it can be deduced that the control
specimen has the lowest indirect tensile strength ratio (ITSR)
compared to the modified asphalt mixtures. While the M5000
modified asphalt mixtures demonstrated better resistance
against moisture damage and stripping compared to PBL
adhesion promoter.
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