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Why Do Agencies Limit RAP Content?

• Binder Grade Changes
• Mixture Homogenity
• Excessive Fines
• Variability of RAP Stockpiles



Advanced Asphalt Technologies, LLC

“Engineering Services for the Asphalt Industry”

RAP ETG MARCH 5, 2008

RAP Stockpile Variability

• Variability of Mixture Components Is Major 
Source of Production Variability

• Must Control Variability to Meet PWL 
Specifications

• If I Want to Add 45 Percent RAP to a Mix, How 
Variable Can the RAP Be?
– Gradation
– Asphalt Content

• Tool for Mixture Designers
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RAP Stockpile Variability
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RAP Stockpile Variability
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Approaches to Estimate Effect 
of Stockpile Variability 

• Monte Carlo Simulation
– Simulate Process

• Closed Form Approximate Solution
– Taylor Series Expansion

• Require Characterization
– Mean
– Standard Deviation



Advanced Asphalt Technologies, LLC

“Engineering Services for the Asphalt Industry”

RAP ETG MARCH 5, 2008

Estimate of Mixture Variability
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where:

σm = standard deviation of the mixture

σa = standard deviation of component “a”

σb = standard deviation of component “b”

α = proportion of component “a” in the mixture

aX  = mean value for component “a”

bX = mean value for component “b”

σα = standard deviation of the proportions
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Solving for Allowable RAP Variability
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where:

σRAP = allowable standard deviation for the RAP material

pRAP = percentage of RAP in the HMA

σHMA = allowable standard deviation for the HMA mixture ensuring full

 compliance with the specifications

σNEW = standard deviation for a mixture made with all new materials

σBLEND = standard deviation for equipment adding the RAP

RAPX  = mean value for the RAP

NEWX = mean value for new materials
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Example for -0.075 mm Sieve 
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Steps in Analysis

• Sample and Test RAP Stockpiles
– 10 + Samples Needed for Good Estimate of 

Standard Deviations

• Determine Standard Deviations of 
Mixture Made With All New Materials
– Production Records

• Determine Standard Deviation of 
Blending Equipment
– Manufacturer or Testing
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Steps in Analysis

• Determine Allowable Standard 
Deviation to Receive Full Payment
– Specifications

• Determine Maximum RAP Contents
– Coarse Aggregate
– Fine Aggregate
– Filler
– Asphalt

• Determine Limiting RAP Content



Advanced Asphalt Technologies, LLC

“Engineering Services for the Asphalt Industry”

RAP ETG MARCH 5, 2008

HMA Tools

• Spreadsheet for mix design
• Aggregate gradation, specification 

properties, blending
• RAP binder grading/blending, variability 

analysis
• Volumetric analysis
• Report
• Modulus calculator
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Questions?
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