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The performance of asphalt roads is affected by many factors such as temperature, water, loads and ma-
terials characteristics. These factors cause thermal cracking, permanent deformation (rutting) and fatigue 
distresses on asphalt concrete layers. In the last years, many researchers studied improving the perfor-
mance of asphalt concrete by using polypropylene synthetic fibers (PPF). This paper describes a labora-
tory study on the mechanical characteristics of asphalt mixtures by reinforcing them with polypropyl-
ene fibers and improving their characteristics and durability. The physical characteristics of the asphalt 
binder (Penetration at 25°C, ductility, softening point) were carried out on reinforced and unreinforced 
asphalt binders with polypropylene fibers. It was found that the PPF reinforced asphalt can improve the 
consistency and characteristics of asphalt concrete. Asphalt concrete specimens were prepared with var-
ying contents of polypropylene fibers (0%, 3%, 4%, 5% and 6% by weight of asphalt binder). In total, 
sixty specimens were prepared by using Marshall Mix design method (fifteen specimens were used to 
determine the optimum asphalt binder content and the remaining specimens were used to investigate 
the effect of reinforcing the asphalt mixtures with PPF. The mechanical characteristics of the reinforced 
asphalt mixtures with polypropylene fibers were compared with a reference asphalt mixture. The results 
show that increasing the amount of PPF in the asphalt mixtures led to increases in Marshall Stability and 
air void in the total mix, while the flow values decreased for all mixtures. It is noticed that the use of 5% 
PPF shows the highest stability value with flow and air voids values within specification limits [ASTM]. 
Keywords: Asphalt Binder, Asphalt Mixtures, Polypropylene Fibers (Ppf), Stability.

 ABSTRACT

الملخص

المــواد.  العاليــة وخــواص  المروريــة  الحــرارة والميــاه والحمــولات  المختلفــة مثــل درجــة  العوامــل  مــن  الطــرق الإســفلتية بمجموعــة  أداء  يتأثــر 
وتــؤدي هــذه العوامــل إلــى حــدوث التخــدد )التشــوه الدائــم( والتعــب والشــقوق الحراريــة فــي طبقــات الرصــف الإســفلتي. فــي الســنين الماضيــة، 
أجــرى كثيــر مــن الباحثيــن دراســات لتحســين أداء الخرســانة الإســفلتية باســتخدام أليــاف البولــي بروبيليــن الاصطناعيــة. يهــدف هــذا البحــث 
تــم فــي  إلــى دراســة الخــواص الميكانيكيــة للخلطــات الإســفلتية المســلحة بأليــاف البولــي بروبيليــن )PPF( وتحســين خواصهــا وديمومتهــا. 
هــذه الدراســة تحديــد الخــواص الفيزيائيــة للرابــط الإســفلتي المســلح وغيــر المســلح بأليــاف البولــي بروبيليــن وذلــك بإجــراء تجــارب: الغــرز عنــد 
درجــة حــرارة C25° والاســتطالة ودرجــة حــرارة التميــع. ثــم تــم إنتــاج الخلطــات الإســفلتية المســلحة بأليــاف البولــي بروبيليــن وفــق عــدة نســب 
وزنيــة %)0, 3, 4, 5, 6( مــن وزن الرابــط الإســفلتي باســتخدام طريقــة مارشــال لتصميــم الخلطــات الإســفلتية، حيــث تــم إنتــاج ســتين عينــة 
إســفلتية بالمجمــل )15 عينــة لتحديــد نسبــة الرابــط الإســفلتي الأمثــل المطلــوب لإنتــاج الخلطــات الإســفلتية، والمتبقيــة للتحقــق مــن خــواص 
الخلطــات الإســفلتية المعدلــة بنســب مختلفــة مــن أليــاف البولــي بروبيليــن(. تــم مقارنــة الخــواص الميكانيكيــة للخلطــات الإســفلتية المســلحة 
ثبــات مارشــال ونسبــة  قيــم  إلــى زيــادة  الدراســة  نتائــج هــذه  المعدلــة، وقــد أشــارت  المرجعيــة غيــر  الخلطــات  مــع  البولــي بروبيليــن  بأليــاف 
الفراغــات الهوائيــة مــع زيــادة نسبــة أليــاف البولــي بروبيليــن المضافــة، وذلــك بالتزامــن مــع انخفــاض قيــم الانسيــاب لجميــع الخلطــات الإســفلتية 
المدروســة. تــم التوصــل إلــى تحســن الخــواص الميكانيكيــة للخلطــات الإســفلتية المســلحة بأليــاف البولــي بروبيليــن عنــد نسبــة إضافــة مثلــى 
قدرهــا %5، والتــي تــم الحصــول عندهــا علــى أعلــى قيــم ثبــات مــع بقــاء بارامتــرات الخلطــة الإســفلتية ضمــن حــدود المواصفــات المســموحة.

الكلمات المفتاحية: الرابط الإسفلتي، الخلطات الإسفلتية، ألياف البولي بروبلين، الثبات.
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Asphalt concrete mixture consists of coarse aggre-
gates, fine aggregates, filler and asphalt binder. It 
is a sensitive material compared to other materials 
used in civil engineering and exposed to many fac-
tors that undermine its strength such as moisture, 
repetitive traffic loading, ageing and fatigue (1,2). 
Therefore, researches are trying to improve the per-

INTRODUCTION formance of asphalt pavements through their rein-
forcement with different types of fibers. The addi-
tion of fibers to asphalt improves material strength 
as well as fatigue characteristics and ductility (3). 
Fig. 1 shows the performance of the fibers in asphalt 
concrete (AC). As a truck stops, the fibers spread 
the force throughout the treated layer, reducing 
stress and fatigue where the tires meet the road (4).

Previous studies of reinforced asphalt concrete 
have focused on different types of fiber such as 
polypropylene, polyester, carbon and glass (5-8).
Polypropylene fibers provide three-dimensional re-
inforcement of the concrete, making it tougher and 
more durable (9,10). The common forms of these fib-
ers are smooth-monofilament and have triangular 
shape. Polypropylene fibers are widely used as rein-
forcing agents in rigid and asphalt pavement (11,12).  
Othman (2010) investigated the effect of polypro-
pylene application method on long-term aging of 
hot mix asphalt (HMA). Three different polypropyl-
ene application methods were prepared for that 
purpose and a constant polypropylene content 
of 0.7% by weight of the total mix was adapted. 
The first mixture was prepared using polypropyl-
ene coated aggregate. The second mixture was 
prepared using the traditional wet process meth-
od, where polypropylene is blended with asphalt 
binder at high temperature. The third mixture was 
prepared using the dry method where polypropyl-
ene powder was added to the mineral aggregate 
prior to mixing it with asphalt. Testing procedures 
included the Marshall tests for aged and unaged 
mixtures, indirect tensile strength, fracture ener-
gy, and unconfined compressive strength. This pa-
per concluded that the inclusion of polypropylene 
has significantly improved indirect tensile strength, 
fracture energy, and unconfined compressive 
strength. It was also concluded that samples pre-
pared using polypropylene coating methods dis-
played the highest tensile strength and fracture 
energy under aged and unaged conditions (13).
Tapkın et al.  (2009) concluded that the most 
suitable polypropylene fibers can be used at a

dosage of 0.3% by weight of the aggregates and 
increased the Marshall stability values by 20% 
and the life of the Polypropylene fibers modified 
asphalt specimens under repeated creep load-
ing at different loading patterns by 5–12 times 
versus control specimens. It also indicated that 
the addition of polypropylene fibers improves 
the behavior of the specimens by increasing the 
life of samples under repeated creep testing (14).
Ahmad et al. (2015) studied the behavior of 
Polypropylene fibers reinforced asphalt mixtures 
on fatigue performance. The results from this 
study show that the addition of polypropylene 
fibers improves the behavior of the specimens by 
increasing the life of samples under fatigue testing 
according to the test results, the addition of 1.5 
% of polypropylene fibers prolongs the fatigue 
life by 113 % in terms of number of cycles, in 
comparison to plain asphalt concrete beam (15).
Zachariah et al. (2018) evaluated the effect 
of Polypropylene fibers reinforcement on 
bituminous concrete using brick as aggregates 
(first class brick and over burnt bricks). Resilient 
modulus tests, moisture susceptibility test, creep 
tests and indirect tensile strength test were 
performed. The Marshall test and basic property 
tests were used to justify the performance of 
polypropylene modified bituminous mixes 
using bricks as aggregates. This study concluded 
that brick aggregates can be used in asphalt 
concrete for using as a surface course if asphalt is
modified with polypropylene fibers, and the 
optimum polypropylene fibers content was found
to be %2 of aggregate by weight for first class bricks
(where resilient modulus increased by 162%)

Fig. 1: The performance of the fibers in Asphalt Concrete (4)
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and 4% of aggregate by weight for over burnt 
bricks (where resilient modulus increased by 
157%). The results indicated that polypropylene 
fibers addition enhances the characteristics of 
asphalt, helps in reducing the temperature sus-
ceptibility of the mix, and fulfills the minimum 
requirement of tensile strength ratio TSR (16). 
Li et al.  (2024) analyzed the viscoelastic charac-
teristics of asphalt binders reinforced with poly-
propylene fibers by using dynamic shear rheo-
logical (DSR) testing. The binders reinforced with 
fiber showed superior resistance to high temper-
atures and long-term deformation while being 
less sensitive to temperature and having a more 
significant elastic characterization (17). Whereas 
Jalota et al. (2023) improved the moisture resist-
ance of flexible pavements by using polypropyl-
ene fibers measuring 6 mm in length and differ-
ent dosages of liquid anti-stripping agents (18).
Other researches evaluated the influence of polypro-
pylene fiber on concrete and rigid pavements(19,20),  
while other studies focused on hybrid reinforcement 
to improving performance of asphalt concrete mix-
tures through their reinforcement with two or more 
types of fibers such as: polypropylene and glass 
fibers (21,22), polyester and polypropylene fibers 
(23), glass and carbon Fibers (24), polyolefin and 
aramid fibers (25) and Hybrid Fiber and Nano (26)
MATERIAL and METHODS
ASPHALT BINDER 	
The Asphalt used in this study was a 60/70 
penetration grade obtained from Homs Refinery 
Company. The Physical Characteristics of 
the Asphalt binder were tested according to 
standard specifications and are listed in table 1
Aggregates
The coarse and fine aggregates were supplied from 
Hsia City. The gradation of the test specimens was 
performed in accordance with ASTM of surface 
course, Table 2 and Fig. 2 show the gradation of these 
aggregates. They were selected and incorporated in 
preparing all hot asphalt concrete mixes used in this 
study. The mechanical and physical characteristics 
of used aggregates have been tabulated in table 3
Fibers 	
Polypropylene fibers were selected to 
reinforce asphalt concrete mixtures. Some 
of the specifications of the polypropylene 
fibers used in this study are shown in table 4

polypropylene fibers were added to hot asphalt 
binder and mixed manually for five minutes (until 
the mix acquires uniformity). Then, the modified 
asphalt was mixed with aggregates To determine 
the optimum asphalt content that would produce 
asphalt concrete mixtures, 15 samples were tested 
according to The Marshall test (ASTM.D 1559). 
The Marshall method is used for all mixtures. The 
optimum asphalt content was selected from figure. 
3 as the average of the asphalt content for maximum 
density, maximum stability and 4% air voids. The 
optimum binder content was found to be 5% by 
weight of the total mix. All PPF modified specimens 
were prepared using constant asphalt binder content 
(5%) and produced at a mixing temperature of 160ºC
RESULTS 	

 Effect of Polypropylene fibers on the performance
of the asphalt binder
To determine the effect of Polypropylene fibers 
on the physical characteristics of the asphalt, 
penetration, softening point, and ductility 
tests were carried out on both reinforced 
and unreinforced asphalt binder with PPF 
The penetration value determines the hardness 
of asphalt by measuring the depth (in tenths 
of a millimeter) to which a standard and 
loaded needle will vertically penetrate in 5 
seconds a sample of asphalt maintained at a 
temperature of 25°C (ASTM D 5). The results 
of the penetration test are presented in fig. 4
Ductility is the property of asphalt that permits it to 
undergo great deformation or elongation. It is defined 
as the distance in cm, to which a standard sample or 
briquette of the material will be elongated without 
breaking (ASTM D 113). Fig. 5 shows the change in 
the ductility of asphalt binder depending on the 
Polypropylene fibers content. As the Polypropylene 
content increases, the ductility values decrease 
The softening point is determined as the temperature 
at which a sample of asphalt, subjected to a 
progressive increase in temperature and the weight 
of a steel sphere, reaches a consistence that leads 
to its flow through a ring of steel, until a specific 
deformation is obtained  (ASTM D 36). The results 
of the softening point test are presented in Fig. 6 
At this stage, 45 Marshall specimens are prepared 
using asphalt binder content (5%). The Marshall 
test results for reinforced and unreinforced 
asphalt mixtures are tabulated in table 5

Experimental Methods 	
Polypropylene fibers were used in asphalt 
mixtures with different percentages  
(3, 4, 5 and 6%) by weight of the asphalt binder. 
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Fig 2: Aggregates gradation of asphalt concrete

Table 3: Mechanical and physical characteristics of aggregates
Test Test Result
Resistance Of Abrasio (ASTM C.535) 20.77%
Specific gravity of coarse aggregate (ASTM C.127) 2.615
Specific gravity of fine aggregate (ASTM C.128) 2.647

Sand Equivalent (ASTM D.2419) 78%

Table 4: The main characteristics of polypropylene fibers

Characteristics Value
Specific gravity 0.91 g/cm3

Melting point 160 
Average fiber length 12 mm

Water absorption < 0.1%

Table 1: Physical Properties of asphalt binder

Test Test Result

Penetration (ASTM D.5) 67

Specific gravity (ASTM D.70) 1.029

Ductility (ASTM D.113) 140 cm

Softening Point (ASTM D.36) 51 °C

Flash Point (ASTM D.92) 260

Table 2: Gradation of used aggregates and Specification Limits

Sieve No. 3/4” 1/2” 3/8” No. 4 No. 10 No. 40 No.80 No. 200

Grading Passing (%) 100 83.1 72.6 48.8 27.4 11.4 7.2 5.3

Specification Limits 100 75-90 64-79 41-56 23-37 7-20 5-13 3-8
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Used polypropylene 
fibers in this study

Fig. 3: The relationships between Asphalt Content and Characteristics of Asphalt Mixtures

Fig. 4: Effect of Polypropylene fibers addition on asphalt penetration



Research Article: Abdullh Mahmoud

SJSI - 2024: Volume 2-2

6

Fig. 5: Effect of Polypropylene fibers addition on 
asphalt Ductility

Fig. 6: Effect of Polypropylene fibers addition on 
asphalt softening point

Fig. 7 shows the test results of Marshall stability 
for all mixtures. The results show that the Marshall 
stability for all mixtures were acceptable as compared 
with the specification limits (Min. 8 KN) [ASTM]

Fig. 7: Effect of Polypropylene fibers addition on 
Marshall stability

Fig. 8 indicates that as the Polypropylene fibers 
content increases, the Marshall flow for asphalt 
mixtures decreases

Fig. 8: Flow values of reinforced and 
unreinforced asphalt mixtures

Table 5: Marshall Parameter for reinforced and unreinforced asphalt mixtures

Polypropylene fibers content (%) Marshall Stability (KN) Marshall flow (mm) Air voids (%)

0 12.2 3.7 4.04

3 13.63 3.12 4.74

4 13.94 2.95 4.82

5 14.86 2.33 4.98

6 15.61 2.11 5.63

Specification Limits

- Min.  8 kN (2-4) mm (3-5) %
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Fig. 9 presents the results of air voids percentage 
in the total mix for all mixtures. It indicates 
that polypropylene fibers have increased 
the air voids percentage in all the specimens

Fig. 9: Air voids values percentage (Va%) of 
reinforced and unreinforced asphalt mixtures

DISCUSSION 	
The penetration results indicate that the consistency 
of the PPF reinforced asphalt decreases as the 
PPF content in the mix increases. The reduction 
in penetration values were (29%, 38%, 51% and 
62%) with the addition of (3%, 4%, 5% and 6%) of 
PPF, respectively, as compared to the unreinforced 
asphalt. This means that the addition of PPF makes 
the asphalt harder and more consistent. These 
results indicate that the rutting resistance of the 
mix is improved, but on the other hand, the high 
stiffness makes the asphalt concrete less resistant 
to fatigue cracking. It was also found in this research 
that the ductility values decreased as the addition 
percentage increased. This could be due to the 
position of polypropylene fibers in the cross-section 
of the asphalt binder during the ductility test, 
which prevents the asphalt from stretching easily 
By increasing the Polypropylene fibers content, the 
softening point increased. This increase ranges from 
16% to 36% with the addition of 3% to 6% of PPF 
content, this result indicates that the resistance of 
the reinforced asphalt binder to high temperatures 
is increased. Consequently, the results of the 
asphalt binder tests indicate that the reinforced 
asphalt samples with PPF are much stiffer and 
more resistant to high temperatures and rutting 
The results of the Marshall tests indicate that the 
increasing in the polypropylene fibers content led 
to an increase in Marshall stability and decrease 

12%, 14%, 22% and 28% in stability values with the 
addition of 3%, 4%, 5% and 6% of PPF, respectively, 
to comparing with the traditional asphalt mixtures. 
Polypropylene fibers led to increase the air voids 
in all reinforced mixtures. This could have occurred 
because all the specimens were prepared 5% asphalt 
content, therefore, PPF added samples need more 
asphalt traditional specimens. However, the air 
voids of reinforced mixtures with Polypropylene 
fibers  up to 5% content were acceptable as 
compared with the specification limits (3-5%) [ASTM]

CONCLUSIONS
Based on the results of studying the effect of 
polypropylene fibers in asphalt concrete mixtures, 
it can be deduced The laboratory tests of asphalt 
binder showed that polypropylene fibers change 
the characteristics of original asphalt binders such 
as decreasing penetration at 25 °C, decreasing 
ductility and increasing softening points with the 
increasing of polypropylene fibers content. These 
results indicate that PPF reinforced asphalt can 
improve the characteristics of asphalt concrete 
against deformation, and we recommend to use 
it in high temperature areas The results of the 
Marshall tests indicated that the addition of PPF 
led to increase the stability value and air voids 
content, while the flow values decreased The 
recommended proportion of the polypropylene 
fibers (PPF) is 5% by weight of the asphalt binder

RECOMMENDATIONS
Study of the microstructure of the asphalt binder and 
mixture using Scanning Electron Microscopy (SEM)
Study the behavior of polypropylene fiber reinforced 
asphalt mixtures on fatigue performance Investigate 
the effect of other fibers (glass and carbon fibers) on 
the characteristics of asphalt binder and HMA mixtures

in flow values for asphalt mixtures. Increasing of
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