Journal University of Kerbala , Vol. 16 No.1 Scientific . 2018

Assessment of Mechanical Properties of HMA modified by EVA
Gl Jaisd AL Jarall ALl ALY g el ApailSaal) (al s s

Mr. Zaid Abdul Zahra Mahdi
Roads and Transportation Eng. Dep. /College of Engineering/ University of Al-Qadisiyah
(zaid.mahdi@qu.edu.iq)

Abstract

Asphalt become plastic material with the high temperature effect, so it describes as
thermoplastic material, the polymers was used to enhance asphalt properties in mean of
increasing the temperature range over which it resists both rutting and thermal cracking; the
polymers like EVA has been widely used to increase both the workability of the asphalt during
compaction and its resistance to deformations in service. Hot Melt Glue is type of thermoplastic
adhesive containing the EVA copolymer with Terpene-Phenol Resin (TPR) tackifier. The used
asphalt was from the crude oil refinery of Al-Nasiriya (southern of Iraq) its classified grade (60-
70), is used with deferent percentages of the Hot Melt Glue. Two stages of work plan were
adopted: the first was to study the effect of the Glue on asphalt then at the second stage Glue
effect on the asphalt mixture. Tests like penetration, softening point and ductility of asphalt, and
resistance to flow (stability & flow) by Marshall Method (for mix) were adopted in this research.
The results show that the Hot Melt Glue reduces the penetration and specific gravity of the
asphalt, on the other hand the softening point increased with increasing of the Glue. There is a
little increasing of the susceptibility to high temperature with increasing of the glue (to 2%) then
begin to degrease with increase the glue. There is significant decreasing in ductility with the
increasing of the glue and after the percent 2.5 the ductility reduced less than requirements of
specification (100 cm). The flash point not influenced with increasing of glue till 6%. The
Marshall Stability increases while the flow decreases with the increasing the Glue. There is a
little reduction in density and air voids with increasing of the glue.
Key words: Hot Melt Adhesive Glue, Ethylene-Vinyl Acetate (EVA) copolymers, Asphalt
Mixture, Marshall Stability, temperature susceptibility.

gadlall

L_’\JAJJ.\MQAM\J§_9sb‘)\‘)ﬂuﬂﬂlﬂuﬂbm‘y\J@J‘\:\n.d‘b_)\_);j\&_ﬂa_)d_)ﬁu@ﬂﬂbduﬂhuy‘M
Slaatinal ol g 2a o dg ) jal) cldaial) g aaddll o gl lalae B Al o) jadl Glad 30 ) e aailad st B
L) il gill 4tia glie BaL )y claal) ol clandU alaial) algllll e OIS B3 3wl s JSG EVA Jie &l jadd il
G ae EVA sl s e g ging 5ol jall Sl Galll 3uadll o163l (e g 98 oo (padill aldall o) jall aeaall
Adlite ud aa Jeal ¢(60-70) 7 30 Gana 49 palill 8 AWl Ll dias e OIS Jeatal) Gl 33 J sid
Al als jall 8 5 ey ool pall il Al Al V) copils je Jeal) 2ad Giaal cpdndly QI o) 2l (e
a8yl 3o g b el A slie g cclandU allaie g 45 sall) ddads ¢ ) jall Jie Cilia sad aileay) Adalall e o) jall il
SR A0 e JB 8 il QI e Rl ol il @ el Caad) 13 8 Laalaie) a3 4gilin) adalall JUs sl
ol al) a5 agabiall b AL ool @llin iU 43 5ulll 5 ) g Ay (e gy 28 (5 Al 4nli e e sl sl
3L ) e Alain) (8 L sale glali cllia ol jall 3L ) ge J 53k dpaluall o Waaey 942 s o jall 30 ) ae adlal)
¢l oyl 3aly AW ?X Faw gl ddadi ) (e.u 100) adial gall cilillaia pe J8) C““‘r‘d&‘:‘“\“ OB 2.5 A anag ol jall
330 e 4ai) sel) Ol gadll g AdlSY & Candla liali cllia o jall 3L 3 Gload) & lain JU ke @il 2 i %6 S
el )
asaliall (JLa e il cagilany) adalal) cclivgd Juid JuidY) yad o ¢pandilly QIR Buad) o) jal) sdsalidal) cilalst)
| sl

)

95


mailto:zaid.mahdi@qu.edu.iq
file:///C:/Users/M/Desktop/2nd/New%20folder/Paper15727-731.pdf
file:///C:/Users/M/Desktop/فصول%20g/مشروع/Hot-melt%20adhesive.pdf

Journal University of Kerbala , Vol. 16 No.1 Scientific . 2018

1-Introduction and Literature Review:

Due to the properties of asphalt in high viscosity and adhesive with little elasticity made it good
material to use, it is have plasticity with the high temperature effect so that it describe as
thermoplastic material and we should study the asphalt kind with the environment when it will use
to make the adequate and compatibility mixture to environment conditions. To enhance bitumen
properties in mean of increasing the temperature range over which a binder resists both rutting and
thermal cracking the polymers are the most common modifiers being used [1].

Ethylene-Vinyl Acetate (EVA) copolymer has been widely used in the road construction
industry for more than 40 years, where improves both the workability of the asphalt during
compaction and its deformation resistance in service, but depending on the bitumen source and the
polymer characteristics [2]. Hot melt glue type of thermoplastic adhesive containing the EVA
copolymer with Terpene-Phenol Resin (TPR) tackifiers, their mixture is found in low-cost and most
common form as the glue sticks [3], [4]. The performance of bitumen is particularly improved when
1% of recycled EVA or virgin EVA is added [5]. By using EVA with asphalt the softening point
has increased, on the other hand the specific gravity, penetration and ductility values have decreased
[6], [7], and [8]. The rate of change of penetration and softening point gradually decreases as the
polymer percent is increased [7]. Researchers [9], [10] have found that the temperature
susceptibility of the modified binder with EVA is also improved. Marshall Stiffness increases with
increasing the copolymer, EVA can improve both the mixture elasticity and stiffness [11], [12].

As compared with Polypropylene and polyethylene terephthalate thermoplastic modified asphalt,
EVA modified asphalt have better improvement of the physical and mechanical properties than the
others, it can be related to the increase of the adhesive bonding between asphalt cement and
aggregate particles, and displayed the lowest rate of heat dissipation [13], the using EVA is due to
their thermoplastic behavior at higher temperatures and its ability to form networks after cooled [7].

Mijthab, et al. [7] studied on two kind of Asphalt deferent in penetration grade and the effect of
ethylene vinyl acetate (EVA) on them, the two base asphalt are from two crude oil sources in (Iraq):
Baiji paraffinic asphalt that derived from Kirkuk crude oil & Qaiyarah aromatic asphalt from
Qaiyarah aromatic crude oil with the EVA copolymer vinyl acetate content of 19%. They found a
good stability results for blends containing 2% EVA for both asphalts.

2-Methodology:

Two stages of work plan were adopted: the first was to study the effect of the hot melt glue on
asphalt when add it as a percent by weight of the asphalt then glue effect on the asphalt mixture at
the second stage. Then Compare results with Iragi specifications limits according to the State
Corporation of Roads and Bridges/ R9 [14]. The tests which adopted in this work (according to
AASHTO, 1997[15]) consisted of:

Penetration test according to AASHTO T49-96.

Softening point test according to AASHTO T 53-96.

Ductility test according to AASHTO T 51-94.

Specific gravity test according to AASHTO T 228-94.

Flash point test according to AASHTO T 48-96.

Resistance to flow by Marshall Method according to AASHTO T 245-94.
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3-Materials and Experimental Work:

3-1 Materials

Asphalt: The used asphalt was from the crude oil refinery of Al-Nasiriya (southern of Iraq) its
classified grade (60-70) and the physical properties were exhibited in the research tests.

Aggregate: The coarse aggregate was crushed aggregate from al- Neba'ay quarries clean and empty
from soluble salts with specific gravity 2.68 and absorption 2.8% and fine aggregate crushed sand
from al-Najaf city quarries clean empty from soluble salts with specific gravity 2.63 and absorption
6%. Grade separated to partials sieves then washed good and heated to dry.
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Filler: Its material that have fineness value very high be powdered and passed from sieve No. 200
and satisfy the Iraqi general specification limits for gradation. The al- Jisser Portland cement was
used from Karbala city industries, its fineness 93%.

Hot Melt Glue: Its available commonly in local markets as sticks used for clothes and furniture, it
is thermoplastic polymer composes from EVA copolymer and TPR tackifier are characterized by
softening on heating and hardening on cooling within 3 seconds, table (1) shows the physical
properties of the Glue. EVA copolymers tends to improve the stiffness and high temperature
properties of asphaltic mixtures, its easily dispersed and have good compatibility with bitumen and
recommended that the blended product should be thoroughly, mixed before use [16].

Table (1): The Physical Properties of the Used Hot Melt Glue
Property | Penetration (0.1 mm) | Softening point (°C) | Ductility (cm) | Specific gravity
Result 5 78 9 0.26

3-2 Experimental Work:

Work consisted of the following steps:

1- Testing pure asphalt and glue individually to find their properties.

2- Preparing and physical testing the modified asphalt (binder) samples: adding the glue as percent
by total weight of asphalt (sample (1) 2% glue + 98% asphalt, sample (2) 4% glue + 96%
asphalt, sample (3) 6% glue + 94% asphalt), heating them separately till melting then mixing
them using spindle for few minutes.

3- Designing the mixture to find the optimum asphalt and basic properties: the Marshall method
was adopted, the used aggregate and filler was blended and graded as a mid. Point of the surface
course gradation requirement according to Iraqi specification for roads and bridges type IlIA,
table (2) shows the grades and table (3) shows the mix properties results.

4- Mixing the glue with asphalt by total weight (content of 5%) to remaining the binder with 5%
(asphalt + glue) percent by total mass of the mixture then preparing Marshall Samples to test the
mechanical properties of mixture. Noticed that the high volume of glue compared to the asphalt
for the same weight so, the specific gravity of glue less than the asphalt.

Table (2): The Grades of Aggregate for Asphalt Layers [14]

Sieve size mimn Typel Type I Type IITA Type IIIB
Base Course | Binder or | Surface or Wearing Course
Leveling
Course
% Passing by Weight of Total aggregate + Filler
1% in 37.5 100
1 25.0 90-100 100
¥ 19.0 76-90 90-100 100
Ya 12.5 56-80 T76-90 90-100 100
¥ 9.5 45-74 56-80 76-90 90-100
No. 4 4.75 29-59 35-65 44-74 55-85
No. 8 2.36 19-45 23-49 28-58 32-67
No. 50 300 pm 5-17 5-19 5-21 7-23
No. 200 75 pm 2-8 39 4-10 4-10
Asphalt Cement (% weight | 3-5.5 4-G 4-6 4-6
of total mix)
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Table (3): Mix Basic Properties

O.B.C [ Stability [ Flow | V.T.M | Density | V.M.A | VFA [ Py Ppe
% kn mm % glem® % %
5 8.12 3.7 4.94 2.33 16.2 | 69.7 | 017 | 4.83

4- Results and Discussions:

1- Penetration Test
Figure (1) shows the relationship between penetration of asphalt and the percent of glue. The
results show that there is reduction in penetration with increasing the glue due to low penetration
(hardness) of glue, and this reduction rate is decreased with increasing of glue concentration.

2- Softening Point Test:
Softening point increased with the increasing of the glue percentage as shown in Figure (2), due
to the high softening degree of glue compared with the used asphalt, this induced to the
development of a continuous polymer network within the bitumen blend that tend to reduce the
interpartical distance between the blend particle, which increases the softening point of the
polymer-bitumen blend. Hence, thermoplastic polymer modified bitumen can perform better in
hot climate areas as compared to unmodified bitumen [11].
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Figure (1): The Relationship between the Penetration of Asphalt and Percent of Glue
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Figure (2): The Effect of Glue on the Asphalt Softening Point Temperature
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By using the penetration index [16] to calculate temperature susceptibility of asphalt with
deferent percentages of glue, Normal asphalt cements have a Pl between -3 to +7 [16] or -2 and +2
and asphalt cements with a Pl of more than +2 are of low temperature susceptibility, while those
with a P1 of less than -2 are of excessively high temperature susceptibility [17]. Table (4) show that
the penetration index (PI), by depending on the penetration at 25 C and softening point, results
show that a little increasing of the susceptibility to high temperature with increasing of the glue to
2% then begin to degrease with increase the glue due to effect of glue at low percent on hardness
(penetration) more than effect it's on softening point and this effect rate on penetration decreased.

3- Ductility Test:

Figure (3) shows that the ductility test result (with 110 maximum value of test machine), there is
significant decreasing in ductility with the increasing of the percentage of glue and after the percent
2.5% the ductility reduced less than requirements of specification (100 cm) due to hardness of
binder with raising the cohesive and lowering the adhesive.

Table (4): The Pl Affected by the Percent of Glue

% glue | Penetrationat25°C Softening point ° C PI
0 62 49 -0.95
2 40 51 -1.44
4 30 54 -1.33
6 25 57 -1.05
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Figure (3): The Effect of the Glue on the ductility
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4- specific gravity
Figure (4) shows that the specific gravity of modified asphalt with glue is decreased as the glue
increases; it's due to the low value of specific gravity of the glue.
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Figure (4): The Specific Gravity of Asphalt Modified with Glue

5- Flash Point Test:
The flash point of the asphalt alone was very high (274 C°) and the glue percentages do not
significant affected due to low percent of glue.

6- Resistance to Flow by Marshall Method:
Figure (5) shows increasing in Marshall Stability as increasing in glue (reduction in asphalt
content substituted by glue) and there is decreasing in flow when increases the glue as shown in
Figure (6) that is because of decreasing in asphalt content and hardening asphalt due to bonding
improvement by the glue. This may be due to the increase in the viscosity of the modified
bitumen mixtures, which lead to the formation of a thicker mixture film in asphalt [11]. The
stability improved to 14.5, 33.6 and 39.7 % at 2, 4 and 6 % glue respectively. The flow reduced
about 10.8, 18.9 and 27 % at 2, 4 and 6 % glue respectively.
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Figure (5): Relationship between the Stability and Percentage of Glue
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Figure (6): Relationship between the Flow and Percentage of Glue

Figure (7) shows that there is little decreasing in density when increase the glue (decreasing in
asphalt content substituted by glue) due to the low specific gravity of the glue mean it have the
higher volume than asphalt volume of the same weight, leads to increase the volume of binder.
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Figure (7): Relationship between the Density and Percentage of Glue

Air voids depend upon bulk density and max. theoretical density with effective specific gravity
of aggregate of (2.662), and the results in Figure (8) show a little decreasing in the air voids with
increasing of glue this may be because of increasing in the binder viscosity and improvement the
bonding between binder and aggregate particles lead to reduce the inter-particles distance.
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Figure (8): Relationship between the Air VVoids and Percentage of Glue
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Substitute a weight of asphalt by a same weight of the glue causes reduction in density and

increasing in voids in mineral aggregate (due to the high volume of glue compared with the volume

of

the asphalt of the same weight), and due to decreasing in air voids that is lead to increases in

voids filled with asphalt which it make the mix stiffer.

Table (5): Relationship between Voids and Percent of Glue

% glue | Bulkdensity | V.M. A% | Voids filled with asphalt %
0 2.33 16.2 69.7
2 2.328 16.3 70.4
4 2.315 16.8 72
6 2.305 17.2 74

4-Conclusions and Recommendations:

1-

2-

3-

4-

5-
6-

The Hot Melt Glue reduces the penetration and specific gravity of asphalt on the other hand the
softening point increases with increasing of the Hot Melt Glue.

There is a little increasing of the susceptibility to high temperature with increasing of the glue to
2% then begin to degrease with increase the glue.

There is significant decreasing in ductility with the increasing of the glue and after the percent
2.5% the ductility reduced less than requirements of specification (100 cm). The flash point not
influenced with increasing of glue till 6%.

The Marshall Stability increases while the flow decreases with the increasing the Glue.

There is a little reduction in density and air voids with increasing of the glue.

It recommended using the Hot Melt Glue at 2% of the asphalt that used in this study depending
on the result of penetration and ductility of asphalt. For future studies, is recommended to find
the optimum percent of glue to use with other grades or sources of asphalt cement.
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