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Abstract. The aim of the work is to study the technology of using recycled waste in road construction. The advantages
of using recycled plastic in road construction are considered. It has been established that for the use of waste in
construction it is necessary to improve the technology of separate waste collection; to increase the number of waste
processing plants. Increasing the amount and variety of waste generated has led to the crisis in waste management.
This issue can be resolved by reusing some of this waste to replace the known percentage of the primary materials
used in road construction. In this way, natural resources are conserved and the growing crisis of waste management
is solved. Numerous studies have shown that the optimal amount of such waste or modifiers, when added to asphalt
mixes, results in improving various physical characteristics of the road. The article provides an illustrative example
of a new road construction technology. The possibility of using plastic will significantly reduce costs and increase the
quality of roads, which is very important for the Republic of Kazakhstan.

Keywords: plastic, road, innovation, technology, construction.

Introduction

The growth of the economy and continued
urbanization in Kazakhstan are the reasons for the
annual increase in the volume of municipal solid
garbage (MSG). Today it is one of the most acute
environmental problems in the country.

The total number of spoil disposals (Figure 1)
exceeds 4,000, with only 307 legalized.

These numbers continue growing, so it is
necessary to take some measures. One of them is
recycling MSW, but things are not well with it: only
5% of solid garbage is recycled, the remaining 95% is
placed in spoil disposals for storage and burial.

With such colossal volumes of garbage, recycling
plants lack raw materials for treatment since there
is no culture of separate garbage collection in the
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country. If to continue just bringing it to spoil
disposals, our descendants will have no place to build
houses: lands tend to run out, and some garbage, such
as polyethylene, begins to decompose only centuries
later.

At such a pace, in the near future, we are in
danger of a bleak prospect of «choking from our
own garbage», as the Danish physicist Niels Bohr
predicted. In addition, not all spoil disposals have
an appropriate insulation coating and a system
for collection and treatment of garbage water,
and harmful substances penetrate the soil and
groundwater. But most often such spoil disposals,
and in fact open dumps, are in close proximity to
residential areas of large cities.

Research results

The country lacks garbage recycling enterprises,
and the operating ones are not loaded at full capacity
due to the absence of interaction between local
authorities, public utilities and, accordingly, the
institutions themselves.

Alarge problem for garbage recycling companies
is high tariffs for rail transportation, which are
necessary to transport garbage from various regions
of Kazakhstan to their recycling sites. In Kazakhstan
there is also no concept of «green» purchases, which
assume the priority of products made using garbage,
when purchasing. Therefore, many companies
that produce such products face difficulties in its
implementation.

To solve all these problems without assistance of
the state is simply impossible, althoughitisimpossible
to say that state bodies are inactive. It is known that
Kazakhstan is currently preparing amendments
to the law on transition to the green economy. The
developers of the draft law propose introducing a
provision for extended producer responsibility (EPR),
which obliges the manufacturer (or supplier, or
importer) of products to ensure collection, utilization
and recycling garbage after using their produced

or marketed products. According to the Concept
on Kazakhstan transition to the «green» economy,
garbage recycling should be up to 40% by 2030, and
50% by 2050.

In addition, since 2016 the country has banned
the disposal of mercury-containing lamps and
appliances, scrap metal, garbage oils and liquids,
batteries, electronic garbage. Since January 2019
the ban on the disposal of plastic, garbage paper,
cardboard and garbage paper, glass comes into force.
From January 2021 a ban on the burial of construction
and food garbage comes into force.

There is a precedent: in Temirtau some
businessmen conducted informational work on
the need to separate garbage (Figure 2) into two
boxes: organic (food) and others in kindergartens
and schools, they distributed buckets with two
compartments, and the children persuaded parents
to sort the garbage.

The first eco-collection point for garbage (Figure
3) was opened in Astana. The capital residents can
bring there a package with garbage paper or plastic
bottles and get a symbolic reward for it.

The world experience shows that without using
certain principles and mechanisms it is almost
impossible to achieve success in the field of rational
garbage management. These include: separate
garbage collection, which helps to obtain valuable
secondary raw materials, to reduce the cost of
transporting and recycling garbage, green purchases
thathelp stimulating the demand for products derived
from garbage, an effective system for recording and
reporting on garbage management activities [3].

All the civilized countries are already looking for
cardinal solutions to the problem of garbage. New
biodegradable materials are being developed, the
propaganda work is underway to eliminate plastics,
technologies of recycling and reuse of recycled
garbage are being improved. As an example of using
the recycled material let us take plastics and their

Figure 2 — Separate containers for garbage
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Figure 3 — Eco-collection point for garbage

prospects in road construction.

Roads with holes and cracks are an integral part of
the harsh realities in Kazakhstan. The roadbed wears
out faster than it is updated and the reason for this is
a high cost of the roadway, unscrupulous contractors
and building materials, as well as limited, sometimes
not fully received funding for new construction and
reconstruction of roads. To make a «revolution in
road construction» is possible with the help of the
pavement made of plastics.

Recycled plastics have many uses, one of which
is road paving.

There are about 40 million km of roads on the
planet, 1.6 trillion tons of asphalt is annually spent for
expanding this network and making new highways.

One of the main components of the asphalt mix is
bitumen, the content of which varies from 10 to 60%.

Partial replacement of this material with recycled
plastics will solve the problem of environmental
pollution and improve the practical characteristics of
the road surface.

In 2002 the engineers from the Indian company
KK Plastic Garbage Management Ltd patented the
technology of using plastic garbage for asphalting
roads.

This company owns a factory in Bangalore, today
processing up to 30 metric tons of plastics per day.

It took the Indians 5 years to develop the
technology for processing PET bottles, plastic cups
and bags into the asphalt mix component.

The company has developed the polymer KK
Poly Blend, which replaces 8% of the bitumen in the
asphalt mix and improves characteristics of the road
surface.

The life of the roads made on the basis of this
material is doubled. In its state the KK Plastic
Garbage Management Ltd built 2,000 km of roads
and recycled 8,000 tons of plastic garbage.

From India the idea migrated to Western Europe.

One of the leaders of the Scottish MacRebur company
brought it to his country and after 18 months of
research he patented highly effective additives based
on recycled plastics. They are produced in the form of
granules and flakes that are added with the bitumen
in the production of coating.

The modified asphalt concrete mix becomes 60%
stronger, and the roadbed based on it is 10 times
longer.

The technologies of using recycled polymeric
materials in road construction in Kazakhstan are in
their infancy.

It is necessary to make adjustments to GOST,
SNiPs and technical regulations, to develop a
technology similar to the Indian and Canadian ones,
and in the future to use asphalt-concrete mixtures
based on recycled plastics for road repairs, and later
on for laying highways.

Implementation of the projects requires
introducing the technologies of collecting and sorting
plastic garbage, changing the current legislation.

The process of developing a building material for
paving has several stages:

e collecting, sorting and cleaning plastic garbage;

e grinding polymeric materials;

e adding crushed and melted plastics to bitumen;

e heating the mixture and applying it to the
aggregate at the temperature of 160 degrees;

e treatment with bitumen;

e adding the mixture with plastics to improve
adhesion.

The result is an asphalt mix that is laid on the
prepared base in the classical way. Pavers are used to
compact and make a perfectly smooth roadbed.

The unique innovative technology of using
plastic garbage is developed by the Dutch company
Voler Wessels.

It consists in casting hollow slabs for road

pavement using recycled plastics. It is planned to
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lay city communications in the voids. Plates on such
plastic roads will be laid on a pad of compacted sand
[2].

A distinctive feature of the technology is using
large amounts of garbage, as well as quick mounting.

The main advantage of using plastic garbage
to make pavement is improving the environmental
situation in large cities.

A great potential of plastics consumption by
road companies is stable and permanent disposal of
garbage that pollutes not only large cities, but also
the global ocean.

The advantages of paving with plastics are as
follows:

e increased strength;

e high water resistance;

e increased the intervals between repairs;

e reduction of operating costs;

e high tensile strength;

e operation at the temperatures ranging from —40
to +80°C;

¢ good road holding of car wheels;

e increased resistance to engine oil and fuel;

e reduction of coating deformation and absence
of gauge;

e minimum number of cracks due to plasticity of
plastics;

e long service life.

The advantages of using recycled plastic coating
for cities are as follows:

e reduction of road maintenance costs;

e minimum costs for modernization of asphalt
plants;

e the cost of asphalt is lower than when using
coatings with modified bitumen;

e reduction of garbage utilization costs at spoil
disposals.

Roads with asphalt based on plastic bottles and
other garbage will improve the socio-economic status
of the city.

The disadvantages of the coverage are as follows:

o the cost is 3% higher than that of the usual
asphalt concrete pavement;

o deterioration of performance at
temperatures;

e absence of regulatory framework forintroducing
the coverage.

For production there is required a large amount

high

of plastic garbage: a separate garbage disposal system
is needed.

One of the ways of managing garbage plasticis by
using it in construction material for pavements and
roads which serves the dual purposes of imparting
stability and durability to the roads and resolving the
issue of environmental hazard due to ever increasing
garbage plastics. To understand the role of plastics in
construction material, one must be familiar with the
material specific properties and the processes used
in laying roads. Having said this, further discussion
details the use of each component and the processes
involved in creating construction material.

Bitumen plays an important role in binding the
aggregate together by coating over the aggregate
thereby imparting strength to the road. However,
due to a poor resistance towards water and high
costs involved, there is a demand for high quality
bitumen at low costs. This can be accomplished by
modifying the rheological properties of bitumen by
using additives such as plastic or rubber [1].

The drawbacks of using only bitumen in road
construction are as follows:

e the performance of road is reduced at high
temperature due to bleeding of bitumen.

e cracking phenomenon takes place due to
oxidation of bitumen.

e potholes are easily formed as bitumen strips off
from the aggregate as it is water repellent material.
This reduces the life of the road constructed.

e the material and processing costs are much
higher.

Bitumen based concrete mixes may be further
classified into Bituminous Concrete (BC), Modified
Bitumen Mix (MBM) and Semi-dense Bituminous
Concrete (SDBC) as revealed in (Figure 4). BC
is a conventional concrete mix which performs
satisfactorily; however, it needs improvement in
the properties for certain special applications, such
as heavy trafficc. MBM has exhibited improved
properties such as fatigue life, resistance to permanent
deformation of paving mixtures and enhanced
stability of the pavements by the addition of modifiers
such as sulphur, crumb rubber, polymers etc. SDBC is
a high density and thoroughly controlled hot mixed
material composed of graded mineral, aggregate,
filler and bitumen.

The road construction involves the use of

Bituminous
Concrete (BC)

Semi-dense
Bituminous
Concrete (SDBC)

Modified Bitumen
Mix (MBM)

Figure 4 — A flow chart demonstrating classification of asphalt mixes




aggregate mixes which can be of different types as
shown in figure below.

Plastic garbage can be used in hot mix to improve
physical properties of bituminous aggregate mix
by ‘Dry Process” or ‘Wet Process’. The technology
as developed and explained by Dr Vasudevan,
a Chemistry Professor at Thiyagaraja College of
Engineering, Madurai, incorporates the use of
‘Plastone’, a mixture of stone chips and garbage
plastic bags (thickness 40-70 um) which is heated
at 150-1700C during production, in laying roads,
pavements and flooring purposes as an alternative
to interlocking paver blocks. At this processing
temperature, the plastic garbage is heated enough
to act as an adhesive in binding stone chips and not
generating any toxic gases. The aggregate becomes
water proof after getting coated with molten plastic.
This step is followed by the addition of hot plastic-
aggregate mix to hot bitumen while maintain the
process temperature. This approach is known as
‘Dry Process’. The ‘Wet Process’ involves mixing
of plastics to hot bitumen followed by mixing with
hot aggregate. Both processes lead to the formation
of plastic modified bituminous aggregate mix with
enhanced properties imparting strength, stability
and durability to the roads.
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Conclusions

Recently, anew method called “Cold Mix’ has been
developed which incorporates mixing of materials at
lower temperatures. The process offers the following
advantages over the hot mix:

1. The heating of aggregate and binder is not
required.

2.It is an environmental friendly approach
which saves energy. An impressive 50% of energy
saving in case of cold mix over hot mix has been
reported. Therefore, it can be considered to be a green
bituminous mix for road construction.

3. It is a straightforward preparation using only
a small set up on site. A manual production for small
scale job is also feasible.

4.1t is a suitable method particularly for
construction of roads in remote and isolated areas of
a country.

5. The method is suitable for road construction in
wet or humid conditions.

6.Cold mix is a versatile method due to
availability of a large number of grades of emulsion
and cut backs.

7.1t offers an economical and high production
approach.

Figure 5 — A flow chart demonstrating various types of aggregate mixes used for road construction
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AHOamna. HymbicmbiH MAKCambl — #C0s KypblabiCbiHOA Kalima eHoenzeH Kandblkmapobl nalidanaHy mexHos102us-
cbiH 3epmmey. Kalima eH0enzeH naacmuKkmi #os KypblabiCbIHOA KOAOAHYObIH apMbIKUWbIA6IKMAPbLI KAPACMbIPbiAaob.
Kypblasicma Kokbicmel nalidanaHy ywiH: KOKbIcmbl 661eK #¥UHay mexHOoA02UACbIH ¥emindipy, KOKbicmsl Kalima eH-
dey 3aybimmapbiHbIH CaHbIH YaFalimy Kaxem eKeHi aHbIKmanobl. LLeiFapelaamelH KandblKmapOobiH CaHbI MeH aayaH
mypasinieiHiK apmysl Kaa0bIKMaposl #o 0aF0apbICbIHA aKeN0i. MyHOal Macesne #os KypblabICbIHOA KOAOAHbIAAMbIH
6acmankbl mamepuandaposiH 6eneini 6ip nalibi3biH aybicMbIpy yWiH ocbl KAaA0bIKMapobiH KelibipiH kalima nalidanaHy
apKblabl wewinyi MymkiH. Ocbinaliuia, mabufru pecypcmap caKkmasbif, Kaa0biKmapobl #OH 0aroapbics! weuwinyoe.
KenmeaeH 3epmmeynep acghanbm-6emoH KoCrnanapsiHa KOCblAFaH Kezde myHOal KandblKkmapobiH Hemece Moougu-
KamopnapobiH oKmMalinel Mmesawepi #oa0biK apmypsi pusuKaabIK CUNaMmMAamManapeiHblH, HAKCAPYbIHA dKenemiHiH
Kepcemmi. MaKaaa0a #os KypbiibiCbIHbIK HAHA MEXHO02UACLIHbIH HAKMbI MbICasbl KeamipineaeH. Maacmukmi nad-
0anaHy MyMKiHOI2i wblFeIHOAPObI e0ayip a3alimadsl #aHe #010ap0biH canacsiH apmmelpadsl, 6ya KazakcmaH Pecriy-
b6auKacel ywiH eme MaHbI30bl.

Kinm ce30ep: nnacmuk, #0s, UHHOBAYUSA, MeXHO02USA, KypbisbiC.

Ucnonb3zoeaHue nepepabomaHHo20 Mycopa e 00POXCHOM Cmpoumenbcmee
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AHHOmayus. Lensto pabomel Aensemcsa ucciedosaHue mexHos02Uu UCMOoAb6308aHUA MepepabomaHHo20 Mycopa 8
dopoxHOM cmpoumesiscmeae. PaccmompeHsl 00CMouHCMaa npumMeHeHuUs nepepabomaHHo20 NaAacmuKa 8 00POXHHOM
cmpoumesnscmee. YcmaHo8s1eHo, Ymo 0717 UCMOMb308AHUSA Mycopa 8 cmpoumesnscmee Heobxo0uMo: ycosepuieHcmao-
80Mb MEXHO/102U0 Pa30esnbHo20 cO0Pa Mycopa; yseauyums Koau4ecmaso mycoponepepabameisaroujux 3aeodos. Yse-
sUYeHue Konu4ecmesa u pasHoobpasua obpasyouuxca omxo0o8 npuseso K Kpusucy 8 obaacmu yoaneHus omxo0os.
Takol sonpoc moxem 6bimb pewieH nymem rnosmopHO20 UCMOMAb308AHUS HEKOMOPbLIX U3 3MUX 0mxo008 015 3aMeHbl
U38eCMHO020 NMPOUEeHMa nepsuYyHsbIX Mamepuasnos, UCMonb3yemsix Mpu cmpoumesnscmae 0opoe. Takum obpasom, co-
XPAHAMCA MPUPOOHbIE PECYPCHI U pewaemcs pacmywuli Kpusuc ymunusayuu omxodos. MHoz2o4YucneHHble uccnedo-
80HUA MOKA3As1U, YMO ONMUMAsIbHOE KO/UYecmaso makux omxo008 usau moouguxkamopos npu 0obasneHuu 8 acgarsne-
mobemoHHble cMecu Npusooum K yay4yweHUro pasauvyHeix husuvecKux Xxapakmepucmuk 0opoau. B cmamee npusedeH
HQa2770HbIl npumep HoBOU MexHO102UU OOPOHCHO20 CMpPOUMENbCMEBd. Bo3amorHOCMb UCNonb308aHUSA NAACMUKA 3HA-
YumesibHO CHU3UM PAcxo0bl U y8eauvyum Ka4yecmeso 00poe, Ymo o4YeHb aKmyasbHo 041 Pecnybauku Kazaxcman.

Knrouesole cnoea: naacmuk, dopoea, UHHOB8AUUA, MexXHos102UA, cmpoumesibCmeo.
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