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ABSTRACT

Rejuvenating agents are considered desirable options for rejuvenating the 
reclaimed asphalt pavement (RAP) characteristics. However, some rejuvenating 
agents are not preferred due to their potential rutting damage when incorporated into 
the pavements, in addition to their poor practicality and durability for their medium 
to long-term usage. Based on these factors, this study aims to use the maltene as a 
rejuvenator. In phase I, maltene was extracted and characterised via several tests. In 
the next phase, a series of aged asphalt samples had been prepared with a range of 
maltene levels. Four physical tests were performed to determine the optimum dose of 
maltene. Next, the samples that contained an optimum percentage of maltene were 
analysed via rheological and chemical measurements. In the final phase, the 
performance of the rejuvenated asphalt mixtures was evaluated using several 
mechanical performance tests. Maltene was successfully extracted from a virgin 
asphalt (VA) using petroleum ether (with a ratio of 1 g asphalt: 5 mL petroleum 
ether). The gas chromatograph-mass spectrometer (GC-MS) spectra of maltene 
detected the right chemical compositions. Both physical and rheological traits of the 
blends containing 30%, 40% and 50% of aged asphalt were restored by incorporating 
8%, 12% and 16% of maltene, respectively. The dynamic shear rheometer (DSR) and 
bending beam rheometer (BBR) analyses revealed an improvement in the 
performance of rejuvenated asphalts at both low and high temperatures. The Fourier 
transform infrared (FTIR) spectra of asphalt samples disclosed a decreasing in the 
chemical ageing index (CAI) and asphaltene content when the maltene was added to 
the asphalt. Meanwhile, the thermogravimetric analysis (TGA) indicated that the 
initial decomposition for rejuvenated asphalts was approximately close to VA. Other 
chemical and rheological traits of the rejuvenated asphalt disclosed its potency for 
practical applications. Accordingly, the mechanical characteristics results showed 
that maltene had been effective in mitigating the ageing effect of RAP. Marshall 
stability, indirect tensile strength (ITS), resilient modulus (Mr ), and creep stiffness 
modulus (CSM) decreased when maltene was included into the RAP mixtures as a 
result of reducing the stiffness of aged asphalt. Meanwhile, the flow, creep strain 
slope (CSS) and rutting depth increased by adding maltene. In general, all the 
rejuvenated asphalt mixtures results exhibited better values than VA mixtures. 
Besides, the RAP mixture with maltene exhibited higher coating capability, good 
stripping and disintegration resistance. Therefore, RAP mixtures incorporating 
appropriate maltene dosage as rejuvenator could be effectively used in road 
construction.
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ABSTRAK

Agen-agen peremajaan dianggap pilihan yang sesuai dalam meremajakan 
ciri-ciri turapan asfalt tebus guna (RAP). Walau bagaimanapun, beberapa agen 
peremajaan tidak menjadi pilihan disebabkan oleh potensi kerosakan aluran apabila 
digabungkan ke dalam turapan, sebagai tambahan kepada praktikal dan ketahanan 
yang lemah untuk penggunaan jangka sederhana hingga panjang. Berdasarkan 
faktor-factor ini, kajian ini bertujuan untuk menggunakan maltena sebagai egen 
peremajaan. Dalam fasa I, maltena telah diekstrak dan dicirikan melalui beberapa 
ujian. Pada fasa berikutnya, siri sampel asfalt tua telah disediakan dengan beberapa 
julat tahap maltena. Empat ujian fizikal telah dijalankan untuk menentukan dos 
maltena yang optimum. Seterusnya, sampel-sampel yang mengandungi peratusan 
maltena yang optimum telah dianalisis melalui pengukuran reologi dan kimia. Pada 
fasa terakhir, prestasi campuran asfalt yang diremajakan telah dinilai menggunakan 
beberapa ujian prestasi mekanikal. Maltena telah berjaya diekstrak daripada asfalt 
segar (VA) menggunakan petroleum eter (dengan nisbah 1 g asfalt: 5 mL petroleum 
eter). Spektrum kromatografi gas-spektrometri jisim (GC-MS) maltena telah 
mengesan komposisi kimia yang betul. Kedua-dua ciri fizikal dan reologi campuran 
yang mengandungi 30%, 40% dan 50% asfalt tua telah dipulihkan dengan 
memasukkan 8%, 12% dan 16% maltena, masing-masing. Analisis ricih dinamik 
reometer (DSR) dan lenturan rasuk reometer (BBR) menunjukkan peningkatan 
dalam prestasi asfalt diremajakan pada kedua-dua suhu rendah dan tinggi. Spektrum 
inframerah transformasi Fourier (FTIR) sampel-sampel asfalt mendedahkan 
penurunan dalam indeks penuaan kimia (CAI) dan kandungan asfaltena apabila 
maltena telah ditambah ke dalam asfalt. Sementara itu, analisis termogravimetri 
(TGA) menunjukkan bahawa penguraian awal untuk asfalt diremajakan adalah 
menghampiri kepada VA. Ciri-ciri kimia dan reologi lain asfalt yang diremajakan 
menunjukkan potensinya untuk penggunaan yang praktikal. Oleh itu, hasil ciri-ciri 
mekanikal menunjukkan bahawa maltena berkesan dalam mengurangkan kesan 
penuaan RAP. Kestabilan Marshall, kekuatan tegangan tidak langsung (ITS), 
modulus ketahanan (Mr ), dan modulus kekukuhan (CSM) menurun apabila maltena 
telah dimasukkan ke dalam campuran RAP sebagai hasil pengurangan kekukuhan 
dalam penuaan asfalt. Sementara itu, aliran, kecerunan terikan rayap (CSS) dan 
kedalaman aluran meningkat dengan penambahan maltena. Secara amnya, semua 
hasil campuran asfalt yang diremajakan menunjukkan nilai yang lebih baik 
berbanding campuran VA. Selain itu, campuran RAP dengan maltena menunjukkan 
keupayaan salutan yang lebih tinggi, ketahanan perlucutan dan penyepaian yang 
baik. Oleh itu, campuran RAP yang digabungkan dengan dos maltena yang sesuai 
dapat digunakan sebagai agen peremajaan dengan berkesan dalam pembinaan 
jalanraya.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Every year, valuable and non-renewable natural resources, especially asphalt 

and aggregate contained in asphalt mixtures, are extensively used for construction of 

road pavements. However, asphalt plants cause high-level pollution due to emission 

of greenhouse gases [1, 2]. Furthermore, abandoned asphalt pavements dumped into 

landfills cause serious environmental pollution and have turned into a major concern 

[3]. Hence, in order to surmount the emerging issues related to the extensive use of 

natural resources, numerous studies have begun seeking environmentally sustainable 

alternatives for pavement construction materials. Many have reported that milling the 

end-of-life pavements enables the use of reclaimed asphalt pavement (RAP) to 

produce asphalt mixtures, in which rejuvenating agents play a significant role [4-7]. 

The primary aim is to produce a rejuvenated asphalt mixture similar to that of virgin 

asphalt (VA) mixture. It has been acknowledged that the usage of RAP in hot mix 

asphalt (HMA) can be highly cost-effective [8, 9] with less exploitation of VA and 

aggregates [10], thus offering environmental and economic advantages [11].

Nevertheless, the physical properties and the characteristic composition of 

aged asphalt in RAP differ from those in VA [4, 12, 13]. As such, mixtures with high 

RAP percentage may possess undesired properties, such as high creep stiffness and 

viscosity, as well as low penetration and flexibility [14]. Besides, its cohesive 

properties are normally less than those of VA [15]. The brittleness property and other 

changes in asphalt are ascribed to the conversion of maltene fraction in asphalt into 

more viscous asphaltene fraction stemming from the ageing of asphalt throughout its 

service life [16-19].
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The properties of aged asphalt as well as the performance of RAP mixtures can 

be rejuvenated to satisfy the requirements of the application by using a rejuvenating 

agent, soft asphalt, and sometimes, a rejuvenating agent with a polymer or fibre [12, 

20, 21]. The use of soft VA with low RAP percentage is recommended, whereas 

rejuvenating agents should be applied when the RAP content is high (in excess of 25%) 

since several impracticalities may arise when soft asphalt is used in such instances [22, 

23]. Rejuvenating agents can rebalance the ratio of maltene to asphaltene in aged 

asphalt by increasing the aromatic and resin contents in asphalt, thus minimising the 

relative content of asphaltene [24, 25], soften the aged asphalt, replenish volatiles, and 

enhance dispersion of asphaltene in maltene matrix [26, 27]. As a result, the viscosity 

and stiffness decrease, while the penetration depth increases, rendering the asphalt 

more ductile to attain a performance as close to the virgin as possible [28, 29]. Thus, 

enabling the inclusion of higher percentages of RAP in HMA without deteriorating the 

performance of asphalt [28]. Yu et al. [30] reported that using high quantities of resin 

and aromatic fractions may enhance the rejuvenating effect. Based on the 

aforementioned factors, this study had deployed maltene as a rejuvenator to restore the 

traits of aged asphalt and improve the performance of asphalt mixtures incorporating 

RAP.

1.2 Problem Statement

One main concern that hinders the integration of high RAP content in asphalt 

mixtures is that aged asphalt is more brittle, and may cause several drawbacks. This 

issue can be solved using rejuvenating agents. However, some rejuvenating agents are 

not preferred due to their potential rutting damage when incorporated into the 

pavements [31]. For instance, waste engine oil (WEO) and some petroleum-based 

products are beneficial solely for boosting asphalt performance at low temperatures, 

but making them unsuitable at high temperatures due to extreme softening of oil and 

ineffective aggregates-asphalt binding [32-34]. The other factors responsible for the 

rutting damage are low stiffness of the RAP surface micro-layer, as well as 

incompatible and ineffective blending between the rejuvenating agent and RAP binder 

(aged asphalt) [35]. The durability of rejuvenating agents is, however, another issue as
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the presence of volatile compounds in some softening agents can slightly reduce the 

asphalt stiffness to enable the eventual compaction and further improvement [20]. 

Apart from the durability characteristics of the rejuvenating agents, their chemical 

interaction with asphalt is also a vital factor as some rejuvenating agents can accelerate 

ageing, thus making asphalt unusable [20]. For instance, heavy fuel oils can easily 

volatilise at high recycling temperature, hence limiting the content of RAP in the 

asphalt mixture to be less than 30% [36].

Upon incorporation, the same rejuvenating agents can act differently in 

different asphalts. For example, an aromatic extract from crude oil revealed higher 

efficiency when used with asphalt (PG58-10) as opposed to asphalt (PG58-28), where 

it turned less efficient [30]. Poor practicality or durability of some rejuvenating agents 

for their medium- to long-term usage also poses several drawbacks [37]. For instance, 

plant oils (categorised as triglycerides) can decompose into smaller compounds in the 

presence of water, moisture, oxygen, ultraviolet (UV) radiation, or bacteria [38], thus 

limiting their applications as rejuvenating agents. Such shortcoming impedes the 

ability to use a high amount of RAP.

Referring to the aforementioned factors, maltene derived from VA was utilised 

in this study as a rejuvenator to address problems related to the attributes of RAP. The 

maltene (composed of high percentages of aromatic and resin, as well as low 

percentage of saturates) was selected due to its several characteristics, in comparison 

to other rejuvenating agents. Aromatic in maltene can increase the flexibility of 

asphalt, while resins can provide anti-rutting ability [39]. Other notable characteristics 

found in maltene are durability, good blending with virgin and aged asphalts, excellent 

dissolution in asphalt structure to ascertain uniformity, and exceptional compatibility, 

thus making it a practical rejuvenating candidate.
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1.3 Aim and Objectives of the Study

This study examined the rejuvenation of RAP by incorporating maltene. The 

investigations undertaken in this study adhered to the following specific objectives:

1. To extract and characterise maltene to be used as a rejuvenator.

2. To investigate the physical, rheological and chemical properties of maltene- 

rejuvenated asphalt.

3. To evaluate the mechanical performance of hot mix asphalt incorporating 

different percentages of RAP and maltene as a rejuvenator.

1.4 Scope of the Study

This study sought to restore the properties of aged asphalt by embedding 

maltene derived from VA (penetration grade 60-70). The laboratory work comprised 

of asphalt binder and mixture evaluations. The methods were specified in accordance 

to those specified by Jabatan Kerja Raya (JKR), American Society for Testing and 

Materials (ASTM), American Association of State Highway and Transportation 

Officials (AASHTO), and British adoption of a European standard (BS EN). 

Essentially, several scopes and limitations demand clear definition, as follows: Pen. 

60-70 asphalt was chosen as a VA. It was provided by Kemaman Bitumen Company 

(KBC) Malaysia. Maltene derived from VA was used as a rejuvenator. Granite 

aggregate was obtained from Hanson Quarry, Kulai, Johor. The RAP sample was 

retrieved from Yong Peng highway in the direction leading to Pagoh, Malaysia through 

milling process. The physical, rheological, and chemical properties of rejuvenated 

asphalt were determined using various percentages of maltene with different contents 

of aged asphalt. The asphalt mixtures of AC14 were used and designed in accordance 

with JKR to assess the mechanical properties of the asphalt mixtures. All tests were 

performed at UTM Skudai, Johor, except ductility test, that was conducted at
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Universiti Tun Hussein Onn Malaysia Mara (UTHM), Batu Pahat, Johor, Malaysia 

and DSR test at Universiti Teknologi Mara (UiTM), Shah Alam, Malaysia.

1.5 Significance of Study

This study contributes to the economic, environmental, and engineering 

concerns. Asphalt mixtures made of asphalt and aggregate, which are extensively used 

for roadways (pavement layout) worldwide, are not only non-renewable but also 

costly, which must be overcome for the sake of sustainability [3]. Hence, recycling or 

reprocessing asphalt is a viable solution to enhance the sustainability and the cost- 

effectiveness of road pavement production [40, 41]. This helps to preserve non­

renewable resources, eliminate wastage and disposal issues given it alleviates landfill 

dumping, as well as reduces energy consumption and service life expenditure by 

omitting virgin materials and fuel [5, 42].

Nevertheless, incorporating RAP in asphalt mixture may affect the attributes 

of a blend, which could result in major implications on the performance of asphalt 

mixture [4, 12]. Inclusion of maltene as a rejuvenator may enhance the characteristics 

of aged asphalt, thus making it similar or close to that of VA. The choice of maltene 

as the rejuvenator for aged asphalt had been based on the distinctive chemical and 

physical characteristics of this material. Maltene, being a key element in crude oil and 

asphalt materials, is easily obtained from asphaltene separation refinery units. 

Therefore, it is expected to provide significant economic advantages since the 

extraction and recovery of maltene are easy and economical processes. The proposed 

strategy of maltene for rejuvenating the properties of HMA containing RAP is useful 

to the strategic framework of international organisations and agencies for further 

sustainable deployment.
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1.6 Thesis Outline

This thesis is composed of the following six chapters:

Chapter 1 provides a broad introduction and background to this study along with 

descriptions of the problem statement, objectives, scope, and significance of 

the study.

Chapter 2 comprehensively discusses studies performed by investigators in the field 

of RAP, rejuvenating agents and rejuvenated asphalt. The testing procedures, 

parameters, and related findings are described in this chapter.

Chapter 3 details the research plan and the procedure, which encompasses the 

following three stages of work: a method to produce and techniques to 

characterise maltene, tests and procedures to measure the physical, rheological, 

and chemical properties of asphalts, as well as evaluations that determine the 

performance of asphalt mixtures.

Chapter 4 presents the results of maltene extraction and characterisation, besides 

displaying the impact of maltene upon the physical, rheological and chemical 

characteristics of aged asphalts.

Chapter 5 describes a detailed investigation regarding the performance of RAP 

mixtures before and after rejuvenation.

Chapter 6 concludes the research and lists several recommendations for future 

endeavours.

6



REFERENCES

[1] Fernandes SR, Silva HM, Oliveira JR. Developing Enhanced Modified 

Bitumens with Waste Engine Oil Products Combined with Polymers. 

Construction and Building Materials 2018; 160:714-24.

[2] Perez-Martinez M, Moreno-Navarro F, Martin-Marin J, Rios-Losada C, 

Rubio-Gamez MC. Analysis of Cleaner Technologies Based on Waxes and 

Surfactant Additives in Road Construction. Journal o f cleaner production 

2014; 65:374-9.

[3] Celauro C, Bernardo C, Gabriele B. Production of Innovative, Recycled and 

High-Performance Asphalt for Road Pavements. Resources, Conservation and 

Recycling 2010; 54(6):337-47.

[4] Ingrassia LP, Lu X, Ferrotti G, Canestrari F. Renewable Materials in

Bituminous Binders and Mixtures: Speculative Pretext or Reliable

Opportunity? Resources, Conservation and Recycling 2019; 144:209-22.

[5] Aurangzeb Q, Al-Qadi IL, Ozer H, Yang R. Hybrid Life Cycle Assessment for 

Asphalt Mixtures with High RAP Content. Resources, Conservation and 

Recycling 2014; 83:77-86.

[6] Noferini L, Simone A, Sangiorgi C, Mazzotta F. Investigation on Performances 

of Asphalt Mixtures Made with Reclaimed Asphalt Pavement: Effects of 

Interaction Between Virgin and RAP Bitumen. International Journal o f  

Pavement Research and Technology 2017; 10(4):322-32.

[7] Qurashi IA, Swamy AK. Viscoelastic Properties of Recycled Asphalt Binder 

Containing Waste Engine Oil. Journal o f cleaner production 2018;182:992- 

1000 .

[8] Su K, Hachiya Y, Maekawa R. Study on Recycled Asphalt Concrete for Use 

in Surface Course in Airport Pavement. Resources, Conservation and 

Recycling 2009; 54(1):37-44.

[9] Yang R, Kang S, Ozer H, Al-Qadi IL. Environmental and Economic Analyses 

of Recycled Asphalt Concrete Mixtures Based on Material Production and 

Potential Performance. Resources, Conservation and Recycling 2015; 

104:141-51.

179



[10] Blanc J, Hornych P, Sotoodeh-Nia Z, Williams C, Porot L, Pouget S, et al. 

Full-Scale Validation of Bio-Recycled Asphalt Mixtures for Road Pavements. 

Journal o f Cleaner Production 2019; 227: 1068-1078

[11] Debbarma S, Ransinchung G, Singh S, Sahdeo SK. Utilization of Industrial 

and Agricultural Wastes for Productions of Sustainable Roller Compacted 

Concrete Pavement Mixes Containing Reclaimed Asphalt Pavement 

Aggregates. Resources, Conservation and Recycling 2020; 152:104504.

[12] Singh D, Girimath S. Influence of RAP Sources and Proportions on Fracture 

and Low Temperature Cracking Performance of Polymer Modified Binder. 

Construction and Building Materials 2016; 120:10-8.

[13] Al-Qadi IL, Elseifi M, Carpenter SH. Reclaimed asphalt pavement—a 

literature review. Illinois Center for Transportation (ICT) Department of Civil 

and Environmental Engineering, University of Illinois at Urbana-Champaign, 

Report No. FHWA-ICT-07-001, 2007. 1-19.

[14] Yan K, Peng Y, You L. Use of Tung Oil as a Rejuvenating Agent in Aged 

Asphalt: Laboratory Evaluations. Construction and Building Materials 2020; 

239:117783.

[15] Nosetti A, Perez-Madrigal D, Perez-Jimenez F, Martinez AH. Effect of the 

Recycling Process and Binder Type on Bituminous Mixtures with 100% 

Reclaimed Asphalt Pavement. Construction and Building Materials 2018; 

167:440-8.

[16] Firoozifar SH, Foroutan S, Foroutan S. The Effect of Asphaltene on Thermal 

Properties of Bitumen. Chemical Engineering Research and Design 2011; 

89(10):2044-8.

[17] Mansourkhaki A, Ameri M, Daryaee D. Application of Different Modifiers for 

Improvement of Chemical Characterization and Physical-Rheological 

Parameters of Reclaimed Asphalt Binder. Construction and Building Materials 

2019; 203:83-94.

[18] Ma T, Wang H, Huang X, Wang Z, Xiao F. Laboratory Performance 

Characteristics of High Modulus Asphalt Mixture with High-Content RAP. 

Construction and Building Materials 2015; 101:975-82.

[19] Rodriguez-Fernandez I, Lastra-Gonzalez P, Indacoechea-Vega I, Castro- 

Fresno D. Recyclability Potential of Asphalt Mixes Containing Reclaimed

180



Asphalt Pavement and Industrial By-Products. Construction and Building 

Materials 2019; 195:148-55.

[20] Elkashef M, Williams RC. Improving Fatigue and Low Temperature 

Performance of 100% RAP Mixtures Using a Soybean-Derived Rejuvenator. 

Construction and Building Materials 2017;151:345-52.

[21] Moghaddam TB, Baaj H. The Use of Rejuvenating Agents in Production of 

Recycled Hot Mix Asphalt: A Systematic Review. Construction and Building 

Materials 2016;114:805-16.

[22] Copeland A. Reclaimed asphalt pavement in asphalt mixtures: State of the 

Practice. United States. Federal Highway Administration. Office of Research; 

Publication No. FHWA-HRT-11-2011; 021

[23] Zaumanis M, Mallick RB, Frank R. Determining Optimum Rejuvenator Dose 

for Asphalt Recycling Based on Superpave Performance Grade Specifications. 

Construction and Building Materials 2014; 69:159-66.

[24] Elseifi MA, Mohammad LN, Cooper III SB. Laboratory Evaluation of Asphalt 

Mixtures Containing Sustainable Technologies. Asphalt paving technology 

2011; 80:227-244.

[25] Hussein Z, Yaacob H, Idham M, Hassan N, Choy L, Jaya R. Restoration of 

Aged Bitumen Properties Using Maltenes. IOP Conference Series: Materials 

Science and Engineering, IOP Publishing 2020; (713): 012014.

[26] Espinoza-Luque AF, Al-Qadi IL, Ozer H. Optimizing Rejuvenator Content in 

Asphalt Concrete to Enhance its Durability. Construction and Building 

Materials 2018; 179:642-8.

[27] Al Saffar ZH, Yaacob H, Idham MK, Saleem MK, Lai JC, Putra Jaya R. A 

Review on Rejuvenating Materials Used with Reclaimed Hot Mix Asphalt. 

Canadian Journal of Civil Engineering 2020, (In press), 1-17

[28] Ali AW, Mehta YA, Nolan A, Purdy C, Bennert T. Investigation of The 

Impacts of Aging and RAP Percentages on Effectiveness of Asphalt Binder 

Rejuvenators. Construction and Building Materials 2016; 110:211-7.

[29] Zhang R, You Z, Wang H, Ye M, Yap YK, Si C. The Impact of Bio-Oil as 

Rejuvenator for Aged Asphalt Binder. Construction and Building Materials 

2019; 196:134-43.

181



[30] Yu X, Zaumanis M, Dos Santos S, Poulikakos LD. Rheological, Microscopic, 

and Chemical Characterization of the Rejuvenating Effect on Asphalt Binders. 

Fuel 2014; 135:162-71.

[31] Zaumanis M, Mallick RB, Poulikakos L, Frank R. Influence of Six 

Rejuvenators on the Performance Properties of Reclaimed Asphalt Pavement 

(RAP) Binder and 100% Recycled Asphalt Mixtures. Construction and 

Building Materials 2014; 71:538-50.

[32] Wang F, Fang Y, Chen Z, Wei H. Effect of Waste Engine Oil on Asphalt 

Reclaimed Properties. AIP Conference Proceedings, AIP Publishing; 2018 

(1973):020012.

[33] Borhan MN, Suja E, Ismail A, Rahmat RAO. Used Cylinder Oil Modified 

Cold—Mix Asphalt Concrete. Journal o f Applied Sciences 2007; 7(22):3485- 

91.

[34] Jia X, Huang B, Moore JA, Zhao S. Influence of Waste Engine Oil on Asphalt 

Mixtures Containing Reclaimed Asphalt Pavement. Journal o f Materials in 

Civil Engineering 2015; 27(12):04015042.

[35] Zaumanis M, Mallick RB. Review of Very High-Content Reclaimed Asphalt 

Use in Plant-Produced Pavements: State of the Art. International Journal o f  

Pavement Engineering 2015; 16(1):39-55.

[36] Ji J, Yao H, Suo Z, You Z, Li H, Xu S, et al. Effectiveness of Vegetable Oils 

as Rejuvenators for Aged Asphalt Binders. Journal o f Materials in Civil 

Engineering 2017; 29(3):4016003.

[37] Kaseer F, Martin AE, Arambula-Mercado E. Use of Recycling Agents in 

Asphalt Mixtures with High Recycled Materials Contents in the United States: 

A literature Review. Construction and Building Materials 2019; 211:974-87.

[38] Bylikin S, Horner G, Murphy B, Tarcy D. Chemistry: Course Companion. 

Oxford University Press; 2014; 578.

[39] Yang C, Xie J, Wu S, Amirkhanian S, Zhou X, Ye Q, et al. Investigation of 

Physicochemical and Rheological Properties of SARA Components Separated 

From Bitumen. Construction and Building Materials 2020; 235:117437.

[40] Nurul Hidayah M, Hainin MR, Hassan NA, Abdullah ME. Rutting Evaluation 

of Aged Binder Containing Waste Engine Oil. Advanced Materials Research. 

Trans Tech Publication; 2014 (911):405-9.

182



[41] Lee S-J, Amirkhanian SN, Park N-W, Kim KW. Characterization of Warm 

Mix Asphalt Binders Containing Artificially Long-Term Aged Binders. 

Construction and Building Materials 2009; 23(6):2371-9.

[42] Ongel A, Hugener M. Impact of Rejuvenators on Aging Properties of Bitumen. 

Construction and Building Materials 2015; 94:467-74.

[43] Speight JG. The Chemistry and Technology of Petroleum. CRC press, Taylor 

and Francis Group, Boca Raron, Fifth Edition, CRC Press, 2014; 3-28.

[44] Hofko B, Eberhardsteiner L, Fussl J, Grothe H, Handle F, Hospodka M, et al. 

Impact of Maltene and Asphaltene Fraction on Mechanical Behavior and 

Microstructure of Bitumen. Materials and Structures 2016; 49(3):829-41.

[45] Behnood A, Gharehveran MM. Morphology, Rheology and Physical 

Properties of Polymer-Modified Asphalt Binders. European Polymer Journal 

2018; 112:766-791.

[46] Cebon D, Cheung C. Deformation Mechanisms of Bituminous Materials. 

Advances in Asphalt Materials. Elsevier; 2015,169-203.

[47] Lesueur D. The Colloidal Structure of Bitumen: Consequences on the 

Rheology and on the Mechanisms of Bitumen Modification. Advances in 

Colloid and Interface Science 2009; 145(1-2):42-82.

[48] Speight JG. Asphalt Materials Science and Technology. Butterworth- 

Heinemann; Elsevier, 2016; 1-309.

[49] Oliviero Rossi C, Teltayev B, Angelico R. Adhesion Promoters in Bituminous 

Road Materials: A Review. Applied Sciences 2017; 7(5):524.

[50] Cong P, Hao H, Zhang Y, Luo W, Yao D. Investigation of Diffusion of 

Rejuvenator in Aged Asphalt. International Journal o f Pavement Research and 

Technology 2016; 9(4):280-8.

[51] Behnood A, Gharehveran MM. Morphology, Rheology, and Physical 

Properties of Polymer-Modified Asphalt Binders. European Polymer Journal 

2019; 112:766-91.

[52] Baek C, Underwood BS, Kim YR. Effects of Oxidative Aging on Asphalt 

Mixture Properties. Transportation Research Record 2012; 2296(1):77-85.

[53] Xu G, Wang H, Sun W. Molecular Dynamics Study of Rejuvenator Effect on 

RAP Binder: Diffusion Behavior and Molecular Structure. Construction and 

Building Materials 2018; 158:1046-54.

183



[54] Mirwald J, Werkovits S, Camargo I, Maschauer D, Hofko B, Grothe H. 

Understanding Bitumen Ageing by Investigation of its Polarity Fractions. 

Construction and Building Materials 2020; 250:118809.

[55] Androjic I. Ageing of Hot Mix Asphalt. Gradevinar 2016; 68(06.):477-83.

[56] Hamzah MO, Omranian SR, Golchin B. A Review on the Effects of Aging on 

Properties of Asphalt Binders and Mixtures. Caspian Journal o f Applied 

Sciences Research 2015; 4(6):15-34.

[57] Petersen JC, Glaser R. Asphalt Oxidation Mechanisms and the Role of 

Oxidation Products on Age Hardening Revisited. Road Materials and 

Pavement Design 2011; 12(4):795-819.

[58] Krol JB, Niczke L, Kowalski KJ. Towards Understanding the Polymerization 

Process in Bitumen Bio-Fluxes. Materials 2017; 10(9):1058.

[59] Perez-Jimenez F, Botella R, Miro R. Differentiating Between Damage and 

Thixotropy in Asphalt Binder’s Fatigue Tests. Construction and Building 

Materials 2012; 31:212-9.

[60] Mouillet V, De la Roche C, Chailleux E, Coussot P. Thixotropic Behavior of 

Paving-Grade Bitumens Under Dynamic Shear. Journal o f Materials in Civil 

engineering 2012; 24(1):23-31.

[61] Zhu H, Xu G, Gong M, Yang J. Recycling Long-Term-Aged Asphalts Using 

Bio-Binder/Plasticizer-Based Rejuvenator. Construction and Building 

Materials 2017; 147:117-29.

[62] Kim Y-R, Lee H-J. Evaluation of the Effect of Aging on Mechanical and 

Fatigue Properties of Sand Asphalt Mixtures. KSCE Journal o f Civil 

Engineering 2003; 7(4):389-98.

[63] Borghi A, Jimenez del Barco Carrion A, Lo Presti D, Giustozzi F. Effects of 

Laboratory Aging on Properties of Biorejuvenated Asphalt Binders. Journal o f  

Materials in Civil Engineering 2017; 29 (10):04017149.

[64] West R. Reclaimed Asphalt Pavement Management: Best Practices. Auburn, 

AL: National Center for Asphalt Technology, NCAT Draft Report 2010.

[65] Zaumanis M, Mallick RB, Frank R. Evaluation of Different Recycling Agents 

for Restoring Aged Asphalt Binder and Performance of 100% Recycled 

Asphalt. Materials and Structures 2015; 48(8):2475-88.

184



[66] Garcia A, Schlangen E, van de Ven M, Sierra-Beltran G. Preparation of 

Capsules Containing Rejuvenators for their Use in Asphalt Concrete. Journal 

o f hazardous materials 2010;184(1-3):603-11.

[67] Zaumanis M, Mallick RB, Frank R. 100% Recycled Hot Mix Asphalt: A 

Review and Analysis. Resources, Conservation and Recycling 2014; 92:230­

45.

[68] Lopes M, Gabet T, Bernucci L, Mouillet V. Durability of Hot and Warm 

Asphalt Mixtures Containing High Rates of Reclaimed Asphalt at Laboratory 

Scale. Materials and Structures 2015; 48(12):3937-48.

[69] Mogawer W, Bennert T, Daniel JS, Bonaquist R, Austerman A, Booshehrian 

A. Performance Characteristics of Plant Produced High RAP Mixtures. Road 

Materials and Pavement Design 2012; 13:183-208.

[70] Wang W, Chen J, Sun Y, Xu B, Li J, Liu J. Laboratory Performance Analysis 

of High Percentage Artificial RAP Binder with WMA Additives. Construction 

and Building Materials 2017; 147:58-65.

[71] Roberts FL, Kandhal PS, Brown ER, Lee D-Y, Kennedy TW. Hot Mix Asphalt 

Materials, Mixture Design and Construction, Napa Education Foundation, 

1996;603.

[72] Bonicelli A, Calvi P, Martinez-Arguelles G, Fuentes L, Giustozzi F. 

Experimental Study on the Use of Rejuvenators and Plastomeric Polymers for 

Improving Durability of High RAP Content Asphalt Mixtures. Construction 

and Building Materials 2017; 155:37-44.

[73] Silva HM, Oliveira JR, Jesus CM. Are Totally Recycled Hot Mix Asphalts a 

Sustainable Alternative for Road Paving? Resources, Conservation and 

Recycling 2012; 60:38-48.

[74] Behroozikhah A, Morafa SH, Aflaki S. Investigation of Fatigue Cracks on RAP 

Mixtures Containing Sasobit and Crumb Rubber Based on Fracture Energy. 

Construction and Building Materials 2017; 141:526-32.

[75] He G-P, Wong W-G. Effects of Moisture on Strength and Permanent 

Deformation of Foamed Asphalt Mix Incorporating RAP Materials. 

Construction and Building Materials 2008; 22(1):30-40.

[76] Li X, Marasteanu M, Williams R, Clyne T. Effect of Reclaimed Asphalt 

Pavement (Proportion and Type) and Binder Grade on Asphalt Mixtures. 

Journal o f the Transportation Research Board 2008 (2051):90-7.

185



[77] Loria L, Hajj EY, Sebaaly PE, Barton M, Kass S, Liske T. Performance 

Evaluation of Asphalt Mixtures with High Recycled Asphalt Pavement 

Content. Transportation Research Record 2011; 2208(1):72-81.

[78] Xiao F, Amirkhanian SN, Shen J, Putman B. Influences of Crumb Rubber Size 

and Type on Reclaimed Asphalt Pavement (RAP) Mixtures. Construction and 

Building Materials 2009; 23(2):1028-34.

[79] Izadi A, Motamedi M, Alimi R, Nafar M. Effect of Aging Conditions on the 

Fatigue Behavior of Hot and Warm Mix Asphalt. Construction and Building 

Materials 2018; 188:119-29.

[80] West RC, Willis JR, Marasteanu MO. Improved Mix Design, Evaluation, and 

Materials Management Practices for Hot Mix Asphalt with High Reclaimed 

Asphalt Pavement Content. Transportation Research Board; Report 752, 2013.

[81] Antunes V, Freire A, Neves J. A Review on the Effect of RAP Recycling on 

Bituminous Mixtures Properties and the Viability of Multi-Recycling. 

Construction and Building Materials 2019; 211:453-69.

[82] Mogawer W, Austerman A, Roussel M. Performance Characteristics of 

Asphalt Rubber Mixtures Containing RAP and Warm Mix Asphalt 

Technology. Proceedings of the 2nd International Warm-Mix Conference, St. 

Louis, MO. 2011.

[83] Xie Z, Rizvi H, Purdy C, Ali A, Mehta Y. Effect of Rejuvenator Types and 

Mixing Procedures on Volumetric Properties of Asphalt Mixtures with 50% 

RAP. Construction and Building Materials 2019; 218:457-64.

[84] Valdes G, Perez-Jimenez F, Miro R, Martinez A, Botella R. Experimental 

Study of Recycled Asphalt Mixtures with High Percentages of Reclaimed 

Asphalt Pavement (RAP). Construction and Building Materials 2011; 

25(3):1289-97.

[85] Zhu J, Ma T, Fang Z. Characterization of Agglomeration of Reclaimed Asphalt 

Pavement for Cold Recycling. Construction and Building Materials 2020; 

240:117912.

[86] Bressi S, Dumont A-G, Pittet M. Cluster Phenomenon and Partial Differential 

Aging in RAP Mixtures. Construction and Building Materials 2015; 99:288­

97.

186



[87] Bressi S, Pittet M, Dumont A, Partl M. A Framework for Characterizing RAP 

Clustering in Asphalt Concrete Mixtures. Construction and Building Materials 

2016; 106:564-74.

[88] Bressi S, Cavalli MC, Partl MN, Tebaldi G, Dumont AG, Poulikakos LD. 

Particle Clustering Phenomena in Hot Asphalt Mixtures with High Content of 

Reclaimed Asphalt Pavements. Construction and Building Materials 2015; 

100:207-17.

[89] Zhang K, Huchet F, Hobbs A. A Review of Thermal Processes in the 

Production and Their Influences on Performance of Asphalt Mixtures with 

Reclaimed Asphalt Pavement (RAP). Construction and Building Materials 

2019; 206:609-19.

[90] Xu G, Ma T, Fang Z, Huang X, Zhang W. The Evaluation Method of Particle 

Clustering Phenomena in RAP. Applied Sciences 2019; 9(3):424.

[91] Shen J, Amirkhanian S, Tang B. Effects of Rejuvenator on Performance-Based 

Properties of Rejuvenated Asphalt Binder and Mixtures. Construction and 

Building Materials 2007; 21(5):958-64.

[92] Zadshir M, Oldham DJ, Hosseinnezhad S, Fini EH. Investigating Bio­

Rejuvenation Mechanisms in Asphalt Binder via Laboratory Experiments and 

Molecular Dynamics Simulation. Construction and Building Materials 2018; 

190:392-402.

[93] Im S, Zhou F, Lee R, Scullion T. Impacts of Rejuvenators on Performance and 

Engineering Properties of Asphalt Mixtures Containing Recycled Materials. 

Construction and Building Materials 2014;53:596-603.

[94] Xiaokong Y M, Salome DS, Lily D P. Rheological, Microscopic, and Chemical 

Characterization of the Rejuvenating Effect on Asphalt Binders. Fuel 2014; 

1(135):162—71.

[95] Tran NH, Taylor A, Willis R. Effect of Rejuvenator on Performance Properties 

of HMA Mixtures with High RAP and RAS Contents. NCATReport 2012:12­

05.

[96] Loise V, Caputo P, Porto M, Calandra P, Angelico R, Oliviero Rossi C. A 

Review on Bitumen Rejuvenation: Mechanisms, Materials, Methods and 

Perspectives. Applied Sciences 2019; 9(20):4316.

[97] Tran RWaNH. Rejuvenators: Bring Life Back to Aging Asphalt Binder. 

Asphalt Pavement Magazine; 2015: 1-39.

187



[98] Farooq MA, Mir MS, Sharma A. Laboratory Study on Use of RAP in WMA 

Pavements Using Rejuvenator. Construction and Building Materials 2018; 

168:61-72.

[99] Zhang R, You Z, Wang H, Chen X, Si C, Peng C. Using Bio-Based 

Rejuvenator Derived from Waste Wood to Recycle Old Asphalt. Construction 

and Building Materials 2018; 189:568-75.

[100] Zaumanis M, Mallick RB, Frank R. Evaluation of Rejuvenator's Effectiveness 

with Conventional Mix Testing for 100% Reclaimed Asphalt Pavement 

Mixtures. Transportation Research Record 2013; 2370(1):17-25.

[101] Cavalli MC, Zaumanis M, Mazza E, Partl MN, Poulikakos LD. Effect of 

Ageing on the Mechanical and Chemical Properties of Binder from RAP 

Treated with Bio-Based Rejuvenators. Composites Part B: Engineering 2018; 

141:174-81.

[102] Cao X, Wang H, Cao X, Sun W, Zhu H, Tang B. Investigation of Rheological 

and Chemical Properties Asphalt Binder Rejuvenated with Waste Vegetable 

Oil. Construction and Building Materials 2018; 180:455-63.

[103] Zargar M, Ahmadinia E, Asli H, Karim MR. Investigation of the Possibility of 

Using Waste Cooking Oil as a Rejuvenating Agent for Aged Bitumen. Journal 

o f hazardous materials 2012; 233:254-8.

[104] He H, Zhang E, Fatokoun S, Shan L. Effect of the Softer Binder on the 

Performance of Repeated RAP Binder. Construction and Building Materials 

2018;178:280-7.

[105] Pradhan SK, Sahoo UC. Influence of Softer Binder and Rejuvenator on 

Bituminous Mixtures Containing Reclaimed Asphalt Pavement (RAP) 

Material. International Journal o f Transportation Science and Technology 

2020 .

[106] Cao Z, Huang X, Yu J, Han X, Wang R, Li Y. Laboratory Evaluation of the 

Effect of Rejuvenators on the Interface Performance of Rejuvenated SBS 

Modified Bitumen Mixture by Surface Free Energy Method. Construction and 

Building Materials; 2021; 271:121866.

[107] Devulapalli L, Kothandaraman S, Sarang G. Microstructural Characterisation 

of Reclaimed Asphalt Pavement with Rejuvenators. International Journal o f  

Pavement Engineering 2020:1-12.

188



[108] Zhang K, Muhunthan B. Effects of Production Stages on Blending and 

Mechanical Properties of Asphalt Mixtures with Reclaimed Asphalt Pavement. 

Construction and Building Materials 2017; 149:679-89.

[109] Zhao S, Huang B, Shu X, Woods ME. Quantitative Evaluation of Blending and 

Diffusion in High RAP and RAS Mixtures. Materials & Design 2016; 

89:1161-70.

[110] Liphardt A, Radziszewski P, Krol J. Binder Blending Estimation Method in 

Hot Mix Asphalt with Reclaimed Asphalt. Procedia Engineering 2015; 

111:502-9.

[111] Behnood A. Application of Rejuvenators to Improve the Rheological and 

Mechanical Properties of Asphalt Binders and Mixtures: A Review. Journal o f  

Cleaner Production 2019; 231:171-82.

[112] Xu J, Hao P, Zhang D, Yuan G. Investigation of Reclaimed Asphalt Pavement 

Blending Efficiency Based on Micro-Mechanical Properties of Layered 

Asphalt binders. Construction and Building Materials 2018; 163:390-401.

[113] Mohammadafzali M, Ali H, Musselman JA, Sholar GA, Rilko WA. Aging of 

Rejuvenated Asphalt Binders. Advances in Materials Science and Engineering 

2017; 2017:1-13.

[114] Kaseer F, Cucalon LG, Arambula-Mercado E, Martin AE, Epps J. Practical 

Tools for Optimizing Recycled Materials Content and Recycling Agent 

Dosage for Improved Short-and Long-Term Performance of Rejuvenated 

Binder Blends and Mixtures. Journal o f the Association o f Asphalt Paving 

Technologists 2018; 87:513-50.

[115] Tabatabaee HA, Kurth TL. Analytical Investigation of the Impact of a Novel 

Bio-Based Recycling Agent on the Colloidal Stability of Aged Bitumen. Road 

Materials and Pavement Design 2017; 18:131-40.

[116] Behnood A, Shah A, McDaniel RS, Beeson M, Olek J. High-Temperature 

Properties of Asphalt Binders: Comparison of Multiple Stress Creep Recovery 

and Performance Grading Systems. Transportation Research Record 2016; 

2574(1):131-43.

[117] Bonemazzi F, Giavarini C. Shifting the Bitumen Structure from Sol to Gel. 

Journal o f Petroleum Science and Engineering 1999; 22(1-3):17-24.

189



[118] Devulapalli L, Kothandaraman S, Sarang G. Microstructural Characterisation 

of Reclaimed Asphalt Pavement with Rejuvenators. International Journal o f  

Pavement Engineering 2020: (In press) 1-12.

[119] Shao H, Sun L, Liu L, You Z, Yang X. A Novel Double-Drum Mixing 

Technique for Plant Hot Mix Asphalt Recycling with High Reclaimed Asphalt 

Pavement Content and Rejuvenator. Construction and Building Materials 

2017; 134:236-44.

[120] Sabouri M, Choi Y-T, Wang Y, Hwang S, Baek C, Kim RY. Effect of 

Rejuvenator on Performance Properties of WMA Mixtures with High RAP 

Content. 8th RILEMInternational Symposium on Testing and Characterization 

o f Sustainable and Innovative Bituminous Materials. Springer; 2016: 473-84.

[121] Wu J, Liu Q, Wang Y, Chen J, Wang D, Xie L, et al. Effect of Mixing Time 

and Temperature on the Homogeneity of Asphalt Mixtures Containing 

Reclaimed Asphalt Pavement Material. Transportation Research Record 2018; 

2672(28):167-77.

[122] Zahoor M, Nizamuddin S, Madapusi S, Giustozzi F. Sustainable Asphalt 

Rejuvenation using Waste Cooking Oil: a Comprehensive Review. Journal o f  

Cleaner Production 2020: (278):123304.

[123] Kowalski KJ, Krol JB, Bankowski W, Radziszewski P, Sarnowski M. Thermal 

and Fatigue Evaluation of Asphalt Mixtures Containing RAP Treated with a 

Bio-Agent. Applied Sciences 2017; 7(3):216.

[124] Yang X, You Z, Mills-Beale J. Asphalt Binders Blended with a High 

Percentage of Biobinders: Aging Mechanism Using FTIR and Rheology. 

Journal o f Materials in Civil Engineering 2014; 27(4):04014157.

[125] Yang X, Mills-Beale J, You Z. Chemical Characterization and Oxidative 

Aging of Bio-Asphalt and its Compatibility with Petroleum Asphalt. Journal 

o f cleaner production 2017;142:1837-47.

[126] Cai X, Zhang J, Xu G, Gong M, Chen X, Yang J. Internal Aging Indexes to 

Characterize the Aging Behavior of Two Bio-Rejuvenated Asphalts. Journal 

o f Cleaner Production 2019; 220:1231-8.

[127] Grilli A, Gnisci MI, Bocci M. Effect of Ageing Process on Bitumen and 

Rejuvenated Bitumen. Construction and Building Materials 2017; 136:474-81.

[128] Yin F, Kaseer F, Arambula-Mercado E, Epps Martin A. Characterising the 

Long-Term Rejuvenating Effectiveness of Recycling Agents on Asphalt

190



Blends and Mixtures with High RAP and RAS Contents. Road Materials and 

Pavement Design 2017; 18:273-92.

[129] Nayak P, Sahoo UC. Rheological, Chemical and Thermal Investigations on an 

Aged Binder Rejuvenated with Two Non-Edible Oils. Road Materials and 

Pavement Design 2017; 18(3):612-29.

[130] Elkashef M, Williams RC, Cochran E. Thermal Stability and Evolved Gas 

Analysis of Rejuvenated Reclaimed Asphalt Pavement (RAP) Bitumen Using 

Thermogravimetric Analysis-Fourier Transform Infrared (TG-FTIR). Journal 

o f Thermal Analysis and Calorimetry 2018; 131(2):865-71.

[131] El-Shorbagy AM, El-Badawy SM, Gabr AR. Investigation of Waste Oils as 

Rejuvenators of Aged Bitumen for Sustainable Pavement. Construction and 

Building Materials 2019; 220:228-37.

[132] Gong M, Yang J, Zhang J, Zhu H, Tong T. Physical-Chemical Properties of 

Aged Asphalt Rejuvenated by Bio-oil Derived from Biodiesel Residue. 

Construction and Building Materials 2016; 105:35-45.

[133] Han S, Dong S, Liu M, Han X, Liu Y. Study on Improvement of Asphalt 

Adhesion by Hydrated Lime Based on Surface Free Energy Method. 

Construction and Building Materials 2019; 227:116794.

[134] Kamaruddin M, Hidayah N, Hainin MR, Abdul Hassan N, Abdullah ME. 

Effect of Chemical Warm Asphalt Additive on Wettability of Aged Binder 

Incorporating Waste Engine Oil. International Journal o f Applied Engineering 

Research 2015; 10(10):26139-26147.

[135] Hossain K, Karakas A, Hossain Z. Effects of Aging and Rejuvenation on 

Surface-Free Energy Measurements and Adhesion of Asphalt Mixtures. 

Journal o f Materials in Civil Engineering 2019; 31(7):04019125.

[136] Ziari H, Moniri A, Bahri P, Saghafi Y. The Effect of Rejuvenators on the Aging 

Resistance of Recycled Asphalt Mixtures. Construction and Building 

Materials 2019; 224:89-98.

[137] Rajib AI, Pahlavan F, Fini EH. Investigating Molecular-Level Factors that 

Affect the Durability of Restored Aged Asphalt Binder. Journal o f Cleaner 

Production 2020:122501.

[138] Featherstone S. A Complete Course in Canning and Related Processes. 

Processing Procedures for Canned Food Products. Woodhead Publishing, 14th 

Edition; 2015: 369-384

191



[139] Embuscado ME. Herbs and Spices as Antioxidants for Food Preservation. 

Handbook o f Antioxidants for Food Preservation. Elsevier; 2015: 251-83.

[140] Murphy B, Horner G, Tarcy D, Bylikin S. Oxford IB Diploma Programme: 

Chemistry Course Companion. Oxford University Press; 2014, 578.

[141] Gibson M. and Pat N. Food Science and the Culinary Art, Academic Press, 

2018: 323-340.

[142] Ziari H, Moniri A, Bahri P, Saghafi Y. Evaluation of Performance Properties 

of 50% Recycled Asphalt Mixtures Using Three Types of Rejuvenators. 

Petroleum Science and Technology 2019; 37(23):2355-61.

[143] Moniri A, Ziari H, Aliha M, Saghafi Y. Laboratory Study of the Effect of Oil- 

Based Recycling Agents on High RAP Asphalt Mixtures. International 

Journal o f Pavement Engineering 2019; (In Press): 1-12.

[144] Arambula-Mercado E, Kaseer F, Martin AE, Yin F, Cucalon LG. Evaluation 

of Recycling Agent Dosage Selection and Incorporation Methods for Asphalt 

Mixtures with High RAP and RAS Contents. Construction and Building 

Materials 2018; 158:432-42.

[145] Mirhosseini AF, Tahami SA, Hoff I, Dessouky S, Ho C-H. Performance 

Evaluation of Asphalt Mixtures Containing High-RAP Binder Content and 

Bio-Oil Rejuvenator. Construction and Building Materials 2019; 227:116465.

[146] Ashoori S, Sharifi M, Masoumi M, Salehi MM. The Relationship Between 

SARA Fractions and Crude Oil Stability. Egyptian Journal o f Petroleum 2017; 

26(1):209-13.

[147] Sharma BK, Sharma C, Bhagat S, Erhan S. Maltenes and Asphaltenes of 

Petroleum Vacuum Residues: Physico-Chemical Characterization. Petroleum 

Science and Technology 2007; 25(1-2):93-104.

[148] Dehkissia Sn, Larachi Fq, Chornet E. Catalytic (Mo) Upgrading of Athabasca 

Bitumen Vacuum Bottoms via Two-Step Hydrocracking and Enhancement of 

Mo-Heavy Oil Interaction. Fuel 2004; 83(10):1323-31.

[149] Speight JG. Handbook of Petroleum Product Analysis. John Wiley & Sons; 

2015: 31-39.

[150] Kong F, Singh R. Chemical Deterioration and Physical Instability of Foods and 

Beverages. The Stability and Shelf Life of Food. Elsevier; 2016: 43-76.

[151] Peralta J, Williams RC, Silva HM, Machado AVA. Recombination of Asphalt 

with Bio-Asphalt: Binder Formulation and Asphalt Mixes Application. 2014.

192



[152] Menapace I, Cucalon LG, Kaseer F, Arambula-Mercado E, Martin AE, Masad 

E, King G. Effect of Recycling Agents in Recycled Asphalt Binders Observed 

with Microstructural and Rheological Tests. Construction and Building 

Materials 2018; 158:61-74.

[153] ASTM D4124. Standard Test Method for Separation of Asphalt into Four 

Fractions, Annual Book of ASTM Standards, West Conshohocken, USA: 

ASTM International; 2018.

[154] ASTM D7042, Standard Test Method for Dynamic Viscosity and Density of 

Liquids by Stabinger Viscometer (and the Calculation of Kinematic Viscosity), 

Annual Book of ASTM Standards, West Conshohocken, USA: ASTM 

International; 2014.

[155] Feng Z-g, Bian H-j, Li X-j, Yu J-y. FTIR Analysis of UV Aging on Bitumen 

and its Fractions. Materials and Structures 2016; 49(4):1381-9.

[156] ASTM D2172 / D2172M. Standard Test Methods for Quantitative Extraction 

of Asphalt Binder from Asphalt Mixtures, Annual Book of ASTM Standards, 

West Conshohocken, USA: ASTM International; 2017.

[157] ASTM D5404 / D5404M. Standard Practice for Recovery of Asphalt from 

Solution Using the Rotary Evaporator. Annual Book of ASTM Standards, 

West Conshohocken, USA: ASTM International; 2012.

[158] ASTM D5/D5M. Standard Test Method for Penetration of Bituminous 

Materials, Annual Book of ASTM Standards, West Conshohocken, USA: 

ASTM International; 2013.

[159] ASTM D36 / D36M. Standard Test Method for Softening Point of Bitumen 

(Ring-and-Ball Apparatus), Annual Book of ASTM Standards, West 

Conshohocken, USA: ASTM International; 2014.

[160] ASTM D113. Standard Test Method for Ductility of Asphalt Materials. Annual 

Book of ASTM Standards, West Conshohocken, USA: ASTM International; 

2017.

[161] ASTM D4402/D4402M, Standard Test Method for Viscosity Determination of 

Asphalt at Elevated Temperatures Using a Rotational Viscometer, Annual 

Book of ASTM Standards, West Conshohocken, USA: ASTM International;

2015.

[162] Salomon D, Zhai H. Ranking Asphalt Binders by Activation Energy for Flow. 

Journal o f Applied Asphalt Binder Technology 2002; 2(2):52-60.

193



[163] Pellinen TK, Witczak MW, Bonaquist RF. Asphalt Mix Master Curve 

Construction Using Sigmoidal Fitting Function with Non-Linear Least Squares 

Optimization. Recent Advances in Materials Characterization and Modeling 

o f Pavement Systems. 2004, 83-101.

[164] ASTM D5892-00. Standard Specification for Type IV Polymer-Modified

Asphalt Cement for Use in Pavement Construction, Annual Book of ASTM 

Standards, West Conshohocken, USA: ASTM International: ASTM

International; 2015.

[165] ASTM D2872. Standard Test Method for Effect of Heat and Air on a Moving

Film of Asphalt (Rolling Thin-Film Oven Test), Annual Book of ASTM 

Standards, West Conshohocken, USA: ASTM International: ASTM

International; 2012.

[166] Southern M. A Perspective of Bituminous Binder Specifications. Advances in 

Asphalt Materials. Elsevier; 2015: 1-27.

[167] AASHTO T 240. Standard Method of Test for Effect of Heat and Air on a 

Moving Film of Asphalt Binder (Rolling Thin-Film Oven Test), Washington, 

DC: American Association of State Highway and Transportation Officials; 

2013.

[168] ASTM D7175. Standard Test Method for Determining the Rheological 

Properties of Asphalt Binder Using a Dynamic Shear Rheometer. Annual Book 

of ASTM Standards, West Conshohocken, USA: ASTM International; 2015.

[169] Lillian G M, Mohd R M H and Jan V. Warm Mix and Reclaimed Asphalt 

Pavement: A Greener Road Approach. International Scholarly and Scientific 

Research & Innovation 2018; 12(11):1107-12.

[170] ASTM D6648. Standard Test Method for Determining the Flexural Creep 

Stiffness of Asphalt Binder Using the Bending Beam Rheometer (BBR), 

Annual Book of ASTM Standards, West Conshohocken, USA: ASTM 

International; 2016.

[171] Institute A. Superpave Performance Graded Asphalt Binder Specification and 

Testing. Asphalt Institute; 3rd edition, 2003.

[172] ASTM D7643. Standard Practice for Determining the Continuous Grading 

Temperatures and Continuous Grades for PG Graded Asphalt Binders, Annual 

Book of ASTM Standards, West Conshohocken, USA: ASTM International;

2016.

194



[173] Lu X, Isacsson U. Effect of Ageing on Bitumen Chemistry and Rheology. 

Construction and Building materials 2002; 16(1):15-22.

[174] Negulescu I, Mohammad L, Daly W, Abadie C, Cueto R, Daranga C, et al. 

Chemical and Rheological Characterization of Wet and Dry Aging of SBS 

Copolymer Modified Asphalt Cements: Laboratory and Field Evaluation (with 

discussion). Journal o f the Association o f Asphalt Paving Technologists 2006; 

75.

[175] Jia X, Huang B, Bowers BF, Zhao S. Infrared Spectra and Rheological 

Properties of Asphalt Cement Containing Waste Engine Oil Residues. 

Construction and Building Materials 2014; 50:683-91.

[176] Lamontagne J, Dumas, P, Mouillet, V and Kister, J. Comparison by Fourier 

Transform Infrared (FTIR) Spectroscopy of Different Ageing Techniques: 

Application to Road Bitumens. Fuel 2011; 80(4):483-8.

[177] Mouillet V, Lamontagne, J, Durrieu, F, Planche, J.-P, and Lapalu, L. Infrared 

Microscopy Investigation of Oxidation and Phase Evolution in Bitumen 

Modified with Polymers. Fuel 2008; 87(7):1270-80.

[178] Mouazen M, Poulesquen, A, and Vergnes, B. Influence of Thermomechanical 

History on Chemical and Rheological Behavior of Bitumen. Energy & Fuels 

2011; 25(10):4614-21.

[179] Yan C, Huang W, Lv Q. Study on Bond Properties Between RAP Aggregates 

and Virgin Asphalt Using Binder Bond Strength Test and Fourier Transform 

Infrared Spectroscopy. Construction and Building Materials 2016;124:1-10.

[180] ASTM E1131. Standard Test Method for Compositional Analysis by 

Thermogravimetry, Annual Book of ASTM Standards, West Conshohocken, 

USA: ASTM International; (08) 2014.

[181] Ciryle SS, Alexandre P, Emmanuel C. Evaluation of the Potential Use of Waste 

Sunflower and Rapeseed Oils-Modified Natural Bitumen as Binders for 

Asphalt Pavement Design. International Journal o f Pavement Research and 

Technology 2016; 9(5), 368.

[182] Boulange L, Bonin E, Saubot M. Physicochemical Characterisations of the 

Bitumen-Aggregate Interface to Get a Better Understanding of Stripping 

Phenomena. Road Materials and Pavement Design 2013; 14(2):384-403.

195



[183] Yao H, Dai Q, You Z, Zhang J, Lv S, Xiao X. Evaluation of Contact Angle 

Between Asphalt Binders and Aggregates Using Molecular Dynamics (MD) 

method. Construction and Building Materials 2019; 212:727-36.

[184] Jabatan Kerja Raya (JKR). Standard Specification for Road Works - Section 4: 

Flexible Pavement. Kuala Lumpur: Jabatan Kerja Raya Malaysia; 2008. 1­

317.

[185] ASTM C127. Standard Test Method for Density , Relative Density ( Specific 

Gravity ), and Absorption of Coarse Aggregate, Annual Book of ASTM 

Standards, West Conshohocken, USA: ASTM International; 2015.

[186] ASTM C128. Standard Test Method for Density , Relative Density ( Specific 

Gravity ), and Absorption of Fine Aggregate, Annual Book of ASTM 

Standards, West Conshohocken, USA: ASTM International; 2015.

[187] BS EN 1097-2. Tests for Mechanical and Physical Properties of Aggregates- 

Part 2: Methods for the Determination of Resistance to Fragmentation. 

London, UK: BSI Standards Institution; 2010.

[188] BS EN 933-3. Tests for Geometrical Properties of Aggregates-Part 3: 

Determination of particle shape-Flakiness index, London, UK: BSI Standards 

Institution; 2012.

[189] BS EN 933-4. Tests for Geometrical Properties of Aggregates-Part 4: 

Determination of Particle shape-Shape index. London, UK: BSI Standards 

Institution; 2012.

[190] ASTM C131. Standard Test Method for Resistance to Degradation of Small- 

Size Coarse Aggregate by Abrasion and Impact in the Los Angeles Machine, 

Annual Book of ASTM Standards, West Conshohocken, USA: ASTM 

International; 2014.

[191] Ziari H, Moniri A, Norouzi N. The Effect of Nanoclay as Bitumen Modifier on 

Rutting Performance of Asphalt Mixtures Containing High Content of 

Rejuvenated Reclaimed Asphalt Pavement. Petroleum Science and 

Technology 2019; 37(17):1946-51.

[192] Zaumanis M, Cavalli MC, Poulikakos LD. Effect of Rejuvenator Addition 

Location in Plant on Mechanical and Chemical Properties of RAP Binder. 

International Journal o f Pavement Engineering 2018: (In Press) 1-9.

196



[193] Zaumanis M, Boesiger L, Kunz B, Cavalli MC, Poulikakos L. Determining 

Optimum Rejuvenator Addition Location in Asphalt Production Plant. 

Construction and Building Materials 2019; 198:368-78.

[194] Saleh M, Nguyen NH. Effect of Rejuvenator and Mixing Methods on 

Behaviour of Warm Mix Asphalt Containing High RAP Content. Construction 

and Building Materials 2019; 197:792-802.

[195] Ziari H, Aliha M, Moniri A, Saghafi Y. Crack Resistance of Hot Mix Asphalt 

Containing Different Percentages of Reclaimed Asphalt Pavement and Glass 

Fiber. Construction and Building Materials 2020; 230:117015.

[196] ASTM D6927. Standard Test Method for Marshall Stability and Flow of 

Aphalt mixtures, Annual Book of ASTM Standards, West Conshohocken, 

USA: ASTM International; 2015.

[197] ASTM D4867 / D4867M. Standard Test Method for Effect of Moisture on 

Asphalt Concrete Paving Mixtures, Annual Book of ASTM Standards, West 

Conshohocken, USA: ASTM International; 2014.

[198] AASHTO T283. Standard Method of Test for Resistance of Compacted 

Bituminous Mixture Against to Moisture Induced Damage, Washington, DC: 

American Association of State Highway and Transportation Officials; 2014.

[199] AASHTO R 30-02. Mixture Conditioning of Hot-mix Asphalt (HMA), 

Washington, DC: American Association of State Highway and Transportation 

Officials; 2005.

[200] Laboratory RR. Bituminous Materials in Road Construction. England; 1985.

[201] AASHTO T 182. Standard Method of Test for Coating and Stripping of 

Bitumen-Aggregate Mixtures, Washington, DC: American Association of 

State Highway and Transportation Officials; 2002.

[202] Jakarni FM, Rosli MF, Yusoff NIM, Aziz MMA, Muniandy R, Hassim S. An 

Overview of Moisture Damage Performance Tests on Asphalt Mixtures. Jurnal 

Teknologi 2016; 78(7-2).

[203] Liu Y, Apeagyei A, Ahmad N, Grenfell J, Airey G. Examination of Moisture 

Sensitivity of Aggregate-Bitumen Bonding Strength Using Loose Asphalt 

Mixture and Physico-Chemical Surface Energy Property Tests. International 

Journal o f Pavement Engineering 2014; 15(7):657-70.

197



[204] ASTM D7369. Standard Test Method for Determining the Resilient Modulus 

of Bituminous Mixtures by Indirect Tension Test, Annual Book of ASTM 

Standards, West Conshohocken, USA: ASTM International; 2011.

[205] BS EN 12697-25. Bituminous mixtures - Test methods for Hot Mix Asphalt- 

Part 25: Cyclic Compression Test. London, UK: BSI Standard Institution; 

2013.

[206] Arrieta VS, Maquilon JEC. Resistance to Degradation or Cohesion Loss in 

Cantabro Test on Specimens of Porous Asphalt Friction Courses. Procedia- 

Social and Behavioral Sciences 2014; 162:290-9.

[207] TxDOT, 200-F, Bituminous Test Procedures Manual. Austin, TX; 2005.

[208] BS EN 12697-22. Bituminous mixtures - Test methods for hot mix asphalt - 

Part 22: Wheel tracking. London, UK: BSI Standard Institution; 2013.

[209] AASHTO T195 Standard Method of Test for Determining Degree of Particle 

Coating of Asphalt Mixtures. Washington, DC: American Association of State 

Highway and Transportation Officials; 2011.

[210] Zhang R, Wang H, You Z, Jiang X, Yang X. Optimization of Bio-Asphalt 

Using Bio-Oil and Distilled Water. Journal o f cleaner production 2017; 

165:281-9.

[211] Fini EH, Kalberer EW, Shahbazi A, Basti M, You Z, Ozer H, et al. Chemical 

Characterization of Biobinder from Swine Manure: Sustainable Modifier for 

Asphalt Binder. Journal o f Materials in Civil Engineering 2011; 23(11):1506- 

13.

[212] Yusoff NIM, Breem AAS, Alattug HN, Hamim A, Ahmad J. The Effects of 

Moisture Susceptibility and Ageing Conditions on Nano-Silica/Polymer- 

Modified Asphalt Mixtures. Construction and Building Materials 2014; 

72:139-47.

[213] PubChem Compound Database.: National Center for Biotechnology 

Information; 2016.

[214] Royal Society of Chemistry, ChemSpider: Search and Share Chemistry; 2015.

[215] Handle F, Fussl J, Neudl S, Grossegger D, Eberhardsteiner L, Hofko B, 

Hospodka M, Blab R, and Grothe H . The Bitumen Microstructure: A 

Fluorescent Approach. Materials and Structures 2016; 49(1-2):167-80.

198



[216] Wang Z, Ye F. Experimental Investigation on Aging Characteristics of Asphalt 

Based on Rheological Properties. Construction and Building Materials 2020; 

231:117158.

[217] Singh D, Girimath S. Investigation of Rheological Properties and Superpave 

PG of PMB Mixed with Reclaimed Asphalt Pavement Binders. Construction 

and Building Materials 2016; 126:834-42.

[218] Ruan Y, Davison R, Glover C. An Investigation of Asphalt Durability: 

Relationships Between Ductility and Rheological Properties for Unmodified 

Asphalts. Petroleum Science and Technology 2003; 21(1-2):231-54.

[219] Pereira L, Freire A, da Costa MS, Antunes V, Quaresma L, Micaelo R. 

Experimental Study of the Effect of Filler on the Ductility of Filler-Bitumen 

Mastics. Construction and Building Materials 2018; 189:1045-53.

[220] Jahanbakhsh H, Karimi MM, Naseri H, Nejad FM. Sustainable Asphalt 

Concrete Containing High Reclaimed Asphalt Pavements and Recycling 

Agents: Performance Assessment, Cost Analysis, and Environmental Impact. 

Journal o f Cleaner Production 2020; 244:118837.

[221] Tan Y, Guo M. Study on the Phase Behavior of Asphalt Mastic. Construction 

and Building Materials 2013; 47:311-7.

[222] Sergeant GD, Leung R, Barrett D. The Effect of Aging on the Viscosity of 

Bitumens Produced from Shale Oil. Fuel processing technology 1994; 

37(1):67-72.

[223] Aske N, Kallevik H, Johnsen EE, Sjoblom J. Asphaltene Aggregation from 

Crude Oils and Model Systems Studied by High-Pressure NIR Spectroscopy. 

Energy & Fuels 2002; 16(5):1287-95.

[224] Cao W, Barghabany P, Mohammad L, Cooper III SB, Balamurugan S. 

Chemical and Rheological Evaluation of Asphalts Incorporating RAP/RAS 

Binders and Warm-Mix Technologies in Relation to Crack Resistance. 

Construction and Building Materials 2019; 198:256-68.

[225] Xiaohu L, Isacsson U. Effect of Ageing on Bitumen Chemistry and Rheology. 

Construction and Building Materials 2002; 16(1):15-22.

[226] Mousavi M, Pahlavan F, Oldham D, Hosseinnezhad S, Fini EH. Multiscale 

Investigation of Oxidative Aging in Biomodified Asphalt Binder. The Journal 

o f Physical Chemistry C 2016; 120(31):17224-33.

199



[227] Valcke E, Rorif F, Smets S. Ageing of Eurobitum Bituminised Radioactive 

Waste: An ATR-FTIR Spectroscopy Study. Journal o f Nuclear Materials 

2009; 393(1):175-85.

[228] Bai T, Hu Z-a, Hu X, Liu Y, Fuentes L, Walubita LF. Rejuvenation of Short­

Term Aged Asphalt-Binder Using Waste Engine Oil. Canadian Journal o f  

Civil Engineering 2019 (In Press), 1-28.

[229] Raad L, Saboundjian S, Minassian G. Field Aging Effects on Fatigue of 

Asphalt Concrete and Asphalt-Rubber Concrete. Transportation Research 

Record 2001;1767(1):126-34.

[230] Dondi G, Mazzotta F, Simone A, Vignali V, Sangiorgi C, Lantieri C. 

Evaluation of Different Short Term Aging Procedures with Neat, Warm and 

Modified Binders. Construction and building materials 2016; 106:282-9.

[231] Bach Q-V, Chen W-H. Pyrolysis Characteristics and Kinetics of Microalgae 

via Thermogravimetric Analysis (TGA): A State-of-the-Art Review. 

Bioresource Technology 2017; 246:88-100.

[232] Shi H, Xu T, Zhou P, Jiang R. Combustion Properties of Saturates, Aromatics, 

Resins, and Asphaltenes in Asphalt Binder. Construction and Building 

Materials 2017; 136:515-23.

[233] Fischer HR, Mookhoek SD. A Study of the Influence of the Microstructure of 

One Type of Bitumen Grade on the Performance as a Binder. Construction and 

Building Materials 2016; 117:1-7.

[234] Pauli A, Grimes R, Beemer A, Turner T, Branthaver J. Morphology of 

Asphalts, Asphalt Fractions and Model Wax-Doped Asphalts Studied by 

Atomic Force Microscopy. International Journal o f Pavement Engineering 

2011;12(4): 291-309.

[235] Menapace I, Masad E, Bhasin A. Effect of Treatment Temperature on the 

Microstructure of Asphalt Binders: Insights on the Development of Dispersed 

Domains. Journal o f microscopy 2016; 262(1):12-27.

[236] Pizzorno B, Dourado E, Moraes Md, Simao R, Leite L. Segregation and 

Crystallization of Waxes on the Surface of Asphalt Binders as Observed by 

Atomic Force Microscopy. Petroleum Science and Technology 2014; 

32(22):2738-45.

[237] Aguiar-Moya JP, Salazar-Delgado J, Garcia A, Baldi-Sevilla A, Bonilla-Mora 

V, Loria-Salazar LG. Effect of Ageing on Micromechanical Properties of

200



Bitumen by Means of Atomic force microscopy. Road Materials and Pavement 

Design 2017; 18:203-15.

[238] Allen RG, Little DN, Bhasin A, Glover CJ. The Effects of Chemical 

Composition on Asphalt Microstructure and Their Association to Pavement 

Performance. International Journal o f Pavement Engineering 2014; 15(1):9- 

2 2 .

[239] Cuadri A, Garcia-Morales M, Navarro F, Partal P. Processing of Bitumens 

Modified by a Bio-Oil-Derived Polyurethane. Fuel 2014; 118:83-90.

[240] Aguiar-Moya JP, Salazar-Delgado J, Bonilla-Mora V, Rodriguez-Castro E, 

Leiva-Villacorta F, Loria-Salazar L. Morphological Analysis of Bitumen 

Phases Using Atomic Force Microscopy. Road Materials and Pavement 

Design 2015; 16:138-52.

[241] Wang M, Liu L. Investigation of Microscale Aging Behavior of Asphalt 

Binders Using Atomic Force Microscopy. Construction and Building 

Materials 2017; 135:411-9.

[242] Zhang Z, Jia M, Jiao W, Qi B, Liu H. Physical Properties and Microstructures 

of Organic Rectorites and Their Modified Asphalts. Construction and Building 

Materials 2018; 171:33-43.

[243] Magonov S, Alexander J, Surtchev M, Hung AM, Fini EH. Compositional 

Mapping of Bitumen Using Local Electrostatic Force Interactions in Atomic 

Force Microscopy. Journal o f microscopy 2017; 265(2):196-206.

[244] Backx BP, Simao RA, Dourado ER, Leite LFM. Solvent Effect on the 

Morphology of the Bee: Structure Observed by Atomic Force Microscopy on 

Bitumen Sample. Materials Research 2014; 17(5):1157-61.

[245] Chen A, Liu G, Zhao Y, Li J, Pan Y, Zhou J. Research on the Aging and 

Rejuvenation Mechanisms of Asphalt Using Atomic Force Microscopy. 

Construction and Building Materials 2018; 167:177-84.

[246] Wei J, Dong F, Li Y, Zhang Y. Relationship Analysis Between Surface Free 

Energy and Chemical Composition of Asphalt Binder. Construction and 

Building Materials 2014; 71:116-23.

[247] Habal A, Singh D. Moisture Damage Resistance of GTR-Modified Asphalt 

Binders Containing WMA Additives Using the Surface Free Energy Approach. 

Journal o f Performance o f Constructed Facilities 2017; 31(3):04017006.

201



[248] Moghadas Nejad F, Azarhoosh A, Hamedi GH, Roshani H. Rutting 

Performance Prediction of Warm Mix Asphalt Containing Reclaimed Asphalt 

Pavements. Road Materials and Pavement Design 2014;15(1): 207-19.

[249] Mogawer WS, Booshehrian A, Vahidi S, Austerman AJ. Evaluating the Effect 

of Rejuvenators on the Degree of Blending and Performance of High RAP, 

RAS, and RAP/RAS Mixtures. Road Materials and Pavement Design 2013; 

14:193-213.

[250] Ayazi MJ, Moniri A, Barghabany P. Moisture Susceptibility of Warm Mixed- 

Reclaimed Asphalt Pavement Containing Sasobit and Zycotherm Additives. 

Petroleum Science and Technology 2017; 35(9):890-5.

[251] Shu X, Huang B, Shrum ED, Jia X. Laboratory Evaluation of Moisture 

Susceptibility of Foamed Warm Mix Asphalt Containing High Percentages of 

RAP. Construction and Building Materials 2012; 35:125-30.

[252] Daryaee D, Ameri M, Mansourkhaki A. Utilizing of Waste Polymer Modified 

Bitumen in Combination with Rejuvenator in High Reclaimed Asphalt 

Pavement Mixtures. Construction and Building Materials 2020; 235:117516.

[253] Yao H, Dai Q, You Z. Chemo-Physical Analysis and Molecular Dynamics 

(MD) Simulation of Moisture Susceptibility of Nano Hydrated Lime Modified 

Asphalt Mixtures. Construction and Building Materials 2015; 101:536-47.

[254] Tan Y, Guo M. Using Surface Free Energy Method to Study the Cohesion and 

Adhesion of Asphalt Mastic. Construction and Building Materials 2013; 

47:254-60.

[255] Behbahani H, Ayazi MJ, Moniri A. Laboratory Investigation of Rutting 

Performance of Warm Mix Asphalt Containing High Content of Reclaimed 

Asphalt Pavement. Petroleum Science and Technology 2017; 35(15):1556-61.

[256] Kaseer F, Yin F, Arambula-Mercado E, Epps Martin A. Stiffness 

Characterization of Asphalt Mixtures with High Recycled Material Content 

and Recycling Agents. Transportation Research Record 2017; 2633(1):58-68.

[257] Oluwasola EA, Hainin MR. Evaluation of Performance Characteristics of 

Stone Mastic Asphalt Incorporating Industrial Waste. Journal o f Materials in 

Civil Engineering 2016; 28(12):06016016.

[258] Doyle JD, Howard IL. Characterization of Dense-Graded Asphalt with the 

Cantabro Test. Journal o f Testing and Evaluation 2016; 44(1):77-88.

202




