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ABSTRACT
Structural weakness in asphalt stems from the weakness of two components of asphalt, namely bitumen
and stone materials. For many decades, various additives have been used to modify bitumen as well as
various fibers to create a proper bond between bitumen and aggregates. The use of additives that have
structural similarities or components with bitumen has also received more attention in recent years by
various researchers. Carbon is one of the materials that can be described as very similar to bitumen. This
material has recently been used in both pure and fiber forms for research on concrete. In this research, the
addition of this material in fibers and powder combined with bitumen has been studied and compared.
Experiments such as modulus of resistance, indirect tensile strength, and Marshall Strength have been
used to evaluate asphalt mixtures' properties. This study showed that the use of carbon in both fibers and
powder would bring positive results for asphalt mixtures.
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1. INTRODUCTION

R

oad surface design is based on the projected
traffic for the design period and operation period
[1-3]. Traffic parameters based on demand,
safety, type of road operation, etc., predict the amount of
traffic and the number of heavy and light vehicles in the
coming years. Based on this forecast, determine the load
on the pavement structure [4-8]. Vehicle safety is one of
the most fundamental principles in traffic engineering
and transportation planning in the world. Lack of safety
principles in road engineering design, maintenance, and
transportation planning of the country, has caused heavy
damage to society in recent years, so that every year part
of the country's construction budget is spent on drawing,
improving, and maintaining roads [9-11]. Road
pavement is considered as the national capital of the

country, and every year they allocate a part of the
construction budget to be spent on their repair,
improvement, and maintenance [12, 13]. As a result, by
implementing the proposed model, millions of dollars in
annual costs can be reduced, and the roads can be
maintained in optimal conditions. Advances in the
automotive industry and the manufacture of vehicles
with heavier axles, including buses and trucks with
multiple axles, and the failure to consider these loads in
the design of procedures, especially asphalt procedures,
cause various breakdowns in The paved surface and the
attention of pavement researchers has been diverted to
strengthen and improve the pavement performance of
roads [14, 15]. The use of various materials and
materials is one of the methods to improve and enhance
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the properties of asphalt, on which various researches
performing laboratory tests such as creep, indirect
have been done. Materials and materials used to improve
tensile test (ITS) and modulus of resistance, etc., on hot
the properties of asphalt mixtures can be divided into
asphalt concrete containing bitumen modifiers has been
three general types: bitumen modifiers, asphalt mixers,
one of the methods that have been seen repeatedly in
and stone material substitutes [16].
research, and the results have shown that the use of this
modifier Which can lead to improved bitumen
The properties of the constituent materials play an
properties; For example, KOK et al. Examined asphalt
important role in the structural properties of the
mixtures containing rubber powder. In this study, rubber
pavement. Although the amount of bitumen is much less
powder was combined with bitumen, and experiments
in weight than stone materials, bitumen has a very
such as dynamic creep, indirect tension, and bitumen
important role in the performance of asphalt pavements
properties evaluation tests were performed. The results
and the durability and stability of asphalt mixtures. Any
of this study showed that the use of rubber powder
change in the performance of bitumen causes many
improved the behavioral properties of the asphalt
changes in the performance of asphalt mixtures [17].
mixture. In this research, an additive of 5% rubber
Therefore, to improve the properties of asphalt mixtures,
powder was introduced as a desirable sample [25].
the use of various additives such as polymer additives,
Ameri et al. Also investigated the simultaneous effect of
SBS, rubber powder, EVA, etc., is used to improve the
rubber powder and recycled polyethylene. The results of
properties of asphalt mixtures [18]. On the other hand,
their research showed that the use of modifiers with 25%
usually, the use of suitable aggregates or improving the
recycled polyethylene and 75% rubber powder used in
consistency between aggregate and bitumen in asphalt
combination with bitumen, good results in tests of
mixtures can prevent stripping [19]. Various aggregates
modulus of resistance, dynamic creep, indirect tension,
such as slag, recycled asphalt RAP, etc., are used to
and Shows moisture sensitivity [26]. The use of various
replace stone materials [20]. To increase the cohesion
materials such as steel slag, recycled asphalt RAP, etc.,
between aggregate and bitumen, the use of a wide range
is also one of the ways to improve the properties of
of fibers to reinforce asphalt mixtures has been
asphalt mixtures. Accordingly, Ziaee et al. Performed
suggested [21]. The properties of asphalt mixtures are
substitution of steel slag at the rates of 25, 50, and 75%
affected by the change and modification of bitumen,
instead of calcareous aggregates, tests of aggregates, and
stone materials, as well as the relationship between stone
mechanical performance of asphalt mixtures. The results
materials and bitumen. Various materials have been
of this study showed that in parameters such as fracture
considered for this modification or change so far. In this
percentage, Los Angeles wear, total index, surface
study, first bitumen modifiers and stone material
texture, and percentage of uncompressed empty space,
modifiers, and finally asphalt mixers are investigated.
the use of slag has better results than calcareous
Modified bitumens in asphalt pavements generally have
aggregates. On the other hand, the results of functional
four main roles: increasing the resistance of the asphalt
tests such as modulus of resistance also showed better
mixture to permanent deformation, improving the
performance of asphalt mixtures containing slag [27]. A
fatigue life of the mixture, increasing the hardness
limited amount of materials, an increase of bitumen
modulus, and improving the adhesion between bitumen
percentage, a decrease of load under special conditions
particles and stone materials. All of this can be done to
are among the factors that limit the use of slag and RAP
some extent without affecting the performance of the
materials in asphalt mixtures [20]. However, the use of
mixture [22]. The choice of modifier for a particular
balanced percentages of these materials can improve
project can depend on many factors, including build
many properties of asphalt mixtures due to use of these
capacity, availability, cost, and expected performance
materials [28]. Asphalt reinforcement using a variety of
[21]. A wide range of additives can be used to modify
fibers is another way to improve the performance of
bitumen. The additives used can have a structure similar
asphalt mixtures. In a study, Fu investigated the effect of
to bitumen or recycled materials. The use of Nanoglass fibers on the performance properties of asphalt
materials is more prominent in past research. Materials
mixtures. The results of this study showed that the use of
with a similar structure or composition to bitumen can
0.3% glass fibers significantly improves the cohesion
improve some of the properties of bitumen, such as
between materials and has a positive effect on the
strength and adhesion properties [22]. In this regard,
performance properties of mixtures [29]. Ameri et al.
some elastomers such as SBS, SBR have increased the
Also studied fibers such as basalt and glass fibers and
adhesion strength of bitumen, fatigue resistance, and
concluded that the above fibers could increase the
reduced the sensitivity of thermal cracking [23]. Liu et
Marshall strength, modulus of resistance, dynamic creep
al. High degree of softness and better robustness,
as well as indirect tension [30]. Asphalt mixtures are
improvement of bitumen resistance against emerging
discussed using various methods and experiments. Tests
surface cracks, reduction of fatigue cracks, and
that have been used more in previous researches have
improvement of pavement durability are some of the
included performance tests of asphalt mixtures such as
issues seen in bitumen modification with carbon-based
modulus of resistance, dynamic wear, indirect tension,
materials and similar to bitumen structure [24].
and the like [31]. In some cases, other experiments, such
Researchers have consistently attempted to evaluate the
as the use of SEM photographs, boiling tests, etc., were
effect of using elastomers in improving the properties of
used to evaluate improved asphalt mixtures [32].
bitumen by conventional laboratory methods. Therefore,
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2. MATERIALS AND METHODS
2.1. MATERIALS
To evaluating the modified and unmodified asphalt
mixtures in this research, bitumen with a performance
grade of 58-22 PG has been used. Preliminary results on
bitumen consumption that describe the basic properties
of the bitumen used are presented in Table 1. The stone
materials used in the research are also calcareous

materials. These materials are of better quality than
siliceous materials. The results of the initial tests on
stone materials are presented in Table 2. These materials
are sieved according to the granulation presented in
Figure 1 and used in asphalt mixtures.

Table 1. Technical specifications of bitumen used
Standard limits
upper
Lower limit
line

Consumption
bitumen

Characteristics

Test Method

Specific gravity at 25° C

ASTM D-70

1.01

1.06

1.03

Penetration degree at 25 ° C

ASTM D-5

60

70

64

Softening point (degrees Celsius)

ASTM D-36

49

56

54

Angmi 25 degrees Celsius

ASTM D-113

100

--

102

Melting point

ASTM D-92

250

--

305

Table 2. Specifications of stone materials

Description

Standard Test

Test Result

Maximum wear by the Los Angeles method (percentage)

AASHTO T96

22.3

Maximum penetration coefficient (percentage)

BS 812

16

Minimum fracture on two fronts on sieve number 4 (percent)

ASTM D5821

93

Maximum water absorption percentage (coarse aggregates)

AASHTO T85

2.2

Maximum water absorption percentage (fine-grained materials)

AASHTO T84

2.4

The real specific gravity of coarse-grained stone materials

ASTM C127

2.59

The real specific gravity of fine-grained stone materials

ASTM C128

2.32

Carbon powder is mixed with bitumen using a High
Shear device. The conditions for mixing carbon powder
with bitumen in the mentioned device were performed at
4200 rpm for 45 minutes at a mixture temperature of 175
degrees. Mixing of carbon fibers with stone materials has
been done manually, when bitumen is mixed with

aggregates. Necessary controls in this section include
manual control of fiber concentration in one part of the
mixture and the need for fiber dispersion in all parts of
the mixture in the same way. The characteristics of
carbon fiber are shown in Table 3.

Table 3. Specifications of carbon fibers
Fiber name

Length (m)

Tensile strength (MPa)

Melting point (Celsius)

Specific weight (gr /
cm3)

Carbon fiber

25

600

230

0.91
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Figure 1. Granulation of functional materials
The samples used in this research are divided into 5
general categories. First, the control sample (sample
without additives and without reinforcement), samples

containing carbon powder (in 2% and 10%), and finally
samples containing carbon fiber (in two categories of 0.5
and 1%). The naming of the samples is given in Table 4.

Table 4. Composition and naming of mixtures
Number

Modifier

Sample
name

Percentage used

1

Witness

AC

0

2

Carbon powder

CP1

10

3

Carbon powder

CP2

20

4

Carbon fiber

CF1

0.5

5

Carbon fiber

CF2

1

The optimal bitumen of the control sample was obtained
by using the Marshall optimal bitumen determination
method equal to 5.1. This optimal bitumen is used for all

mixtures. Compacted specimens were compacted with
ASTM D 3387 [33].

2.2. EXPERIMENTS
2.2.1. Marshal Resistance
Marshall Resistance test was performed at 60 ° C in
accordance with ASTM D 1559 [34]. To compact the

samples required for Marshall Resistance, a 75-stroke
Marshall Compaction device was used.

2.2.2. Resistance Modulus
A resistance modulus test was performed at 25 ° C using
ASTM D4123 [35]. The samples required for this

experiment were fabricated using a gyratory compaction
device.

2.2.3. Indirect Traction and Moisture Sensitivity
An indirect tensile test is performed according to the
AASHTO T283 standard [36]. The samples required for
this experiment were made with a free space of 7%
using a gyratory compaction device. The samples were

tested in both wet and dry forms. Wet samples were first
reached 85% with a vacuum device and exposed to -18 °
C for 16 hours, then exposed to 60 ° C for 24 hours, and
finally tested at 25 ° C.
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3. RESULTS AND DISCUSSIONS
In this study, as mentioned, tests of modulus of
resistance,
Marshall Resistance, indirect traction,

And moisture sensitivity have been used.

3.1. MARSHALL RESISTANCE TEST
Marshall Strength is significantly affected by the internal
friction angle of the material and the viscosity of the
bitumen at 60 ° C. In general, it can be said that the
amount of Marshall Endurance indicates the ability of
the asphalt mixture to withstand rutting and protrusion
under heavy traffic loads. The results related to Marshall
Endurance of research examples are presented in Figure
2. As can be seen from the diagram, all the additives
have a positive effect on the Marshall strength, and this
positive effect is different for different samples. The
reason for this difference can be considered in the type

of material used because a substance such as Carbon
powder, when mixed with bitumen, increases the
hardness of the bitumen, and this hardness enters the
mixture and increases the Marshall strength. But the
fibers are added to the aggregate and bitumen mixture,
and no specific chemical reaction occurs between it and
the material. In fact, the role of fibers is to withstand
tensile strength, and precisely for this reason, one cannot
expect much change in compressive strength from this
material.

Figure 2. Marshall Resistance Results of Modified and Unmodified Samples

3.2. RESISTANCE MODULUS
The earth modulus test is a non-destructive test in which
the loads applied to the sample are small. This test was
performed by a UTM device. The modulus of resistance
is indicated by the symbol (MR), and the value indicated
by MR is the maximum energy that the unit volume of
asphalt mixture can withstand without any permanent
deformation and by loading the mixture to its original
state come back. The value of MR is obtained by
integrating the enclosed area of the stress-strain diagram.
The results of this experiment are shown in Figure 3.
The bulk modulus test is examined in that it examines
the hardness of the mixture and provides the designer

with an important parameter for determining the
thickness. As can be seen from the diagram, all additives
and reinforces have had a positive effect on the modulus
of resistance. Among these positive effects, the effect of
using carbon powder is more than carbon fiber. Carbon
powder, affecting the bitumen of the mixture, causes the
bitumen to harden and naturally mix. Carbon fibers and
fibers, in general, are reinforcing. These materials
increase the hardness of the mixture by increasing the
tensile strength, and these two issues can be cited in
justifying the cases observed in this study.

Figure 3. Resistance modulus test results
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3.3. INDIRECT TENSILE
The results of the indirect tensile strength of the samples
in both wet and dry conditions are presented in Figure 4.
As can be seen from the diagram, the addition of
modifiers has caused many changes in the samples and
has changed both the wet and dry strengths, and these
changes are very similar for the wet and dry samples.
But the reason for these changes is the difference
between fibers and powder. Because fibers increase the
strength by increasing the tensile strength and bearing
part of the tensile force, but carbon powder increases the

tensile strength by increasing the hardness of bitumen
and the hardness of the mixture. As it is known, it varies
between the different percentages used as the percentage
change changes. The reason for this is in a term called
the bare percentage of the use of different substances.
For example, according to the diagram of this
experiment, along with the two experimental diagrams
discussed, it is clear that the optimal percentage of
carbon fibers is 0.5%. The same situation is true for
carbon powder.

Figure 4. Indirect tensile strength in both wet and dry states

3.4. MOISTURE SENSITIVITY
Another characteristic of the indirect tensile test is the
TSR coefficient. This coefficient is one of the
coefficients for determining the moisture sensitivity of
the mixture, the results of which are presented in Figure
5. The TSR parameter is expressed as a percentage from
the division of more indirect tension to dry indirect
tension. Acceptable standard limits for this coefficient in

various standards are between 75 to100. As can be seen
from the diagram, the addition of all materials has a
positive effect on moisture sensitivity, and these
materials, as described in the results of the indirect
tensile test, improve the moisture sensitivity through
various indirect tensile solutions.

Figure 5. TSR results of samples
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4. CONCLUSION
In this research, the properties of asphalt mixtures
containing carbon additives and carbon fibers have been
investigated and compared. For this study, tests of
modulus of resistance, Marshall Resistance, as well as
indirect tension and moisture sensitivity have been used.
Carbon powder in 2% and 20% and carbon fiber in 0.5%
and 1% respectively. The main results of this research
are:
1. The use of the proposed materials of this research has
had a positive effect on the modulus of the conductivity
test. This effect is greater for 20% carbon powder and
0.5% carbon fiber than two similar samples.

2. The use of two substances has also had a positive
effect on Marshall Resistance. However, the effect of
carbon fiber was less than that of carbon powder. The
greatest effect in this experiment belongs to 20% carbon
powder.
3. The results of the indirect tensile test are also positive,
and as mentioned, both materials, both in fiber and in
powder form, have a positive effect on indirect tensile
strength. This positive effect can be clearly seen in the
TSR parameter, which also indicates the moisture
sensitivity
of
the
mixture.

AUTHORS CONTRIBUTION
This work was
carried
out
collaboration among all authors.

FUNDING/SUPPORT
Not mentioned any Funding/Support by authors.

in

CONFLICT OF INTEREST
The author (s) declared no potential conflicts
of interests with respect to the authorship
and/or publication of this paper.

ACKNOWLEDGMENT
Not mentioned by authors.

5. REFRENCES
[1] Shaker H, Bigdeli Rad H. Evaluation and Simulation of New
Roundabouts Traffic Parameters by Aimsun Software. Journal of
Civil Engineering and Materials Application. 2018 Sep 1;2(3):14658. [View at Google Scholar] ;[View at Publisher]

[8] Bikomeye JC, Balza J, Beyer KM. The Impact of Schoolyard
Greening on Children’s Physical Activity and Socioemotional Health:
A Systematic Review of Experimental Studies. International Journal
of Environmental Research and Public Health. 2021 Jan;18(2):535.
[View at Google Scholar] ; [View at Publisher]

[2] Rada, V. B., & Ngaha, I. B. Public Spaces and Effective Factors
on Social Interactions, International Journal of Current Engineering
and Technology. 2013 ,2(1):184-188. [View at Google Scholar]
;[View at Publisher]

[9] Najafpour H, Bigdeli Rad V, Lamit H, Fitry SM. The Systematic
Review on Quality Of life in urban neighborhoods. Life Sci J.
2014;11(7):355-64. [View at Google Scholar] ; [View at Publisher]

[3] Maleki S, Bigdeli Rad V. Social Sustainability Measures for Rural
Areas in Iran. Space Ontology International Journal. 2017 Mar
1;6(1):79-84. [View at Google Scholar] ; [View at Publisher]

[10] Bigdeli Rad H, Bigdeli Rad V. A Survey on the Rate of Public
Satisfaction about Subway Facilities in the City of Tehran Using
Servqual Model. Space Ontology International Journal. 2018 Mar
1;7(1):9-15. [View at Google Scholar] ; [View at Publisher]

[4] Najafpour H, Rad VB, Lamit HB. The systematic review on sense
of security in urban neighborhoods. Life Science Journal.
2014;11(10). [View at Google Scholar] ; [View at Publisher]

[11] Abdi A, Bigdeli Rad H, Azimi E. Simulation and analysis of
traffic flow for traffic calming. InProceedings of the Institution of
Civil Engineers-Municipal Engineer 2017 Mar (Vol. 170, No. 1, pp.
16-28). Thomas Telford Ltd. [View at Google Scholar] ; [View at
Publisher]

[5] Rad VB, Najafpour H, Ngah I, Shieh E, Rad HB, Qazvin I. The
Systematic Review on Physical Activity in Urban Neighborhoods.
Life Science Journal. 2014;11(9). [View at Google Scholar] ; [View
at Publisher]

[12] Rad VB, Najafpour H, Ngah I, Shieh E, Rashvand P, Rad HB.
What Are The Safety Factors Associating with Physical Activity in
Urban Neighborhoods?(A Systematic Review). J. Appl. Environ.
Biol. Sci. 2015;5(3):259-66. [View at Google Scholar] ; [View at
Publisher]

[6] AFANDI ZS, BIGDELI RH, SHAKER H. Using optimization
and metaheuristic method to reduce the bus headway (Case study:
Qazvin Bus Routes). [View at Google Scholar] ; [View at Publisher]

[13] Abdi A, Mosadeq Z, Bigdeli Rad H. Prioritizing Factors
Affecting Road Safety Using Fuzzy Hierarchical Analysis. Journal of
Transportation Research. 2020 Sep 22;17(3):33-44. [View at Google
Scholar] ; [View at Publisher]

[7] Ameri A, Bigdeli Rad H, Shaker H, Ameri M. Cellular
Transmission and Optimization Model Development to Determine the
Distances between Variable Message Signs. Journal of Transportation
Infrastructure Engineering. 2020 Jul 5. [View at Google Scholar] ;
[View at Publisher]

[14] Kordani AA, Bigdelirad H, Boroomandrad SM. Scheduling of
Bus Fleet Departure Time Based on Mathematical Model of Number

7

J. Civil Eng. Mater.App. 2021 (March); 5(1): 01- 08
·························································································
of Bus Stops for Municipality Bus Organization. International Journal
of Urban and Civil Engineering. 2019 Aug 3;13(9):610-3. [View at
Google Scholar] ; [View at Publisher]

[26] Ameri M, Shaker H, Badarloo B, Jafari F. Numerical and
Experimental Investigation on the Modified of Hot Mix Asphalt
Concrete Containing Crumb Rubber and Waste Pet. Tehnički vjesnik.
2020 Aug 15;27(4):1186-93. [View at Google Scholar] ; [View at
Publisher]

[15] Bigdeli Rad V, Najafpour H, Shieh E, Bigdeli Rad H.

Questionnaire Design: Relation of Physical Activity and
Safety. Iust 2019 Jun 10;29(1):113-23. [View at Google Scholar]

[27] Ziaee SA, Behnia K. Evaluating the effect of electric arc furnace
steel slag on dynamic and static mechanical behavior of warm mix
asphalt mixtures. Journal of Cleaner Production. 2020 Nov
20;274:123092. [View at Google Scholar] ; [View at Publisher]

;[View at Publisher]

[16] Chen Z, Wu S, Wen J, Zhao M, Yi M, Wan J. Utilization of
gneiss coarse aggregate and steel slag fine aggregate in asphalt
mixture. Construction and Building Materials. 2015 Sep 15;93:911-8.
[View at Google Scholar] ; [View at Publisher]

[28] Arabani M, Azarhoosh AR. The effect of recycled concrete
aggregate and steel slag on the dynamic properties of asphalt
mixtures. Construction and Building Materials. 2012 Oct 1;35:1-7.
[View at Google Scholar] ; [View at Publisher]

[17] Jahanian HR, Shafabakhsh GH, Divandari H. Performance
evaluation of Hot Mix Asphalt (HMA) containing bitumen modified
with Gilsonite. Construction and Building Materials. 2017 Jan
30;131:156-64. [View at Google Scholar] ; [View at Publisher]

[29] Fu J, Liu HB, Cheng YC. Mechanical parameter measuring and
contrastive analysis on pavement performance of glass fiber
reinforced bituminous mixtures. InInternational Conference on
Transportation Engineering 2007 2007 (pp. 425-430). [View at
Google Scholar] ; [View at Publisher]

[18] Ameri A, Ameri M, Shaker H, Karamroudi M. Laboratory
Evaluating of Physical and rheological properties of modified
bitumen Containing Crumb rubber and EVA. Journal of
Transportation Infrastructure Engineering. 2020 Oct 22;6(3):1-2.
[View at Google Scholar] ; [View at Publisher]

[30] Behforouz B, Balkanlou VS, Naseri F, Kasehchi E, Mohseni E,
Ozbakkaloglu T. Investigation of eco-friendly fiber-reinforced
geopolymer composites incorporating recycled coarse aggregates.
International Journal of Environmental Science and Technology.
2020 Jun;17(6):3251-60. [View at Google Scholar] ; [View at
Publisher]

[19] Yilmaz M, Yalcin E. The effects of using different bitumen
modifiers and hydrated lime together on the properties of hot mix
asphalts. Road Materials and Pavement Design. 2016 Apr
2;17(2):499-511. [View at Google Scholar] ; [View at Publisher]

[31] Kim S, Sholar GA, Byron T, Kim J. Performance of polymermodified asphalt mixture with reclaimed asphalt pavement.
Transportation research record. 2009;2126(1):109-14. [View at
Google Scholar] ; [View at Publisher]

[20] Fakhri M, Ahmadi A. Evaluation of fracture resistance of asphalt
mixes involving steel slag and RAP: Susceptibility to aging level and
freeze and thaw cycles. Construction and Building Materials. 2017
Dec 30;157:748-56. [View at Google Scholar] ; [View at Publisher]

[32] Farazmand P, Hayati P, Shaker H, Rezaei S. Relationship
between microscopic analysis and quantitative and qualitative
indicators of moisture susceptibility evaluation of warm-mix asphalt
mixtures containing modifiers. Frattura ed Integrità Strutturale.
2020;14(51):215-24. [View at Google Scholar] ; [View at Publisher]

[21] Morova N. Investigation of usability of basalt fibers in hot mix
asphalt concrete. Construction and Building Materials. 2013 Oct
1;47:175-80. [View at Google Scholar] ; [View at Publisher]

[33] Ameri M, Vamegh M, Amiri I, Cahvoshian Naeni SF. Moisture
Sensitivity Evaluation of Modified hot mix asphalt with Zycotherm
and Evonic. Quarterly Journal of Transportation Engineering. 2018
Jan 21;9(special):27-42. [View at Google Scholar] ; [View at
Publisher]

[22] Adhikari B, De D, Maiti S. Reclamation and recycling of waste
rubber. Progress in polymer science. 2000 Sep 1;25(7):909-48. [View
at Google Scholar] ; [View at Publisher]

[23] Ameri M, Mohammadi R, Mousavinezhad M, Ameri A, Shaker
H, Fasihpour A. Evaluating Properties of Asphalt Mixtures
Containing polymers of Styrene Butadiene Rubber (SBR) and
recycled Polyethylene Terephthalate (rPET) against Failures Caused
by Rutting, Moisture and Fatigue. Frattura ed Integrità Strutturale.
2020 Jul 19;14(53):177-86. [View at Google Scholar] ; [View at
Publisher]

[34] American Society for Testing and Materials, (2000) "Standard
test method for resistance to plastic flow of bituminous mixtures
using Marshall Apparatus", ASTM D1559, West Conshohocken, PA,
USA. [View at Publisher]

[35] American Society for Testing and Materials, (1996) "Standard
test method for indirect tension test for resilient modulus of
bituminous mixtures", ASTM D 4123-82, West Conshohocken, PA,
USA. [View at Google Scholar] ; [View at Publisher]

[24] Liu S, Cao W, Fang J, Shang S. Variance analysis and
performance evaluation of different crumb rubber modified (CRM)
asphalt. Construction and Building Materials. 2009 Jul 1;23(7):27018. [View at Google Scholar] ; [View at Publisher]

[36] American Association of State Highway and Transportation
Officials (2000) "Standard method of test for resistance of compacted
asphalt mixtures to moisture-induced damage", Aashto T283-99,
Washington, DC, USA. [View at Publisher]

[25] Kök BV, Çolak H. Laboratory comparison of the crumb-rubber
and SBS modified bitumen and hot mix asphalt. Construction and
Building Materials. 2011 Aug 1;25(8):3204-12. [View at Google
Scholar] ; [View at Publisher]

8

