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Abstract: Engineers have been using modified binders to improve the quality of flexible pavements. The use of
waste material is one of the solutions taken in this direction. It is for this ground that the studies emphasis on the
evaluation of waste engine oil as a modifier for asphalt binder as a pavement material. In the study uses four
samples extracted from 80/100 penetration grade bitumen. From four sample first sample was checked for weather
requirements of asphalt binder meet or not and the three were modified with different content of engine oil (3,6 and
9%). The behaviors of both unmodified and modified binder were checked for rheological properties. Dynamic
shear rheometer (DSR) was used to determine high temperature performance grade (PG) and multiple stress
creep recovery tests to determine rutting resistance properties of the binder. PG analysis indicates that both aged
and un-aged 3% and 6% modified binder have similar higher PG grade with the unmodified one and 9% modified
to have lower PG vale. Jnr3.2 value of modified asphalt binder is lower than unmodified binder indicating that
modification had improved the rutting resistance and design traffic load (ESALS). The study shows that it is

possible to use waste engine oil-modified binder as a pavement material.

Keywords: Pavement material, Asphalt, Dynamic Shear Rheometer, Rheology, Rutting, Engine oil.

1. Introduction

The increase in cost of virgin asphalt made
engineers to search new material that replace asphalt
binder and attain the property of asphalt binder [1]. The
mechanical property of asphalt binder and the long life
behavior of constructed road depend on the properties
of asphalt binder; good characteristics of asphalt will
provide good quality of constructed road [2-7]. Behavior
of asphalt binder can be investigated using modern
super performance test method MSCR using dynamic
shear rheometry. During MSCR test a small amount of
asphalt binder is placed between two parallel plates
held at constant temperature medium, especially
distilled water, with the bottom of the plate fixed and top
plate oscillating at the different angular frequency to
each other [8] Multiple stress creep recovery test
contains the provision of 10 cycles of creep and
recovery shear loading [7]. The use of WEO on
recycled asphalt mixture can change the stiffing
behavior of hot mix asphalt [19].

For each loading cycle initial strain, Maximum
strain at the end of creep and strain at the end of
recovery are recorded, which are used to determine
non-recoverable creep compliance and percent
recovery

Stevens [9] Rutting vulnerability of the binder is
determined by calculating the non-recoverable creep
compliance (Jnr) and percent recovery (R) from
measured data. In the rheological determination of
polymer modified asphalt MSCR is better to represent
the permanent deformation than performance grade
[10]. Current super performance specification using
complex modules (G*) and phase angle (d) are
measured in linear viscoelastic range which is not
sensitive to load level applied [3].

The commonly used DSR [3] test is not enough
to characterize viscoelastic properties of polymer
modified binder [6]. MSCR test combines the deep-
rooted creep and recovery test concept in order to
assess the binder’s latent for rutting. Traditionally, the
MSCR test is conducted at two stress levels (0.1 and
3.2 kPa); at each stress level, asphalt binder
specimens are subjected to ten cycles of loading and
recovery [6]. Creep is a pattern of pavement faller
which mostly occurred on the surface of pavement due
to heavy loading, high tire pressure and heavy traffic
[11-19]. Both asphalt binder and engine oil are the co
product of petroleum production, so engine oil has
sufficient aromatic and reassembles to asphalt binder
this property makes WEO as modifier of bitumen [11].
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Due to its similarity with chemical composition, the
waste engine oil has a degree of compatibility with
asphalt binder [12]. Waste engine oil has a significant
effect on softening and improves elastic and recovery
property of asphalt binders [12]. The provision of WEO
in aged asphalt binder increases the rut depth, and the
rut depth increase with increasing the content of WEO
[14]. Low temperature performance of asphalt binder
can be enhanced by the provision of WEO as a
rejuvenator because WEO has low stiffness and rapid
stress relaxation when provided into asphalt binder
[15]. The provision of WEO in recycled asphalt
pavement can decrease the viscosity and increase rut
resistance of mixture [16]. Asphalt modified with WEO
and SBS is good rutting and fatigue resistance,
durable, and it is not moisture susceptible [16]. Addition
of discarded engine oil in aged asphalt binder is making
the decrease the complex modulus vale and increase
phase angle, WEO can be used as a rejuvenator by the
provision of elasticity and flexibility for a given asphalt
binder [17]. Mass loss increase with increasing content
of WEO. Higher WEO, cause in the decrease of higher
and lower PG temperature. WEO increase the elastic
recovery value of original bitumen [18]. Figure 2.3
indicate that as the content of waste engine oil modifier
increase there is increase in mass loss and decrease in
higher temperature PG grade, but the increase in mass
loss and decrease in PG temperature depends on the
type of asphalt binder. Waste engine oil has
rejuvenation capacity on short term aged asphalt binder
[12].

2. Materials and Research Methods

2.1 Materials and Equipment

The materials used for the study were bitumen
and waste engine oil. The apparatus used for the
research is dynamic shear rheometry (DSR) to

determine rheological properties of binder, motorized
blenders for the production of the modified specimen.
The asphalt binder used in the study was 80/100
Penetration Grade bitumen Lubricating oil or engine oil.

2.2 Rheological test using DSR

DSR can characterize the viscoelastic behavior
of bitumen by measuring of complex modulus and
phase angle at different temperatures, frequencies,
stress, and strain level [12]. Phase angle and complex
modulus determine the rutting and fatigue behavior of
the binder. This test is done for a temperature between
3-88 °C. DSR test is conducted on unaged, RTFO aged
and PAV aged bitumen, but for this study, DSR was
done for unaged and RTFO aged asphalt binder.

3. Result and Discussion

3.1 Higher temperature performance grade
(PG) grade

The main objective of performance grade test
is determine the grade of a given asphalt binder. It is
done at high-temperature oscillatory loading using DSR
in 6°C temperature rise at high temperature (starting
from 46°C). If a given asphalt binder passes the first
nominated temperature, it will pass to the next 6°C
incremental temperature. The study use G*/sind to
determine the maximum temperature that the asphalt
binder could meet the minimum criteria of AASHTO M-
320. The failure criteria are based on G*/sin & value,
which is considered the indicator of asphalt binder
deformation at high pavement temperature. unaged
minimum criteria 1lkpa assures against tenderness
mixture while RTFO aged 2.2kpa minimum criteria
indicate the resistance of permanent deformation. PG
determination DSR outputs for the study are
summarized in table blow.

Table 1 PG result of RTFO aged binder

WEO (%) | T(°c) | Kpa | Status | Fail T (°) | Higher PG Grade

0 58 | 5.93 | Pass 65.35 64-YY
64 | 2.64 | Pass
70 | 1.20 | Fall

3 58 | 8.98 | Pass 66.7 64-YY
64 3.2 | Pass
70 1.43 | Fail

6 58 | 6.53 | Pass 65.8 64-YY
64 | 2.79 | Pass
70 | 1.23 | Fall

9 52 | 4.33 | Pass 61.7 58-YY
58 | 3.67 | Pass
64 | 1.61 | Fall
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Figure 1 Higher PG grade for RTFO aged binder

Table 2 PG grade for unaged binder

WEO (%) | T(°c) | Kpa | Status | Fail T (°) | Higher PG Grade
0 52 5.20 | Pass 63.8 64-YY
58 2.17 | Pass
64 .97 | Fail
3 52 3.43 | Pass 60.5 64-YY
58 1.38 | Pass
64 0.63 | Fail
6 52 2.78 | Pass 59.1 64-YY
58 1.15 | Pass
64 0.51 | Fall
9 46 2.33 | Pass 55.9 58-YY
52 1.77 | Pass
58 0.75 | Fail
100
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Figure 2 Higher PG grade for unaged binder

From the above table and figure, it possible to
postulate that as the content of waste engine oll
increase the higher PG value remain constant up to 6%
and then it decreases. Pass /fail temperature of 3%
WEO modified binder have higher pass/fail
temperature.

From the above table and figure it is possible to
concluded that provision of WEO as modifier does not

improve the PG grade of the binder for both RTFO
aged and unaged binder. Higher PG grade is similar to
unmodified binder at 3and 6% WEO content and at 9%
higher PG value is small relative to the unmodified
binder. Provision of 3and 6% WEO as modifier have
similar effect on the performance grade of binder. The
lower the PG grades the low resistance to permanent
deformation.
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3.2 Multiple stress creep recovery (MSCR)

MSCR test is conducted after the PG test is
performed. The PG high temperature is key to choose
the test temperature for the MSCR test. Accordingly,
the first test temperature for the MSCR test is at PG
high temperature. The test is performed at 6°c
increment or decrement from higher PG value.

Table 3 MSCR test temperature based on PG

WEO (%) | PG Grade (°c) | Test temperature (°c)
0 64 58 64 70
3 64 58 64 70
6 64 58 64 70
9 58 52 58 64

3.2.1 Terms in MSCR test

Percent recovery value is an indication of
elastic response and stress dependency of modified
and non-modified asphalt binder.

It is a measure of how much sample returns to
its original shape after a given load applied load is
removed.
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Non recoverable creep compliance (Jnr) is
remaining strain in sample after creep and recover
divided by applied strain. It measure stress sensitivity of
a given aged binder.

Jnr,3.2kpa:£ ,Jnr, 0.1kpa =

3.2

€10

0.1

3

Percent elastic recovery difference (%) is the
variation of elastic difference in percent between elastic
recovery @ 0.1kpa and 3.2kpa applied strain.

(strain@1sec.—strain@10)*100

stain@1sec

Percent Recovery=

(jnr,3.2kpa—jnr,0.1kpa)*100
(jnr,01kpa)

(JInrair) = =75% 4

3.2.2 MSCR test results

The main output of MSCR test output used to
determine the behavior of the asphalt binder are
percent recovery, non-recoverable creep compliance,
percent elastic recovery difference and percent
difference in non- recovery creep compliance. The

parameter properties are depends up on test
temperature and loading rate.
(b)
1000 e 0%
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Figure 3 Effect of WEO on total strain at 58°c (a) 3.2Kpa (b) 0.1kpa

Table 4 Summary of MSCR parameters for 0% WEO modified binder

Test Temperature (°c)
Description 58 64 70
Recovery at 0.1kPa 19.02 12.31 7.42
Recovery at 3.2kPa 7.03 2.39 0.50
Jnr at 0.1 kPa 1.00 241 6.45
Jnr at 3.2 kPa 1.09 2.80 7.68
Jnr Difference (%) 9.69 16.43 19.09
PG Grade 64
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Table 5 Summary of MSCR parameters for 3% WEO

Test Temperature (°c)
Description

58 64 70
Recovery (%) 0.1kPa 23.83 | 17.93 | 10.43
Recovery (%) at 3.2kPa 9.72 2.97 0.86
Jnr at 0.1 kPa 0.82 2.17 5.22
Jnr at 3.2 kPa 0.97 2.94 6.87
Jnr Difference (%) 17.35 | 35.70 | 31.44
PG Grade 64

Table 6 Summary of MSCR parameters for 6% WEO modified binder

o Test Temperature (°c)
Description
58 64 70

Recovery at 0.1kPa 26.80 20.34 11.48
Recovery at 3.2kPa 9.45 281 0.65
Jnr at 0.1 kPa 0.89 2.46 6.21
Jnr at 3.2 kPa 1.09 3.48 8.62
Jnr Difference (%) 22.30 41.38 38.84
PG Grade 64

Table 7 Summary of MSCR parameters for 9% WEO modified binder

Test Temperature (°c)
Description
52 58 64
Recovery at 0.1kPa 37.03 26.50 18.82
Recovery at 3.2kPa 14.41 4.62 1.29
Jnr at 0.1 kPa 0.55 1.49 4.04
Jnr at 3.2 kPa 0.78 2.14 6.34
Jnr Difference (%) 40.69 43.30 57.38
PG Grade 64
10
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3 3 58°C
6 A - -
’g . . m64°c
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Figure 4 Jnr (3.2Kpa) value at different content of modification
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Table 8 Binder specification requirements based on MSCR test

Traffic Design Traffic Level (ESALs),10¢ | Load Rate (Km/h) | Jnr 3.2, Max (Kpa?)
Standard “S” <10 >70 4.5

Heavy “H” 10to 30 20-70 2

Very heavy “V” >30 <20 1

a Extremely Very Heavy “E” | >30 <20 0.5

The above figures illustrate the effects of WEO AASHTO MP-19 has briefly labeled

on the total strain of the binder at 0.1 and 3.2 kpa
stresses. As the percent of modifier rise there is rise in
the strain value on the creep and recovery process that
is shown in the above figure for both loading conditions
(0.1kpa and 3.2kpa).

As indicated in the terms in MSCR test section
the basic output of the test that define the property of a
given asphalt binder are percent recovery (R), non-
recoverable creep compliance (Jnr0.1 and Jnr3.2kpa)
and percent recovery difference. Those parameters are
tabulated below for each binder type.

From the above tables it can be postulated on
WEO modification on the behavior of asphalt binder, as
follows:

¢ At the same temperature percent recovery of all
modified binder is higher than the unmodified
one. This indicated that WEO increases the
elastic property of the asphalt binder, hence
decreasing the stiffness of binder.

e Percent recovery of the binder is dependent on
the applied shear stress, the percent recovery
strain is higher at 0.1kpa of shear stress than 3.2
kpa, and also it is dependent on the pavement
temperature when the temperature increases the
elastic recovery decrease and vise verse making
the binder viscous material.

e The non-recoverable creep compliance (Jnr)
value at 3.2 is a fundamental parameter to
evaluate rutting potential. The lower Jnr3.2, the
higher the rutting resistance may occur. As it can
be seen from the above table Jnr value at similar
temperature but the WEO content is different.
Hence, this indicated that rutting resistance of a
given asphalt binder is dependent on the amount
of modifier.

e When the pavement temperature increase, the
non-recoverable creep compliance value also
increases for the binder. This is due to the
behavior of asphalt binder that is more viscous at
higher temperatures, which results in a higher
permanent strain of the material under stress.

requirement for performance grade asphalt binder
using MSCR test.

Based on AASHTO MP-19 as described on the
table Jnr 3.2 kpa is the main parameter to define the
rutting resistance of a given asphalt binder. Based on
the jnr3.2 value and the AASHTO requirement the
following conclusion can be postulated.

e According to AASHTO MP-19, when Jnr 3.2
value increase, rutting resistance decrease, and
design traffic ESALs decrease. In the above
figure at equivalent temperature, Jnr3.2 value of
un modified asphalt binder is higher than
modified binder indicating that modification had
improve the rutting resistance and design traffic
load (ESALS).

e From all modified binder, 3% WEO modified
binder have lower Jnr3.2 value which indicate
that the binder have high rutting resistance and
can be used for very heavy vehicle.

e Both modified and unmodified binders are not
desirable to use for extremely very heavy traffic
class.

o Unmodified and modified (3 and 6%) asphalt
binder are desirable for environmental
temperature blow 64°c and 9% modified binder
for maximum environmental temperature of 58°c.

Conclusion

The aim of the study was to evaluate waste
engine oil modified asphalt binder as pavement
material using MSCR test and to evaluate the effect of
this modifier on the rheological property. Based on
results of the laboratory output, the following
conclusions are drawn:

e The PG value of 0% modified asphalt binder is
similar with 3% and 6% modified binder while at
9% modification the PG value is decreased for
both unaged and RTFO aged binder.

e unaged 0%,3% and 6% modified binder have PG
value of PG58-YY and 9% have PG of PG52-YY

Int. Res. ]J. Multidiscip. Technovation, 4(1) (2022) 8-14 | 13
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but RTFO aged 0%,3% and 6% modified binder
are PG64-YY and 9% modified binder is PG58-YY.

At the same temperature percent recovery of all
modified binder is higher than the unmodified one.
This indicated that WEO increases the elastic
property of the asphalt binder, hence decreasing
the stiffness.

Jnr3.2 value of unmodified asphalt binder is lower
than modified binder indicating that modification
had improved the rutting resistance and design
traffic load (ESALS).3% WEO modified binder
have lower Jnr3.2 value which indicate that the
binder have high rutting resistance and can be
used for very heavy vehicle.

Based on the study both aged and unaged
modified binder cannot be used for very heavy
traffic class.

Asphalt binder modified by waste engine have bad
smell property, which may cause undesirable
condition during construction of the road, so
investigation of material that will change this bad
odder may be the next move of the research.
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