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Abstract

In recent years, there has been a huge demand for innovative methods to upcycle waste
materials. This study aims to explore and evaluate the effect of using waste low-density
polyethylene (w-LDPE), collected from waste plastic bags for domestic purposes, on the
mechanical properties of dense Thin Asphalt Overlay (TAO). Waste materials have been
deemed appropriate in the development of asphalt pavement mixtures, due to the expected
enhancement in mixture properties further to the reduction in cost and saving natural
resources. Three dosages of w-LDPE were incorporated with asphalt binder: 2%, 4%, and
6%. Marshall stability and flow test, indirect tensile strength, creep compliance, skid
resistance, wheel track, Cantabro abrasion loss and tensile strength ratio tests were carried
out on both control and modified asphalt mixes to achieve the aim of the study. The results
show a substantial enhancement in the performance of TAO modified with w-LDPE when
compared to the control mix. The pre-eminent improvement was obtained in the creep
compliance test, in which the creep compliance value decreased by 83% compared to the
control mixture when using 6% of w-LDPE. This study indicated that using waste material
is an effective method of asphalt modification that also contributes to promoting

environmental sustainability.

Keywords:
Creep compliance; indirect tensile strength; low-density polyethylene; thin asphalt

overlay; wheel tracking.
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1. Introduction

The rise in traffic and traffic load, alongside the environmental impacts, play a significant
role in increasing the rate of deterioration of asphalt pavements especially the thicker
traditional ones. Consequently, maintenance of such pavement is rendered costly, this
highlight benefits of Thin Asphalt Overlay (TAO) as a more economic alternative.
Alongside reducing maintenance cost [1], TAO also increases pavement lifespan through
decreasing minor distresses endured by pavement such as raveling, bleeding, shallow
rutting etc. [2]. However, the use of modified TAO mixtures instead of traditional TAO
can increase the resistance of these pavements to external impacts and delay the appearance
of distresses [3]. The incorporation of polymeric materials into asphalt binder is a common
additive used to improve the Physico-chemical properties of asphalt [4]. Chemically, the
addition of polymer to asphalt achieves the bi-phasic interaction, where a part of it tends
to react with the functional groups found into asphaltene and forming what means by
“asphaltene rich phase”. On top of this, the remaining part is swollen in maltenes and
forming a “polymer-rich phase” as represented by Figure 1. This behaviour enhances the
physical properties of the asphalt binder through increasing the cross-linking between
asphalt molecules by the formation of a polymer network. In addition to this, the Physico-
chemical properties of the polymer itself play an important role in improving the ability of
asphalt to withstand the various distress problems, whilst also extending the pavement
lifespan [5, 6]. There are various types of polymers such as virgin elastomers (styrene-

butadiene-rubber, styrene-butadiene-styrene, styrene-isoprene-styrene) and virgin
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plastomers (polypropylene, polyethylene, and their copolymers [7, 8], both with differing

properties and abilities to modify asphalt.

C

Asphaltene
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Figure 1. Schematic illustration of the colloidal structure of bitumen and the effect of
polymer modification. (A) Base bitumen. (B) The corresponding PMB with increased
asphaltenes content in the matrix. (C) Asphaltenes micelles. Adapted from [6].

However, recent global trends urge the employment of other types of polymers sourced
from waste materials to reap the bi-benefits to pavement performance and the environment
[9-11]. Global dependence on plastics is undeniable and seemingly increasing. Solid
plastic production is projected to reach 2.2 billion tonnes from 2018 level of 1.3 billion
tonnes [12]. This surge in plastic production will certainly have a detrimental effect on the
environment, wildlife and human health, emphasizing the need to upcycle waste plastics.
Utilizing such waste plastics would not only curb pollution and landfill usage but also
reduce costs through reducing disposal expenses. As aresult, researchers were incentivized

to incorporate these wastes, and especially the recycled ones as an additive with the
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construction materials, as one of the sustainability principles. Consequently, disposal costs
are reduced, pavement service life is increased and the impact of plastic production on the
environment is curbed [13-16]. Commonly used recycled materials are Polypropylenes
(PP) and materials that are derived from ethylene like High-Density-Polyethylene (HDPE)
and Low-Density- Polyethylene (LDPE). LDPE represents a lightweight material having
a density ranged between (0.91-0.94) g/cm?®, derived under high-pressure polymerization

of ethylene [17], and it is considered as a source of the solid wastes of domestic goods.

A study conducted by Al-Hadidy and Yi-qiu [18] stated that LDPE could increase the
modulus of rupture of the asphalt mixes and stiffness at low temperature (-10 °C), which
lead to reducing the cracking potential of pavements. Also, the strain values for the mixture
developed by LDPE were lower than the strain of conventional asphalt mixtures. Shbeeb
[19] founds that using plastic polyethylene in the modification of the asphalt mixture
increases the resistance to fatigue failure and reduces pavement deformation in addition to
achieving better adhesion between the asphalt and the aggregate. Others like Ahmad [20]
and Eme and Nwaobakata [21] also show that the utilization of LDPE has a significant
impact on the mechanical properties of the mix and the physical properties of the asphalt

binder.

This study aimed to examine the influence of the utilization of waste LDPE (w-LDPE) as
an asphalt modifier on the performance of the TAO mix. The effect of it offered in terms
of mechanical and durability properties of asphalt mix: Marshall stability, Marshall flow,
indirect tensile strength, thermal cracking resistance, skid resistance, rut resistance in

addition to Cantabro abrasion loss and tensile strength ratio. The majority of the previous
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literature studies have focused on characterising LDPE polymer modified binders, while
relatively limited research has studied LDPE polymer modified asphalt mixes with small
nominal max aggregate size (NMAS). It is worth mentioning that amount of research
dealing with waste or recycled polymer modified asphalt is comparatively limited.
Moreover, the majority of such studies recommended further research (which is in high
demand) for comparison between the behaviour of waste and virgin incorporated polymer
materials. The current research focuses on a comprehensive methodology (including
characterising volumetric, mechanical, functional and durability properties) for more
understanding of a specific type of asphalt mix i.e. TAO. The authors believe that such

type is still not comprehensively covered in the previous studies.

2. Materials

2.1. Aggregate

The coarse and fine aggregates used in this research were produced from crushed limestone

3 and 2.640 g/cm® for each one respectively. The

with densities equal to 2.600 g/cm
gradation adopted for these aggregates was selected according to the suggestion by General
Specification for Roads and Bridges, section R9 [22], as represented by Table 1. In the
case of mineral powders, two types were used, Limestone Dust (LD) and Hydrated Lime
(HL) 5.5% and 1.5% amounts respectively. Physical properties of both coarse and fine

aggregate are presented in Table 2, while the properties of these powders are presented in

Table 3.
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Table 1. Designed aggregate gradation.

Sieve size, mm

% of the passing of aggregate gradation

GSRB Limits Designed gradation

12.5
9.5
4.75
2.36
0.3
0.075

100
90-100
55-85
32-67
7-23
4-10

100
95
70
49.5
15
7

Table 2. Physical properties of fine and coarse aggregates

i : GSRB Obtained
property ASTM designation fiiatong  vahe
Physical Properties of Fine Aggregates
Bulk specific gravity, gm/cm? C128[23] - 2.64
Passing sieve N0.200, % C117 [24] - 3.52%
Clay lumps, % C142 [25] - 1.9%
Water absorption, % C128 [23] - 0.7
Sand equivalent, % D2419 [26] 45% min 49%
Physical properties of coarse aggregates
Bulk specific gravity, gm/cm? C127[27] - 2.6
Clay lumps, % C142 [25] - 0.05%
Percept wear by Los Angeles C131 [28] 30% max 91
abrasion, %
Water absorption, % C12727] - 1.36
Passing sieve No0.200, % C117 [24] - 0.91%
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Table 3. Properties of fillers

Property LD HL
CaO 7.37 90.58
Si02 81.89 0.89
AlLLO3 3.78 -
Fe203 1.92 2.25
MgO 3.45 3.6
K20 0.73 0.58
NaO 0.19 1.00
Si02 81.89 0.89
Al203 3.78 -
(Srlr)lg/clig)c surface area 295 1240
Density (gm/cm?) 2.62 23

2.2. Bitumen
The neat bitumen adopted in this research was supplied from Al- Nasseriya Refinery, Iraq,

with a penetration grade of 40-50. Table 4 presents the properties of this bitumen.

Table 4. Properties of asphalt binder

ASTM GSRB
LTy designation SEHIERIE requirements
Penetration,100gm., 25 °C, 5
By -y e D5 [29] 455 40-50
Ductility, 25°C, 5 cm/min D113 [30] 140 ~100
(cm)
Softening point,°C D36-95 [31] 48.5 -
Viscosity, cts D4402 [32] 836 -

2.3. Additives

w-LDPE in the powder form was used as a modifier for asphalt cement. It was brought
from the recycled materials factory in Karbala city. Table 5 displays the properties of w-

LDPE and Figure 2 shows the particle shape of this material.
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Table 5. Physical properties of the waste-Low-Density-Polyethylene polymer

Property Value
Density, gm/cm?® 0.91
Tensile strength, MPa 8.5
Tensile elongation, % >350
Melting temperature,°C 110
Flexural modulus, MPa 72
Hardness shore D 45

Figure 2. The particle shape of the waste-Low-Density-Polyethylene polymer

3. Experimental plan
3.1. Asphalt mixture preparation

Two compaction procedures were adopted to achieve the requirements of this study. The
one using the Marshall Design procedure followed ASTM D6926 [33], where the samples
were designed using 75 blows of Marshall hammer on each face, and the amount of effort

was varied depending on the test requirements. The other procedure is done by using the
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vibration compaction procedure recommended by BS EN 12697-22 [34] to prepare the
slab samples. The control mixture denoted by (MO) having the optimum asphalt content
(OAC) of about 5.3% was selected from the range of asphalt contents (4, 4.5, 5, 5.5, and

6) % by weight of the total mix. Thereafter, the modification process was conducted on it.

3.2. Asphalt Cement Modification

Asphalt cement was heated to 160 °C then placed in a mechanical shear mixer shown in
Figure (3). After operating the mixer at a rotation speed of 1500 rpm, w-LDPE was added
slowly into the shear mixer tank. The duration of mixing was 30 min at a temperature of
170 °C to obtain a homogeneous blend. Blends were produced in proportions of 2%, 4%
and 6% w-LDPE, denoted by 2L, 4L and 6L respectively. w-LDPE dosages were selected
as used by other researchers such as; Al-Hadidy and Yi-qiu [18], Eme and Nwaobakata
[21], Ahmadinia et al. [35], Ahmadinia et al. [36]. Table 6 displays the mixture's
designation according to the w-LDPE content. Figure 3 shows the mechanical shear mixer

which was locally manufactured in the asphalt lab of the University of Kerbala.

10
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Figure 3. Shear mixer device used

3.3. Testing methods

3.3.1. Air Voids

The quality of asphalt mixes can be assessed by the volumetric properties of compacted
paving mixes. It was reported that the volumetric properties provided a valuable indication
of the performance of the mixture’s during its service life [37]. Volumetric properties were
evaluated by determining the air void content in the total mix following ASTM

D2041(ASTM, 2015b) and ASTM D2726 (ASTM, 2011a).

11
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3.3.2. Marshall Stability and Flow Test (MS & MF)

The resistance of the mixture to plastic deformation was evaluated according to ASTM
D6927 [38] by depending on measuring the maximum compression load and the amount
of flow that accompanied it. The test was conducted on Marshall samples cured in a water
bath at 60 °C for two hours to simulate the exposure of the TAO surface to high ambient

temperature.

3.3.3. Indirect Tensile Strength Test (IDT)

The indirect tensile strength test measures the strength of asphalt mixes to tension, the test
procedure recommended by AASHTO T283 AASHTO [39] was followed here. A constant
rate of 50 mm/min was applied on the diametrical axes of the Marshall sample, the effect
of load on the sample was measured using two LVDT: horizontal and vertical. A set of
three samples were used to evaluate the purpose of this test. Initially, each sample was
conditioned for 16 hours at 60 °C in an oven, then compacted using 35 blows of Marshall
Hammer to achieve 7 £ 0.5% air voids following AASHTO T 283 [40]. Thereafter,
samples were conditioned in an oven at 25°C for two hours before conducting the test.

Equation (1) was used to calculate the tensile strength of each sample.

_ZOOOP
7 ntD

Equation (1)

Where: Si: tensile strength, Kpa, P: maximum load, N #: specimen thickness, mm, and D:

specimen diameter, mm.

12



219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

3.3.4. Creep Compliance Test (CC)

AASHTO T322-03 [41] was followed to perform this test, which is a time-dependent strain
divided by stress. The CC test is usually used for assessing the rate of accumulated damage
in the asphalt mixture. The specification above recommended that the air voids ratio should
be 7 £ 0.5%. The thermally controlled sample (0 °C) is subjected to a static load along
diametrical axes, for a specified time of 1000 seconds. During the loading period, vertical
and horizontal deformations are measured by using an LVDT sensor. Equation (2, 3, and

4) was used to determine the amount of creep compliance of Marshall samples:

AX % B, % Bipy
X CCmpl
FE % By

B(t) = Equation (2)
Where:

D(t) = creep compliance at time t ,1/kPa.

AX = trimmed mean of the horizontal deformations, mm.

Davg = average specimen diameter, mm.

bavg = average specimen thickness, mm.

Pavg = average force during the test, kN.

GL = gage length, mm.

Ccmpl = creep compliance parameter at any given time, computed as:

-1

X -
Compr = 0.6345 X (7) —0.332 Equation (3)

Where:

X/Y is the ratio of horizontal to vertical deformation, taken at mid-testing time.

13
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1.566 — 0.195 (ﬂﬂ Equation (4)

239  The limitations of the Ccmpl value as shown in the following equations:
avg
240

b
10.704 —0.213 ( ‘“’g>
Davg
241

242  3.3.5. Skid Resistance Test

243 The skid resistance test indicates the resistance of the pavement surface to sliding, the test
244 procedure recommended by ASTM E303 [42] was adopted in this investigation. A set of
245  two samples with dimensions of 300%165%25 mm was used to perform this test; each
246  sample was tested at dry and wet conditions by using a British Pendulum tester. This device
247  consists of an arm with a slider rubber and a drag pointer which indicates the British
248  Pendulum Number (BPN). The pendulum arm is fixed and released to touch the surface of
249  the specimen. When the sliding rubber passing a distance ranged between (124-127) mm

250  on the surface of the slab sample, then the reading is recorded.

251 3.3.6. Wheel Tracking Test (WIT)

252 Rutting is a common sign of pavement failure that occurs under repeated traffic loads. The
253  mechanism of this failure lies in that when the pavement surface is subjected to loading
254  then a part of it is recovered after removing the load, but the other accumulated so that it
255  cannot be recovered again. The procedure of the Wheel Track Test (WTT) based on BS
256  EN 12697-22 [43] was adopted to display the resistance of the mixture to rut. Two slab
257  samples with dimensions of 300x165%25 mm were used and subjected to 700 N wheel
258  load after conditioning it at 60°C. The final rut depth was recorded after 10, 000 repetitions

259 by using a vertical LVDT.

14



260

261

262

263

264

265

266

267

268

269

270

271

272
273
274

275

276

277

278

279

280

281

282

3.5.7. Cantabro Abrasion Loss Test (CAL)

It was reported by Doyle and Howard [44] that although the CAL test is sensitive to
changes in the binder properties after aging, it is more susceptible to changes in mix
properties. This test is achieved following the ASTM-D7064 [45]. The test temperature
was performed at 25°C + 5. Six samples were tested, three of them before aging and others
after aging. The Marshall samples were placed in the drum of the Los Angeles Abrasion
testing machine after weighing them. No iron balls were used in performing the test. The
samples were extracted after the machine running 300 cycles (around 10 min) and they
were cleaned lightly and then the weight of the samples was recorded. Cantabro abrasion
loss can be calculated by the equation below as stated in D7064 [45]:

P1— P2
pP=—0u-—

ST 100 Equation (5)

where:

P = Cantabro abrasion loss.
P1 = initial weight of the sample.
P2 = final weight of the sample.

A separate group of samples was placed in an oven at 60°C for 7 days for conditioning to
simulate the aging process in the site, they were then cooled to 25°C and stored for 4 hours

before the Cantabro test.

3.5.8. Tensile Strength Ratio (TSR)

The procedure mentioned in AASHTO-T283 [39] was adopted to obtain the TSR results
with two groups with three samples in each group. The samples in the first group were

conditioned while the samples in the other group were not conditioned. The conditioning

15
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samples were subjected to a vacuum saturation of 13-67 kPa absolute pressure, for (5-10)
min, after that they were saturated in water. Next, they were kept at -18 °C for 16 hours
after which they were immersed in a water bath at 60 °C for 24 hrs. The specimens were
positioned in a water bath at 25 °C for two hours prior to the test. IDT values of the dry
condition can be divided over the wet condition samples in order to calculate the tensile

strength ratio (TSR) following the AASHTO-T283 [46] as below:

S2
TSR = 31 Equation (6)

where:

TSR= Tensile Strength Ratio.

S1=Average tensile strength of the dry subset kPa.
S2=Average tensile strength of the conditioned subset kPa.
The accepted values ranged between (0.7 - 0.9).

4. Results and Discussion
4.1. Air Voids

The percentage of air voids reduce to 3.1% by adding 2% R-LDPE as can be seen in Figure
4. Although within specification limits, increasing polymer content from 4% to 6% causes
a slight increase in air void content. All the modified mixes with 2%, 4% and 6% of w-
LDPE have air voids that are less than the reference mix, this can be attributed to the
increase in mixing and compaction temperature. The oxidation of bitumen and moisture
absorption by entrapped air can be prevented by the reduction in air voids. The Marshall

Stability value can also be improved as stated by Ahmad [20].

16
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Figure 4. Air voids for reference and modified TAO mixes.

4.2. Marshall Stability and Flow (MS & MF)

Figures 5 and 6 show Marshall Stability and Marshall Flow levels of control and modified
TAO mixtures. Results in Figure 4 indicate that as w-LDPE increases, MS increased higher
than 40%, for the 6L mixture in contrast with MO. This behaviour is related to, that after
adding w-LDPE polymer to asphalt, a series of reactions will occur with the fractions found
in it. Chemically, when the w-LDPE polymer is comprised then a part of it is absorbed by
the lightweight asphalt molecules “maltenes” and forming the “polymer-rich phase”. At
the same time, the other part of the polymer tends to react with the functional groups found
into the asphaltene polar adhesive part and gained some rigidity by forming an “asphaltene
rich phase”. The increment in the latter one leads to make asphalt harder because of the

asphaltene responsible for gaining the asphalt its rigidity properties. In the end, these

17
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chemical reactions are responsible for the physical variations of asphalt binder, as it leads
to increase asphalt viscosity, the formation of polymer network increase both adhesion and
cohesion properties. All these factors work side by side to increase the asphalt mixtures
stiffness, and then, the amount of stability under the applied load will be enhanced.
Moreover, results in Figure 5 display that the limits of flow decrease as w-LDPE increases
until an amount of variation above 30% for the 6. mixture is achieved. Also, it can be seen
that the usage of w-LDPE polymer helps in maintaining the flow limits within the specified
ranged that is ranged between (2-4) mm as recommended by GSRB [22]. The reason
returns the same to the mentioned above, as the polymer network works on reinforcing the
asphalt, whilst toughening the mixture. This then helps in minimizing the ability of the
mixture to respond to the applied load and flow done.

These results are in agreement with those of Ahmad [20], Al-Hadidy and Yi-qiu [47], and
Sadeque et al. [48]. However, both MS and MF results confirm the potential to increase
the resistance of plastic deformation of TAO comprising w-LDPE, Furthermore, the

enhancement follows nonlinear relation with increasing polymer content.
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339  4.3. Indirect Tensile Strength (IDT)

340  The results of the indirect tensile strength (IDT) for all mixture types are represented in

341  Figure 7. Results show that IDT is generally enhanced after comprising w-LDPE as an
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asphalt modifier, and the optimum resistance was achieved at 2% w-LDPE by higher than
50% compared to MO. This behaviour is attributed to the formation of polymer-rich phase
and asphaltene-rich phase after incorporation of w-LDPE with asphalt, this behaviour leads
to reinforcing the asphalt binder. As well as helping to increase the rigidity and flexibility
of it mainly, and then control the initiation of TAO mixture to cracking. Nevertheless, the
continuous increment into w-LDPE content higher than 2% shows lower IDT levels. This
is due to the rigidity properties of w-LDPE polymer that renders asphalt binder hard and
brittle with the continuous increment into its content thus making the mixture suffer from
cracking. Punith and Veeraragavan [8] show results that reconcile with those observed in
this investigation. It is worth mentioning that the higher dosage of w-LDPE affecting the
continuous phenomena of the asphalt binder results in reduced binder cohesion. This
phenomenon is a result of the absorption of light molecule weight fractions of asphalt by
polymer [49]. Moreover, the higher dosage of the polymer has been approved by previous
studies as an inferior factor for polymer modified asphalt characteristics, for example [50-

52].
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Figure 7. IDT for control and modified TAO mixtures

4.4. Creep Compliance (CC)

A comparison between creep compliance results of modified and unmodified TAO
mixtures at 0 °C (following AASHTO T 322 [53]) is presented in Figure 8. It can be seen
that the creep values increased with time and decreased with the increase in w-LDPE ratios.
This reduction indicates the high stiffness obtained by using the modified asphalt cement.
Creep compliance values decreased by higher than 30% after comprising the w-LDPE
modifier. Angelone et al. [54] revealed that using 2%, 4% and 6% of waste plastic
materials can decrease the values of creep compliance. However, the results confirm that
increased w-LDPE enhance the resistance of TAO to crack progression and crack initiation
at low temperatures. The behaviour of the mixture returns to the increment of mixture
flexibility after comprising w-LDPE due to the rigidity properties of this modifier. As well

as, due to the increment into mixture stiffness as a result of the increment of asphaltene
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374  normally serves from such type of failure [55].
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376 Figure 8. Creep compliance of control and modified TAO mixtures

377  4.5. Skid Resistance

378  Figure 9 illustrates the effect of using w-LDPE on skid resistance in both dry and wet
379  conditions. As expected, the skid resistance for the wet surface is lower than that of the dry
380 surface, due to the reduction in the friction between the slider rubber of the British
381  pendulum tester and the sample surface. This refers to the impact of water, which works
382  on the lubrication of the asphalt surface as mentioned by Dan et al. [S6]. The mixture 4L
383  recorded the highest reduction in skid resistance in wet conditions by around 14%,
384  compared to dry conditions followed by 6L and 2L mixtures. Results also show that the
385  resistance of TAO mix to skid improved by 36% and 38% at dry and wet conditions,

386  respectively for the 6. mixture compared with the MO mixture.
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Figure 9. BPN for control and modified TAO mixes

The trend of results attributed to the increment into asphalt binder viscosities due to the
formation of asphaltene-rich phase and polymer-rich phase, as well as, the rigidity
properties of w-LDPE. That is work on enhancing the micro-texture properties of asphalt
mixture, consequently, the roughness of the slab surface the skid resistance of the mixture
improved. The addition of w-LDPE to the asphalt binder contributes to increasing the
stiffness of the binder, simultaneously, increasing the asphalt film thickness that coats the
aggregate which is a result of polymer role acting as a stabilizer. This in turn will minimize
the compliance of the asphalt film due to tire stress and increase the grabbing between the
tire and the coated aggregate, consequently reducing pavement problems against skid

resistance.
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4.6. Wheel Track (WIT)

Figure 10 displays the results of the wheel track test. The graph demonstrates the influence
of comprising w-LDPE with asphalt cement on the resistance of the mixture to rutting. It
can be observed that the rut depth increased with the increment in the number of cycles
and decreased with increasing w-LDPE content. Where rut depth decreased by about 71%
for the mixture with higher w-LDPE dosage (i.e. 6L), compared to the MO mixture. This
behaviour related to the increment of asphaltene polar adhesive as w-LDPE increased, as
well as, the formation of polymer-rich phase. That works on reinforcing asphalt binder,
increase its viscosity, as well as, stiffness. This was in turn reflected on the TAO mixture
properties, and helped in minimizing the possibility of exposure of it to rutting. A similar
result has been recorded by Angelone et al. [57]. Results show that the utilization of w-

LDPE polymer as a modifier is a sound alternative to the other virgin polymers.
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Figure 10. Rut depth for control and modified TAO mixes.
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4.7. Cantabro Abrasion Loss Test (CAL)

Figure 11 displays a comparison between the proportion of Cantabro loss for mixes with
various proportions of w-LDPE for both aged and unaged specimens. CAL values for
mixes modified with w-LDPE are lower in comparison to the control mixes. It can be also
observed that the abrasion loss of the aged samples is higher in comparison to the unaged
samples due to the increase in brittleness. A thicker and more durable asphalt binder film
that surrounds the aggregate particles generated by the addition of w-LDPE, improves the
cohesion within the mix. In addition, the polymer network increases the stiffness of the
asphalt binder. It is observed that mix 2L exhibits a substantial reduction in CAL by around
30%, whereas mixes 4L. and 6L display a lower reduction in CAL. The increase in viscosity
of asphalt binder generates a less compressible mix and this led to an increase in the air

void content. Figure 12 shows the samples after the Cantabro test before and after aging.
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Figure 11. Cantabro abrasion loss test results for control and modified TAO mixes before
and after aging.
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Figure 12. The specimens after the Cantabro test before and after aging.

4.8. Tensile Strength Ratio (TSR)

Figure 13 shows the TSR for both reference and the modified mixes. The TSR increased
as the R-LDPE content increased, thus w-LDPE has a positive influence on resistance to
water damage. The highest value of w-LDPE (6L) has substantially improved TSR due to
the enhancement in binder stiffness and resistance against stripping generated by the
improvement in adhesivity and cohesion. It is worth mentioning that the reference mix has
an accepted resistance to water damage due to the use of HL as an anti-stripping agent.

Figure 14 illustrates the unconditioned and conditioned samples after the TSR test.
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5. Conclusions
According to the laboratory test results of the mechanical properties for the modified and

unmodified TAO mixes with w-LDPE, it can be concluded the following:

Resistance to plastic deformation is heightened by an increase in w-LDPE content.
The addition of w-LDPE to asphalt binder increases mixture stability and flow by

48% and 33%, respectively, compared with the control mixture.

. Although Indirect tensile strength improved significantly at an intermediate

temperature. The addition of w-LDPE improved IDT by higher than 50%.

. w-LDPE enhances resistance to low temperature-crack and cracks progression,

where creep compliance improved by 83% in comparison to the control mix.

Skid resistance is enhanced by modified binder with w-LDPE, British pendulum
number is increased in dry and wet conditions by 36% and 38%, respectively
compared to control TAO mix.

Rut depth is decreased noticeably as w-LDPE content increases, it decreases by

71% after incorporation of w-LDPE, compared to the control TAO mix.

The incorporating of w-LDPE significantly improves the abrasion resistance for
the aged and unaged TAO mixes. However, the 2% w-LDPE is the optimum

proportion as it provides the best abrasion resistance.

The durability in terms of water sensitivity is noticeably enhanced as a result of
incorporating w-LDPE. The higher water damage resistance is associated with an

increase in the dosage of w-LDPE up to 6%.

28



473

474

475

476

477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520

Acknowledgment

The authors acknowledge the staff of the asphalt lab in the Civil Engineering Department

of the University of Kerbela, for their support to complete this study.

References

[1] Sehgal, A.K. and Sachdeva, S., 4 review of using thin white topping overlays for rehabilitation of asphalt
pavements. J. Basic Appl. Eng. Res, 2015. 2: p. 182-187.

[2] Walubita, L.F. and Scullion, T., Thin HMA overlays in Texas: Mix design and laboratory material
property characterization. 2008.

[3] Newcomb, D.E., Thin asphalt overlays for pavement preservation. 2009.

[4] Badry, M.M.M., Dulaimi, A., Shanbara, H.K., Al-Busaltan, S. and Abdel-Wahed, T., Effect of Polymer
on the Properties of Bitumen and Pavement Layers, Case Study: Expressway No.l1, Republic of
Iraq. I0OP Conference Series: Materials Science and Engineering, 2021. 1090(1): p. 012032.

[5] Polacco, G., Stastna, J., Biondi, D. and Zanzotto, L., Relation between polymer architecture and
nonlinear viscoelastic behavior of modified asphalts. Current Opinion in Colloid & Interface
Science, 2006. 11(4): p. 230-245.

[6] Zhu, J., Birgisson, B. and Kringos, N.J.E.P.J., Polymer modification of bitumen: Advances and
challenges. 2014. 54: p. 18-38.

[7] Cuadri, A.A., Carrera, V., Izquierdo, M.A., Garcia-Morales, M. and Navarro, F.J., Bitumen modifiers
for reduced temperature asphalts: A comparative analysis between three polymeric and non-
polymeric additives. Construction and Building Materials, 2014. 51: p. 82-88.

[8] Punith, V.S. and Veeraragavan, A., Behavior of asphalt concrete mixtures with reclaimed polyethylene
as additive. Journal of materials in civil engineering, 2007. 19(6): p. 500-507 %@ 0899-1561.

[9] Al-Busaltan, S., Al-Yasari, R., Al-Jawad, O. and Saghafi, B., Durability assessment of open-graded
[riction course using a sustainable polymer. International Journal of Pavement Research and
Technology, 2020. 13(6): p. 645-653.

[10] Dulaimi, A., Al Nageim, H., Ruddock, F. and Seton, L. Assessment the Performance of Cold Bituminous
Emulsion Mixtures with Cement and Supplementary Cementitious Material for Binder Course
Mixture. in The 38th International Conference on Cement Microscopy. 2016.

[11] Al-Merzah, S., Al-Busaltan, S. and Nageim, H.A., Characterizing cold bituminous emulsion mixtures
comprised of palm leaf ash. Journal of Materials in Civil Engineering, 2019. 31(6): p. 04019069
%@ 0899-1561.

[12] Choudhary, J., Kumar, B. and Gupta, A., Application of waste materials as fillers in bituminous mixes.
Waste Management, 2018. 78: p. 417-425 %@ 0956-053X.

[13] Al-Busaltan, S., Al-Nageim, H., Atherton, W., George, S., Seton, L. and Dempster, N. Use of SEM and
XRD for characterisation the improvement in CMEM’s engineering properties. in Proc. in 34th
Inter. Conf. Cement Microscopy. 2012.

[14] Shakir Al-Busaltan, Hassan Al Nageim, William Atherton, George Sharples, Linda Seton and Nicola
Dempster. Use Of SEM And XRD for Characterisation the Improvement in CBEMs Engineering
Propertie. in Proceedings of 34th International Conference on Cement Microscopy. 2012. Halle,
Germany.

[15] Al Nageim, H., Dulaimi, A., Ruddock, F. and Seton, L., Development of a New Cementitious Filler for
Use in Fast-Curing Cold Binder Course in Pavement Application, in The 38th International
Conference on Cement Microscopy. 2016: Lyon, France.

[16] Dulaimi, A., Al Nageim, H., Ruddock, F. and Seton, L., Microanalysis of Alkali-Activated Binary
Blended Cementitious Filler in a Novel Cold Binder Course Mixture, in The 38th International
Conference on Cement Microscopy. 2016: Lyon, France.

[17] Youssef, A.M., El-Gendy, A. and Kamel, S., Evaluation of corn husk fibers reinforced recycled low
density polyethylene composites. Materials Chemistry and Physics, 2015. 152: p. 26-33.

29



521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573

[18] Al-Hadidy, A.L. and Yi-qiu, T., Effect of polyethylene on life of flexible pavements. Construction and
Building Materials, 2009. 23(3): p. 1456-1464 %@, 0950-0618.

[19] Shbeeb, M.T., The use of polyethylene in hot asphalt mixtures. American Journal of Applied Sciences,
2007. 4(6): p. 390-396 %@ 1546-9239.

[20] Ahmad, M.S., Low density polyethylene modified dense graded bituminous macadam. International
Journal of Engineering Trends and Technology, 2014. 16: p. 366-372.

[21] Eme, D. and Nwaobakata, C.J.N.J.0.T., Effect of low density polyethylene as bitumen modifier on some
properties of hot mix asphalt. 2019. 38(1): p. 1-7.

[22] GSRB, General Specification for Roads and Bridges. 2003.

[23] ASTM, Standard test method for relative density (specific gravity) and absorption of fine aggregate.
2015.

[24] ASTM, Standard test method for materials finer than 75-um (No. 200) sieve in mineral aggregates by
washing. 2013.

[25] ASTM, “Standard Test Method for Clay Lumps and Friable Particles in Aggregates,” vol. 97, no.
2010, Reapproved.

[26] ASTM, Standard test method for sand equivalent value of soils and fine aggregate. 2014b.

[27] ASTM, A. Standard test method for relative density (specific gravity) and absorption of coarse
aggregate. 2015. ASTM West Conshohocken, PA.

[28] ASTM, ASTM C131-03 'Standard test method for resistance to degradation of small-size coarse
aggregate by abrasion and impact in the Los Angeles Machine'. 2003a.

[29] ASTM, ASTM D5-D5M - 13 ‘Standard test method for penetration of bituminous materials'. 2013.

[30] ASTM, ASTM D 113 - 07 'Standard test method for ductility of bituminous materials'. 2007.

[31] ASTM, ASTM D 36 — 95 (Reapproved 2000) 'Standard test method for softening point of bitumen (ving-
and-ball apparatus)’. 2009a.

[32] ASTM, D4402 (2002) 'Standard test method for viscosity determination of asphalt at elevated
temperatures using a rotational viscometer'.

[33] ASTM. Standard practice for preparation of bituminous specimens using Marshall apparatus. 2010
American Society for Testing and Materials USA.

[34] BSL BS EN 12697-22 2003 'Bituminous mixtures test methods for hot mix asphalt'. 2003.

[35] Ahmadinia, E., Zargar, M., Karim, M.R., Abdelaziz, M. and Shafigh, P., Using waste plastic bottles as
additive for stone mastic asphalt. Materials & Design, 2011. 32(10): p. 4844-4849 %@ 0261-3069.

[36] Ahmadinia, E., Zargar, M., Karim, M.R., Abdelaziz, M. and Ahmadinia, E., Performance evaluation
of utilization of waste Polyethylene Terephthalate (PET) in stone mastic asphalt. Construction and
Building Materials, 2012. 36: p. 984-989 %@ 0950-0618.

[37] Institute, A.LJ.A., MS-2 asphalt mix design methods. 2014, Lexington Kentucky, USA.

[38] ASTM, Standard test method for Marshall stability and flow of asphalt mixtures. 2015.

[39] AASHTO, Standard Method of Test for: Resistance of Compacted Asphalt Mixtures to Moisture-
Induced Damage. . 2007.

[40] AASHTO T 283, Standard method of test for resistance of compacted asphalt mixtures to moisture-
induced damage. AASHTO Provisional Standards: Washington, DC, USA, 2021.

[41] AASHTO, Determining the creep compliance and strength of hot mix asphalt (HMA) using the indirect
tensile test device. 2011.

[42] ASTM, Standard test method for measuring surface frictional properties using the British pendulum
tester. 2013.

[43] BSIL, 12697/32: 2003 (2003). “. 2003.

[44] Doyle, J.D. and Howard, I.L., Evaluation of the cantabro durability test for dense graded asphalt, in
Geo-Frontiers 2011: Advances in Geotechnical Engineering. 2011. p. 4563-4572.

[45] ASTM, Standard practice for open-graded friction course (OGFC) mix design. 2013, American Society
for Testing and Materials [ASTM] Philadephia, PA.

[46] AASHTO, Standard method of test for resistance of compacted asphalt mixtures to moisture-induced
damage. AASHTO Provisional Standards: Washington, DC, USA, 2007.

[47] Al-Hadidy, A.L. and Yi-qiu, T., Effect of polyethylene on life of flexible pavements. Construction and
Building Materials, 2009. 23(3): p. 1456-1464.

30



574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598

599

[48] Sadeque, M., Patil, K.J.F.U., Series: Architecture and Engineering, C., Marshall properties of waste
polymer and nanoclay modified bitumen. 2014: p. 1-9.

[49] Behnood, A. and Gharehveran, M.M., Morphology, rheology, and physical properties of polymer-
modified asphalt binders. European Polymer Journal, 2019. 112: p. 766-791 %@ 0014-3057.

[50] Ren, S., Liu, X., Fan, W., Wang, H. and Erkens, S., Rheological properties, compatibility, and storage
stability of SBS latex-modified asphalt. Materials, 2019. 12(22): p. 3683.

[51] Li, R, Leng, Z., Yang, J., Lu, G., Huang, M., Lan, J., Zhang, H., Bai, Y. and Dong, Z., Innovative
application of waste polyethylene terephthalate (PET) derived additive as an antistripping agent
Jor asphalt mixture: Experimental investigation and molecular dynamics simulation. Fuel, 2021.
300: p. 121015 %@ 0016-2361.

[52] El-Naga, .A. and Ragab, M., Benefits of utilization the recycle polyethylene terephthalate waste plastic
materials as a modifier fo asphalt mixtures. Construction and Building Materials, 2019. 219: p. 81-
90 %@ 0950-0618.

[53] AASHTO T 322, Standard method of test for determining the creep compliance and strength of hot
mix asphalt (HMA) using the indirect tensile test device. AASHTO Provisional Standards:
Washington, DC, USA, 2007.

[54] Angelone, S., Casaux, M.C., Borghi, M., Martinez, F.O.J.M. and Structures, Green pavements: reise
of plastic waste in asphalt mixtures. 2016. 49(5): p. 1655-1665.

[55] Ahmed, S., Fracture characterization of thin bonded asphalt concrete overlay systems. 2011,
University of Illinois at Urbana-Champaign.

[56] Dan, H.-C., He, L.-H. and Xu, B., Experimental investigation on skid resistance of asphalt pavement
under various slippery conditions. International Journal of Pavement Engineering, 2017. 18(6): p.
485-499 %@ 1029-8436.

[57] Angelone, S., Casaux, M.C., Borghi, M. and Martinez, F.O., Green pavements: reuse of plastic waste
in asphalt mixtures. Materials and Structures, 2016. 49(5): p. 1655-1665 %@ 1871-6873.

31



