
Egypt. J. Chem. Vol. 65, No. 8, pp. 429 – 439  (2022) 

 

   
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: chemragab83@yahoo.com.; (Ragab A. A.). 

Receive Date: 09 March 2021, Revise Date: 06 September 2021, Accept Date: 18 January 2022 

DOI: 10.21608/EJCHEM.2022.66811.3441 

©2022 National Information and Documentation Center (NIDOC) 

529 
 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

Dynamic Rheological Behavior of Green Alternative Binder for 
Asphalt 60/70 at Different Temperatures 

Ibrahim M. Nassar 1, 2, Ramy M. Abdel-monem1, M. A. Sayed1, Ragab A. A.1* 

1 Egyptian Petroleum Research Institute (EPRI), 1 Ahmed El-Zomor St., Nasr City, 11727, Cairo, 

Egypt. 
2 South Ural State University (SUSU), Lenin Prospect 76, Chelyabinsk, 454080, Chelyabinsk 

Oblast, Russian Federation. 

Abstract 

An alternative approach for decreasing the demand and dependency for crude petroleum/bitumen binders is the use 

of bio-binders. In this paper, bio-binders were used as a bitumen extender to obtain an eco-friendly green alternative 

binder (GAB). To achieve this objective, an extensive investigation of the flow properties (dynamic and 

rheological) for the prepared green alternative binders (GAB) which was obtained by mixing a conventional 60/70 

bitumen with different Green binder additives (GBA) - that was formed from waste cooking oil and waste polymers 

under different conditions- this mixing have been done as 1:1 volume ratio. A series of tests were conducted for 

such purpose, including conventional physical properties, Dynamic viscosity at different (time, temperature and 

shear rate) and Dynamic shear rate (DSR) test. The results obtained from this research, show that the prepared GAB 

samples improved the physical and rheological properties of asphalt samples and the sample with formula (L+ 

GBA3) could be considered as the most promising mixture can be used for paving, as it has the highest rutting 

factor value with the same physical and rheological properties for the original asphalt sample. 

Key Words: Rheology, Dynamic Rheology, Green Alternative Binder, Asphalt, waste oil, waste polymers, 

Pavement.  

 

1. Introduction 

Transportation and highway is the engineering 

sector which includes planning, designing, 

construction, operation and maintenance of all kind of 

roads, tunnels and bridges to ensure safety and comfort 

for the transportation of people and goods[i, ii]. It well 

known that the petroleum is the main source of the 

bitumen, which commonly used in pavement 

engineering. Though, bitumen application is 

unsustainable since petroleum is a non-renewable 

resource. Hence, it is necessary to develop a promising 

alternative for traditional petroleum bitumen to ensure 

the sustainable development of pavement construction 

industry [iii,iv]. Bio-bitumen, which refers to binding 

materials produced from renewable biomass 

resources, has been proposed by researchers as a 

sustainable substitute for traditional petroleum 

bitumen [v].In recent years , a growing variety of bio-

oils have been developed to alter or replace part of 

petroleum asphalts, resulting in the so-called bio-

binders [vi]. Using bio-oil derived from waste cooking 

oil as paving materials would be of considerable 

benefit for saving natural resources and relieving the 

environmental burdens. Another environmental 

advantage of the bio-oil over petroleum asphalt lies in 

its insignificant sulfur oxide (SOx) emissions and 

considerably less nitrogen oxide (NOx) emissions 

when heated [vii]. 

Many bituminous binders used for pavement 

materials are made from fossil fuels and, in particular, 

crude oil. Therefore, it is very essential to investigate 

the rheological properties of a pavement binder to 

determine the pavement distresses and thus to predict 

and evaluate pavement performance. To reduce the 

https://dx.doi.org/10.21608/ejchem.2022.66811.3441
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demand for bituminous binders made from fossil fuel, 

bio-binders were used in three different ways: a) direct 

alternative binder (100% replacement), b) a bitumen 

extender (25% to 75% bitumen replacement), and c) 

bitumen modifier (<10% bitumen replacement) [viii]. 

Because the bitumen performance is related to loading 

time and temperature, the best way to evaluate the 

bitumen behavior is to investigate its rheological 

properties using dynamic shear rheometer tests that 

can be used to determine complex shear modules (G 

*), phase angel (π) and rutting factor (G*/sin δ) [ix]. 

 

Experimental; 

2.1. Materials used: -  

Asphalt; asphalt 60/70 (L) with the specification 

shown in Table (1) were used. Waste polymer; they 

are industrial wastes, which are; waste polyethylene 

(WPE), waste polypropylene (WPP), and waste Poly 

(styrene-butadiene-styrene) (WSBS) Collected from 

some industries' waste in 10th Ramadan city, Egypt.  

Waste oil; where the waste cooking oil (WCO) is 

generally produced after cooking and frying activities 

and can be used as a good regenerator, because it is 

having a similar lighter oil component of asphalt. The 

flash point of WCO is typically higher than the asphalt 

mixture production and compaction temperatures, 

which ensures its safe application. 

 

2.2. Preparation Methods;  

(GBA) Green Bio-Additive preparation.  

A batch autoclave reactor (Parr-model 7575) shown 

in figure (1) were used, The reactor is housed in a 

furnace, which programmed by a control system to 

remote the temperature and speed of the stirrer. 

While the pressure and flows of gases are controlled 

manually. 

The feeds from the reactants are loaded inside the 

reactor according to the ratio set out in table (2). Purge 

with N2 after closing the reactor were done, to avoid 

the pressure leakage. The device is fixed in the 

experimental setup’s initial hydrogen atmosphere, 

after being purged twice with the operating hydrogen 

gas to prevent air or oxygen pollution. The reactor then 

pressurized to 80 bar for around 30. Then, the reactor 

pressure is adjusted to the working pressure and since 

the mixture of feed stock (waste polymers) and waste 

oil at room temperature has started the heating process. 

The stirrer is only started when the temperature 

reached 150 oC to protect it from damage.  

 

 

Table (1): Physical and chemical characteristics of 

original asphalt 60/70 (L) 

Physical Properties (ASTM D-

946) 

Asphalt 

60/70  (L) 

▪ Solubility in 

trichloroethylene, % 

99.0 

▪ Flash point, °F (Cleveland 

open cup) 

450 

▪ Kinematic viscosity at 135 °C, 

C.st. 

375 

▪ Absolute viscosity at 60 °C, 

poise 
2560 

▪ Softening Point, Ring and 

Ball, 0C 
47 

▪ Penetration at 77 °F (25 °C) 

100 g, 5s), 0.1 mm 
65 

▪ Ductility at 77 °F (25 °C), 5 

cm/min, cm 
+150 

Chemical Constituents, Wt % 

▪ Oil 25.5 

▪ Wax Content of oil portion 4.4 

▪ Asphaltene 20.8 

▪ Resin 53.6 

 

 

Fig (1): The system used  for the GBA preparation 

 

 

Table (2): mixing ratio between waste polymers and 

waste oil to GBA formation.  

 Waste Polymer 

% 

Waste Oil % 

GBA 1 

WPE 

a) 80 20 

b) 70 30 

c) 60 40 

GBA 2 

WPP 

a) 80 20 

b) 70 30 

c) 60 40 

GBA3 

WSBS 

a) 80 20 

b) 70 30 

c) 60 40 
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Preparation of the  Asphalt Modified with Waste 

Polymers; herein the two types of asphalt A and B was 

modified with waste polymers (WPE, WPP, and 

WSBR) in the ratio 3, 6, 9, 12 and 15 % from the 

asphalt weight at 163 °C, and stirring for 2 h at 1000 

rpm [x] . 

 

Preparation of the (GAB) from asphalt and GBA; 

The mixture of asphalt binder with ratio ranged from 

50 to 90 % and GBA1-3 ratio from 50 to 10 % were 

formed in order to prepare the green alternative 

binders (GAB). Types of the asphalt (A & B) were 

used as control binders. Different mixtures were 

formed and investigated in this study as; GAB1 

(Asphalt A/B 90: GBA1-3 10), GAB2 (Asphalt A/B 80: 

GBA1-3 20), GAB3 (Asphalt A/B 70: GBA1-3 30), GAB4 

(Asphalt A/B 60: GBA1-3 40), and GAB5 (Asphalt A/B 50: 

GBA1-3 50). Both of the control asphalt sample and  

green alternative binder preheated and conducted at a 

high shear mixer 5000 rpm, and 120 °C for 20 min [xi]. 

 

2.3. Rheological   Characterization of GAB and 

Polymer Modified Asphalt (PMA) 

2.3.1. The dynamic viscosity (ŋ) at different 

temperature Vs time (min), 

 The dynamic viscosity (ŋ), carried out at low and 

high shear rate for the blank samples (L) and GAB at 

different times from 1 to 15 minutes and different 

temperature from 30°C to 60°C. Stress-controlled 

rheometer [(Rheometer, Modulated Compacted 

Rheometer (MCR 52), Anton Paar Instruments, 

Austria)] were used in this measurments. The samples 

were made by dynamic oscillatory and steady-shear 

tests using standard steel parallel plate geometry (steel 

cone plate CP 50-2) with a gap space of 500 mm. The 

temperature was regulated in a range from 100 °C to 

140 °C by means of a universal temperature controller 

system and a shear rate equals 0.3 cm-1 (equals to 20 

rpm especially for asphalt samples). The beginning 

control value of the shear stress was 0.7958Pa. The 

final control value of the shear stress was 79.58 Pa. 

The rheological data were evaluated using the Data 

Manager Software version 5.8.2 [xii]. The Brookfield 

DV-III Ultra Programmable Rheometer measures 

fluid parameters of Shear Stress and Viscosity at given 

Shear Rates. 

 

2.3.2. The dynamic viscosity (ŋ), mPa.s. Vs shear 

rate at different temperature, 

Dynamic viscosity (ŋ), for the (L) and GAB at 

different temperature from 30°C to 60°C carried out 

against shear rate ranging from 2.34 to 1198.08. 

 

2.3.3. Flow curve measurement 

A flow curve can be generated via predefined 

settings on the rotational viscometer/rheometer: The 

shear rate is increased step-wise with defined 

measurement point duration for each point. The 

temperature and other ambient conditions are constant. 

The resulting flow curve shows the shear stress versus 

the shear rate. Shear rate against shear stress for (L) 

and GAB carried out at different temperature from 

30°C to 60°C. Newton's Law defines the dynamic 

viscosity η as the shear stress divided by the shear rate 
[xiii]. When we measure the viscosity on a rotational 

viscometer we apply to the sample a certain shear 

stress or a certain shear rate, respectively. 

       η= τ˙/γ                    (1)   Newton's viscosity 
law 

Where; η ... dynamic viscosity, τ ... shear stress, 

˙γ ... shear rate  

The physical properties speed and torque can be 

translated into the rheological properties shear rate and 

shear stress if the measurement is performed using a 

standard measuring geometry according to ISO 3219 
[xiv]. The viscometer’s speed is converted into shear 

rate using a conversion factor (the factor depends on 

the measuring geometry used) and the torque is also 

converted into shear stress using a conversion factor.  

2.3.4. DSR Test. 

The DSR test was developed to characterize the 

visco-elastic property of the polymer modified asphalt 

and the prepared GAB by detecting complex shear 

modulus G* and rutting resistance (G*/sin δ)  in a wide 

range of temperature. In this study, the DSR test was 

conducted by a rheometer model Anton Paar 

RheoCompass™, V1.20.496-Release. A sinusoidal 

shear load was applied on the binder specimen to 

obtain the complex shear modulus G∗ and the phase 

angle (δ). The maximum shear strain level was 

controlled as 12%. The effect of the waste polymers 

and the (GBA) on the G∗ and δ was also investigated. 

The rutting resistance (G∗|sin δ) at 1.59 Hz was then 

calculated to evaluate the high temperature 

performance. The testing temperatures were selected 

as 58, 64, 70 and 76 °C considering this study aims to 

investigate the high temperature performance [xv]. 

 

3. Results and Discussion 

3.1. Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for 

asphalt(L) and polymer modified asphalt 

(PMAs). 

The Dynamic viscosities for PMA at different 

temperatures are shown in figures (1-4), the results 

show that by increasing the time at the same 

temperature, the dynamic viscosity of the PMA 

increase while at the same time, the dynamic 

https://wiki.anton-paar.com/en/flow-curve-and-yield-point-determination-with-rotational-viscometry/#c18790
https://wiki.anton-paar.com/en/flow-curve-and-yield-point-determination-with-rotational-viscometry/#c18790
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viscosities were decreases by increasing the 

temperature; ex, the dynamic viscosity of (L+ 9% 

WPP) decreased from 933.8 m.Pa.s, at 30 °C to 764.2, 

401.4 and 302.7 m.Pa at 40, 50 and 60 °C respectively. 

It was observed, that the PMA has a highest 

dynamic viscosity in the orders L+9%WPP ˃ 

L+9%WSBS ˃ L+9%WPE ˃ L, which means that the 

modified sample changes to become more harder and 

less susceptible to temperature changes, due to the 

nature of waste polymer additives and asphalt. The 

decrease rate of the dynamic viscosity was lower 

utilizing a high share rate, while it’s higher by 

applying low share rate, becuase the resistance of the 

PMA to temperature change increases with increasing 

the additive content.  

 

3.2. Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s., at high and low shear rate for  

the Asphalt (L), PMA, and GAB. 

The Dynamic viscosities for L and GAB at 

different temperatures are shown in figures (5-8), 

which shown that by increasing the time at the same 

temperature, the dynamic viscosity of the GAB 

increase while at the same time, the dynamic 

viscosities were decreases by increasing the 

temperature; ex, the dynamic viscosity of (L+ GBA3) 

decreased from 832.9, at 30 °C to 691.8, 289 and 239 

m.Pa at 40, 50 and 60 °C respectively 

 

 

 
Fig (1): Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for asphalt (L) 

and PMAs at 30 °C. 

 

 

Fig (2): Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for the 

asphalt (L) and PMAs at 40 °C. 

 

 

 
Fig (3): Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for the asphalt 

(L) and PMAs at 50 °C . 



 DYNAMIC RHEOLOGICAL BEHAVIOR OF GREEN ALTERNATIVE BINDER FOR ASPHALT 60/70 AT DIFFERENT …… 

__________________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 65, No. 7 (2022) 

433 

 

 
Fig (4): Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for the 

asphalt (L) and PMAs at 60 °C. 

 

 
Fig (5): Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for the asphalt 

(L), then PMA at 30 °C and GAB [50% asphalt + 

50% GBA]. 

The figures conclude that the PMA has a highest 

dynamic viscosity in the orders L+ GBA3 ˃ L+ GBA2 

˃ L ˃ L+ GBA1, which indicate that the modified 

asphalt changes to become more harder and less 

susceptible to temperature changes and this due to the 

nature of waste polymer additives and asphalt. The 

decrease rate of the dynamic viscosity was lower 

utilizing a high share rate, while it’s higher by 

applying low share rate, that is means the resistance of 

the PMA to temperature change increases with 

increasing the additive content. The alternative binder 

consisting of 50% asphalt and 50% GBA is less 

susceptible to temperature changes compared to 

original one. 

 

 

 
Fig (6): Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for the asphalt 

(L), and PMA at 40 °C and GAB [50% asphalt + 

50% GBA] 
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Fig (7): Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for the asphalt  

(L), and GAB [50% asphalt + 50% GBA] at 50 °C 

 

 

 
Fig (8): Effect of time (min) on the dynamic viscosity 

(ŋ), mPa.s. at high and low shear rate for the asphalt 

(L), and GAB[50% asphalt + 50% GBA] at 60 °C. 

 

3.2. The dynamic viscosity (ŋ) of the prepared 

GAB , mPa.s. Vs shear rate at different 

temperature. 

Figures (9-13 ), shown the Dynamic viscosity to 

PMA at different temperatures and different shear 

rates, which indicate that the dynamic viscosity of the 

PMA decrease by increasing the temperature at the 

same shear rate, this behavior due to the increasing of 

the loss of volatile components of asphalt. 

 

 
Fig (10): Dynamic viscosity (ŋ), mPa.s. for (L) and 

GAB [50% asphalt + 50% GBA] at 30 °C. 

 
Fig (11): Dynamic viscosity (ŋ), mPa.s. for (L) and 

GAB[50% asphalt + 50% GBA] at 40 °C. 

 

The dynamic viscosity at 2.34 S-1 decreases by 

increasing temperature and decreases in the following 

order L ˃ L+ GBA1 ˃ L+ GBA3 ˃ L+ GBA2, while the 

dynamic viscosity decreases at the same temperature 

by increasing share rate. The dynamic viscosity for 

example, at 30 °C of (L+ GBA3) decreased from 

1237.1 to 832.9 m.Pa at 2.34 to 1198.08 S-1 

respectively.  

 

 
Fig (12): Dynamic viscosity (ŋ), mPa.s. for (L) GAB 

[50% asphalt + 50% GBA] at 50 °C. 
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Fig (13): Dynamic viscosity (ŋ), mPa.s. for (L) and 

GAB [50% asphalt + 50% GBA] at 60 °C 

 

3.3. The dynamic viscosity (ŋ) of the PMAs , 

mPa.s. Vs shear rate at different temperature. 

Figures (14-17 ), shown the Dynamic viscosity to 

PMA at different temperatures and different shear 

rates, and indicate that the dynamic viscosity of the 

PMA decrease by increasing the temperature at the 

same shear rate, this behavior due to the increasing of 

the loss of volatile components of asphalt. 

 

 
Fig (14): Dynamic viscosity (ŋ), mPa.s of (L) and 

PMAs at 30 °C. 

 

 
Fig (15): Dynamic viscosity (ŋ), mPa.s of (L) and 

PMAs at 40 °C. 

 

The dynamic viscosity at 2.34 S-1 decreases by 

increasing temperature and decreases in the following 

order L ˃  L+ 9% WPP ˃  L+ 9% WSBS ˃  L+ 9% WPE, 

while the dynamic viscosity decreases at the same 

temperature by increasing share rate. The dynamic 

viscosity for example, at 30 °C of (L+ 9% WPP) 

decreased from 1347 to 933.8 m.Pa at 2.34 to 1198.08 

S-1 respectively. 

 

 
Fig (16): Dynamic viscosity (ŋ), mPa.s of (L) and 

PMAs at 50 °C. 

 

 
Fig (17): Dynamic viscosity (ŋ), mPa.s of (L) and 

PMAs at 60 °C. 

3.2. Flow curve measurement 

3.2.1. Shear rate against shear stress Pa for the 

asphalt (L) and GAB [50% asphalt + 50% GBA] 

at different temperatures. 

The shear stress at various shear rates was 

measured in order to characterize the flow properties 

of the prepared alternative binder. Relationship 

between shear stress and shear rate for the prepared 

GAB are illustrated in Figures (18-21) at different 

temperatures. It is observed that the shear stress of the 

prepared GAB increases with increasing shear rate and 

the highest shear stress was recorded for (L+ GBA3). 

The shear stress of the prepared GAB increases with 

increasing shear rate in the following order L+ GBA3˃ 

L+ GBA2˃ L+ GBA1 ˃ L. At different temperature 

with a constant share rate, the shear stress decreased. 

GAB (50% asphalt + 50% GBA) display a similar 

physical behavior as original asphalt. 
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Fig (19): Shear rate against shear stress Pa for (L) and 

GAB [50% asphalt + 50% GBA] at 40 °C 

 
Fig (20): Shear rate against shear stress Pa for (L) and 

GAB [50% asphalt + 50% GBA] at 50 °C. 

 
Fig (21): Shear rate against shear stress Pa (L) and 

GAB [50% asphalt + 50% GBA] at 60 °C. 

3.3.1. Shear rate against shear stress Pa for (L) 

and PMAs at different temperatures. 

The shear stress at various shear rates was 

measured in order to characterize the flow properties 

of the prepared alternative binder. Relationship 

between shear stress and shear rate for the prepared 

GAB are illustrated in Figures (22-25) at different 

temperatures. It is observed that the shear stress of the 

prepared GAB increases with increasing shear rate and 

the highest shear stress was recorded for (L+ 9% 

WPP). The shear stress of the prepared GAB increases 

with increasing shear rate in the following order L+9% 

WSPP ˃ A+WPE ˃ L+9% WSBS ˃ L. At different 

temperature with a constant share rate, the shear stress 

decreased. GAB (50% asphalt + 50% GBA) display a 

similar physical behavior as original asphalt. 

 

 
Fig (22): Shear rate against shear stress for (L) and 

PMAs at 30°C. 

 
Fig (23): Shear rate against shear stress for (L) and 

PMAs at 40°C. 

 
Fig (24): Shear rate against shear stress for (L) and 

PMAs at 50 °C. 
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Fig (25): Shear rate against shear stress for (L) and 

PMAs at 60 °C. 

 

3.2. Thermal stability of the Prepared GAB. 

Figure (26) shows the weight loss percentages along 

with curing time for virgin asphalt binder and the 

prepared GAB samples.  

As shown in this figure, all the three bio binders had 

lower mass losses than the control at both 

temperatures, which can be explained by the low 

volatile fractions in the bio-oil as it had gone through 

the high-temperature cooking process. The mass loss 

was primarily due to volatilization of the maltenes and 

degradation of the bio-oil molecules [xvi], from the 

obtained results, it is obviously shown that (L+GBA2) 

has nearly the same thermal stability as the virgin 

asphalt sample. 

 
Fig (26): Thermal stability for GAB [50% asphalt+ 

50% GBA] cured at 250°C. 

 

3.4. Rheological performance 

DSR test for the PMAS and the prepared green 

alternative binder samples using waste cooking oil and 

waste polymers at different test temperatures was 

carried out. The test results are presented in the 

following subsections. 

3.4.1. Complex Shear Modulus (G*) 

The complex shear modulus values (G*) of virgin 

asphalt, PMA samples and the prepared GAB samples 

at different temperatures are shown in figures (27-28). 

As it can be observed in these Figures, complex 

modulus results are provided for the PMA samples and 

the prepared GBA the dynamic modulus of PMA 

samples and the prepared GAB samples mixture 

decreases along with the rise of temperature, and this 

is mainly because bitumen mixture is sensitive to 

temperature. When the temperature is higher, asphalt 

characteristics become physically soft, with strength 

and stiffness decreasing; thus, dynamic modulus 

decreases. Under the low-temperature and high 

temperature conditions, the dynamic modulus of 

modified bitumen is far greater than that of the 

unmodified[17] asphalt. It is shown that GBA3 have 

the largest complex shear modulus in comparison to 

base bitumen and increase in the order of GBA3 ˃ 

GBA2 ˃ L ˃ GBA1 due to the nature of the polymer 

itself which establish more adhesiveness in 

combination to bitumen which causes increase in 

hardness and viscosity of bitumen. Therefore, complex 

modulus is increased. 

 

 
Fig (27): Complex shear modulus values (G*) of both 

original AC (L)   and GAB [50% asphalt + 50% GBA] 

at different temperatures. 

 

 
Fig (28): Complex shear modulus (G*) values of both 

original AC and PMA using different contents of 

waste polymers at different temperatures. 
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3.2.1. Rutting factor 

Figures (29-30) show the rheological 

performance of virgin asphalt, polymer modified 

asphalt and the prepared GAB binders. The G*/sin (δ) 

factor was determined at 52, 58, 64, 70 and 76ͦC. It was 

observed that within the entire temperature range 

(between 52 to 76 ͦC), G*/sin (δ) decreased by 

increasing temperature. Also, it was found that the 

type of the prepared GAB affect the rutting factor and 

the highest rutting factor was recorded for L+GBA3 

which means it would be the most promising  prepared 

GAB that can be used for paving . 

4. Conclusion 

This paper investigated the Dynamic and 

rheological properties of (GAB) green alternative 

binder for Asphalt 60/70 at different temperatures. 

Based on the analyses above, the following 

conclusions can be drawn: 

▪ Physical and rheological properties have been 

investigated by standard laboratory test and 

performance has been assessed and compared with 

the control sample. The results were promising and 

the modified bitumen exhibit almost similar 

physical properties like Bitumen 60/70. In addition, 

the rheological properties are still within acceptable 

limit. 

▪ The highest rutting factor was recorded for L+ 

GBA3 which means it would be the most promising 

prepared GAB that can be used for paving. 

▪ (L+ GBA2) has nearly the same thermal stability as 

the virgin asphalt sample. 

 
Fig (29): Rutting resistance parameter values (G*/ sin 

δ) of both original and GAB [50% asphalt + 50% 

GBA] at different temperatures. 

 
Fig (30): Rutting resistance parameter (G*/ sin δ) 

values of both original AC and PMA using different 

contents of waste polymers at different temperatures. 
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