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Abstract

The failures of the flexible pavements are not only caused by harsh climatic
conditions prevailing in most of the tropical countries but also due to increase
in traffic. The ethylene vinyl acetate (EVA) modification of the bitumen can
strengthen the properties of binders and also improve the quality of bitumen
used for pavements construction. This paper reports the changes in physical
and rheological properties of unaged 80-100 grade bitumen modified with
different percentages of EVA and compared with the properties of PG 76
binder. The penetration, softening point and viscosity properties were studied.
The rheological properties were measured using dynamic shear rheometer and
the test was performed at temperatures ranging from 46 to 76 °C aft intervals of
6 °C. It was noted that, after modification, the properties of binders had
improved. The results show that 5% EVA content by weight in modified binder
is adequate in ferms of physical and rheological properties studied. In addition,
the properties of 5% EVA modified 80-100 grade bitumen are similar fo PG 76
binder.

Keywords: Ethyl Vinyl Acetate (EVA), workability properties, rheological
properties, modification, bitumen, modification index
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Abstrak

Kegagalan furapan lentur bukan sahaja disebabkan keadaan iklim yang
melampau yang lazimnya berlaku di negara-negara tropika tetapi juga
disebabkan peningkatan beban frafik. Pengubahsucian bitumen dengan
ethylene vinyl acetate (EVA) boleh menguatkan ciri-ciri pengikat secara tidak
langsung meningkatkan kualiti bitumen yang digunakan untuk pembinaan
turapan. Kajian ini melaporkan perubahan ciri-ciri fizikal dan reologi ‘unaged’
bitumen bergred 80-100 diubahsuai dengan peratusan EVA yang berbeza-
beza dan dibandingkan dengan ciri-ciri pengikat bitumen PG 76. Ciri-Ciri
penusukan, fitik lembut, dan kelikatan telah dikaji. Ciri-ciri reologi diukur
menggunakan ‘dynamic shear rheometer’ dan ujian dijalankan antara suhu
46 hingga 76 °C pada sela 6 °C. Selepas pengubahsuaian, didapati ciri-ciri
pengikat bertambah baik. Keputusan menunjukkan 5% kandungan EVA
daripada berat pengikat terubahsuai mencukupi dalam kajian ciri-ciri fizikal
dan reologi. Sebagai tambahan, ciri-ciri 5% EVA terubahsuai dengan bitumen
bergred 80-100 adalah sama dengan pengikat PG 76.

Kata kunci: Ethyl Vinyl Acetate (EVA), ciri-ciri kebolehkerjaan, ciri-ciri reologi,

pengubahsuaian, bitumen, index pengubahsuaian

© 2018 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Bitumen can be classified as a thermoplastic material
and is commonly used as a binder material in flexible
highway and airport pavement construction [1].
However, bitumen should be flexible enough at high
temperatures fo resist unexpected stress without
cracking and most also withstand permanent
deformation [2-5]. In view of this, af high and low
service temperatures, bitumen most withstand stresses
caused by traffic loads. Thus, certain special bitumen
modifications that can enhance the resistance to
permanent deformation and fatigue life of paving
mixes may be needed where fraffic is heavy [6-10].
This can be achieved by modifying the readily
available bitumen with certain additives, which
include polyethylene, polypropylene, latex, styrene-
butadiene-styrene, ethylene vinyl acetate, styrene
butadiene rubber and sasobit. The main objective of
bitumen modification is to produce new binders with
improved mechanical and rheological properties. The
improvement in the modified bitumen can be
attributed to the chemical change resulting from the
interaction between the molecular structure of the
added modifier and binder. Many research works
have been carried out on the properties of the
modified binders, assessing their advantages over the
conventional bitumen.

Panda and Mazumdar [11, 12] stated that the
viscosity and softening point temperature of the EVA
modified binders increased while their ductility,
penefration, and specific gravity decreased. There
was also an improvement in temperature susceptibility
of the modified binder. The use of EVA increased its
tensile strength, air voids, and Marshall stability up to
14 kN and decreased ifs unit weight and flow.

Airey [13] stated that the EVA polymer improved
the rheological properties of bitumen. Conventional

penetration, ductility, softening point, and high
tfemperature viscosity fests showed that the EVA
polymer  modified  bitumen had  improved
temperature susceptibility and hardness. Gonzalez et
al. [14] reported that with EVA the viscoelastic
properties of 60-70 grade bitumen were improved.
Also, the risk of rutting at high temperatures and
cracking atf low temperatures were both reduced. A
general evaluation of stability tests showed that the
performance of this bitumen as a binder for road
pavement was greatly improved when 1% of EVA was
added.

Morales and Partal [15] established that the
addition of recycled EVA improved the viscous
propertfies of bitumen at high temperatures. The
increase in  EVA concentrafion affects the
microstructural changes, which greatly influence the
flow behaviour of the binder. Bulatovic et al. [1]
reported that the polymer content improved the
physical and rheological properties and morphology
of the polymer modified bitumen. Also the EVA
polymer improved the rheological properties of road
bitumen. Kumar et al. [16] studied the properties of
EVA modified bitumen before and after aging. He
reported that the physical properties of bitumen such
as its softening point and penetration were improved
with the addition of EVA. Also the effect of aging on
EVA modified binders was within the permissible limits.
The purpose of doing the present research work is to
compare the physical and rheological behavior of
EVA modified bitumen with PG 76.
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2.0 METHODOLOGY
2.1 Materials and Preparation of Modified Bitumen

In this study, two grades of bitumen binders were used:
pen 80-100 and PG 76. Also, pen 80-100 binders were
modified with various percentages of EVA (0-7.5%)
with an increase of 2.5%. For the preparation of EVA
modified bitumen, bitumen was heated to a
temperature of 170 °C, the different EVA polymer
contents by mass (2.5 fo 7.5%) were added to the
bitumen. The temperature was maintained at 175 °C
+1°C and blending was done with high shear mixer for
a period of one hour.

2.2 Testing Methods
2.2.1 Penetration Test

The penetration of a bituminous substance may be
defined as the distance (in hundredths of a
centimeter) to which a standard needle penefrates
the material under known condifions of fime, loading,
and temperature. This fest is used for evaluating the
consistency of asphalt materials before and after
heating. The test was conducted in accordance with
the procedure specified in ASTM D 5M [17] for all the
binders used in the study.

2.2.2 Softening Point Test

The ring-and-ball softening point test is used to
measure the susceptibility of blown asphalt to
temperature  changes by determining the
temperature at which the material will be adequately
softened to allow a standard ball to sink throughit. The
softening point of the bitumen is the temperature at
which the binder can no longer support a standard
steel ball with a weight of 3.5 g. The test was
performed in accordance to ASTM D 36 [18].

2.2.3 Viscosity Test

Viscosity is the resistance of a fluid to flow. In this study,
the test was performed using a Brookfield Thermosel
viscometer. Viscosity is measured using the standard
test procedure outlined in ASTM D4402 [19]. The test
involves measuring the time required for a fixed
volume of liquid to be drawn through one of the
several specially designed capillary tubes by means of
a vacuum. The absolute viscosity in poises is
determined by multiplying the flow time in seconds via
the viscometer calibration factor.

2.2.4 Dynamic Shear Rheometer Test

The dynamic shear rheometer apparatus is used to
examine resistance fo high temperature rutting
(permanent deformation), infermediate pavement
temperature fatigue cracking and low pavement
temperature thermal cracking. The test was

performed using dynamic shear rheometer (DSR)
apparatus to evaluate fatigue and rutting resistance.
The test is mainly software controlled.

The DSR is used to characterise the elastic and
viscous behaviour of bitumen binders at high and
intermediate service temperatures [20, 21]. The DSR
measures the complex shear modulus, G*, and phase
angle, 6, of bitumen binders at the desired
tfemperature and frequency of loading. The test was
performed in accordance with ASTM D 7175 [22]. The
DSR apparatus used in this research was the HAAKE
Rheostress 1.

The principle of operation of a DSR is shown in
Figure 1. The bitumen binder sample was sandwiched
between a fixed plate and an oscillating plate. When
torque was applied to the oscillating plate, the plate
starts from point A and moves to point B. From point B,
the plate moves back and goes to point C, passing
point A. From point C it returns back to point A. This
movement composes of one cycle of oscillation. If two
oscillation cycles occur in one second, the frequency
of oscillation would be two cycles per second or 2 Hz.
The frequency of oscillation can also be expressed as
the radians traversed by the oscillating plate in one
second. In this study, the DSR was conducted at a
frequency of 10 radians per seconds, which is
equivalent to approximately 1.59 Hz.
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Figure 1 The principle of Dynamic Shear Rheometer [22]

The thickness of the bitumen binder sample
sandwiched between the fixed plate and the
oscillating spindle depends on the test temperature.
Higher test temperatures (= 46 °C) require a small gap
of Tmm while lower test temperatures in the range of
4 to 40 °C require alarger, 2 mm gap. Also, two spindle
diameters are used i.e., large spindle (25 mm) for high
test temperature and small spindle (8 mm) for low test
temperatures.

After the bitumen binder sample was sandwiched
between the fixed plate and the spindle, the
designed test temperature has to reach within £0.1 °C
using the water bath. When the spindle was oscillated
back and forth with constant stress, the resulting strain
was monitored. The relationship between the applied
stress and the resulting strain was used to compute the
complex modulus, G*. The complex modulus is the
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ratio of maximum shear stress (1 max) to maximum
shear strain (y max). The time lag between the applied
stress and the resulting strain is the phase angle, 6. The
physical property measurements of G* and 6 for a
given bitumen binder were taken three fimes using the
DSR. The bitumen binder was tested in the DSR in its
unaged condition. In this study, the initial temperature
for the test was set at 46 °C and increased in steps of
6 °C until the specimen failed (conditions not met).

3.0 RESULTS AND DISCUSSION
3.1 Penetration Value

The results of penetration test for the unmodified and
modified binders are shown in Table 1. As can be
clearly observed in Table 1, EVA has a significant
effect on the penetration of the 80-100 binder. If is
noted that the penetration decreases as the modifier
concenfration increases. The 5% EVA modified
bitumen displays properties similar to PG 76-22
bitumen in terms of penetration. A similar result was
reported by Kumar et al. [16] and Airey [13] in their
studies on EVA modified bitumen.

Table 1 Penetration test result of the binder

Binder type Mean of Penetration Values
80-100 85
2.5% EVA 80 -100 60
5.0% EVA 80 - 100 49
7.5% EVA 80 - 100 45
PG 76-22 48

3.2 Softening Point

Table 2 below provides the summary of the softening
point test for the binders and shows that the softening
point significantly increases with an increase in
modifier concentrafion because the bitumen also
becomes increasingly viscous. The softening point of
7.5 % EVA modified 80-100 bitumen increases to nearly
70 °C.In astudy conducted by Kumar et al. [16], it was
suggested that modified bitumen with more than a 70
°C softening point value may not be appropriate for
use in road construction; rather it may be utilised as
roofing material instead. Thus, 7.5 % EVA modified 80-
100 bitumen may not be a good binder for road
construction. Similar to its penetration test value, 5 %
EVA modified 80-100 bitumen shows characteristic
similar fo PG 76-22 in terms of softening point. A similar
observation was made in a related research by
Gonzalez et al. [14].

Table 2 Softening point test result of the binder

Mean of Softening Point Values

Binder Type C)

80-100 46

2.5% EVA 80 -100 56

5.0% EVA 80 - 100 63

7.5% EVA 80 - 100 68

PG 76-22 64
3.3 Viscosity

Viscosity grading of bitumen binders is based on
viscosity measurement at 60 °C and 135 °C as
suggested by the Sirategic Highway Research
Program (SHRP) [24]. To obtain a viscosity at 60 °C, the
test was initially performed at 90 °C since the spindle
of the Viscometer cannot rotate effectively when
used at 60 °C. The viscosity at 60 °C was later obtained
by using a linear inferpolation of viscosity at
temperatures of 90 °C and 135 °C. The line is linear
because viscosity is the ratio between shear stress and
shear rate.

According to the SHRP, the shear rate is
determined as a constant variable, i.e. 6.8/s and
remains constant for all test temperatures. The linear
relationship between viscosity values was used by
Rusbintardjo [25] to determine the proper mixing and
compaction temperatures of the hot mix asphalt
(HMA). The linear relationship between viscosity values
isillustrated in Figure 2. The detailed viscosity test results
are summarised in Table 3.

100.006+

Viscosity (cSt)

500 :

WO s Compaction range --\;--------=---=--=-=)
280 [TTTTTTTTTTTTTTTTTTTTTTTTTTTTIURTTTTTTTTTTTT
170 o4 MIRTRG IR oo N

Temperature (°C)

Figure 2 Temperature-Viscosity relationship [26]

As noted from Table 3, the higher the percentage
of EVA added to 80-100 the more viscous it becomes.
In addition to this, the increase in the value of viscosity
is much more significant when 7.5 % EVA is added fo
80-100 bitumen. The obtained viscosity result conforms
fo the result of a similar study by Kumar et al. [16].
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Table 3 Viscosity fest result of the binder

Mean of viscosity (cP)

Binder type 50 °C 135 9C
80-100 23200 400
2.5 % EVA 80-100 25400 480
5.0 % EVA 80-100 28700 630
7.5 % EVA 80-100 32500 1220
PG 76 36200 1800

3.4 Rheological Properties

The test was conducted at 46 °C, 52 °C, 58 °C, 64 °C,
70 °C and 76 °C within the linear viscoelastic region of
the binder so that the stress and strain relationship is
only influenced by the frequency of loading and not
by the magnitude of the stress and strains [27]. The
detailed DSR results are graphically illustrated in
Figures 3 and 4.

The parameter, shear modulus (G*/siné) measures
the stiffness of the bitumen and is also used as a guide
for rutting resistance in the present superpave
specifications. From Figure 3, it is observed that the
shear modulus of the bitumen increases with increase
in the concentration of modifiers. This suggests that
EVA confributes to the bitumen sfiffness. In addition to
this, the rate of increment is more significant at higher
temperatures (> 52 °C). For instance, an addition of 5
per cent EVA with 80-100 bitumen increases the rutting

resistance by more than 44 %, 110 %, 141 %, and 157 %
at 58 °C, 64 °C, 70 °C and 76 °C respectively.
Therefore, EVA modified bitumen may be used in the
areas of high temperature road carrying heavy traffic.
The effect of EVA modifiers on 80-100 bitumen can
be observed in Figure 4. The phase angle decreases
with an increase in modifier contents and increases
with increase in temperature. The phase angle of neat
binder is higher than that of an EVA modified bitumen.
This implies that with the EVA modifier, the elastic
response of bitumen can be greatly improved. As
illustrated in Figure 4, as the phase angle of the base
80-100 bitumen moves towards 90 °C it will exhibit a
more viscous behaviour. The EVA modifier significantly
enhances the elastic response of the modified
binders. The increase in elastic response at high
temperatures can be ascribed to the viscosity of the
neat bitumen being sufficiently low to permit the
elastic network of the EVA to have an effect on the
mechanical properties of the modified binders.

3.5 Temperature Susceptibility

The temperature susceptibility, as showed by
penetration index (Pl), has been calculated for the
bitumen as presented in Table 4. The penetration
index as shown in Table 4 indicates an enhancement
in temperature susceptibility with EVA modification.
This result is not surprising because one of the basic
aims of using EVA is fo improve the temperature
susceptibility of bitumen.

- 46 mb52

G*/5in6 (kPa)

N W N O 8 N 00 O
L

o —
I

80-100 2.5%EVA

58 mé64 m70 m76
5.0%EVA 7.5%EVA PG76
Mix type

Figure 3 The shear modulus results of the bitumen
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m58 m52 m46
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Figure 4 The phase angle results of all bitumen fested

As noticed in Table 4, the Pl increases with the
concentration of EVA. PG 76 and 5% EVA modified 80-
100 bitumen has identical values of PI. The lowest Pl is
recorded at 2.5% EVA. As observed in other properties
of the EVA modified bitumen studied in this research,
there is a sharp increase in Pl at 5% EVA.

The lower the Pl of bitumen, the higher is temperature
susceptibility. The Pl is between +1 and -1 for most of
the bitumen. Bitumen with a Pl below -2 is very liable
to transverse cracking in cold climates [28].

Table 4 Summary of the bitumen's properties

Binder type oh1355C (Fas)  ai76C (kpa) Femetation  Seferggpemt - relren
80-100 0.40 0.70 85 46 -1.05
2.5% EVA 80 -100 0.48 0.80 60 56 0.67
5.0% EVA 80 - 100 0.63 1.79 49 63 1.96
7.5% EVA 80 - 100 1.20 1.89 45 68 2.27

PG 76-22 1.80 1.70 48 64 1.96
Permissible results Max. 3 Min. 1.00

3.6 Modification Indices

The modification indices for penetration, softening
point and viscosity was determined using equation 1
below:

P modified

Modification Index = Pimodified

x 100 (1)

Where;

P modified = the same rheological property as

measured on the unmodified bitumen, but performed

after bitumen modification

P unmodified = the same rheological

measured on the unmodified bitumen.
Figure 5 shows the modification indices for

penefration, softening point and viscosity. The data

shown in Figure 5 is not mainly meant fo show a

property

relationship between modification index and polymer
content but majorly to improve the modification
process understanding. As illustrated in Figure 5,
although there are variations in the modification index
magnitude for the three properties, no specific trend
could be identified. While the penefration test seems
fo be relatfively insensitive, the viscosity tests
significantly sensitive to the morphology of the EVA
and the bitumen binder.

The modification indices for the viscosity and
softening point differ from that of penetration. The EVA
modified bitumen shows a relafively increase in
viscosity and softening point as the EVA content
increases from 2.5% to 7.5%. However, the increase is
relatively higher at the 5.0% polymer level but shows a
sharp increase at the 7.5% level being approximately
77%. Findings have shown that EVA polymer is
compatible with most bitumen binders, but in order to
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ascertain  the benefits of bitumen polymer
modification, a level of incompatibility was necessary
[29, 30]. Excessive degree of compatibility makes the
EVA polymer performing simply as a filler in the
modified bifumen without reaching a rheological
polymer dominant system.

300 1 —e— Penetration
= - J== Softening point
< 250 — & - Viscosity @ 600C
é 200 + @ \/iscosity @ 1350C
S
§ 150 + -3
E 100 +
=
50 = .
0% 2.50% 5.00% 7.50%
% of EVA

Figure 5 Modification Index

4.0 CONCLUSION

Based on the analysis, the penetration and softening
points of the neat 80-100 binder are greatly improved
with addition of EVA. EVA modified 80-100 bitumen
gives lower penetration and higher softening point as
compared to neat 80-100 bitumen. As the content of
EVA added fo the bitumen increases, the more
viscous it becomes. The 5% EVA modified 80-100
bitumen displays characteristic similar to PG 76 in
terms of penetration and softening point. In term of
rheological properties, shear modulus and phase
angle of the bitumen are fremendously improved with
addition of EVA. By addition of 5% EVA into 80-100
bitumen, the rutting resistance is significantly
increased at 64 °C. Hence, EVA modified 80-100
bitumen can be appliedin very high temperature and
heavy fraffic areas. The study has further confirmed
that modification of the bitumen improves the
physical and rheological properties of neat bitumen.
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