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NCAT Test Track
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2006 High RAP Test Sections

i

| '
: ¥, ' - O3S -
B v N A ¥ et Y ¢ .
2 3 i A 8
. - Phe -
. 3 . S . g’ o [ Sthy s ‘-.
. - . . ?
A " 'y % o - Uo-4
3 q v .8 B % M 2 5\
" - in ey WS o? >
o LY )
(N A SRR : TR > B bR S SR
: - - f\ v - — Az ‘~ 2 ‘r
i i . - B P h g g e
A : ‘4D, . L el ! - Ny : ~F
E " \ ot B
» . _'" " 8.s 20 -nl\
L - A FLh L A 4 ~4 f\g
5 * s ot S RIRAS, P ‘\“ o

at AUBURN UNIVERSITY



2006 High RAP Surface Mix Study
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0.9 y = 7E-05x0-5282
R?=0.9824

0.8 v = 8E-05x0-5077
R#=0.9723

y = 0.0001x04776
0.7 RT=0.9649
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5% RAP Sections

E5-45%RAP % EG6-45%RAP
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al Le'ngih' of Cracking after 2 cycles

E7-45%RAP
PG76-22
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Transverse Offset (feet)

2006 45% RAP

Crack Map [Trucking Percent Complete via Height of Gray Map Date Box)
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2009 High RAP Test Sections
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Control and 50% RAP Test Sections

| Thickness 1.25 in. 2.75in. 3.0in.
NMAS 9.5 mm 19.0 mm 19.0 mm
Mix Control 50% RAP Control 50% RAP Control 50% RAP

d Virgin PG 76-22  67-22 7622  67-22  67-22  67-22
Fine RAP 0 15% 0 20% 0 20%
8 Coarse RAP 0 35% 0 30% 0 30%
% RAP Binder 0 37% 0 50% 0 50% & |

The same mix de5|gns Wwere used for 5*0% RAP HMA
and 50% RAP-WMA mixes of the same layer.

e All mixes were fine-graded
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The first base layers for the 50% RAP HMA and WMA did
not meet our QA tolerances and had to be removed and
replaced including instrumentation.



Mix Information: QA Results

Control  50% RAP HMA 50% RAP WMA B8
8 Plant Mix Temp. °F 335 325 275
& Pb, % 4.7 4.7 4.6
| Pbe, % 4.2 4.1 4.0

B8 Lab Air Voids, % 4.0 4.2 4.1

8 \/ol. of Eff. Binder, % 9.9 9.6 9.6
# Rec. Binder Grade 77.1-24.1 95.0-12.8 88.7 -17.7

In-place Density, % 92.6 95.0 94.2
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Mix Information: QA Results

Control  50% RAP HMA 50% RAP WMA
| Plant Mix Temp. °F 335 325 275
g Pb, % 4.4 4.4 4.7
B Pbe, % 3.9 3.8 4.1
B Lab Air Voids, % 4.4 4.5 3.7

S \/o|. of Eff. Binder, % 9.1 9.1 9.1

l In-place Density, % 92.8 92.9 93.1
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Mix Information: QA Results

| Plant Mix Temp. °F

& b, %

8 Pbe, %

B Lab Air Voids, %
= \/o|. of Eff Binder, %
® Rec. Binder Grade

In-place Density, %

Control
335
6.1
5.4
4.0
12.5

81.7 -24.7
903.1

50% RAP HMA 50% RAP WMA

325
6.0
5.2
3.8
12.0
87.8-15.4
92.6

275
6.1
5.3
3.2
12.3
383.8-17.7
92.1
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Performance

7.1mm  0.227 mm [ ,
1.8mm  0.178 mm [ENE
3. 7 mm O 189 mm % *
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Back-calculated AC Modulus vs. Temp.

10,000
k1 kz R?

¢ Control 9051 -0.034 0.98
O HMA-RAP 8739 -0.031 0.97
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Critical Strain vs. Temperature

Longitudial Horizontal Microstrain
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E ¢ Control 69.0 0.023 0.90
O HMA-RAP 58.7 0.021 0.90

. X  WMA-RAP 735 0.019 096
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Bending Beam Fatigue Results

Microstrain at 68F

¢ Control

Power (Control)

1000 -

O HMA-RAP

----=--Power (HMA-RAP) —:-—- Power (WMA-RAP)

X WMA-RAP

T

10,000

100,000

Cycles tofailure

1,000,000 10,000,000 100,000,000

21

d National Center for
sphalt Technology

AT

At AUBURN UNIVERSITY



R —
Cracking Test Results

Fracture | Energy | Thermal | Endurance
Energy Ratio Cracking Limit
(k)/m?) Teir (°C) (1)

Control HMA 11.1 -26.4
50% RAP 1.6 5.5 -22.5 100
50% RAP WMA 3.4 3.8 -23.1 134
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- 2009 full-depth sections
P — MeadWestvaco Evotherm DAT WMA
"+ _ Astec Foamed Asphalt WMA
L 50%RAP+WMA

R
Th|opave (Sulfur + WMA addlf‘vea\ =

M




Back-calculated AC Modulus vs. Temp.

10,000
k, ky R2

® Control 9051 -0.034 098
B WMAF 7554 -0.033 098
A WMA-A 8217 -0.034 097

2 ® — Expon. (Control)

g ~ — - Expon. (WMA-F)

32 1,000 Expon. (WMA-A)
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WMA sections 7-10% lower stiffness than HMA
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Longitudinal Strain vs. Temp.
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Oklahoma Perpetual Pavement
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N8 and N9 — Strain vs. Temperature

N8 Strain = 21 487e0.0335*Temperature
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N8 on 11/10/08 (9.7M ESALs)
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Conventional ngh Polymer InIay Still
~_Repair r Failed .. . Looks Good
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Still perfOrming Veify Well" after 20 rhillion ESALs
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Other Findings from the 4t Cycle

MEPDG over-predicts rutting, corrected by calibration

Relaxed F&E speC|f|cat|on for GDOT: saves big S

Correlation of APA, Fn, Hamburg W|th f|eld ruttlng
GTR can replace SBS polymer |
Porous Fr|ct|on Courses

i Heavy tack coat helps resist top-down cracking

_ Thicker OGFC is better, permeabilities are stable
~ Can use coarse RAP'in mix design s 353
— 28% structural value of DGAC
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