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RAP Mix Design Issues 

M. Stroup Gardiner
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Current Practice

• < 15% RAP

• 15 to 25%

• > 25%

• No PG change

• Drop 1 PG grade

• Blending charts

• RAP = black rock

• All RAP binder 
usable

• All RAP binder 
usable

% of RAP PG Grade? Assumption
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Constructing Blending Charts

• Solvent extraction and 
binder recovery needed
– Environmental cost
– Heat hardening?
– Full solvent recovery?
– Polymer modified AC?
– Time to get results?
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Issues

• How consistent is my RAP Stockpile 
consistency?

• How much binder is REALLY
contributed by the RAP? 

• When do I need to change PG 
grade? 
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Goals of Research

• Simple, quick, cost-effective test

• Fundamentally based
– Mechanistic

• Able to answering previous questions

Dr. Mary Stroup-Gardiner SEAUPG 2005 Conference-Nashville, TN



2

SEAUPG December 2005 7

Binder Related Mix Properties
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HMA Tests

• Stress 
Relaxation
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What you get from the test

Starts at 5 seconds
y = 145.43x-0.2816

R2 = 0.99

Starts at 2 seconds
y = 145.03x-0.2807

R2 = 0.99
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The Practical Form

Replace with 
RS232 

connection to 
computer for 
load and time 

data

Replace with 
jig with 

positive stop 
for fixed 

strain
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Test Summary

1 min.Analysis

45 sec.Relaxation

1 min.Setup

TimeTask

Total time: < 3 min.
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Materials

• Aggregate + Black Rock Properties

Properties Granite Gravel MN RAP* AL RAP* 
Bulk specific gravity 2.658 2.598 2.126 2.340 
Bulk specific gravity, 
SSD 2.676 2.618 2.161 2.428 

Apparent specific gravity 2.707 2.652 2.204 2.470 
Water absorption, % 0.7 1.2 1.7 1.2 
% Crushed Faces 100% 100% 100% 100% 
Flat and elongated, % 
(5:1) 0% 0% 0% 0% 

% Asphalt Binder NA NA 5.6% 4.3% 
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Materials

• Binder

Properties PG 
64-22 

PG 
76-22 

Recovered 
Minnesota 

RAP 
Binder 

Recovered 
Alabama 

RAP 
Binder 

64C 4.228 - - - 
76C - 3.558 - - 

G* / sin 
δ, kPa (RTFOT) 

88C - - 4.65 2.613 
0C - - 101 - Bending Beam 

Stiffness, S, 
MPa -12C 179 127 - 169 

0C - - 0.315 - 
-6C - - - 0.348 Bending Beam 

Slope, m 
-12C 0.323 0.363 - - 

 PG Grading PG 
64-22 

PG 
76-22 PG 88-10 PG 88-16 
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Relaxation Modulus

y = -1075.3x2 + 11517x + 6265.8
R2 = 0.9632
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Curvature Coefficient

y = 0.0084x3 - 0.0737x2 + 0.1399x + 0.2404
R2 = 0.9735

0.000

0.100

0.200

0.300

0.400

0 15 25 50 100

Percent RAP

C
ur

va
tu

re
 C

oe
ffi

ci
en

t

77F 34F Poly. (34F)

SEAUPG December 2005 18

Field Study

• 4 days of plant mix 
– 1 mix

• PG 64-22
• No RAP

– 5 samples per bag (1 day)
– 3 tests per samples

• Rotation of 30o between each test
• Avg of 3 = 1 test
• Total Test time < 5 min.
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Test Variability (3 tests/ sample)

5oC 22oC
Modulus 11% 16%
Coeff. Of Curvature 21% 7%

COV (%)

18%
29%

21%
31%
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Field Study
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Field Study
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Back to the Issues

• How consistent is my RAP Stockpile 
consistency?
– Make a set of three 100% RAP samples/day
– Control charts 

• Relaxation modulus
• Coefficient of curvature
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Back to the Issues

• How much binder is REALLY contributed by the 
RAP? 
– Make three samples for 0 and at the desired 

RAP content
• Keep gradation constant
• Determine % relaxation modulus and 

curvature coefficient
–Use values for historically usable RAP 

mixes
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% Contribution of RAP

48.110.153100
46.540.14850
76.100.24225
88.360.28115

100.000.318Curvature Coeff. 0
239.6337,535100
220.0034,46050
189.7229,71825
175.9327,55715
100.0015,664Relaxation Mod.  0

% Contribution
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Back to the Issues

• When do I need to change PG grade? 
– Agency decision as to how much increase in 

modulus and decrease in curvature coefficient 
will be allowed

– Test samples with desired RAP content
• Determine relaxation modulus and 

curvature coefficient
• If limits are exceeded, either reduce % of 

RAP or use lower PG grade and retest
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Thank you
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