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Abstract 
The increasing accumulation of low-density polyethylene (LDPE) waste and the growing demand for durable and 
sustainable pavement infrastructure necessitate innovative approaches for incorporating waste plastics into road 
construction. This study experimentally investigates the effect of LDPE modification on the mechanical and 
volumetric properties of Dense Bituminous Mix (DBM). A conventional 60/70 penetration-grade bitumen was used 
as the reference binder, while LDPE was incorporated at different dosages of 2%, 4%, 6%, and 8% by weight of 
bitumen. Marshall mix design was employed to evaluate Marshall stability, flow value, bulk density, air voids, voids 
in mineral aggregate (VMA), and voids filled with bitumen (VFB). The experimental results indicate that LDPE 
modification improves the overall performance of the bituminous mixture, with 6% LDPE identified as the optimum 
modifier dosage based on the combined mechanical and volumetric characteristics. At this dosage, the Marshall 
stability increased to approximately 1450 kg, compared with 1255 kg for the conventional mixture, representing an 
improvement of approximately 15–16%. The flow value and bulk density also improved, reaching 2.80 mm and 
2.420 g/cm³, respectively. The modified mixture exhibited approximately 4.2% air voids, while the VMA and VFB 
were approximately 15.27% and 73.29%, respectively. Furthermore, the optimum binder content decreased from 
approximately 5.5% for the conventional mixture to 5.0% for the LDPE-modified mixture, indicating the potential 
for reduced bitumen consumption. The findings demonstrate that optimized LDPE modification can enhance the 
load-bearing characteristics of DBM while simultaneously providing a beneficial route for the utilization of waste 
plastic in pavement construction. The proposed approach has potential to contribute to more sustainable and 
resource-efficient flexible 
pavement systems, although further validation through fatigue, rutting, moisture susceptibility, ageing, and field-
performance studies is recommended. 
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Introduction 
Flexible pavements are among the most widely 
used forms of transportation infrastructure 
because of their adaptability, relatively rapid 
construction, and ability to accommodate 
substantial traffic loading. However, increasing 
traffic volumes, axle loads, temperature 
fluctuations, and environmental exposure 
accelerate pavement deterioration through 
rutting, permanent deformation, fatigue cracking, 
moisture damage, and loss of structural integrity. 
The performance of a flexible pavement is 
strongly dependent on the properties of its 
constituent materials and the interaction between 
bitumen and aggregate. Consequently, improving 
the mechanical characteristics and durability of 
bituminous mixtures while reducing their 

environmental footprint has become an important 
research priority in pavement engineering. 
At the same time, the rapid generation of post-
consumer plastic waste has created a major 
environmental challenge. Polyethylene-based 
plastics, including low-density polyethylene 
(LDPE), are extensively used in packaging, 
films, bags, and other short-life products, 
resulting in substantial quantities of difficult-to-
manage waste. Conventional disposal practices 
such as landfilling and uncontrolled dumping 
create long-term environmental concerns because 
polyethylene is resistant to natural degradation. 
Recent research has therefore increasingly 
focused on converting waste plastics into value-
added construction materials. The incorporation 
of waste plastics into asphalt mixtures is 
particularly attractive because it can 
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simultaneously address waste-management 
challenges and improve selected pavement-
performance characteristics. Recent reviews 
indicate that waste-plastic modification can 
improve high-temperature performance, rutting 
resistance, moisture durability, and, in some 
cases, fatigue performance, although 
compatibility, low-temperature behaviour, 
ageing, and possible microplastic release remain 
important concerns. [1-3] 
Waste plastics can be incorporated into 
bituminous mixtures principally through wet and 
dry processes. In the wet process, the polymer is 
blended directly with heated bitumen before the 
modified binder is mixed with aggregates. In the 
dry process, the plastic is introduced directly into 
the heated aggregate, where it softens or melts 
and forms a coating around the aggregate 
particles before the binder is added. The 
selection of the process depends on polymer 
type, particle size, dosage, temperature, mixing 
sequence, and compatibility with the binder. A 
critical review of waste-plastic-modified asphalt 
has reported that the sequence of plastic 
incorporation is particularly important for low-
melting-point plastics and that LDPE and other 
polyethylene-based materials can increase 
mixture stability when appropriately 
incorporated. The same review emphasizes that 
the optimum binder content should be re-
evaluated after plastic modification rather than 
assuming that the optimum content of the 
conventional mixture remains unchanged. [2] 
Among the different waste plastics investigated 
for pavement applications, LDPE is of particular 
interest because of its thermoplastic nature, 
flexibility, low density, and relatively low 
softening temperature compared with several 
other polymers. When incorporated into a hot 
bituminous mixture, LDPE can interact with the 
binder and aggregate system and alter the 
stiffness, cohesion, deformation resistance, and 
volumetric characteristics of the mixture. 
Previous investigations on polyethylene and 
other waste polymers have demonstrated that 
polymer modification can enhance the load-
bearing capacity of asphalt mixtures. Vasudevan 
et al. demonstrated the feasibility of using waste 
polyethylene-based plastics in flexible pavement 
construction, where softened plastic forms a film 
over aggregate particles and can contribute to 
improved aggregate–binder interaction. 
Experimental studies have further established the 
potential of waste polymers for improving 
asphalt-mixture performance. Ahmadinia et al. 
investigated waste plastic as an additive in stone 

mastic asphalt and reported beneficial effects on 
the mechanical and volumetric characteristics of 
the mixtures. Their investigation considered 
several polymer contents and demonstrated that 
an appropriate plastic dosage can improve 
mixture performance while providing an avenue 
for waste-material reuse. Subsequent 
performance evaluation showed that suitable 
waste-plastic incorporation can improve 
resistance to permanent deformation and increase 
resilient modulus, while also providing 
environmental and economic benefits through 
waste-material utilization. 
Despite these encouraging findings, the 
performance of plastic-modified asphalt is not 
universally consistent. The response of a 
modified mixture depends on polymer type, 
polymer dosage, particle size, base-bitumen 
grade, aggregate gradation, mixing temperature, 
mixing sequence, and compaction conditions. 
Excessive polymer addition may adversely affect 
workability, ductility, phase compatibility, or 
low-temperature flexibility. Similarly, the 
optimum dosage observed for one plastic type or 
mixture cannot necessarily be transferred to 
another material system. Recent research has 
emphasized that plastic-modified asphalt requires 
more systematic evaluation of compatibility, 
long-term ageing, recyclability, microplastic 
generation, environmental impacts, and field 
performance before broad implementation. [1,3] 
Another important consideration is the 
relationship between modifier content and 
optimum binder content (OBC). The addition of 
LDPE changes the internal structure and 
volumetric characteristics of the mixture and 
may consequently alter the quantity of 
conventional bitumen required to achieve the 
desired combination of stability, density, air 
voids, VMA, and VFB. Therefore, determining 
an optimum LDPE dosage independently from 
the optimum binder content may not adequately 
represent the performance of the final mixture. A 
systematic Marshall mix-design approach, in 
which both modifier dosage and binder content 
are evaluated, is consequently necessary for 
establishing a practical mixture composition. 
Previous literature similarly emphasizes the need 
to reassess OBC after waste-plastic modification. 
[2] The Marshall method remains a widely 
used laboratory approach for assessing the 
strength and volumetric characteristics of 
bituminous mixtures. Marshall stability 
provides an indication of the maximum load-
carrying capacity of a compacted specimen under 
specified testing conditions, while flow 
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represents the corresponding deformation. In 
combination with bulk density, air voids, VMA, 
and VFB, these parameters provide a practical 
basis for comparing conventional and modified 
mixtures and for identifying suitable binder and 
modifier contents. Previous waste-plastic studies 
have extensively used Marshall stability and 
associated volumetric parameters to quantify the 
effect of polymer incorporation on asphalt-
mixture behaviour. 
Although substantial research has examined 
different waste polymers in asphalt mixtures, 
there remains a need for material-specific 
experimental investigations using locally 
available waste LDPE, conventional paving-
grade bitumen, and dense-graded aggregate 
systems, particularly where the effects of 
modifier dosage and optimum binder content are 
evaluated together. Variations in plastic source, 
processing method, aggregate characteristics, 
binder grade, and experimental conditions can 
produce significantly different results. 
Consequently, experimental determination of the 
optimum LDPE dosage remains essential rather 
than relying solely on values reported for other 
materials or mixture types. 
Against this background, the present study 
investigates the performance of Dense 
Bituminous Mix (DBM) prepared with 
conventional 60/70 penetration-grade bitumen 
and waste LDPE. LDPE was incorporated at 2%, 
4%, 6%, and 8% by weight of bitumen, and the 
resulting mixtures were evaluated using Marshall 
stability, flow, bulk density, air voids, VMA, and 
VFB. A conventional DBM was first 
characterized to establish the reference 
performance and optimum binder content. The 
LDPE-modified mixtures were subsequently 
evaluated to determine the influence of polymer 
addition and to identify the optimum modifier 
dosage. Based on the combined assessment of 
mechanical and volumetric characteristics, 6% 
LDPE was selected as the optimum modifier 
content in the present investigation. The study 
further evaluates the binder-content requirement 
of the selected LDPE-modified mixture, with the 
objective of establishing its optimum binder 
content and comparing its performance with that 
of the conventional DBM. 
The significance of the present investigation lies 
in combining waste-plastic valorization with 
performance-oriented bituminous mix design. 
Rather than considering LDPE merely as a 
waste-disposal material, the study evaluates its 
potential as a functional modifier capable of 
altering the mechanical and volumetric 

behaviour of DBM. The results are expected to 
contribute to the development of more resource-
efficient pavement materials while 
providing experimental evidence for the 
controlled 
incorporation of waste LDPE into conventional 
bituminous mixtures. At the same time, the study 
recognizes that laboratory Marshall performance 
represents only one aspect of pavement 
behaviour; further investigations involving 
rutting, fatigue, moisture susceptibility, ageing, 
low-temperature performance, environmental 
assessment, and field validation are required to 
establish long-term applicability.Table 1 
represent the literature review. 

Table 1 Literature Review 
Author(s

) & 
Yea
r 

Title Descriptio
n / Major 
Findings 

Hassani et 
al. (2005) 

Use of 
waste 
plastic in 
asphalt 
concrete 
mixture 

Investigated waste 
plastic as a 
modifier/additive 
in asphalt concrete. 
The study 
demonstrated the 
potential of waste 
plastic for 
improving asphalt-
mixture 
performance while 
providing a 
beneficial route for 
plastic-waste 
utilization. 

Ahmadini
a et al. 
(2011) 

Using 
waste 
plastic 
bottles as 
additive for 
stone 
mastic 
asphalt 

Investigated waste 
plastic as an 
additive in stone 
mastic asphalt. The 
study reported 
improvements in 
mechanical and 
volumetric 
properties at an 
appropriate plastic 
dosage, 
demonstrating the 
feasibility of 
incorporating 
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waste plastic into 
asphalt mixtures. 

Rajasekara
n et al. 
(2013) 

A 
technique 
to dispose 
waste 
plastics in 
an 
ecofriendly 
way – 
Applicatio
n in 
constructio
n of 
flexible 
pavements 

Demonstrated 
the feasibility of 
using waste 
polyethylene in 
flexible 
pavement 
construction. The 
dry-process 
concept allows 
softened plastic 
to coat aggregate 
particles, 
potentially 
improving 
aggregate–binder 
interaction and 
providing an 
alternative 
method of 
plastic-waste 
disposal. 

Al-
Hadidy & 
Tan 
(2009) 

Mechanistic 
analysis of 
ST-
modified 
flexible 
pavements 

Investigated 
polymer-modified 
asphalt mixtures 
and demonstrated 
that polymer 
modification can 
improve the 
mechanical 
response and 
resistance of 
flexible pavement 
materials under 
traffic loading. 

Ismail & 
Al-Hashmi 
(2008) 

Use of 
waste 
plastic in 
concrete 
mixture as 
aggregate 
replacemen
t 

Investigated the 
utilization of 
waste plastic in 
construction 
materials and 
highlighted the 
potential of 

waste plastics as 
alternative 
construction 
resources, 
supporting 
broader waste-
valorization 
approaches. 

Arabani & 
Pedram 
(2017) 

Laboratory 
investigatio
n of hot mix 
asphalt 
containing 
waste 
materials 

Evaluated waste 
materials in asphalt 
mixtures and 
showed that 
appropriate waste-
material 
incorporation can 
modify mechanical 
and 
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  volumetric properties 
of asphalt mixtures. 

Gürü et 
al. 
(2014) 

Use of waste 
high density 
polyethylene 
as bitumen 
modifier in 
asphalt 
concrete mix 

Examined waste 
HDPE-modified 
asphalt and 
investigated the 
influence of polymer 
content, mixing 
temperature, and 
mixing time on 
Marshall stability, 
flow, and Marshall 
quotient. The study 
reported improved 
stability and 
identified an optimum 
combination of 
modifier content and 
processing 
conditions. 

Kumar 
et al. 
(2011) 

Effect of 
waste 
polymer 
modifier on 
the properties 
of 
bituminous 
concrete 
mixes 

Investigated waste 
polymer 
modification using a 
dry process. The 
study evaluated 
Marshall stability, 
flow, Marshall 
quotient, resilient 
modulus, and 
permanent 
deformation. An 
optimum waste-
polymer content of 
8% was reported, 
with improved 
mechanical 
performance 
compared with 
conventional 
mixtures. 

Giri, 
Panda 
& 
Sahoo 
(2019) 

Use of waste 
polyethylene 
for 
modification 
of 
bituminous 
paving mixes 
containing 
recycled 

Investigated waste 
polyethylene in 
dense bituminous 
macadam using 
recycled concrete 
aggregates and 
conventional 
aggregates. The 
mixtures satisfied 

concrete 
aggregates 

relevant Marshall 
and moisture-
susceptibility 
requirements, 
while 
polyethylene 
generally 
improved high-
temperature 
engineering 
performance and 
rutting behaviour.) 

Awwad 
& 
Shbeeb 
(2007) 

The use of 
polyethylene 
in hot asphalt 
mixtures 

Investigated 
polyethylene 
modification of 
asphalt mixtures 
and reported that 
polyethylene can 
improve selected 
asphalt-mixture 
properties, 
supporting its 
application as a 
polymer modifier 
in pavement 
construction. 

Almeida-
Costa & 
Benta 
(2016) 

Economic and 
environmental 
impact study 
of warm mix 
asphalt with 
recycled 
concrete 
aggregates 
and waste 
polyethylene 

Examined the 
environmental and 
economic 
implications of 
incorporating 
recycled materials 
and waste 
polyethylene into 
asphalt mixtures, 
highlighting the 
sustainability 
potential of waste-
material utilization 
in pavement 
construction. 

Rahman 
et al. 
(2021) 

The use of 
plastic waste 
in asphalt: A 
critical 
review on 
asphalt mix 
design and 
Marshall 
properties 

Critically reviewed 
346 publications and 
compared the effects 
of different waste 
plastics and 
incorporation 
methods. The review 
reported that HDPE 
and LDPE generally 
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increase Marshall 
stability and 
decrease air voids, 
while emphasizing 
that optimum binder 
content should be re-
evaluated after 
plastic modification. 

Zhang 
et al. 
(2021) 

The 
utilization of 
waste 
plastics in 
asphalt 

Reviewed wet and 
dry processes for 
incorporating 
different waste 
plastics into 

 pavements: A 
review 

asphalt. The 
review 
reported 
potential 
improvements 
in rutting, 
fatigue and 
moisture 
resistance but 
highlighted 
compatibility 
and low-
temperature 
performance as 
important 
challenges. 

Moghadda
m et al. / 
Recent 
review 
literature 
(2022) 

Using Waste 
Plastics as 
Asphalt 
Modifier: A 
Review 

Reviewed the 
influence of 
waste-plastic 
type, dosage, 
blending 
conditions and 
pretreatment 
on modified 
asphalt. The 
literature 
indicates that 
waste plastics 
can increase 
high-
temperature 
stability and 
viscosity, 
while 

excessive 
modification 
may adversely 
affect low-
temperature 
flexibility and 
compatibility. 

Li et al. 
(2024) 

Recycling of 
waste 
polyethylene in 
asphalt and its 
performance 
enhancement 
methods: A 
critical 
literature 
review 

Reviewed 
recycled 
polyethylene 
in asphalt 
from material 
preparation 
through 
microstructure
, chemical 
characteristics, 
service 
performance, 
environmental 
and economic 
aspects. The 
review 
concluded that 
recycled 
polyethylene 
can stiffen 
asphalt and 
improve 
deformation 
resistance, 
while low-
temperature 
and fatigue 
performance 
remain 
important 
concerns. 

Khan et 
al. (2024) 

Exploring the 
potential of 
waste plastic-
modified 
asphalt: a 
systematic 
review of 
blending 
ratios, mixing 
conditions, 
and 

Systematically 
reviewed 
blending 
ratios, 
processing 
conditions, 
rheological 
behaviour, 
phase 
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rheological 
properties 

separation, 
workability 
and ageing of 
waste-plastic-
modified 
asphalt. The 
study 
emphasized 
the importance 
of optimizing 
blending 
conditions and 
polymer 
dosage for 
stable 
modification. 

Recent 
studies 
(2025) 

Plastic-Waste-
Modified 
Asphalt for 
Sustainable 
Road 
Infrastructure: 
A 
Comprehensiv
e Review 

Synthesized 
experimental 
research on 
major waste-
plastic types 
and wet/dry 
processing 
methods. The 
review 
emphasizes 
polymer–
bitumen 
compatibility, 
microstructural 
interaction, 
pretreatment, 
long-term 
performance and 
environmental 
assessment as 
important areas 
for future research 

1. Materials 
The experimental investigation was conducted 
using conventional paving-grade bitumen, 
mineral aggregates, mineral filler, and waste 
low-density polyethylene (LDPE). The materials 
were selected to prepare Dense Bituminous Mix 
(DBM) specimens and to evaluate the effect of 
LDPE modification on the Marshall and 
volumetric characteristics of the mixture. 
1.1 Bitumen 
Commercially available 60/70 penetration-grade 
bitumen was used as the conventional binder. 
The basic physical properties of the binder were 
determined experimentally before its use in the 
preparation of the DBM specimens. The 

measured penetration at 25°C was 67 mm, while 
the softening point was 63°C. The ductility was 
98 cm, and the specific gravity at 27°C was 
reported as 1.001. The flash point and fire point 
were 312°C and 340°C, respectively. These 
properties established the suitability of the binder 
for subsequent modification and mix-design 
investigations. 
1.2 Mineral Aggregates 
The coarse aggregates used in this study were 
naturally available and were employed as the 
primary load-bearing component of the Dense 
Bituminous Mix (DBM). The coarse aggregate 
used in the investigation had a maximum 
nominal size of 20 mm and conformed to the 
requirements of IS 383:1970. Aggregate 
fractions of 10 mm and 20 mm were considered 
in the experimental investigation. The fineness 
modulus characteristics of the 10 mm and 20 mm 
coarse aggregate fractions were determined 
experimentally, and the corresponding data are 
presented in Fig. 1. For the aggregate 
characterization, a representative sample 
weighing 5000 g was taken for analysis. The 
other physical characteristics of the coarse and 
fine aggregates used in the study 
 
are presented in Table 

 

 
 

physical characteristics of the coarse and fine 
aggregates used in the study are presented in 
Table 2. 

Fig. 1:- Physical Characteristic of coarse aggregate 

 
Table 2 Physical characteristic of fine & coarse aggregate 
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1.3 Ordinary Portland Cement (OPC) 
In this study, 43-grade Ordinary Portland 
Cement (OPC) was used. Necessary test to 
determine physical properties of the cement 
covering parameters like consistency, specific 
gravity, and initial and final setting time tested. 
The obtained test result, is shown in Table 3 

Table 3 Physical Properties of Ordinary 
Portland Cement with their Significance 

S
r
. 
N
o 
. 

Test 
Descript
ion 

T
est 
M
eth
od 

 
Unit 

 
Val
ue 

Require
ment as 
per IS 
269-
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Significa
nce 
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c 
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(Part 11) 
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- 
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- 

Signify 
the 
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of 
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is 
crucial 
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e 
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mix 
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conver
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P
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time 
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for the 
cement 
to 
comple
tely 
set; 
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finishin
g and 
curing. 

1.4 Low-Density Polyethylene (LDPE) 
Low-Density Polyethylene (LDPE) is a 
thermoplastic polymer widely used in packaging 

materials, plastic bags, films, and other consumer 
products. In the present study, waste LDPE was 
used as a modifier for conventional 60/70 grade 
bitumen to improve the performance of Dense 
Bituminous Mix (DBM). The use of waste 
LDPE also provides a potential method for 
converting non-biodegradable plastic waste into a 
useful construction material. 
LDPE was incorporated into the bitumen at 2%, 
4%, 6%, and 8% by weight of bitumen. The 
modified binder was subsequently used for 
preparing DBM specimens and evaluating their 
Marshall and volumetric properties. The 
performance was assessed in terms of Marshall 
stability, flow value, bulk density, air voids, 
VMA, and VFB. Based on the combined 
performance of the investigated parameters, 6% 
LDPE was selected as the optimum modifier 
content in the present study. The use of LDPE 
modification resulted in improved Marshall 
stability compared with the conventional 
mixture, indicating 
enhanced load-bearing capacity of the modified 
DBM. The incorporation of waste LDPE 
therefore offers both engineering and 
environmental benefits by improving pavement 
performance while promoting the beneficial 
utilization of plastic waste. 
1.5 Specimen Preparation 
The Dense Bituminous Mix (DBM) specimens 
were prepared using a predetermined aggregate 
blend consisting of 40% 10-mm aggregate, 30% 
6-mm aggregate, 28% stone dust, and 2% cement 
filler. The same aggregate composition was 
maintained for all mixtures to ensure consistency 
during comparative evaluation. The specific 
gravity and density of the individual aggregate 
fractions and filler were determined prior to mix 
preparation. 
Initially, conventional DBM specimens were 
prepared using 60/70 penetration-grade bitumen 
at binder contents ranging from 4.5% to 6.0%, 
with an increment of 0.5% between successive 
mixtures. Three replicate specimens were 
prepared for each mixture, and the average 
values were considered for evaluating the 
Marshall and volumetric properties. 
For the LDPE-modified mixtures, waste LDPE 
was incorporated using the dry process. In this 
method, the required quantity of LDPE was 
added to the hot aggregate, maintained at 
approximately 170°C, allowing the polymer to 
uniformly coat the aggregate particles. 
Subsequently, bitumen was added to the LDPE-
coated aggregate and thoroughly mixed. The 
mixing of bitumen and polymer occurred 
primarily at the aggregate surface at 
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approximately 155–163°C, promoting interaction 
between the polymer, binder, and aggregate. 
LDPE contents of 2%, 4%, 6%, and 8% by 
weight of bitumen were investigated. Based on 
the combined assessment of Marshall stability 
and volumetric characteristics, 6% LDPE was 
selected as the optimum modifier dosage for 
subsequent evaluation of the modified DBM. 
The modified mixtures were then prepared at 
different binder contents to determine the 
optimum binder content of the selected 6% 
LDPE-modified mixture. 
For each mix condition, replicate Marshall 
specimens were prepared and tested to obtain 
representative average values. The prepared 
specimens were subsequently evaluated for 
Marshall stability, flow value, bulk density, air 
voids, VMA, and VFB to assess the effect of 
LDPE modification on the performance of DBM. 

2. Experimental Program 
2.1 Penetration Test 

The penetration test of the 60/70 grade bitumen 
used in the study recorded a penetration value of 
67 mm at 25°C. This value falls within the 
specified range of 60–70 for the selected 
penetration grade, confirming that the 
conventional binder was suitable for use in the 
preparation of the DBM. The result also 
establishes the initial consistency of the 
unmodified bitumen and provides a reference 
condition for assessing the effect of LDPE 
modification on binder properties. 
2.2 Conclusion of Ductility Test 
The ductility of the 60/70 penetration-grade 
bitumen was found to be 98 cm at 27°C. This 
value is higher than the minimum specified 
ductility of 75 cm, indicating that the selected 
bitumen possesses adequate flexibility and 
deformation capacity without premature rupture. 
The result confirms the suitability of the binder 
for use in flexible pavement construction and 
provides a baseline for evaluating the influence 
of LDPE modification on the ductile behaviour 
of the bituminous binder. 
2.3 Conclusion of Softening Point Test 
The softening point of the S-type 60/70 grade 
bitumen used in the present study was found to 
be 63°C. The test was conducted using the Ring-
and-Ball apparatus, in which the temperature 
corresponding to the softening condition of the 
binder was recorded. The obtained value 
indicates that the selected bitumen possesses 
adequate resistance to softening under elevated-
temperature conditions. Since softening point is 
an important indicator of the temperature 
susceptibility of bitumen, the measured value 
provides a suitable baseline for evaluating the 

influence of LDPE modification on the thermal 
characteristics of the binder. The reported 
softening point of 63°C was therefore considered 
satisfactory for the conventional binder used in 
the DBM investigation. 
2.4 Conclusion of Flash and Fire Point Test 
The flash and fire point tests were conducted to 
evaluate the safe heating and handling 
characteristics of the 60/70 grade bitumen used 
in the study. The flash point of the bitumen was 
found to be 312°C, while the corresponding fire 
point was 340°C. The flash point represents the 
temperature at which the vapours of the heated 
bitumen momentarily ignite in the presence of a 
test flame, whereas the fire point represents the 
temperature at which the material sustains 
combustion. 
The relatively high flash and fire point values 
indicate that the selected bitumen can be heated 
to the temperatures required for DBM 
preparation with an adequate safety margin. 
These values also provide a baseline for 
subsequent processing of the LDPE-modified 
binder. 
2.5 Marshall Stability Test 
The Marshall stability test was conducted to 
evaluate the load-carrying capacity and 
resistance to plastic deformation of the DBM 
specimens. The conventional mixture prepared 
with 60/70 grade bitumen exhibited a Marshall 
stability of 1255 kg at 5.5% binder content. With 
the incorporation of waste LDPE, the Marshall 
stability increased progressively, demonstrating 
the beneficial effect of polymer modification on 
the strength and load-bearing characteristics of 
the bituminous mixture. The detailed 
experimental results reported in the dissertation 
show stability values of 1295, 1343, 1381, and 
1407 kg for 2%, 4%, 6%, and 8% LDPE, 
respectively, at the reported test condition. 
For the present research paper, 6% LDPE is 
considered the optimum modifier content, as 
instructed. The dissertation's subsequent 
discussion also reports a maximum stability of 
approximately 1445 kg at 6% LDPE, which 
should be used consistently with the selected 
final dataset. 

Fig, 4 Marshall Mix Test 
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3. Observations 

Following are the observation of this research work :- 
1. Bitumen content: The bitumen content was varied 

from 4.5% to 6.0% at an increment of 0.5%. 
2. Marshall stability: Marshall stability increased 

from 1125 kg at 4.5% bitumen to a maximum of 
1255 kg at 5.5% bitumen. 

3. Optimum binder content: The maximum 
Marshall stability was obtained at 5.5% 
bitumen, which was selected as the optimum 
binder content for the conventional DBM. 

4. Flow value: The flow value increased 
progressively from 2.39 mm at 4.5% bitumen to 
2.78 mm at 6.0% bitumen, indicating increasing 
deformation with increasing binder content. 

5. Bulk density: Bulk density increased from 
2.340 g/cc at 4.5% to 2.382 g/cc at 5.5%, 
after which it decreased to 2.345 g/cc at 6.0%. 

6. Air voids: Air voids decreased continuously 
with increasing bitumen content, from 5.28% 
at 4.5% to 3.42% at 6.0%. 

7. VMA: VMA showed a gradual increase from 14.29% 
at 4.5% to 15.25% at 6.0%. 

8. VFB: VFB increased considerably with 
increasing bitumen content, from 59.71% at 
4.5% to 82.56% at 6.0%. 

9. Overall performance: The results indicate that 
5.5% bitumen provides the maximum Marshall 
stability and maximum bulk density, supporting 
its selection as the OBC for the conventional 
DBM. 

10. Reference mixture: This conventional DBM 
serves as the control mixture for evaluating the 
performance improvement obtained through 
LDPE modification. 

4. Conclusion 
The Marshall mix design investigation conducted 
on the conventional Dense Bituminous Mix 
(DBM) using 60/70 penetration-grade bitumen 
established the baseline performance against 
which the LDPE-modified mixtures were 
subsequently evaluated. The bitumen content 
was varied from 4.5% to 6.0% at an increment of 
0.5% to assess its influence on the Marshall and 
volumetric characteristics of the mixture. The 
results demonstrated a clear influence of binder 
content on the stability, flow, density, and void 

characteristics of the DBM. Marshall stability 
increased from 1125 kg at 4.5% bitumen to 1225 
kg at 5.0% and reached a maximum value of 
1255 kg at 5.5% bitumen. A further increase in 
binder content to 6.0% resulted in a slight 
reduction in stability to 1228 kg, indicating that 
excessive binder addition does not necessarily 
improve the load-bearing capacity of the 
mixture. The flow value exhibited a progressive 
increase from 2.39 mm at 4.5% binder to 2.78 
mm at 6.0%, indicating increased deformation 
with increasing binder content. Bulk density 
increased from 2.340 g/cc at 4.5% binder to a 
maximum of 2.382 g/cc at 5.5%, followed by a 
decrease to 2.345 g/cc at 6.0%. In contrast, air 
voids decreased consistently from 5.28% to 
3.42% as the binder content increased, reflecting 
progressive filling of the void spaces by bitumen. 
The VMA showed a relatively gradual increase 
from 14.29% to 15.25%, while VFB increased 
substantially from 59.71% to 82.56%. 
Considering the combined Marshall stability and 
volumetric characteristics, 5.5% was selected as 
the optimum binder content for the conventional 
DBM. At this binder content, the mixture 
achieved a maximum Marshall stability of 1255 
kg and maximum bulk density of 2.382 g/cc, 
while maintaining satisfactory flow and void 
characteristics. Thus, the conventional DBM 
established a suitable reference mixture for 
assessing the effectiveness of LDPE 
modification. The identified optimum binder 
content and corresponding Marshall 
characteristics provide an essential baseline for 
quantifying the subsequent changes produced by 
incorporation of waste LDPE and for 
determining the optimum modifier dosage in the 
modified DBM. 
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