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ABSTRACT

Since decomposition process of these tire materials takes a long time, the

governments have imposed regulations to find environmentally-friendly
solutions to recycle the waste tires. There are different approaches to take on the
modification of physical and mechanical properties of bitumen or asphalt with crumb
tires. The results of those studies have illustrated positive effect of crumb rubber on
bitumen properties. Therefore, it is reasonable that concentration and size of crumb
rubber could affect the bitumen properties.
Methods: The effect of concentration (3%, 7% and 10 wt%) and size (1, 0.6, 0.3 and
0.1 mm) of crumb rubber was considered on the viscosity, physical and rheological
properties of bitumen/rubber blends. Furthermore, to better decide on the use of crumb
rubber for bitumen, the viscosity of modified bitumen was studied.
Findings: The results of this study identified that high concentration and smaller
dimension of crumb rubber improved cold flexibility and rheological properties of
bitumen. Increasing in crumb rubber concentration to 10 wt% resulted in lowering
flexibility temperature of bitumen from 20°C to 10°C and even, in smaller sizes (0.1
mm) the flexibility diminished to 8°C. Furthermore, this research showed that at
higher concentration and smaller size of crumb rubber the resistance to rutting of
bitumen enhanced from 35°C to 60°C. However, the viscosity results showed that a
high level of crumb rubber (above 7 wt%) increased the viscosity dramatically and
restricted its application. So, adding 7 wt% of crumb rubber with a size of less than
0.1 mm can optimize the physical and mechanical properties of bitumen.

l l ypothesis: Annually, large amounts of waste tire are disposed into environment.
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Fig.1. SEM image of crumb rubber powder.
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Table 1. Bitumen 60/70 properties.

Specification Test method Amount
Softening point (°C) ASTM D36 48
Penetration (0.1 mm) ASTM D5 66

Solubility in carbon tetrachloro

Ethylene (%) ASTM D4 99.1
Ductility (cm) ASTM D113 >120
Flash point (°C) ASTM D92 >250

ASTM D2170 300
ASTM D7 1.03

Viscosity@135°C (mm?/s)

Specific gravity
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Fig. 4. Complex modulus versus temperature for bitu-

minous blends modified by 3 wt% of crumb rubber in

different sizes.
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Fig. 2. Effect of concentration and size of crumb rubber on

bitumen flexibility.
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of crumb rubber with size less than 0.1 mm.
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Fig. 7. Phase angle versus temperature for bituminous blends

modified by 3 wt% of crumb rubber in different sizes.
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modified by 7 wt% of crumb rubber in different sizes.
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modified by 10 wt% of crumb rubber in different sizes.
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