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The following paragraphs describe the testing performed in the pavement laboratory at the University of Minnesota to identify differences in the mechanical properties of asphalt mixtures prepared with 

· 20% reclaimed asphalt pavement (RAP),

· 15% RAP + 5% Tear-off recycled asphalt shingles (RAS),

· 15% RAP + 5% Manufactured RAS. 

All three mixtures contain the same virgin asphalt binder PG 58-28. 

Experimental Work

The tests were performed in accordance to AASHTO TP9-96: Standard Test Method for Determining the Creep Compliance and Strength of Hot Mix Asphalt (HMA) Using the Indirect Tensile Test Device. Each test was performed on 2-3 replicates.

Test Results

The IDT stiffness (at 100 seconds and 500 seconds) and strength results are summarized in tables 1 and 2, respectively and also presented in figures 1 to 3.

Table 1. Mix Stiffness Results

	Mixture
	Temp. [°C]
	Creep stiffness [GPa]

	
	
	@ 100sec.
	@ 500sec.

	
	
	Average
	COV [%]
	Average
	COV [%]

	20% RAP
	0
	0.2
	17.2
	0.1
	9.0

	
	-10
	2.7
	54.9
	1.1
	63.1

	
	-20
	10.0
	14.1
	5.6
	4.2

	15% RAP + 5% Tear-off
	0
	0.5
	60.2
	0.2
	58.9

	
	-10
	5.0
	25.5
	2.3
	12.8

	
	-20
	13.5
	3.2
	8.7
	2.3

	15% RAP + 5% Manufactured
	0
	0.2
	42.5
	0.1
	50.1

	
	-10
	5.5
	19.8
	2.7
	31.2

	
	-20
	8.2
	6.9
	5.3
	5.8
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Figure 1. Mix Stiffness [GPa] @ 100sec.
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Figure 2. Mix Stiffness [GPa] @ 500sec.

The stiffness results indicate that the addition of tear-off RAS material increases [significantly] the stiffness of the mixtures at all test temperatures. The highest increase can be observed at the lowest temperature, -20°C. Addition of manufactured RAS material caused the increase in stiffness only at 0°C and -10°C whereas stiffness for this material at -20°C reached the lowest observed value from all tested materials. 

Table 2. Tensile Strength [MPa] Results

	Mixture
	Temp. [°C]
	Tensile Strength [MPa]

	
	
	Average
	COV [%]

	20% RAP
	0
	3.2
	0.14

	
	-10
	4.6
	3.54

	
	-20
	4.8
	4.19

	15% RAP + 5% Tear-off
	0
	3.2
	7.54

	
	-10
	4.5
	11.15

	
	-20
	5.1
	7.06

	15% RAP + 5% Manufactured
	0
	2.9
	-

	
	-10
	4.5
	2.79

	
	-20
	5.3
	6.87


Note: please note that for manufactured mixture at 0°C only one specimen was tested and the result is reported in Table 2 without COV.
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Figure 3. Tensile Strength [MPa] 

The strength results indicate that the strength properties were not significantly affected by the addition of shingles.  

Comparison with Missouri mixtures
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Figure 4. Mix Stiffness [GPa] @ 100sec
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Figure 5. Mix Stiffness [GPa] @ 500sec

Both figures indicate lower stiffness values for the Minnesota RAP mixtures and for the combinations of RAP + RAS which also suggest differences in the tear-off RAS materials used in the two studies. 

