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DESIGN AND ANALYTICAL STUDY OF FLOATING CONTAINERS
FOR PLASTIC TRANSPORTATION

The relevance of the work lies in the need to create vessels and floating facilities for collecting plastic waste
in water areas. The analysis of the current state of the ecological fleet showed the feasibility of using small-
tonnage vessels additionally equipped with floating tanks.

The design and analytical study will focus on identifying problematic issues in their design and
modernization with the development of an action plan.

In this study, system analysis methods were applied. The information base includes regulatory documents
and the authors’ original scientific and practical developments in solving design problems. It is determined
that it is possible to increase the buoyancy of tanks by using new lightweight composite materials that will meet
the requirements of buoyancy, hydrostatic strength, climatic conditions of the area and are able to neutralize
negative factors of substances that persist for a certain time. Preference is given to gas-filled polymeric
materials and syntactic foams. It is possible to increase the usable volume of containers for collecting plastic
waste through the implementation of a layered composite body design, where each layer will have a different
density and its own functional purpose. Modernization of the structure can also be used to transport other
substances that pollute sea and river areas. The development is recommended for implementation in design
and production companies for shipbuilding and ship repair.

The economic efficiency of the project is based on the principles of modernization of a floating container
for transporting plastic with a wide range of physical and chemical properties. It is advisable to process sorted
plastic waste by grinding it into powder for subsequent use in road construction.

The scientific and practical significance of the work lies in developing a new approach to expanding the
ecological fleet and cleaning marine and river waters from pollution.

The prospects for the authors’ further research are to determine the influence of hydrological and
environmental features of water bodies on the design characteristics of floating containers.

Key words: ecological fleet, plastic waste, water areas, design, modernization.

Problem statement. The collection of plastic of water bodies. Solving this problem will require
waste in sea and river water bodies, along with its  the development of vessels and watercraft of the
subsequent transportation for utilization or recy- ecological fleet.
cling, is a strategically important issue, the solution Due to their high weather and chemical resist-
of which will help improve the ecological condition ance, most polymers undergo destructive processes

470 Tom 36 (75) N2 32025



AKTyasnbHi MUTAHHS TEXHIYHUX HAYK

during storage in natural conditions, transforming
into micro- and nanoparticles found in marine ani-
mals and algae, which will negatively affect hydro-
chemistry and hydrobionics.

Analysis of recent research and publications.
The pollution of the world's oceans poses a real
environmental threat. Port activities, the develop-
ment of hydrotechnical engineering construction,
domestic and industrial discharges — all this leads to
the accumulation of toxic substances in the marine
environment: petroleum hydrocarbons, phenols, syn-
thetic surfactants and biogenic substances. Waste
management in marine environment is regulated by:
International Management Code for the Safe Oper-
ation of Ships and Pollution Prevention; Interna-
tional Convention on the Prevention of Pollution by
Dumping of Wastes and Other Matter; International
Convention for the Prevention of Pollution from
Ships (MARPOL 73/78); Convention on Access to
Information, Public Participation in Decision-Mak-
ing and Access to Justice in Environmental Matters.

In contemporary maritime navigation, the ecolog-
ical fleet [1, pp. 125-136], which includes garbage
collection vessels, is used to treat ship waste and
clean up the water space from the debris. Improv-
ing their technical and operational performance is
possible through additional equipment with floating
installations for collecting oil spills, sewage, fuel
emulsions, solid objects (bottles, metal, glass), silt,
etc. [2, pp. 4-15]. They are floating berths, pontoons,
barriers, and containers. Their design and moderni-
zation is a new scientific and technical area that has
been developing over the past decade.

According to the United Nations data [3],
approximately 8 million tons of plastic enter the
oceans: due to their low density, they are carried by
the wind, accumulate near the coastlines, and are
transported to the seas by river runoff.

The widespread use of various types of plastic
in everyday life, combined with inadequate sorting
has resulted in an uncontrolled waste management
process that often disregards the chemical compo-
sition, toxicity, and degradability of polymers, most
of which are polyethylenes, polypropylenes, polyvi-
nyl chlorides, polymethyl acrylates, photoroplasts,
etc. The development of modern technologies for
creating composite materials is intended to give
them new or highly specialized properties by intro-
ducing pigments, stabilizers, fibers and other fillers
into their composition. Due to their high weather
and chemical resistance, most polymers undergo
destructive processes during storage in natural con-
ditions, transforming into micro- and nanoparticles

found in marine animals and algae, which will neg-
atively affect hydrochemistry and hydrobionics [4,
pp. 20-25].

Considering the information provided, it should
be noted that the development and operation of
technical measures for marine debris collection in
the water space is relevant. It necessitates devel-
oping constructive measures in the vessel elements
design, which will reliably isolate the collected plas-
tic marine debris until it is recycled or disposed of
and prevent it from re-entering the environment. It
is possible to increase the mobility of floating instal-
lations using lightweight composite materials, each
with a specific functional purpose.

The purpose of the study is, with the help of
project-analytical research, to identify the key chal-
lenges in the design and modernization of floating
containers for transporting plastic waste in sea and
river waters.

Presentation of the main material of the study.

The research methodology is based on a system-
atic approach and methods of data analysis [5, pp.
48-54]. The information base consists of regula-
tory documents and the authors' own scientific and
practical developments in solving project problems
[6, pp. 46-49], [7, pp. 18-26], [8, pp. 48-59]. The
information is summarized in Table 1: problematic
issues related to the design of floating containers for
collecting plastic waste and possible ways to solve
them are presented.

Table 1
Key Challenges in the Design of Floating
Containers [compiled by the authors]

Challenges Solutions
Providing additional Development and application of
buoyancy new buoyancy materials

Reduction of mass and
size indicators

Development of a layered structure
of a floating tank, the use of
composite liners

Study of cargo properties, use of
chemically inert materials
Formulation and Solution of
Strength Problems

Reliable insulation of
plastic debris
Strength Prediction in
Swing Conditions

It is possible to increase the buoyancy of tanks by
using new lightweight composite materials that will
meet the requirements of buoyancy, hydrostatic strength,
and climatic conditions of the area and are able to neu-
tralize negative factors of substances that persist for a
certain time. Preference is given to gas-filled polymeric
materials and syntactic foams [9, pp. 174-180].

The development of measures for the moderni-
zation of floating containers for plastic waste trans-
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porting is based on a practical analysis of the design
of a well-known floating container with a nesting
container [6, pp. 46-49]. In modern shipbuilding
practice, the modernization of individual elements
is considered as an alternative to the construction
of new vessels and watercraft: this will make it
possible to increase technical and operational indi-
cators, environmental and economic factors to the
latest level through the introduction of new design
solutions and technologies using new materials.
The floating container (Fig. 1) consists of an outer
shell (1) made of carbon steel or aluminum alloy,
inside of which there is a container (2) for plastic
waste, which has a layered structure and consists
of a highly elastic polymer body (4) and a syntac-
tic-type buoyancy material layer (5). After unloading
the waste, the working volume (6) is flushed using a
pump (7).

It is possible to increase the usable volume of
containers for collecting plastic waste through the
implementation of a layered composite body design,
where each layer will have a different density and
its own functional purpose. The collected plastic is
stored in a floating container for a certain time, and
then transported to recycling or disposal sites. In the
study [10, pp. 176-182], the author considers tech-
nological directions and possibilities of recycling
plastic waste. It is advisable to process sorted plastic
waste by grinding it into powder with its subsequent
use in road construction.

A program of measures has been developed that can
be used to modernize existing floating tanks for trans-
porting plastic in the aquatic environment (tabl. 2).

Table 2
Program of measures for the modernization of a
floating container for plastic transportation
[compiled by the authors]

Measures

Terms of reference
* Changes to the design of the
nesting container
* Solving Computational Problems
of Loading and Stability
* Solving design problems to
determine overall dimensions and
optimal thicknesses
Rational selection and replacement
of structural materials

Increase in the usable
volume of the container

Reduction of mass and
size indicators

Management of
processes for improving
technical and operational
indicators

« Cargo plan optimization

* Development of models for the
operation of floating facilities
for different routes and climatic
conditions of water areas

Setting up technological
production

Development of material and
technical base

Modernization of the structure can also be used
to transport other substances that pollute sea and
river areas.

According to the developed recommendations, it
is possible to create other floating facilities for col-
lecting and storing garbage that pollutes the coastal

SRS

Fig. 1. Floating container with nested elastic container
[compiled by the authors, 6, pp. 46-49]:
1 — outer cladding; 2 — a container for plastic waste; 3 — water ballast; 4 — polymer container body;
5 — a layer of buoyancy material; 6 — working volume of plastic waste; 7 — pumps; 8 — water area
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IHwe Mnacrux

Fig. 2. Floating barrier element
[compiled by the authors]:
1-3 — layers of various buoyancy materials; 4 — fasteners

zone. These can be floating berths, pontoons, and
barriers.

As an example of implementation, Fig. 2 shows a
floating barrier, the sections of which are made up of
various elements and materials.

The scientific and practical significance of the
work is to develop a new approach to expanding the
ecological fleet and cleaning sea and river waters
from pollution.

The cost-effectiveness is based on the principles
of modernizing the existing design of a floating con-
tainer for plastic waste transporting.

Social impact. The collection of plastic waste in
sea and river waters and its subsequent transporta-
tion for disposal or recycling is an urgent and strate-
gically critical issue, the solution of which will help
improve the environmental conditions of sea and
river waters.

Conclusions and prospects for further
research. The analysis of the operation of the eco-

logical fleet vessels has shown the prospects of using
offshore technical facilities for collecting plastic
waste in sea and river waters and its short-term stor-
age until it is transported to recycling facilities.

It has been determined that the buoyancy of tanks
can be increased by using new lightweight compos-
ite materials that meet the requirements for flotation,
hydrostatic strength, local climatic conditions while
being capable of neutralizing the harmful effects of
persistent substances.

A program of measures has been developed that
can be used to modernize existing floating tanks for
transporting plastic in the aquatic environment.

The development is recommended for implemen-
tation in design and production companies for ship-
building and ship repair.

The prospects for the authors’ further research
are to determine the influence of hydrological and
environmental features of water bodies on the design
characteristics of floating tanks.
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Hleapoaoces O. B., Kazumupenko 10. O., Ipo3n O.B., boiiko JI. M. IPOEKTHO-AHAJIITUYHE
JOCJIIKEHHS IIJIABYUNX €EMKOCTEM JJIS1 TPAHCIIOPTYBAHHSI IIJTACTHKY

Axmyanvuicms pobomu 3yM061eHO HEOOXIOHICMIO CMBOPEHHS CYOeH i Niagyyux 3acobie 01s 30upanis
NIACMUKO8020 CMIMMs Yy 800HUX AK8AMOPIAX. AHANI3 CYYACHO20 CMAHY €eKONO02IYHO020 (romy noKA3as8
O00YINbHICMb BUKOPUCIAHHS MALOMOHANCHUX CYOEH, 000AMKO80 OCHAUWEHUX NIABYYUMU EMKOCHAMU.

Ilpoeckmno-ananimuyune 00cnioxicennsa noiieamume y 8Us61eHHi NPOOIeMHUX NUMAHb 3 IX NPOEKMYBAHHS
ma MoOepHizayii 3 po3pooKoI0 N1AHY 3ax00i8.

s 0ocniosceHb BUKOPUCMAHO MEMOOU CUCIEMHO20 AHANIZY, IHhopmayiliny 6a3y CMaHo81Amb HOPMAMUBHI
OOKYMeHMU I 61ACHI HAYKOBO-NPAKMUYHI HANPAYIOBAHHS ABMOPIE 3 PO38 A3AHHA NPOEKMHUX 3a0ay. Busnaueno,
wWo niosucumuU NIAgy4icCms EMKOCHEU MONCIUBO ULIAXOM 3ACMOCYBAHHS HOBUX J1€2KOBANCHUX KOMNOZUYIUHUX
Mamepianis, wo 8i0N0BI0AMUMYMb BUMO2AM NIAABYHOCHI, 2IOPOCMAMUYHOL MIYHOCMI, KILIMAMUYHUM YMOBAM
Micyesocmi ma 30amHi HeUmMpanizy8amu He2amueHi YUHHUKU DEevOo8UH, WO 30epiealomvbCsi nesHUll udc.
llepesaza Haoaemuvcs 2a30HANOBHEHUM NONIMEPHUM MAMePIaiam ma CUHMAKMHUM RIHONaacmam. 30inouumu
KopucHutl 06’em emrocmetl 051 30UpanHsl NAACMUKOBO20 CMIMML MOJICIUBO Yepe3 peanizayilo uapyeamoi
KOHCMPYKYII KOMNO3UMHO20 KOPNYCY, Oe KOJICeH wap mamume pizHy WIIbHICMb i C80E (QYHKYIOHATbHE
npusHayenus. Mooepuizayis KOHCMPYKYii Modce OYymu 6UKOPUCIAHA MAKOXC OJisl MPAHCNOPMYBAHHA THUUX
pevosun, SKi 3a0pyOHI0I0Mb MOPCHKI 1 piukosi akeamopii. Po3podxy pexomendyemocs 00 6npo8aodliceHts y
NPOEKMHUX | BUPOOHUYUX hipmax 3 CYOHOOYOVE8AHHS | CYOHOPEMOHNIY.

Exonomiuna egpexmuenicmo npoexmy IpYHMYEMbCA HA NPUHYUNAX MOOEpHi3ayii niagyvoi emxocmi
nio MpaHcnopmyeanHs NIACMUKY 3 WUPOKUM OIanasoHom Qisuxko-ximiunux eracmusocmei. Biocopmosane
niacmukoge cmimms OOYLibHO niddasamu nepepodyi 30piOHeHHAM HA NOPOULOK 3 NOOANLUUM 1020
3ACMOCYBAHHAM Y OOPOACHLOMY 0)OIGHUYMEI.

Haykose i npakmuune 3HAueHHA pobOmMu noisgeamume y po3podyi HOB020 NiOX00Y 00 PO3ULUPEHHS
eKONI02TYH020 (PIIOMY MA OYUWeHHS MOPCbKUX [ PIUKOBUX aAK8AMOPIll 610 3a0pYOHEHH L.

Ilepcnekmueu nodanvuux 00Cai0NCeHb ABMOPI8 NONAAMUMYMb Y SUSHAYEHHI GNIUBY 2I0PONO2IUHUX |
€KO02IYHUX 0CcobIUBOCHEl BOOHUX OACEUHI8 HA NPOEKMHI XAPAKMEPUCTUK NAA8YUUX EMKOCTEIL.

Kntouoei cnosa: exonoziunuii prom, niacmuxose cmimms, akeamopii, npOEKMy8anHs, MOOepHI3aYisl.
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