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Abstract 9 

The modification of virgin bitumen has been an active area of research, aiming to enhance 10 

its performance characteristics. This study explores the synergistic effects of incorporating 11 

waste engine oil (WEO) and coconut fiber (CF) as bitumen modifiers. The results dis- 12 

played a synergetic effect as adding waste engine oil increases the penetration and ductil- 13 

ity while decreasing the softening temperature of the virgin bitumen. Conversely, the in- 14 

clusion of coconut fiber reduces the penetration and ductility but increases the softening 15 

temperature. The mix consisting of 2% coconut fiber and 9% waste engine oil possessed a 16 

high penetration value, suggesting its potential to minimize excessive bitumen brittleness. 17 

Furthermore, the mix with 6% coconut fiber and 3% waste engine oil exhibited a high 18 

softening point, which could mitigate rutting. Additionally, the overall ductility test re- 19 

sults and the specific gravity have decreased, while the flash and fire point values have 20 

improved significantly, ensuring the safe operation of the waste engine oil-coconut fiber 21 

modified bitumen (WEO-CF-MB). The outcome of this research demonstrates that these 22 

agro-industrial wastes can efficiently improve the physical properties of bitumen, leading 23 

to enhanced durability, better functioning, and increased eco-friendly road construction 24 

practices. 25 

Keywords: Modified bitumen; waste engine oil; coconut fiber; physical properties; green 26 

roads. 27 

 28 

1. Introduction 29 

Bitumen is a refined mixture of organic liquids with a high viscosity, a black color, 30 

and a sticky consistency [1]. Bitumen is a very useful material in construction practices 31 

and it is usually used as paving or waterproofing material due to its non-porous nature. 32 

The high durability, weathering resistance, and flexible nature of bitumen make it ideal 33 

for paving practices. Over 121 million metric tons of asphalt are needed annually to meet 34 

global demand [2]. This entails a significant financial and labor investment, which goes 35 

towards maintaining and updating the current pavements [3]. The manufacturing of bi- 36 

tumen for asphalt mixtures makes the paving industry one of the top consumers of fossil 37 

fuel in the construction sector particularly related to the consumption of bitumen [4]. Cur- 38 

rently, one of the major problems faced by the pavement industry is the rapid and enor- 39 

mous increase in the number of vehicles on the roads, which has caused increased stresses 40 
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on the pavement directly causing the deterioration of roads due to increased deformations 41 

and fatigue. Moreover, the extensive production and use of bitumen pose environmental 42 

concerns because of its increased carbon footprint and higher risk of pollution. To address 43 

this issue, it is necessary to use appropriate and sustainable additives to reduce the bitu- 44 

men content in mixes and minimize its global impact [5]. On the contrary, the amount of 45 

waste engine oil (WEO) being produced globally is rising along with the number of auto- 46 

mobiles on the road. The WEO has the potential to be used in the construction of highways 47 

because of its molecular similarity to bitumen. [6]. Increasing waste engine oil production 48 

around the globe is a major concern due to its hazardous and polluting nature. The com- 49 

pounds found in waste engine oil significantly damage the environment. However, the 50 

similarity in the molecular structure of waste engine oil and bitumen is a good reason why 51 

it can be considered a great additive and filler in bitumen mixes to reduce its content. 52 

waste engine oil contains asphaltenes which are the major compounds that make up bitu- 53 

men. The induction of waste oil in bitumen can help us create better and cleaner bitumen 54 

with a lower carbon footprint and less environmental damage. In addition to that, the 55 

waste produced from coconut production accounts for 20 - 25% of the total volume of the 56 

production. This waste is known as coir which is left behind is either burned in mass 57 

quantities which causes a release of toxic gases in the atmosphere, or it is dumped in lakes 58 

or landfills where it starts to accumulate and cause blockages in rivers or channels. Coco- 59 

nut coir is a strong and durable material due to its fibrous nature, making it an ideal ad- 60 

ditive to bitumen. The strands of fiber in the coir cause it to form a matrix of reinforcement 61 

within the bitumen and provide adequate strength. Coir fiber is inexpensive, but it's also 62 

robust and long-lasting [7]. Coconut fiber is already being utilized in construction appli- 63 

cations due to its flexible yet durable nature. The induction of coconut coir in bitumen will 64 

help to reduce the bitumen content while it imparts strength and stiffness in return. When 65 

combined with an asphalt mixture, coconut fiber offers several benefits, including the abil- 66 

ity to lessen binder bleeding and improve the coating's macrotexture. It can aid in surface 67 

drainage improvement and mechanical property reform.” [8]. Therefore, this study uses 68 

a combination of agro-industrial waste as a suitable additive in bitumen to observe the 69 

changes in its physical properties, which is potentially an eco-friendly, energy-efficient, 70 

and economical approach.  71 

The construction and maintenance of road infrastructure are critical for economic de- 72 

velopment, and the performance of asphalt pavements largely depends on the properties 73 

of bitumen. Traditional bitumen, while effective, often suffers from issues such as temper- 74 

ature susceptibility, aging, and cracking under stress. Recent research has focused on 75 

modifying bitumen using various additives to enhance its performance characteristics. 76 

Among these, waste engine oil (WEO) and coconut fibers (CF) have emerged as promising 77 

materials for bitumen modification. The primary goals of bitumen modification are to en- 78 

hance its durability, elasticity, and resistance to temperature fluctuations and aging. Fur- 79 

thermore, waste engine oil is a by-product of vehicle maintenance and is often considered 80 

hazardous due to its environmental impact. However, it contains valuable components 81 

that can rejuvenate aged bitumen. WEO is rich in maltenes and lighter fractions of bitu- 82 

men that contribute to its viscoelastic properties. It has been found that adding WEO to 83 

aged asphalt significantly improved its penetration and ductility, which are critical for 84 

flexibility and resistance to cracking [4]. Moreover, the softening point is an essential pa- 85 

rameter that indicates the thermal susceptibility of bitumen. The addition of WEO de- 86 

creased the softening point of bitumen. The viscosity of the modified bitumen was also 87 

reduced, which enhances workability during application [9]. However, the chemical com- 88 

position of WEO plays a crucial role in its effectiveness as a modifier. The presence of 89 

functional groups such as carbonyl and sulfoxide in WEO can interact with the polar com- 90 

ponents of bitumen, leading to improved adhesion and cohesion within the asphalt 91 
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matrix. This interaction can mitigate the effects of aging and enhance the overall durability 92 

of the pavement [10]. Utilizing WEO for bitumen modification not only addresses waste 93 

management issues but also contributes to sustainable construction practices. By recycling 94 

waste oil, the demand for virgin bitumen is reduced, leading to lower energy consump- 95 

tion and greenhouse gas emissions during production [11]. Furthermore, the economic 96 

viability of using WEO is evident in the potential cost savings associated with reduced 97 

material requirements and improved performance of the asphalt mixtures. In addition to 98 

that, Coconut fibers, derived from the husk of coconuts, are abundant, biodegradable, and 99 

possess excellent mechanical properties. Their fibrous structure reinforces the bitumen 100 

matrix, enhancing its overall performance. Coconut fibers are rich in cellulose, lignin, and 101 

hemicellulose, which contribute to their strength and durability. The incorporation of co- 102 

conut fibers into bitumen has been shown to improve its mechanical properties signifi- 103 

cantly. [12] He reported that the addition of coconut fibers increased the Marshall stability 104 

of hot mix asphalt (HMA) by up to 41%, indicating enhanced resistance to deformation 105 

under load. The fibers contribute to the cohesion of the asphalt matrix, which is crucial for 106 

maintaining structural integrity under heavy traffic loads. Coir fiber has been recognized 107 

for its high tensile strength, durability, and resistance to moisture, making it an attractive 108 

option for enhancing the properties of asphalt mixtures. The utilization of coir fiber as an 109 

asphalt modifier reported significant improvements in the mechanical properties of the 110 

modified asphalt, including increased stability and reduced deformation under load. The 111 

importance of fiber content and length in achieving optimal performance suggested that 112 

a coir fiber content of 0.5% by weight of the asphalt binder yielded the best results in terms 113 

of stability and flow values [13]. Moreover, it has been found that the addition of coir fiber 114 

improved the mechanical properties of asphalt mix, such as stability and resistance to de- 115 

formation which supports the viability of coir fiber as a sustainable additive that can en- 116 

hance the performance of asphalt mixtures while reducing the environmental impact as- 117 

sociated with traditional modifiers [3]. Furthermore, the inclusion of coir fiber improved 118 

the permeability and drainage characteristics of the asphalt mixtures, making them suita- 119 

ble for use in porous pavement applications [14]. The addition of coir fiber significantly 120 

increased the viscosity and elasticity of the asphalt binder, leading to improved high-tem- 121 

perature performance and reduced susceptibility to rutting which emphasized the im- 122 

portance of fiber distribution and orientation in achieving optimal performance, suggest- 123 

ing that a uniform dispersion of coir fibers within the asphalt matrix is essential for max- 124 

imizing the benefits of modification [15]. Furthermore, during the thermal analysis of coir 125 

fiber, it was observed that it starts to thermally degrade at around 200°C and the degra- 126 

dation happens between 200-360°C, which is linked to the thermal breakdown of hemi- 127 

cellulose compounds in the fiber [16]. Coconut fiber can potentially improve the durability 128 

and longevity of asphalt pavements, particularly in regions with extreme weather condi- 129 

tions. The integration of coir fiber into asphalt technology enhances the performance and 130 

sustainability of pavement materials [17]. The combined use of WEO and CF in bitumen 131 

modification has been explored to leverage the benefits of both materials. Preliminary 132 

studies suggest that this synergistic approach can lead to improved performance charac- 133 

teristics compared to using either material alone. The WEO acts as a rejuvenator, restoring 134 

the properties of aged asphalt, while the coconut fibers provide mechanical reinforcement.  135 

2. Materials and Methods 136 

This study uses a 60/70 grade bitumen binder, Waste engine oil without any prior 137 

treatment, and coconut fiber shredded in a size of 2-10mm. The present work includes the 138 

proportioning of 9 samples by substituting waste engine oil and coconut fiber in bitumen. 139 

The partial replacement has been blended with the base bitumen (grade-60/70) using a 140 

shear mixer for 20 minutes at the typical production temperature of the bitumen (150°C). 141 
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The content of the WEO used in this study ranged between 3% to 9%. Furthermore, the 142 

WEO binder was substituted with coconut fiber in the shear mixer at temperatures rang- 143 

ing from 150°C to 160°C for 20 minutes. Throughout the mixing operation, the Coconut 144 

fiber concentrations ranged from 2% to 6%. The distribution of samples has been demon- 145 

strated in Table 1.  146 

 147 

Table 1. Mix Proportions 148 

SAMPLE No. %WEO %CF WEO (gm) CF (gm) Virgin Bitumen 

(gs) 

VB 0 0 0 0 300 

WEO-CF MIX 01 3 2 9 6 285 

WEO-CF MIX 02 3 4 9 12 279 

WEO-CF MIX 03 3 6 9 18 273 

WEO-CF MIX 04 6 2 18 6 276 

WEO-CF MIX 05 6 4 18 12 270 

WEO-CF MIX 06 6 6 18 18 264 

WEO-CF MIX 07 9 2 27 6 267 

WEO-CF MIX 08 9 4 27 12 261 

WEO-CF MIX 09 9 6 27 18 255 

 149 

2.1 Physical Characteristics Analysis  150 

2.1.1 Penetration Test  151 

A penetration test has been conducted to evaluate the properties of VB and WEO-CF MB. 152 

According to the AASHTO designation T-49 standard, the test entails inserting a standard 153 

needle into the bitumen sample while applying a predetermined load, at a particular du- 154 

ration, and temperature. The penetration depth is quantified in tenths of a millimeter and 155 

is referred to as the penetration value. This test is frequently employed to assess the suita- 156 

bility of bitumen for various climatic conditions and traffic loads. These test results are 157 

essential for choosing the suitable bitumen grade for road building and predicting the an- 158 

ticipated performance of the asphalt surface.  159 

2.1.2 Ductility Test  160 

Ductility testing was conducted to assess the ductility of WEO-CF-MB under specific tem- 161 

perature and pulling rate conditions. The test is carried out in accordance with the 162 

AASHTO Designation: T 5-74, which specifies the protocols for quantifying the elongation 163 

of a bitumen briquette. Initially, a bituminous material sample is shaped into a briquette 164 

of a predetermined size and form using a briquette mold. Subsequently, it is cooled to a 165 

required temperature before being inserted into the testing equipment. The apparatus has 166 

a series of clamps that secure the briquette in position. The test machine applies a con- 167 

sistent force to separate the briquette and the distance the briquette extends before it 168 
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fractures is quantified as the ductility of the sample. This test is crucial for assessing the 169 

elasticity and flexibility of bitumen under particular climatic conditions. 170 

2.1.3 Softening Point Test  171 

The softening point test, categorized as a consistency test and defined as AASHTO T 53 4, 172 

is a widely accepted test technique used to define the softening point of bitumen by the 173 

use of the ring-and-ball apparatus. The test quantifies the temperature at which a bitumen 174 

sample, when subjected to regulated heating and loading conditions, achieves a certain 175 

degree of deformation when loaded with a steel ball. The softening point is an important 176 

characteristic in the analysis of bitumen, as it specifies the temperature range within which 177 

the bitumen will exhibit satisfactory performance in asphalt mixes. To conduct the test, a 178 

little bitumen sample is inserted into a metal ring and then immersed in a bath of glycerine 179 

or silicone oil. A steel ball is positioned just above the sample. The temperature rises stead- 180 

ily at a rate of 5°C per minute until the bitumen softens enough to enable the ball to de- 181 

scend a predetermined depth into the sample. The temperature at this location is docu- 182 

mented as the softening thermodynamic point. This test is extensively used in the asphalt 183 

industry to evaluate the quality of bitumen and verify its compliance with the required 184 

criteria for pavement construction.  185 

2.1.4 Flash and Fire Point Test  186 

The test aimed to establish the temperature threshold at which fire risks should be pre- 187 

vented while using the WEO-CF-MB for pavement construction. The test was conducted 188 

according to AASHTO Designations T 73-74 and D 93-72. The test subjects a substance 189 

sample to heat in a closed cup apparatus and analyzes the temperature at which the sub- 190 

stance generates sufficient vapor to ignite in an external flame. The flash point refers to the 191 

minimum temperature at which a substance generates sufficient vapor to ignite. The fire 192 

point refers to the temperature at which a substance sustains combustion following igni- 193 

tion. These test results are utilized to ascertain the suitable management, storage, and 194 

transportation of the bitumen. 195 

2.1.5 Specific Gravity Test  196 

The specific gravity test of bitumen is a laboratory technique used to measure the density 197 

or quantity of bitumen per unit volume. Accurate identification of impurities in bitumen 198 

is crucial for assessing its characteristics and quality and can be accomplished using the 199 

Specific Gravity Test. Using substitute materials with lower specific gravity, such as CF 200 

and WEO, will result in a proportional decrease in the specific gravity of the modified 201 

bitumen. The test has been conducted following the AASHTO T 228 criteria. For this test, 202 

a bitumen sample is heated and then transferred into a container with a defined volume. 203 

Following the weighing of the container, the specific gravity of the bitumen is determined 204 

by dividing the weight of the bitumen by the weight of an equivalent volume of water. 205 

Typical specific gravity values for virgin bitumen vary between 0.97 and 1.02. This test 206 

yields crucial data on the consistency, hardness, and durability of bitumen, pivotal for the 207 

selection of appropriate bitumen for various uses.  208 

3. Results 209 

3.1 Penetration Test  210 

Figure 1 below shows the results of Penetration tests conducted according to AASHTO T- 211 

49. These tests were conducted on virgin bitumen and modified bitumen of different ratios 212 

of waste engine oil and coconut fiber.  213 

 214 
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 215 
Figure 1. Penetration Test  216 

 217 

It has been observed that the modified bitumen with 2% CF and 9% WEO gave the highest 218 

penetration value, and the modified Bitumen with 6% CF and 3% WEO gave the lowest 219 

penetration value. Moreover, the penetration value sees a downward trend as the coconut 220 

fiber content increases. This decrease is attributed to the fibrous properties of the coconut 221 

fiber, which increases the viscosity of the bitumen and hence lowers the penetration value. 222 

On the contrary, the penetration value increases as the waste engine oil content increases. 223 

This change is because waste engine oil is rich in maltenes and has low viscosity. Due to 224 

this, it improves the consistency of modified bitumen. Therefore, enhancing its suitability 225 

for practical applications results in improved resistance to deformation and fatigue [18].  226 

 227 

3.2 Ductility Test  228 

Figure 2 represents the ductility test observation for the virgin and WEO-CF-MB.  229 

 230 

 231 
Figure 2. Ductility Test  232 

 233 

The ductility of the Modified bitumen takes a dramatic fall from the unmodified bitumen. 234 

This may be due to the fibrous structure of the coconut fiber which acts as a reinforcement. 235 

Moreover, it has been witnessed that the ductility decreases with the increase of coconut 236 

fiber concentration and increases with the increasing content of waste engine oil. Further- 237 

more, it is important to acknowledge that the lack of ductility does not automatically im- 238 

ply low-quality bitumen [19]. The appropriateness of the modified bitumen will be deter- 239 

mined by the nature of the application and the prevailing circumstances. 240 

62

85
79

70

96
90 88

112 107 103

0

20

40

60

80

100

120

0 2 4 6 2 4 6 2 4 6

0 3 6 9P
en

et
ra

ti
o
n

 (
1
/1

0
th

 m
m

)

%CF & %WEO 

Penetration Value (0.1 mm)

103

42 40 38
48 45 43

73
64 58

0

20

40

60

80

100

120

0 2 4 6 2 4 6 2 4 6

0 3 6 9

D
u

ct
il

it
y
 (

cm
)

%CF & %WEO 

Ductility (cm)



Fusion Journal of Engineering & Sciences 2025 7 of 11 
 

 241 

3.3 Softening Point Test  242 

Figure 3 demonstrates the trend of softening point test results for the WEO-CF-MB.  243 

 244 

 245 
Figure 3. Softening Point Test  246 

 247 

The experimental findings suggest that a higher concentration of waste engine oil (WEO) 248 

in the mixture resulted in a lower softening point temperature. This phenomenon may be 249 

ascribed to the fact that the inclusion of waste engine oil significantly raises the ratio of 250 

maltenes to asphaltenes in the mixture. Conversely, a higher concentration of coconut fi- 251 

bers (CF) in the combination leads to an increase in the softening point. Thus, it can be 252 

concluded that the bitumen exhibits a comparatively rigid behaviour when the concentra- 253 

tion of WEO is lower and the concentration of CF is greater, resulting in a higher softening 254 

point.  255 

 256 

3.4 Flash and Fire Point Test  257 

Figures 4 and 5 illustrate the flash and fire point test results to determine the modified 258 

bitumen's combustibility. Flash and Fire point tests are necessary to test the optimum tem- 259 

perature limit for bitumen.  260 

 261 

 262 
Figure 4. Flash Point Test  263 

 264 

50 48
52

57

45 48
55

42
47

51

0

10

20

30

40

50

60

0 2 4 6 2 4 6 2 4 6

0 3 6 9

S
o
ft

en
in

g
 P

o
in

t 
℃

 

%CF & %WEO 

Softening Point ℃ 

255 258 265 268 275
292 304 311 323 331

0

50

100

150

200

250

300

350

0 2 4 6 2 4 6 2 4 6

0 3 6 9

F
la

sh
 P

o
in

t 
℃

 

%CF & %WEO 

Flash Point ℃ 



Fusion Journal of Engineering & Sciences 2025 8 of 11 
 

 265 
Figure 5. Fire Point Test  266 

 267 

The flash and fire point of the bitumen kept increasing with the increasing content of WEO 268 

and CF. This implies that the resistance to combustibility of the bitumen kept increasing. 269 

There are no risks with using the WEO-CF-MB because the results of the flash and fire 270 

tests were within the acceptable ranges. This makes it safer to move, store, and use. It's 271 

less likely that the object will catch fire if these numbers are high. This is especially im- 272 

portant when moving large amounts of it, storing it in big tanks, and in industry and 273 

building settings where they can be very dangerous.  274 

 275 

3.5 Specific Gravity Test  276 

Figure 6 represents the specific gravity values of virgin bitumen and WEO-CF-MB.  277 

 278 

 279 
Figure 6. Specific Gravity Test  280 

 281 

The specific gravity of the modified bitumen is shown to decrease with the addition of 282 

waste additives. The primary reason for this decrease is probably due to the low viscous 283 

properties of waste engine oil as the results suggest the addition of WEO decreases the 284 

amount or weight per unit volume of the modified bitumen. Hence, the modified bitumen 285 

is lighter than the conventional unmodified bitumen which suggests that it is important 286 
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to select the additives carefully to modify the bitumen keeping in view that the desired 287 

properties are achieved.  288 

4. Discussion 289 

The modification of virgin bitumen has been done by adding WEO and CF and phys- 290 

ical characteristics were evaluated through penetration, ductility, softening point, flash & 291 

fire point, and specific gravity test. The results displayed a synergetic effect as adding 292 

WEO increases the penetration, and ductility whereas it decreases the softening tempera- 293 

ture of the virgin bitumen. On the other hand, the inclusion of CF decreases the penetra- 294 

tion and ductility while it increases the softening temperature. The mix consisting of 2% 295 

CF and 9% WEO possessed a high penetration value which suggests that it could be a 296 

better option to minimize the excessive brittleness in the bitumen. Moreover, the mix con- 297 

sisting of 6% CF and 3% WEO possessed a high softening point. The use of this mixture 298 

has the potential to mitigate rutting and underscores the economic advantages of modi- 299 

fied bitumen in promoting sustainable pavements. Furthermore, the overall ductility test 300 

results and the specific gravity have decreased while the flash and fire point values have 301 

improved significantly ensuring the safe operation of WEO-CF-MB.  302 

5. Conclusions 303 

So, the outcome of this research proves that these agro-industrial wastes can effi- 304 

ciently lead to the improvement in the physical properties of bitumen. Moreover, Allow- 305 

ing the use of such materials can lead to enhancement in durability, better functioning, 306 

and an increase in eco-friendly road construction practices. Even though this research 307 

shows positive outcomes using WEO and CF as a modifier for bitumen grade 60/70, it is 308 

important to evaluate its other characteristics thoroughly so that it can be used widely to 309 

a larger extent.  310 

 311 

Author Contributions: Conceptualization, A.S., R.A.M., and A.W.; methodology, A.S and A.W.; 312 

formal analysis, M.F.A.; resources, K.M; data curation, A.A; writing—original draft preparation, 313 

A.S.; writing—review and editing, R.A.M. ,A.S. and A.W.; All authors have read and agreed to the 314 

published version of the manuscript. 315 

Funding: This research received no external funding. 316 

Data Availability Statement: The data is available on reasonable request to the corresponding au- 317 

thor. 318 

Acknowledgments: This research was supported by Mehran University of Engineering and Tech- 319 

nology Jamshoro, Pakistan. 320 

Conflicts of Interest: The authors declare no conflicts of interest. 321 

Abbreviations 322 

WEO-CF MB    Waste engine oil – coconut fiber modified bitumen 323 

CF             Cocout fiber 324 

WEO           Waste engine oil 325 

AASHTO       American Association of State Highway and Transportation Officials   326 



Fusion Journal of Engineering & Sciences 2025 10 of 11 
 

References 327 

 328 

1. Fernandes, S. R. M., Silva, H. M. R. D., & Oliveira, J. R. M. (2018). Developing enhanced modified bitumens with 329 

waste engine oil products combined with polymers. Construction and Building Materials, 160, 714–724. 330 

doi.org/10.1016/J.CONBUILDMAT.2017.11.112 331 

2. Aggregates Business (2024), | Global demand for asphalt to reach 121mn tonnes. www.aggbusiness.com/node/94340 332 

3. Kamoto, N., Govha, J., Danha, G., Mamvura, T., & Muzenda, E. (2020). Production of modified bitumen from used 333 

engine oil, coal tar, and waste tyre for construction applications. South African Journal of Chemical Engineering, 33, 334 

67–73. doi.org/10.1016/J.SAJCE.2020.05.005 335 

4. Banerji, A. K., Chakraborty, D., Mudi, A., & Chauhan, P. (2022). Characterization of waste cooking oil and waste 336 

engine oil on the physical properties of aged bitumen. Materials Today: Proceedings, 59, 1694–1699. 337 

doi.org/10.1016/J.MATPR.2022.03.401 338 

5. Akbulut, H. (2011). Technology: rheological properties of cellulose fibre modified bitumen. Technology, 14(2), 59–66. 339 

6. Norazman Che Wan, C., Ungku Omar, P., Lay Ting, T., & Putra Jaya, R. (2019). Chemical and physical properties 340 

of coconut fiber in asphalt mixture: A Review. Journal of Engineering and Science Research, 3(1), 11–16. 341 

doi.org/10.26666/rmp.jesr.2019.1.3 342 

7. Mohammad Worya Khordehbin Mahmoud Reza Keymanesh Shams Nowbakhtb. (2020). Thermal and rheology 343 

analysis of bitumen modified with waste polybutadiene rubber www.researchgate.net/publication/340174184 344 

8. Alshehri, H. A., Wahhab, H. I. A. A., & Al-Osta, M. A. (2023). Performance of SMA mix modified with waste plastic 345 

and fiber. Case Studies in Construction Materials, 19, e02566. doi.org/10.1016/J.CSCM.2023.E02566 346 

9. Fahad Ali, M., Ali Memon, R., Raza Lashari, A., Hamza Siddiqui, M., & Ahmed, A. (2023). Synergetic effects of 347 

waste engine oil and crumb tyre rubber on bitumen modification. Jurnal Kejuruteraan, 35(6), 1297–1309. 348 

doi.org/10.17576/jkukm-2023-35(6)-04 349 

10. Zeng, Q., Liu, Y., Liu, Q., Liu, P., He, Y., & Zeng, Y. (2020). Preparation and modification mechanism analysis of 350 

graphene oxide modified asphalts. Construction and Building Materials, 238, 117706. 351 

doi.org/10.1016/J.CONBUILDMAT.2019.117706 352 

11. Yan, S., Dong, Q., Chen, X., Zhou, C., Dong, S., & Gu, X. (2022). Application of waste oil in asphalt rejuvenation 353 

and modification: A comprehensive review. Construction and Building Materials, 340, 127784. 354 

doi.org/10.1016/J.CONBUILDMAT.2022.127784 355 

12. Khasawneh, M. A., & Alyaseen, S. K. (2020). Analytic methods to evaluate bituminous mixtures enhanced with 356 

coir/coconut fiber for highway materials. Materials Today: Proceedings, 33, 1752–1757. 357 

doi.org/10.1016/J.MATPR.2020.04.870 358 

13. Maharaj, R., Ali, R., Ramlochan, D., & Mohamed, N. (2019). Utilization of coir fibre as an asphalt modifier. Progress 359 

in Rubber, Plastics and Recycling Technology, 35(2), 59–74. doi.org/10.1177/1477760618795996 360 

14. Norhidayah, A. H., Haryati, Y., Nordiana, M., Khairul Idham, M. S. M., Juraidah, A., & Ramadhansyah, P. J. (2019). 361 

Permeability coefficient of porous asphalt mixture containing coconut shells and fibres. IOP Conference Series: Earth 362 

and Environmental Science, 244(1), 012037. doi.org/10.1088/1755-1315/244/1/012037 363 

15. Kou, C., Chen, Z., Kang, A., Zhang, M., & Wang, R. (2022). Rheological behaviors of asphalt binders reinforced by 364 

various fibers. Construction and Building Materials, 323, 126626. doi.org/10.1016/J.CONBUILDMAT.2022.126626 365 

16. Ezekiel, N., Ndazi, B., Nyahumwa, C., & Karlsson, S. (2011). Effect of temperature and durations of heating on coir 366 

fibers. Industrial Crops and Products, 33(3), 638–643. doi.org/10.1016/J.INDCROP.2010.12.030 367 

17. Wu, B., Wu, X., Xiao, P., Chen, C., Xia, J., & Lou, K. (2021). Evaluation of the long-term performances of SMA-13 368 

containing different fibers. Applied Sciences 2021, Vol. 11, Page 5145, 11(11), 5145. doi.org/10.3390/APP11115145 369 

http://www.aggbusiness.com/node/94340


Fusion Journal of Engineering & Sciences 2025 11 of 11 
 

18. Shi, K., Fu, Z., Liu, J., Song, R., Ma, F., Dai, J., Li, C., & Wen, Y. (2023). Multiscale investigation of waste soybean oil 370 

rejuvenated asphalt binder utilising experimental methodologies and molecular dynamics simulations. Interna- 371 

tional Journal of Pavement Engineering, 24(1). doi.org/10.1080/10298436.2023.2181961 372 

19. Jeong, K. D., Lee, S. J., Amirkhanian, S. N., & Kim, K. W. (2010). Interaction effects of crumb rubber modified 373 

asphalt binders. Construction and Building Materials, 24(5), 824–831. doi.org/10.1016/J.CONBUILDMAT.2009.10.024 374 


