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o Synthesis of Current Research

e Laboratory Experiment
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— Low Temperature Grade
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Box Behnken Design
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Run VBE Recycle Mix # G Modification Space
rade
1 19.0 Virgin 8 -28 Medium
2 9.5 Virgin 9 -28 Medium VBE -
3 19.0 RAP+RAS 3 -28 Medium Recycle
4 9.5 RAP+RAS 4 -28 Medium
5 12.5 RAP 6 -22 None
6 125 RAP 6 34 None | -ow Grade-
7 12.5 RAP 6 -22 High Modification
8 12.5 RAP 6 -34 High
9 12.5 RAP 6 -28 Medium Center
10 19.0 RAP 5 -28 None
11 9.5 RAP 1 28 None | VBE-
12 19.0 RAP 5 -28 High Modification
13 9.5 RAP 1 -28 High
14 12.5 Virgin 2 -22 Medium
15 125 RAP+RAS 7 2 Medium | ecyele - Low
16 12.5 Virgin 2 -34 Medium Grade
17 12.5 RAP+RAS 7 -34 Medium
18 12.5 RAP 6 -28 Medium Center
19 12.5 Virgin 2 -28 None
20 12.5 RAP+RAS 7 -28 None Recycle -
21 12.5 Virgin 2 -28 High Modification
22 12.5 RAP+RAS 7 -28 High
23 19.0 RAP 5 -22 Medium
24 9.5 RAP 1 -22 Medium VBE - Low
25 19.0 RAP 5 -34 Medium Grade
26 9.5 RAP 1 -34 Medium
27 12.5 RAP 6 -28 Medium Center
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lllinois SCB (Flexibility Index)
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Virgin Binders

. e . Jnr, 1/kPa %R, %

Binder | Modification 6aC lssc | eac | s8cC AT, C
PG 76-22 None 3.05 0 -0.3
PG 76-22, Medium 0.34 49.4 0.9
PG 64-22 High 0.10 79.1 1.0
PG 58-28 None 3.64 0 -0.8
PG 64-28 Medium 0.57 34.6 -0.7
PG 70-28 High 0.07 86.0 -0.2
PG 52-34 None 6.42 0 1.6
PG 58-34 Medium 0.57 59.6 0.5
PG 64-34 High 0.24 75.1 0.5
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Mixtures

Nom Binder VBE RAP RAS Dust/
Type Mix ID | Max Size, | Content, ' | Binder | Binder | Binder
vol. % : : )

mm wt % ratio ratio Ratio

8 19.0 4.8 9.9 0 0 1.12

Virgin 2 12.5 5.7 11.6 0 0 0.86
9 95 6.3 11.7 0 0 1.03

5 19.0 4.9 8.8 0.255 0 1.26

RAP 6 12.5 5.4 10.5 0.186 0 0.99
1 95 6.1 12.0 0.246 0 1.10

RAP 3 19.0 5.1 9.2 0.208 | 0.162 1.26
+ 7 12.5 5.8 12.3 0.119 | 0.158 0.96
RAS 4 95 5.7 11.7 | 0.121 | 0.180 | 1.00

Advanced Asphalt Technologies, LLC

——

“Engineering Services for the Asphalt Industry”



Flexibility Index

Effect of VBE
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What is Changing?

----- 12.5RAP, PG 64S-22 LTOA,FI=1.4

——12.5RAP+RAS PG 58V-28,LTOA, FI=3.4
"""""" 9.5 RAP PG 58V-28, LTOA, FI=7.2
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Flexibility Index

Effect of Virgin Binder Grade
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Flexibility Index

Effect of Recycled Binder
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Flexibility Index

Effect of Polymer Modification
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Regression Equation

* Relating FI to Factors Controlled by
Specifications
— VBE
— Virgin Binder Low Temperature Grade
— Recycle Content
— Modification

 Development Considered
— Rationality of Coefficients
— Significance of Predictor Variables
— Goodness of Fit

— Residuals dry l
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Flexibility Index Regression
Equation

0
Flgron = ~18.759+1.368x VBE —0.3905x (Ty, ) ~10.181x RBRp +3. 100{?03))

Where:

Flgroa = short-term oven conditioned flexibility index
VBE = effective volume of binder, vol %
(Tvirgin)Low = CONtiNnuous low temperature grade of the virgin binder, °C

RBRg = effective RAP binder ratio

%RAPBinder |:(%RASBinder

RBR . = :
%TotalBinder %TotalBinder
F = ratio of intermediate grade change for RAS to RAP

R% = percent recovery from AASHTO M332
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Analysis of Coefficients

. Standardize
Partial .
. ) t- d Partial
Variable Regression . p-value :
. Statistic Regression
Coefficient T
Coefficient
Intercept -18.759 -6.051 0.000004 NA
VBE 1.368 6.325 0.000002 0.52
\Ff'ég'” Binder Low| 1 3905 .5.773 | 0.000008 -0.49
Effective RAP 110.181 4736 | 0.000100 -0.39
Binder Ratio
% Recovery 3.100 2.893 0.008445 0.25
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Estimated Flexibility Index

Predicted vs Measured
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Long-Term Aged Flexibility

Index

Fl+op = 0.6550 x Fl o, —0.7019

Flstoa Fliroa Fl roa/Flston
14.00 8.47 0.60
12.00 7.16 0.60
10.00 5.85 0.58
8.00 4.54 0.57
6.00 3.23 0.54
4.00 1.92 0.48
2.00 0.61 0.30
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Predicted vs Measured
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Example Design Specification

Effective Minimum Design VBE, vol %
RAP
Binder 58-28 | 58-28 | 58-28 | 58-38 58-34 58-34 58-34 | 58-34
Ratio S H v E S H Y, E
0.00 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
>0.00
<0.05 10.4 10.2 10.0 10.0 10.0 10.0 10.0 10.0
Zg?g 10.7 10.5 10.1 10.0 10.0 10.0 10.0 10.0
Zg%g 11.1 10.9 10.4 10.0 10.0 10.0 10.0 10.0
>0.15
<0.20 11.5 11.3 10.8 10.2 10.1 10.0 10.0 10.0
>0.20
<0.25 11.9 11.7 11.2 10.6 10.4 10.2 10.0 10.0
>0.25
<0.30 12.2 12.0 11.5 11.0 10.8 10.6 10.1 10.0
>0.30
<0.35 11.2 11.0 10.5 10.0
ot 115 11.3 109 | 103
<0.40
>0.40 Low Temperature Grade Controls
<0.45 11.9 11.7 11.2 10.6
>0.45
<0.50 12.3 12.1 11.6 11.0




Discussion
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