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Background

What is REOB?
• Re-refined Engine Oil Bottoms

• Or Vacuum Tower Asphalt Extender (VTAE)

• Non-distillable residuum from a vacuum tower 

• Used as a softening agent with the increasing use of  RAP/RAS

[Safety-Kleen]

Background

The effect of REOB ?

• Rutting susceptibility

• Moisture damage

• Fatigue performance

• Low-temperature  (Thermal) cracking
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Objective

Evaluate the laboratory performance of asphalt mixtures containing 

REOB modified binders at low , intermediate, and high temperatures.
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TSRST SCB LWT

Scope: 

• 12.5 mm NMAS Superpave Mixture 

• Binders: 

– PG 70-22 M binder modified with 0%, 5%, 10%,15% REOB
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Mixture Name Percentage of REOB
0% REOB 0
5%REOB 5

10%REOB 10
15%REOB 15
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Experimental Design: 
Binder Experiment
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 Performance Grading and ∆Tc
– 0%, 5%, 10% 15% REOB modified binders

• High temperature performance 
− Hamburg Loaded Wheel Tracking (LWT)  

− AASHTO T 324

− Rutting and moisture susceptibility

• Intermediate temperature performance 
− Semi-Circular Bend(SCB) 

− ASTM D 8044

− Intermediate temperature Cracking

• Low temperature performance
• Low temperature creaking

• AASHTO TP 10

• Thermal Stress Restrained Specimen Test (TSRST)

Experimental Design:
Mixture Experiment 
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Jc= critical strain energy release rate (kJ/m2);
b = sample thickness (m);
a = notch depth (m); 
U = strain energy to failure (kilo-Joule, kJ); and
dU/da = change of strain energy with notch depth, KJ/m .

Advantages of SCB Test
• Utilize laboratory SGC specimens or field cores

• Multiple specimens can be obtained from one core 
– reducing the error caused by heterogeneities among 

samples

• Test setup is simple

• Testing time is around 10 minutes per specimen

• Ease of sample preparation

• Stress field resembles pure tensile conditions

150mm x 150mm

150mm x 57mm
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• AASHTO TP 10

• Determine cracking susceptibility
– low temperature

• Specimen Geometry : 
– Beam specimens

• 250	ൈ	50 ൈ 50 mm

– Circular specimen
• ∅	50 ൈ	 250 mm

• LTA
– AASHTO R 30
– 5 days, 85°C

Thermal Stress Restrained Specimen Test 
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•Test
– Condition specimen 5°C for 6 hours

– Apply initial tensile load

– Apply thermal loading 10 ± 1 °C/ hour

– Continuously record

– Load, displacement, temperature

– Output 
– Fracture temperature
– Fracture strength

– Slope of thermal stress curve
– Slope=ࢾ/ܛܛ܍ܚܜ܁ࢾ Temperature

࢚࢛࣌ ൌ
࢚࢛ࡼ
:where

Pult = ultimate tensile load at fracture
A = average cross-sectional area of specimen
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Thermal Stress Restrained Specimen Test 

Test Results

TSRSTSCBLWT
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Performance Grade of Asphalt Binders
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Test Results

18

SEAUPG Jacksonville, Florida November 14-16, 2017



4

Semi-Circular Bend Test Results
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Thermal Stress Restrained Specimen Test 
(TSRST) Test Results
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Thermal Stress Restrained Specimen Test 
(TSRST) Test Results
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y = 29.18x - 162.06
R² = 0.99

-160

-140

-120

-100

-80

-60

-40

-20

0

S
lo

p
e 

o
f 

T
h

er
m

al
 S

tr
es

s 
C

u
rv

e,
kP

a/
°C

REOB Content (%)

0                5                 10               15

Thermal Stress Restrained Specimen Test 
(TSRST) Test Results

Mixture Type
High Temp 

(LWT)
Intermediate 
Temp (SCB)

Low Temp 
(TSRST)

0% REOB A A B

5%REOB A B A/B

10%REOB A B/C A

15%REOB A C C

Laboratory Performance Test Results of 
Mixtures containing various percentages of REOB
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Note: The letter A was assigned to the best performer followed by the other letters in appropriate order.

• High Temperature
– LWT rut depth 

– Rutting resistance:

 Mixtures containing REOB = control mixture 

 Use of REOB did not adversely affect moisture susceptibility

• Intermediate Temperature
– SCB Jc

– Jc decreased with an increasing of REOB content

– REOB negatively affected intermediate-temperature cracking 
resistance

• Low Temperature
– TSRST fracture temperature

– Similar low-temperature thermal cracking resistance exhibited with an 
increase of REOB content up to 10%
 15% REOB showed a reduction of low-temperature creaking resistance

Conclusion: 
Laboratory performance of  mixture containing REOB
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