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Abstract. The increase in the number of vehicles during the past twenty years has dramatically increased the 
traffic density and axial loading. In addition to the construction failures and lack of periodic maintenance, rapid 
deterioration of the road condition happens. So, it was necessary to find solutions to these problems that have 
been growing for years. One of these solutions is to improve the asphalt mixture to resist excessive loads and 
weather fluctuations. This research aims to investigate the addition of crumb rubber derived from recycled 
tires; to the asphalt mixture for improving performance characteristics and to compare the improved and 
unimproved samples. It is worth mentioning that crumb rubber addition to the asphalt mixture is considered 
one of the smart solutions for sustainability that the world is heading towards today, considering that the crumb 
rubber comes from waste tires, which is difficult to eliminate and pollute the environment. Four different 
proportions of crumb rubber have been added in this research (6, 9, 12, and 15%); by weight of bitumen to 
(60-70) asphalt binder, with a particle size passing from sieve no.50 (0.3 mm). The aggregate gradation is 
designed according to the Marshall method with a (12.5 mm NMAS) wearing course to obtain the optimum 
asphalt content and to prepare laboratory samples to perform various laboratory tests. Marshall Stability and 
flow, indirect tensile strength (ITS), moisture susceptibility, and permanent deformation of asphaltic mixes with 
different contents of crumb rubber were investigated. The results of the tested samples were compared with 
the original samples. It is shown that the asphaltic mixes performance has been improved when adding a 
certain amount of crumb rubber. Marshall Stability is increased by 29.2% when adding 9% CR by the weight 
of bitumen. However, the addition of crumb rubber can increase the stiffness of the asphalt mixture resulting 
in a more rigid pavement structure that is less prone to moisture damage and rutting under traffic load. 
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1. INTRODUCTION 

The road structure has been deteriorating rapidly over the years because of increasing traffic density, axle 
loading, and low maintenance services [1-4]. Therefore, the asphalt mixture must be improved to reduce 
pavement surface deterioration and increase durability [5-7]. During the past years, researchers have improved 
the asphalt binder concerning performance-related properties, such as resistance to permanent deformation 
(rutting) and fatigue cracking [8-10]. Several asphalt modifiers and additives are used in the world today, such 
as styrene butadiene rubber (SBR), styrene butadiene styrene (SBS), and crumb rubber modifier (CRM) [11-
12]. The ideal asphalt at high temperatures must have strength enough to resist permanent deformations and 
softening enough to resist excessive thermal stresses at low temperature and fatigue cracks at medium 
temperature [13]. Also, the polymer improving effectiveness of linear rheology depends on the polymer nature, 
its concentration, and the testing temperature [14].  

It is worth mentioning that the use of chemicals such as (SBR) and (SBS) leads to an increase in the cost 
of road construction despite their effectiveness due to their high cost [11]. However, the use of crumb rubber 
in the asphalt mixture and its advantages, such as low cost, improvement of durability, and reducing 
environmental pollution, must be considered [11]. There is a real problem at the present time represented by 
the increasing number of waste tire disposal in the world [15]. Where the functional life of millions of tires ends 
and ends now in landfills [16,17]. The efficient reutilization of waste tires includes processing them into new 
materials, e.g., rubber powder [18]. According to environmental and economic considerations, the use of crumb 
rubber as a modifier should be considered to solve the waste disposal problems as well as to improve the 
quality of the road’s pavement.  

Using crumb rubber CR to enhance the asphaltic mix performance is not new, as it has been applied for 
several years [19]. Usually, it is added to asphaltic mixtures in two ways, the dry and wet processes [20]. In 
the wet process, the crumb rubber is added to the bitumen first, so the bitumen will be improved before its 
addition to the mix, which in return will improve the properties of the asphalt mixture, and usually, the crumb 
rubber is mixed with asphalt at a temperature of 191 to 218 degrees Celsius for 1 to 2 hours [19]. While in the 
dry process, the crumb rubber is combined with the aggregates before it is blended with asphalt. In the dry 
process, the amount of CR is about 2 to 4 times that used in the wet process [21]. The dry process is not very 
common due to the weakness of the results shown by previous studies [22]. On this basis, the researchers 
relied on the wet process in this research. Depending on that, the interaction between the crumb rubber and 
bitumen will play a major role in the results of the asphaltic mixes properties. During the crumb rubber 
interaction with the bitumen, the crumb rubber causes part of the aromatic fraction of the bitumen to be 
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absorbed, resulting in swelling in the crumb rubber particles [19]. Temperature effectively influences the 
particle size of crumb rubber [21]. Reducing the oily portion of bitumen leads to an increase in viscosity [19]. 
However, asphalt cement of 60-70 penetration grades was used in this research because its viscosity is slightly 
higher than that of asphalt 40-50 commonly used in Iraq's road works. 

The research problem is the deterioration of some road surfaces because of the increasing number of 
vehicles and axle loading, lack of maintenance, and some shortcomings in construction work. Although several 
studies have been conducted in the field of asphalt mixes enhanced by crumb rubber, there is little sufficient 
knowledge in Iraq. The main objective of this research was to investigate the effectiveness of crumb rubber as 
a sustainable and cost-effective alternative to the properties of asphalt mixture. The following objectives have 
been assumed: 

a) Effect of crumb rubber on the asphalt physical properties, such as asphalt penetration, viscosity, 
ductility, etc. 

b) The effect of crumb rubber on the mechanical properties of asphalt mixture such as Marshall Stability 
and flow. 

c) The effect of adding crumb rubber to the moisture-related properties as the indirect tensile test and 
tensile strength ratio. 

d) Effect of crumb rubber addition on the permanent deformation resistance (rutting test). 
 
2. METHODOLOGY AND EXPERIMENTAL WORK 

To evaluate the effect of adding crumb rubber on the performance of the asphalt mixture, different 
percentages of crumb rubber were added to the bitumen grade 60-70 at a rate of (6, 9, 12, and 15%) by weight 
of bitumen with a particle size passing from sieve no.50 (0.3 mm) depending on the wet method in the mixing 
process. The total air voids (VTM) and stability were investigated using a theoretical maximum density test, 
Marshall Stability, and flow test. Furthermore, the mechanical properties of conventional and improved 
samples, such as Marshall Stability and flow, were evaluated. The moisture susceptibility was also investigated 
by using the indirect tensile test to assess the resistance of asphalt mixtures to moisture damage. Moreover, 
the wheel tracking machine test is used for investigating the original and modified asphalt samples resistance 
to permanent deformations (rutting). The materials used in this research include aggregate, bitumen, filler, and 
crumb rubber.  
 
2.1 Aggregates 

The aggregate used in this research contains coarse aggregate, fine aggregate, and filler. Laboratory tests 
such as sieve analysis according to the specifications of SCRB R-9 [23] and AASHTO [24]. Ordinary Portland 
cement was used as filler with a bulk specific gravity of 3.2, and the percentage of passing sieve No. 200 is 
97%. A dense graded for surface wearing course of asphaltic pavement was used in this study according to 
the specifications of SCRB R9 [23]. Table 1 presents the physical properties of crushed aggregates.  

 
24.2 Bitumen 

An asphalt cement of 60-70 penetration grades was used in the study. It is used in road works in the 
northern regions of Iraq, but it has been prepared from the Dora refinery in Baghdad. The physical properties 
of the used asphalt were identical to the Iraqi standards specifications for roads and bridges SCRB-R9 [23]. 

 
Table 1: Physical characteristics of crushed aggregates. 

Properties 
ASTM Specification Results 
Coarse Aggregate Sieve size (mm) Gsb Gsa Abso. % 

Specific Gravity (ASTM C127,128-15) 
12.5 2.651 2.674 0.32 
9.5 2.585 2.591 0.09 

4.75 2.57 2.582 0.18 
Los Angeles Abrasion, 30% Max ASTM (C131-14) 19.18 

Fractured Pieces, 95% Min ASTM (D5821-13) 97 
Fine Aggregate 

Specific Gravity (ASTM C127,128-15) 2.36, 0.075 2.588 2.774 2.6 
Clay Content by Sand Equivalent% 45 min ASTM (D2419-14) 49 

 
2.3 Crumb Rubber 

The crumb rubber powder, used as an additive to the asphalt, has been prepared by shredding and sieving 
the recycled tires. It was brought from local manufacturing plants in Baghdad. The particle size of crumb rubber 
powder passing from sieve no. 50 (0.3 mm), with the percentage passing from sieve no. 200 (0.075 mm) 3% 
- 0.7%. The rubber shape and hardness are essential as they are part of aggregates; their impact is significant 
on the stability of the asphalt mixtures. The standard specifications of the crumb rubber powder used in asphalt 
mixtures depend on the country or region. However, In the United States, the standard specifications for 
physical properties of crumb rubber used in asphalt mixtures are typically governed by the American Society 
for Testing and Materials (ASTM). For example, standards specify the distribution of particle sizes; it should 
normally have a particle size ranging from 0.075 mm (No. 200 sieve) to 4.75 mm (No. 4 sieve). Also, the 
specification may limit the content of steel wires and fibers in the crumb rubber derived from recycled tires to 

ensure proper performance and avoid potential issues. In this research, ASTM D5603 [25] and ASTM D-6270 
[26], which specify the physical characteristics of crumb rubber, including particle size distribution, bulk density, 
and specific gravity, are followed. Table 2 shows some properties of used crumb rubber. 

 
Table 2: Test results of crumb rubber and performance requirements.* 

Properties Value Requirement [25] 
Hardness (N) 70 ≥55 

Density (g/cm3) 1.3  - 
Carbon black content (%) 30 25–38 

Impurity content (%) 0.38 <0.75 
Slender flat content (%) 7.5 ≤10 

                    * Results are taken from State Company for Rubber and Tires Industries 
 
2.4 Asphalt mixture proportions 

The wet process was used as a mixing technique in this research, where a specific quantity of crumb 
rubber was added and mixed with bitumen before being added to the aggregate. The crumb rubber is 
combined, mixed thoroughly with bitumen, and digested for 60 minutes at a minimum temperature that does 
not exceed 190°C in compliance with standard specifications [27]. In this research, one selected blend of 
aggregate gradation of (12.5 mm NMAS) was employed following SCRB-R9 [23] and ASTM D6926-20 [28], 
as given in Figure 1. Then the mixed material samples were tested. Asphalt mixture specimens of CR (3, 6, 9, 
and 12% of the binder weight) were prepared with a diameter of 101.6mm of Marshall Moulds. The standard 
specifications of the Marshall samples, such as the optimum bitumen contents, density, and Marshall Stability, 
are presented in Table 3 [29]. Then Marshall Samples with different contents of crumb rubbers are subjected 
to 75 compaction blows on each side of the specimen. The optimum asphalt content is found to be 5.0%.  
 

 
Figure 1: Gradation of aggregates. 

 
Table 3: Criteria for asphalt institute for Marshall Mix design [29]. 

 Traffic Level 
Light Medium Heavy 

Compaction (Blows) 35 50 75 
 Minimum Maximum Minimum Maximum Minimum Maximum 

Stability, kN (Ib) 3.34 (750) _ 5.34 (1200) _ 8.01 (1800) _ 
Flow, 0.25 mm (0.01 in.) 8 18 8 16 8 14 

Air Voids, % 3 5 3 5 3 5 
VFA, % 70 80 65 78 65 75 

 
3. EXPERIMENTAL RESULTS AND DISCUSSION 

The effect of adding crumb rubber powder with different contents in bitumen was assessed. Marshall 
Stability and flow were investigated with different crumb rubber percentages to determine the maximum load 
carried by the compacted sample at a temperature of 60°C. As well as the effect of adding various proportions 
of crumb rubber to bitumen. The moisture susceptibility test was used to examine the effect of moisture on 
rubberized asphalt mixtures. Also, the resistance of various rubberized asphalt mixtures to rutting are 
evaluated using the wheel tracking test. 
 
3.1 Physical Properties of Rubberized Bitumen 

Results of the physical properties of original and modified asphalt with different contents of crumb rubber 
are presented in Table 4. Based on the results obtained, it was concluded that crumb rubber significantly 
affects the bitumen stiffness and elastic properties. Penetration of studied specimens was reduced by 
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ensure proper performance and avoid potential issues. In this research, ASTM D5603 [25] and ASTM D-6270 
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increasing crumb rubber content. It is decreased by (6.25, 12.5, 18.75, and 25%) for adding crumb rubber of 
(3, 6, 9, and 12%) by the binder weight, respectively. The reason is back to the interaction between rubber and 
asphalt binder. In addition, the adsorption of the maltene phase by crumb rubber particles increases 
the asphaltene part of the bitumen and causes swelling through the blending process. Furthermore, the crumb 
rubber particles stiffness is more than bitumen. Hence, increasing the crumb rubber content leads to increased 
stiffness. 

It was also observed through the results an increase in bitumen viscosity, representing a measure of flow 
resistance at a temperature of 135°C. It is increased by (12.5, 46.8, 65.6, and 71.8%) when adding (3, 6, 9, 
and 12%) of crumb rubber powder, respectively. The reason is that the crumb rubber absorbed the light oily 
components of bitumen through the interaction process, which caused the decrease in viscosity. Also, an 
increase in the softening point, which represents the temperature at which asphalt reaches softening, was 
observed. It is increased by (3.9, 5.8, 11.7, and 19.6%) when adding (3, 6, 9, and 12%) crumb rubber powder 
by wt. of bitumen, respectively. It is found a consistent relationship between the viscosity and softening point 
of rubberized bitumen; it is concluded that increasing rubber content leads to increasing both viscosity and 
softening 

resistance to rutting. The increase in the penetration index also proves this. As presented in Table 4, the 
penetration index increased with crumb rubber content. Therefore, the temperature susceptibility of rubberized 
asphalt is reduced by CR increasing. Asphalt with low-temperature susceptibility is more resistant to rutting 
and thermal cracks. 
 

Table 4: Effect of crumb rubber contents on asphalt binder’s physical properties. 

Test Origin 
value 

SCRB -R9 
specification 

Test Results of CR Binder Stand. Req. 
for modified 

binder 3% CR 6% CR 9% CR 12%CR 

Penetration @25°C,100 gm, 5 Sec 64 (40-50) 60 56 52 48 Min. 20 
Viscosity @135°C, (Pa.s) 0.32 - 0.36 0.47 0.53 0.55 - 

Softening Point (4±1) °C /min, (°C) 51.0 - 53 54 57 61 - 
Penetration Index -0.5 - +0.25 +0.3 +0.6 +1.2 -3 to +3 
Flash Point (°C) 263 >232 270 275 278 280 >232 

Ductility @25 °C, 5 cm/min, (cm) 151 >100 140 127 121 115 >100 
Specific Gravity 1.03 (1.01-1.05) 1.03 1.03 1.03 1.03 >1.0 

 
Moreover, the ductility of the rubberized asphalt samples decreased with the increase in the crumb rubber 

powder percentage. It is decreased by (7.28, 15.8, 19.8, and 23.8%) when adding (3, 6, 9, and 12%) crumb 
rubber powder by weight of bitumen, respectively. The reason may be the reduction of oily materials in bitumen 
because of their absorption by the fine rubber particles leading to a toughness increase resulting in less ductility 
with an increase of rubber content, in addition to an increase in the mass of the rubber particles. Accordingly, 
increasing the asphalt binder mass can increase the binder flexibility, toughness, and resistance to cracking. 
It is worth noting that the rubberized asphalt becomes thicker than the original asphalt sample. 
 
3.2 Check for Marshall Stability and Flow 

Results show that Marshall's stability increased slightly with increased crumb rubber content. Stability 
represents the maximum load required to produce specimen’s failure when load is applied at a constant rate. 
It is noted that it is increased by (5.8, 17.6, 29.4, and 25%) when CR is added by (3, 6, 9, and 12%), 
respectively, as shown in Figure 2-a. However, the values of Marshall's stability at the different ratios of crumb 
rubber satisfy the specifications for the maximum stability value [30]. The increase is due to the increase in the 
viscosity of rubberized asphalt, which consequently increases the bonding force between the aggregates and 
asphalt at high temperatures. Since the stability is primarily affected by the internal friction of aggregates and 
the viscosity of bitumen, the addition of crumb rubber powder will improve the mechanical properties of the 
asphalt mixture. 

It was also observed that the stability value gradually decreased when the rubber content exceeded 9%. 
It is believed that the reason is due to the low resistance of the fine rubber particles, which will affect the 
strength of the total mixture if it exceeds a certain percentage. Figure 2-b illustrates the results of adding crumb 
rubber on Marshall Flow which refers to the vertical deformation of the sample (measured from the start of 
loading to the point at which stability begins to decrease in 0.25 mm. It is observed that flow decreased slightly 
with increasing crumb rubber content. However, all flow values are more significant than the local standard 
specification's minimum value (2 mm) . This decrease indicates that the asphalt mix will resist deformation 
under exposed traffic because the crumb rubber increases the cohesion of bitumen material. It maintains the 
fine materials that would increase the mixture's hardness, increase the asphalt mixture's stability, and reduce 
the flow.  

 

  
(a) (b) 

 
Figure 2: Effect of the crumb rubber on (a) Marshall Stability (b) Marshall Flow. 

  
3.3 Check for Indirect Tensile Strength and Moisture Susceptibility 

The moisture susceptibility test was applied in compliance with AASHTO T283 to investigate the moisture 
damage potential of asphaltic mixes, as well as to measure the indirect tensile strength at two temperatures, 
25°C and 60°C, through apply of diametric load to a cylindrical specimen at deformation speed of 50 
mm/minute. Figure 3-a) shows the result of indirect tensile strengths of the original and rubberized asphalt 
mixture. It is observed that adding crumb rubber powder to the asphalt mix causes an enhancement in the 
indirect tensile strength. It was concluded that it is increased with increasing of the crumb rubber content. ITS 
was increased by (7.4, 10.5, 20.4, and 29.3%) for adding (3, 6, 9, and 12%) of crumb rubber, respectively, at 
25°C (77°F). At the same time, ITS increased by (4, 13.7, 21, and 27) for adding (3, 6, 9, and 12%) of crumb 
rubber, respectively, at 60°C (140°F). 

Figure (3-b) shows that rubberized samples have higher TSR values than original asphalt mixtures. It is 
noted that TSR increased with CR content increasing, which means that the rubberized asphalt mixtures have 
less susceptibility to moisture damage. It is increased by (2.7, 6.1, 8.6, and 9.7%) by adding (3, 6, 9, and 12%) 
of crumb rubber, respectively. The reason may be the chemical modification of the bitumen adhesion leading 
to capacity improvement of binder absorption. Moreover, crumb rubber particles have hydrophobic properties, 
meaning they repel water. When added to asphalt, they can form a barrier that helps reduce water penetration 
into the asphalt binder. By enhancing moisture resistance, adding crumb rubber to asphalt can help extend 
the service life of asphalt pavements and reduce maintenance needs.  

 

  
(a) (b) 
Figure 3: Effect of the crumb rubber on (a) ITS (b) %TSR. 

 
3.4 Check for Permanent Deformation (Rutting Resistance) 

Rutting test is performed on control and rubberized asphalt slabs using a wheel tracking test according to 
AASHTO: TP-63 [31], to evaluate the compacted specimen’s resistance to rutting under loading through 
passing a loaded wheel over the sample. The test temperature was 50°C, and the rutting depth values are 
recorded at successive 2000, 3000, 4000, and 10000 cycles. Figure 4 shows the effect of crumb rubber powder 
on the rutting depth of asphalt compacted samples. It is observed that rubberized asphalt samples have better 
resistance to rutting than control samples. Furthermore, the permanent deformation resistance increased as 
the percentage of crumb rubber content increased. It is also noted that rubberized asphalt samples with 12 % 
crumb rubber addition showed higher rutting resistance than other samples. The reason may be that the crumb 
rubber particles have rubber-like properties, including higher elasticity than conventional aggregate materials. 
The rubber particles can absorb and dissipate stress, reducing the pavement's magnitude and extent of 
permanent deformation. This enhanced elasticity can help minimize rutting in the asphalt mixture. In addition, 
crumb rubber is blended with the asphalt binder, resulting in a modified binder with improved resistance to 
high-temperature deformation. The rubber particles act as reinforcement within the binder matrix, reducing the 
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flow and deformation characteristics of the asphalt mixture at elevated temperatures. This can mitigate rutting 
by providing a more stable and resilient binder. 
 

 
Figure 4: Effect of crumb rubber content on samples rutting depth. 

 
4. CONCLUSIONS 

Based on laboratory results related to the addition of rubber powder with four ratios (3, 6, 9, and 12%) by 
the weight of bitumen using the wet process and its effect on the asphalt mixture properties, the following 
conclusions can be drawn: 
• The crumb rubber addition to bitumen modifies asphalt binder properties, making it more flexible and 

elastic. This increased flexibility can help the mixture withstand traffic loads and reduce the formation of 
cracks. 

• Marshall's stability increased with the increase of crumb rubber content. The rubber particles act as 
reinforcement, reducing the flow and increasing the resistance of the asphalt mixture to deformation under 
traffic loading, in addition to increasing the elasticity and flexibility of the asphaltic mixture. Modified asphalt 
samples with 9% CR yielded the highest value of Marshall's stability. 

• Crumb rubber enhanced the moisture resistance of the asphaltic mixture. The rubber particles repel water 
and can help reduce moisture damage, such as stripping or moisture-induced cracking. Modified asphalt 
samples with 12% CR yielded the highest tensile strength ratio TSR value and had the best moisture 
damage resistance. 

• The mixture resistance to permanent deformation or rutting is enhanced when crumb rubber is added to 
asphalt. It is increased as crumb rubber contents increase. That means that rubber particles can absorb 
and distribute the applied load more effectively, reducing the potential for rut formation under high 
temperature. 

• Using crumb rubber in asphalt mixtures offers environmental benefits through recycled materials that 
would otherwise end up in landfills. This helps to reduce waste and conserve natural resources. 
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