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Abstract. Alternative structural materials are of great importance in the construction of small craft. There are
convincing justifications for the effectiveness of their use for certain types of small craft. In the practice of world small
craft construction, high-density polyethylene has long been used as a material for hull structures.

At the same time, there are serious gaps of rationing the parameters of hull structures made of HDPE, which complicates
the process of designing these structures.

Problems are associated with the lack of formalized requirements for structural parameters in regulatory documents,
such as the Requirements of Classification Bodies, including ISO group international standards — Small craft. The
Rules for the Classification and Construction of Small Vessels of the Shipping Register of Ukraine (SRU) and the ISO
Small craft — Hull construction and Scantlings-Part 1: Materials standard do not consider HDPE as a structural material
for small vessels. Turkish Lloyd only comprises temporary rules for the design of HDPE small vessels.

Since the Shipping Register of Ukraine still does not have formalized requirements for HDPE structures, although the
relevant work on the inclusion of requirements for HDPE structures in the rules is currently underway, it requires an
appropriate definition in the technical policy of the SRU, in terms of the use of HDPE as a material for hull structures.
Ignoring this structural material leads to the need for certification of vessels manufactured by domestic manufacturers
outside Ukraine. In this respect, rationing of the parameters of hull structures made of high-density polyethylene is an
urgent task.

The purpose of the work is an attempt to substantiate the application of the approach to normalization of the parameters
of body structures of ISO standards of the Small Craft group.

Since there are no requirements for the structures of small vessels in this standard, a general scheme for determining the
parameters of hull structures adapted to the material used is to be considered. The parameters of the bottom floor with
a longitudinal framing system (panel thickness and section modulus of the beams of the regular set) were additionally
determined by direct calculations and according to the requirements of the Turkish Lloyd.

A comparison of the results is made and conclusions for the application of ISO standards to determine the parameters
of structures of the adapted scheme are proposed.
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AHoTaNifA. AnbTepHAaTUBHI KOHCTPYKIIMHI Marepiaii MaroTh BENMKe 3HAYCHHs y OyIIBHUITBI MaJMX CyJeH. ICHyIOTh
MIePEeKOHINBI OOTPYHTYBaHHS €(EKTHUBHOCTI IX 3aCTOCYBAHHS U OKPEMHUX THITIB CYACH Majoro ¢uoty. Y MpakTHIl
CBITOBOTO MaJlOTO CYOHOOYIyBaHHS ITOCHTH JaBHO BHKOPHCTOBYETHCS V SIKOCTI MaTepially KOPITyCHHX KOHCTPYKIIIH
MOJIIETHJIEH BUCOKOI IIUTBHOCTI.

Pa3om 3 TuM, y CBITOBIH NPaKTHIII HOPMYBaHHS apaMeTpiB KOpIycHUX KoHCTpyKLiit i3 HDPE icHyroTh cepiio3Hi npo-
TaJIMHU, 1110 YCKIIAIHIOE MPOLIEC ITPOEKTYBAHHS JJAHUX KOHCTPYKIIIH.

[IpoGnemu 1oB’s3aHi 3 BIICYTHICTIO (hOpMaizoBaHMX BUMOT JI0 ApaMETPiB KOHCTPYKIiii B HOPMATUBHUX JOKYMEH-
TaX, Takux Ak Bumorn Knacugikamniiiaux opraHis, y ToMy uucii MikHapogaux ctangapTie ISO rpymu Small craft.
V IpaBumax knacudukarii i moOyIoBu Mammnx cyfaeH Perictpy cygHommaBcTBa YKpawHsbl iy cranaapti ISO Small
craft — Hull construction and Scantlings-Part 1:Materials, HDPE y sikoCcTi KOHCTPYKIIHHOTO MaTepiany Ui Malaux



cyaHosYAYBAHHA [[EEREIEGEE]

CyIeH He po3misiaaeTbes. Typeubkuil JInoin MiCTHTh JHIe TUMYAcOBI MpaBWiia JUisi KOHCTPYIOBaHHS MalluX CyAeH
3 HDPE.

Ockinbku, Peructp cyaHoruiascTBa Ykpainu Joci He Mae ¢opMmaiizoBaHuX BUMOT 10 KoHCTpykuiit i3 HDPE, xoua
BIJIMOBIIHI POOOTH MO0 BKJIFOYCHHS BUMOT 10 KoHCTpyKIiit 3 HDPE no cknamy mpaBui 3apa3 BeAyThCs, 3a3HaUCHE
notpe0ye BiINOBIAHOTO BU3HA4YeHHs Yy TexHiuHiil monituii PCY, y yactuHi, mo crocyerbes Bukopucranus HDPE
y SIKOCTI Matepialy KOPIIyCHUX KOHCTPYKIIIH.

IrHOpYBaHHS JaHOTO KOHCTPYKIIHHOTO Marepiany NpU3BOAUTH 10 HEOOXiHOCTI cepTudikalii cyaeH, sIki BUTOTOBIISI-
I0Th BITYM3HSIHI BAPOOHUKHY, 38 KOPIAOHAMH YKpaiHH. Y 3B’SI3KY 3 IIUM HOPMYBaHHS [TapaMeTPiB KOPITYCHUX KOHCTPYK-
1i¥ 3 MOJIICTUIICHY BUCOKOT IIUTBHOCTI € aKTyaJbHUM 3aBIAHHSIM.

Mera po6otu nossirae y cipo0i o0rpyHTyBaHHS HiJIX0/y O HOPMYBaHHsI [TapaMeTPiB KOPILyCHUX KOHCTPYKIIH CTaH-
napriB ISO rpynu Small Craft.

OCKiJIbKH, BUMOTH JI0 KOHCTPYKIIH MallMX CyJEH y 1IbOMYy CTaHIapTi BiJICYTHI, IpHiiMaiacs 3arajbHa cXeMa BU3Ha-
YEHHS [TapaMeTpiB KOPITyCHUX KOHCTPYKLIH aganToBaHa 10 Marepiaiy, 10 3acTOCOBYEThCs. [lapameTpu AHUIIOBOTO
MEPEKPHUTTS 13 TO3A0BKHBOI0 CUCTEMOI0 HAOOPy (TOBIIKHA MMaHECH Ta MOMEHTH OIOPY 0aJoK PeryisipHOro Habopy)
JIOJaTKOBO BU3HAYAJIUCS NIPSIMUMU PO3paxyHKaMu Ta 3a BUMoramu Typeubkoro Jlnony.

BukoHaHO MOpIBHSHHS Pe3yJ/bTaTiB Ta 3alPOINIOHOBAHO BUCHOBKH II[O/I0 3aCTOCYBaHHS JUIs BU3HAYECHHs NapaMeTpiB
KOHCTPYKIIH ajanToBaHoi cxemu cranaaptis [SO.

KurouoBi ci1oBa: mani cyaHa, KOPITyCHI KOHCTPYKIiT, BAMOTH IO KOHCTPYKIIil, MOJIETHIICH BUCOKOI IIIBHOCTI, CTaH-

naptu [SO.

SUBSTANTIATION OF THE PROBLEM

Currently, when designing small vessels with high-
density polyethylene (HDPE) structures, a number
of problems associated with determining the strength
dimensions of hull structures arises.

The problems are associated with the lack of for-
malized requirements for structural parameters in regu-
latory documents, such as the Requirements of Clas-
sification Bodies, including ISO international standards
of the Small Craft group. For example, the Rules for
the Classification and Construction of Small Vessels of
the Shipping Register of Ukraine [1] and the ISO Small
craft — Hull construction and Scantlings-Part 1: Mate-
rial standard [2] does not currently provide for HDPE as
a structural material for small vessels. There are tenta-
tive rules for polyethylene craft in Turkish Lloyd (TL)
[3]. The situation with certification of small vessels with
HDPE structures currently provides for a special review
procedure by the classification authorities, which creates
certain obstacles to the dissemination of this material in
small craft construction. In view of the above, it is con-
sidered expedient to create and approve engineering algo-
rithms for determining the parameters of the structures of
the ship hull structures.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

It should be noted that the SRU is currently working
at the implementation of these requirements for HDPE
design in to the rules [1]. Small vessels supervised by
these Rules have a number of restrictions on the use of
HDPE. The peculiarities of the material causes doubt
in the possibility of its use for sailing and motor yachts
due to the difficulty of providing aesthetic criteria. At the
same time, high efficiency of HDPE application for ser-
vice, traveling, patrol and unmanned small craft, is indi-
cated in [4].

Figure 1 shows the performance indicators of the
material considered in comparison with conventional.
The indicators take into account the full range of applied
materials for structures of small vessels from design to
disposal at the end of operation. Since the service life of
different materials of hull structures differ significantly,
the comparison regarding the relative costs per 1 year of
operation will be more indicative. See Figure 2.

UNSOLVED PARTS OF THE GENERAL
PROBLEM

The General requirements for the design of HDPE
small vessels are to be established and approved by the
classification structures, which allow, within the frame-
work of general certification, to harmonize the parameters
of the structures with the rules of supervisory authorities.

THE PURPOSE OF THE ARTICLE

The purpose of the article is aimed at analyzing the
existing practices of rationing the parameters of HDPE
structures and offering a unified approach to rationing the
strength dimensions of structures of small vessels.

PRESENTATION OF THE PRINCIPAL
MATERIAL

In general, direct calculations are required (that
imply both appropriate experts and software), which are
not available for most designers of small vessels, and,
moreover it involves the counterparties that result in
higher cost. For the normal operation of designers, when
creating small vessels with HDPE structures, it is neces-
sary to supplement the Rules and relevant standards with
requirements for the material under consideration and its
structures in a form accessible to designers.

To create appropriate sections of regulatory docu-
ments that allow direct design of hull structures made of
HDPE, it is necessary to develop and include the follow-
ing additional sections into the standards:
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Figure 2. Relative costs per year of service of structures

1) Requirements for the physical and mechanical
characteristics of HDPE used for the manufacture of
structures taking into account technological features;

2) Requirements for production conditions and tech-
nological process;

3) The scheme for determining the strength dimen-
sions of the elements of body structures (thicknesses of
panels of cladding and decking, moments of inertia and
section modulus of the set beams);

4) The amount of allowed stresses for individual
structural elements.

1. Requirements for the physical and mechani-
cal characteristics of HDPE used for the manufacture
of structures can be considered formalized, taking into
account the availability of manufacturers of this material
certificates of compliance with international standards
(for “marine” use). The relevant material characteris-
tics presented by the manufacturer can be used directly

to determine the strength dimensions of the elements of
the ship’s hull. Characteristics are defined for both, rotary
and welding technologies.

2. The conditions for the production of structures and
restrictions on the technological process are also regu-
lated by the manufacturers of the material.

3. The determination of the strength dimensions of
hull structures depends on the magnitude of the design
loads acting on the hull structures. Currently, the value
of the design loads, regulated by the requirements of ISO
standard [5], is considered quite correct and is used for
direct calculations of structures. According to the algo-
rithm for calculating external loads, their value depends
on the purpose of the vessel, the geometry of the hull, the
area of operation and the speed of navigation.

In the near future, the development of small HDPE
craft involves the creation of vessels with a dynamic
mode of navigation. In this respect, we are primarily



interested in the dynamic component of the load. The cal-
culated dynamic pressure. Impact pressure is a function
of the following 11 parameters:

P,,=f(C.Ly, By, B.A4,V.p1b,1Lk,) where:

— C — Parameter for the area of operation;

— L, — Length of the waterline;

— By, — Waterline beam;

— B,— Chine beam, supporting width;

— A — Displacement mass;

— V' — Maximum speed for a given displacement;

— B — Deadrise angle;

— 7— Running trim angle;

— b — Shorter dimension of plate;

— [ — Unsupported longer dimension of plate panel;

— k, — Pressure distribution factor.

An alternative determination of the design load
(according to TL [3] recommendations) involves defin-
ing the design load according to the nomogram, taking
into account only two parameters — the length of a ves-
sel and the speed of navigation. Other object parameters
are ignored. The computational algorithm should be per-
ceived as an attempt to assign restrictions “from above”.

Since the main task of creating formalized require-
ments for hull structures of small vessels is the emergence
of these requirements as a part of current standards, the
ISO standard algorithm should be considered applicable
when designing structures with HDPE.

Algorithm for determining the strong dimensions of
hull structures for plates and beams of the framing, man-
ufactured from isotropic material, looks quite simple.
The thickness of the sheathing and decking plates, the
necessary moments of inertia and the resistance points
of the set beams are determined. The permissible stress

cyoHoeYAYBAHHA [EEREEGEE]

is assumed at the level of 90% of the yield strength of
the material or 60% of the tensile strength. The ques-
tion arises of applying this algorithm to determine the
dimensions of structures from the material under con-
sideration.

The simplest test of the adaptability of the algorithm
is possible by comparing the parameters of the strength
dimensions of the structural elements for a particular ves-
sel in comparison with the results of direct calculations.
It is clear that this scheme is applicable only for a rough
assessment of the possibility of adapting the algorithm.
For the sake of comarison, a plate of bottom plating and
beams of a longitudinal regular set where chosen. Its
required thickness and parameters of the longitudinal set
are determined by direct calculation and in accordance
with the requirements of the standard. In parallel, the
required thickness is determined according to the recom-
mendations of the Turkish Lloyd [3].

The project boat (GS 7300 Project) with the follow-
ing main dimensions was chosen as an object for calcula-
tions. See Table 1.

Table 1. The main dimensions of the vessel

Akg

L,,m|L, ,m|B,,m|B, ,m|T.,m B.,m |V, knot

7,3 | 6,34 | 2,45 | 2,3 0,3 | 2500 | 1,92 30

The vessel was designed by the company “Gulf
Stream” (Nikolaev). The appearance and shaping of the
body are shown in Figure 3 and 4.

The calculated load was determined both by the ISO
standard algorithm and by the Turkish Lloyd standards.
The design is provided for welding, with a longitudinal

Figure 3. Outward appearance of the vessel
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Figure 4. Shaping of the body

framing system. The space on the transverse frame is
fixed — 1000 mm. Stringer space varies from 200 to 400
mm. Variations of spars are necessary to take into account
the dynamic component of the external load. This adjust-
ment is made according to the ratio of the size of the
loaded plate. Permissible stresses were assumed as fol-
lows — Table 2.

Table 2. Maximum design stress

Material HDPE
c,,MPa 25
G, MPa 225

The values of the design loads depending on the size
of the space and the results of calculations of the required
plate thickness are given in Table. 3.

Table 3. Design loads and required plate thickness

l,mm 1000
b,mm 200 300 400
P, kN | m* 69,9 54,9 452
T 7.9 10,5 12,7

Direct calculations of the required plate thicknesses
were carried out by the finite element method (ANSYS)
under the influence of design loads. For similar sizes
of spars, the thickness of the plate varied. Iterations are
suspended when the maximum values of the permissible
voltages (22.5 MPa) were achieved. Results are referred
to Table 4.

Table 4. Required plate thickness (calculated)

l,mm 1000
b,mm 200 300 400
P, kN /m*| 69,9 54,9 45,2
t M 6,8 9,3 11,4

Thicknesses determined in accordance with the
requirements of TENTATIVE RULES FOR POLYETH-
YLENE CRAFTS 2014Turkish Lloyd in [3] are shown
in Table 5.

Table 5. Required panel thickness (TL)

I, mm 1000
b,mm 200 300 400

P kN | m’* 447
T 8,1 12,2 16,2

A comparison of the required thicknesses is shown in
the diagram, see Figure 5.

The required plate thicknesses, determined by the
calculation method, according to the requirements of
the ISO standard and according to the recommendations
of the TL with different sizes of spars diverge quite sig-
nificantly. The ISO requirements and TL recommenda-
tions exceed the calculated panel thickness values of
200, 300, 400 mm, 36 and 67%, 32 and 60%, 50 and
100%, respectively.

The regulatory requirements (ISO and TL) for regula-
tory strategies are “constraints from above». The increase
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in discrepancy with the growth in the space size is due to
the same reasons. In general, the requirements of the ISO
standard for panel thickness in this case may be consid-
ered justified, and TL recommendations excessive.

The question of permissible stresses for the material
of structures, first of all, is associated with the high mal-
leability of polyethylene, since the rationing of strength
is quite reasonable. In Figure. 6-8 shows the stress and
strain diagrams for the calculated case under considera-
tion, with spaces of 200, 300, 400 mm.

According to the simulation results, it was estab-
lished that with an estimated space of 200 mm. the plate
is affected by a pressure of 69.9 MPa, while a voltage of
22.6 MPa and a maximum deformation of 8.5 mm occur
in the plate.

Increasing the calculated space to 300 mm and 400
mm causes stresses of 22.5 MPa and 22.6 MPa and defor-
mations of 13.3 mm and 18.7 mm, respectively.

Direct calculations of the required elements of lon-
gitudinal stiffeners were carried out by the finite element
method (ANSYS) under the influence of calculated linear
loads. For similar spar sizes and previously obtained bot-
tom plate thicknesses, the width of the attached belt was
calculated. The required ISO value of the section modu-
lus was taken according to the appropriate standard.

Subsequently, the height of the wall of the stiffener
was varied with a constant thickness of 10 mm. Iterations
stopped when the maximum values of the permissible
voltages (22.5 MPa) were reached. Stiffeners were simi-
larly selected in the case of direct calculation and calcula-
tion according to TL requirements. The dimensions of the
attached belt in all cases were accepted according to the
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requirements of the ISO standard. Results are presented
in Table. 6.

Table 6
[,mm 1000
b,mm 200 | 300 | 400
ISO Small craft
P, kN | m* 69,9 54,9 452
by, M 7,9 10,5 12,7
w, mm 99,6 132,3 160,1
SM,cen’ 51,8 61 67
t/h, mm 10/143 10/149 10/153
MCE
- 6,8 9,3 11,4
w, mm 85,7 117,2 143,7
SM,cn’ 51,8 61 67
t/h, mm 10/143 10/146 10/148
o, MPa 22,13 22,23 22,11
TL
P, kN | m® 100
1y, M 8,1 12,2 16,2
w, mm 102 153,7 204,2
SM ,en’ 74 111 148
t/h, mm 10/173 10/201 10/226
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Figure 8. Stress and displacement diagrams at 400 mm space
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Figure 11.
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Figure 13. Comparison of the required section modulus values



In this case, the final calculations of the stress values
for the asymmetrical beam were calculated separately,
based on the data obtained as a result of simulation. The
simulation results can be found in Figures 9, 10, 11, 12.

Comparison of the values of the required resistance
moments is shown in Figure 13.

The section modulus determined by the require-
ments of the ISO standard and the calculation method are
almost the same. The section modulus determined by the
TL Rules is much higher. First and formost it is due to
excessive design loads.

CONCLUSIONS

The results of the study demonstrate the possibil-
ity of adapting the requirements of the ISO standards
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of the Small craft group for the design of high-density
polyethylene hull structures for small vessels. It is advis-
able to conduct more extensive research with the inclu-
sion of frame connections in their area. It is necessary
to additionally consider the requirements for permissible
stresses and deformations of structures manufactured
from HDPE.

Since the studies were conducted at the stresses
allowed at 90% yield strength of the material and the
deformation where quite significant, in future, it is con-
sidered appropriate to conduct research on their limita-
tions in real structures. For this material, the issues of
regulation of allowed stresses and deformations are quite
important.
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