Asphalt Binder and Mixture
Properties Produced with REOB
Modified Asphalt Binders



Overview of Study

Research focused on how a binder supplier would utilize
REOB in asphalt binder

Use REOB to modify stiffer asphalt binders to achieve a
softer binder grade (PG64-22 and PGg8-28 for this study)

Usage in cold temperature climates

Usage with higher recycled asphalt mixtures (RAP and/or RAS)
Asphalt binders (base asphalt from Axeon - Paulsboro, NJ)

Neat PG64-22

Neat PG58-28

REOB modified PG58-28 (20% REOB; 80% PG70-22)
REOB modified PG58-28 (6% REOB; 94% PG64-22)

REOB modified PG64-22 (10% REOB; 90% PG70-22)
2 REOB Sources
Total of 8 binders evaluated
Mix: NJDOT approved 9g.cmm NMAS, 5.4% asphalt content



Overall Workplan — Lab Testing

Asphalt Binder Testing
PG grading (BBR 20 and 40 hr PAV aging)

Master Stiffness Curves
Original, RTFO, PAV 20 hr, PAV 40 hr
Glover-Rowe Parameter, Rheological Properties

DENT test (PAV aged)
Asphalt Mixture Testing (STOA & LTOA)

Dynamic Modulus

Flow Number

Overlay Tester

Flexural Beam Fatigue

SCB Intermediate Temperature
TSRST



Binder Test Results



PG Grading (1 of 2)

REOB

Target

High Temperature

Multiple Stress Creep Recovery (MSCR)

% REOB 58°C 64°C Inter. Temp
Suppli Grad Ori RFTO
HPRIIET rade "6 Jor (1/kPa)| % Rec |J, (1/kPa)| % Rec
58-28 0% 61.3 66.9 2.81 13 6.24 0.2 14.3
NA.
64-22 0% 68.7 70.2 0.78 9.1 1.98 24 18.8
(o)
5828 | O REOB+ | o5 60.5 2.70 14 6.06 0.2 15.1
94% 64-22
1 (o)
Supplier | oo oo | 20%REOB+ ) 65.3 2.25 23 5.17 05 12.4
#1 80% 70-22
6422 | LOPREOB+ 1 73.1 1.28 33 3.01 1.0 17.6
805 70,29 . . . . . . .
0,
sg2g | OPREOB+ | /¢ 64.7 1.74 2.74 4.06 0.79 16.5
94% 64-22
l 20% REOB +
supplier | oo 5o | 20% REQ 61.0 62.6 2.32 3.27 3.04 1.10 93
#2 80% 70-22
6402 | LOPREOB+ | oo 67.0 1.27 4.98 3.04 1.73 17.8
50% 70,29 . . . . . . .




PG Grading (2 of 2)

REOB Tareet Low Temperature
cucopiar Gragde % REOB RETO PAV (20 Hrs) PAV (40 Hrs) R4S | PG Grade
PP m-slope | S(MPa) | m-slope | S(MPa) | m-slope | S(MPa) | (20 Hr)
58-28 0% -38.0 342 338 321 32,5 -31.7 302 | PG58-28
N.A.
64-22 0% -34.4 -31.3 -30.1 -29.4 -28.7 128.6 276 | PGe4-28
% REOB +
5828 | 0% REO -37.9 344 335 328 295 31.6 322 | PG58-28
94% 64-22
Suppli 20% REOB +
UPPIIET 1 58 7 6 REO -39.7 396 -28.6 378 -10.0 -36.9 -33.9 | PG58-28
#1 80% 70-22
6422 |1OPREOB+I - o9 333 29.1 31.1 26.5 30.3 278 | PG64-28
50% 70,9 . . . . . . .
6% REOB +
58-28 ° 355 322 31.7 -29.9 -28.8 -28.7 348 | PG64-28
94% 64-22
Suppli 20% REOB +
UPPIIEM 1 5g 7 6REOB+ 115 422 -26.1 -39.6 -18.0 -38.2 36.9 | PG58-22
#2 80% 70-22
6422 |1OPREOB+| oo g 343 29.8 32.1 22.9 31.3 302 | PG64-28
50% 70,29 . . . . . . .




BBR S & m-slope vs Aging (Source #1)

% REOB in Binder
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BBR S & m-slope vs Aging (Source #2)

% REOB in Binder
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Form of Master Curve (Christensen &

Anderson)
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Master Curve (R-value & Crossover

Frequency) — PG58-28 Source #1
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Master Curve (R-value & Crossover

Frequency) — PG58-28 Source #2

Crossover Frequency (Hz)
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Master Curve (R-value & Crossover

Frequency) — PG64-22 Source #1
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Master Curve (R-value & Crossover

Frequency) — PG64-22 Source #2
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Master Curve (Glover-Rowe Parameter)
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DENT CTOD
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Fatigue Binder Test Relationships

(PAV Aged)
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Mixture Test Results



Laboratory Mix Design

Trap Rock aggregate
5.4% asphalt
content; 0% RAP
Short-term (STOA)
and Long-term
(LTOA) oven aged
according to
AASHTO R30

Property % Passing
Sieve Size Lab Study Design
1/2" (12.5 mm) 100.0
3/8" (9.5 mm) 95.0
No. 4 (4.75 mm) 68.0
No. 8 (2.36 mm) 46.6
No. 16 (1.18 mm) 32.4
No. 30 (0.600 mm) 23.1
No. 50 (0.425 mm) 16.7
No. 100 (0.15 mm) 11.7
No. 200 (0.075 mm) 7.6
Gsb (g/cm’) 2.862
Gmm (g/cm’) 2.680
Design AV% 4.0
Asphalt Content (%) 5.4
VMA (%) 15.0




Dynamic Modulus
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Dynamic Modulus (psi)
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Dynamic Modulus (psi)
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Flow Number — Source #1
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Flow Number — Source #2
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Flexural Beam Fatigue — Source #1
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Flexural Beam Fatigue — Source #2
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Overlay Tester — Source #1
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Overlay Tester — Source #2
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Semi-Circular Bend — Source #1
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Semi-Circular Bend — Source #2
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TSRST Low Temp Critical Cracking —

Source #1
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TSRST Low Temp Critical Cracking -

Source #2
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Binder to Mixture
Performance Comparisons



Fatigue - Binder to Mixture
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Overlay Tester (LTOA) vs BBRT_,
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Overlay Tester (LTOA) vs DENT CTOD
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Overlay Tester (LTOA) vs Glover-Rowe
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Overlay Tester (LTOA) vs Cross-over

Frequency (20 Hr PAV)
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Low Temperature Critical Cracking —

Mixture vs Binder

TSRST Low Temperature Critical Cracking (°C)
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General Comments on REOB Work

Stiffness and aging behavior in E* of REOB and neat binders
similar
Different ranking between fatigue cracking mixture tests
Almost complete reverse in ranking between Flexural Beam Fatigue
(crack initiation/stiffness-based) and Overlay Tester (crack propagation)
Low temperature TSRST performance differed based on source
Larger differences between REOB and neat binders for Source #2
Binder “fatigue” tests correlated well with the Overlay Tester and
were sensitive to REOB dosage

BBR Tcrit Difference
Cross-over frequency
Glover-Rowe

DENT CTOD
Stiffness based tests do not show much difference between
binders with and without REOB
REOB dosage rate has a impact on performance, but magnitude
not the same for each REOB source —impact of binder source(?)
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