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Abstract. The shipbuilders all over the world try to increase water transport safety in all directions and spheres of
activity. So the vessel safety when collision is one of them and is very important. This work is devoted to the problem
of side construction safety when collision. There is presented a development of topside tank construction idea with an
increased breadth in a top part of side assembly (in comparison with double side breadth at the waterline level). That
gives not only an opportunity to increase the total destruction energy when collision for nearly all kind of vessels but
for some of them as containerships to increase a deck cargo capacity (in the case of stability deficit absence) and the
results of this construction calculations. Except it the results of energy consuming side rope devise when collision
computer preliminary calculations with the help of Finite Element Method program was presented.

Object of research — is an energy consuming topside tank with an increased breadth in a deck region and possibility
of this new structure to suffer an additional 120 tons container load from additional row of containers both sides
for containerships. In addition — is a rope side energy consuming device when collision that can be an element of
construction defence too.

The actuality of this research direction — construction safety of ships when collision is conditioned by the numerous
annual losses because of this kind of accidents.

Every year more then twenty significant size vessels are lost and dozens have the hard damages because of this kind of
accidents that lead to tremendous moral, economic and ecology damages.

The suggested expended outside topside tank construction and offered rope side energy consuming device for transport
vessels in collision accidents will be destroyed firstly and consume the certain amount of total strike energy when
collision and increase vessels safety and decrease the probable damage.

That conceptions can be used to increase construction safety of nearly all kind of transport vessels when collision for
new designed ones and for modernization of existing ones.

Purpose—is an increase of construction safety of transport vessels when collision on the base of using expended outside
topside tank construction conception and an offered energy consuming rope side device.

Method- analytical, numerical.

Results. There were presented the analytical formula to evaluate the destruction energy of offered rope side device and
its computer calculation results for a certain example and construction calculation of side assembly with additional row
of containers.

Scientific novelty. There were offered the new directions of construction safety development when collision that can
be used nearly for all kind of ships.

Practical importance. Application of the results in practice could increase construction safety of ships when collision
and decrease the total damage for people, vessels, cargoes and environment.
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Amnoranis. CyrHoOyiBHUKH BChOTO CBITY HaMararoThCs 30UTBIINTH Oe31eKy Ha BOJHOMY TPAHCIIOPTI y BCX HAIpsIM-
Kax Ta cdepax IisTIbHOCTI, TOMY Oe3leka Cy[eH IpH 3iTKHEHHSX € OJHHMM 3 HUX 1 Ayke BaknuBa. PoOorta mpucss-
YyeHa npoOiemi OOpTOBHIT KOHCTPYKTHBHOI O€3NeKH NpH 3iTKHEHHSX. [IpencTaBieHO pPO3BUTOK i€l KOHCTPYKLIl
iananryOoHol HUCTepHH 31 30UTBIICHOI0 IIMPHUHOIO Y BEPXHil YacTHHI G0OPTOBOTO NEPEKPUTTS (B IOPIBHIHHI 3 IIHPH-
HOIO TIO/IBiifHOTO OOpPTY Ha piBHI BarepiiHii). L{e 1ae MOXITMBICTH HEe TUTBKM 30UIBIINTH €HEPTil0 PyHHYBaHHS ITij1 4ac
3ITKHEHHS MaiiXKe JUIsl BCIX THIIIB CYIB, aje ISl IesIKHX, SIK KOHTEHHEPOBO3H, 301IbIINTH NayOHY BaHTaKOMICTKICTh
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(y pasi BigcyTHOCTI AeinuTy CTIHKOCTI) 1 pe3ysbTard po3paxyHKiB 1i€l KOHCTpYKIii. Takox HaBeAEHO pe3ysbTaTh
PO3paxyHKiB IPOIOHOBAHOTO OOPTOBOTO TPOCOBOTO €HEPIOINOIIMHAIOYOTO IIPUCTPOIO 32 CIIEiali30BaHO0 Iporpa-
Moto Ha 6a31i MKE.

OO0’ €eKT JOCIIPKEHHS —eHEPIoNONIMHAI0Ya KOHCTPYKIIsI MiINayOHOT IIMCTEPHU 31 301IbILIEHOI0 IMPUHOIO Y BEPXHIH
4acTHHI OOPTOBOTO MEPEKPUTTS Ta MOMKIIMBICTH 11i€] HOBOT KOHCTPYKIIT BUuTpuMyBaTH 120 TOH IMTOMOTO KOHTEiHep-
HOT'O0 HaBaHTa)XEHHs BiJl JONATKOBOTO PsJy KOHTEHHEpIB Ha KOKeH OOpT KoHTelHepoBo3a. Ha nonarok — 6oproBuit
TPOCOBHH €HEPrONONIMHAIOUMIA MPUCTPIH, KUl NP 3ITKHEHHSIX TAKOXK MOXKe OYTH €JIeMEHTOM KOHCTPYKTHBHOTO
3aXHUCTY.

AXTyaJIbHICTb JaHOT TEMAaTHKH — O€3MEKH Cy/IeH NP 3ITKHEHHSIX, 00yMOBJIEHA BEJIMKUMH ILOPIYHUMH BTpaTaMH NpU
TaKux Bujaax apapii. [1lopiuHo ruHe Mpy 3ITKHEHHSX ITOHA/L IBAISITh BEIUKUX CYJIEH 1 AECATKH OTPUMYIOTh CEpHO3HI
TIONIKO/PKEHHSI, 3aBIal0YX THM CAMUM BEJIHUYE3HOT MOPAJIbHOI, CKOHOMIYHOT Ta SKOJIOTIYHOT IITIKOJTH.

[IporoHOBaHI KOHCTPYKIIisl eHEPTONONIMHAIOUOT MiANAITyOHOT IUCTEPHH 31 301IBLISHOI0 INUPHHOIO Y BEPXHIN YacTHHI
OGOPTOBOTO MEPEKPUTTSI T4 OOPTOBOTO TPOCOBOTO €HEPTONONIMHAIOUOTO TIPUCTPOIO MPH 3ITKHEHH] PyHHYBAaTUMYThCS
HUMOBIpHI 30MTKH.

i koHCTpYKILiT MOXKYTh OyTH BUKOPHUCTaHI JJIsl MIABUILEHHS! KOHCTPYKTUBHOT O€3IEeKH CyAeH NPH 3ITKHEHHI SIK IS
HOBHUX ITPOCKTOBAHUX, TaK 1 /I MOICPHI3aIlil ICHYOUHX.

Mera — 3011bLIEHHS KOHCTPYKTHBHOI O€3I1€KH TPAHCIIOPTHHUX CYAEH IPH 3ITKHEHHSX Ha OCHOBI BUKOPHCTAaHHS KOH-
Henuii KOHCTPYKIIi 3 pO3LIMPEHOIO MinanyOHO0 HUCTEPHOIO Ta 3alPOIIOHOBAHOTO €HEPrONOIMHAIYOro OOPTOBOTO
TPOCOBOTO MPUCTPOIO.

Meroauka — aHaIITHYHA, YHCENIbHA.

Pesynbrartu — 3ampornoHoBaHi aHamiTHYHa GopMylia OLIHKK eHeprii pyiHHyBaHHS OOPTOBOTO TPOCOBOI'O MPHCTPOIO Ta
Ppe3yJabTaTH MpUKiIay ioro po3paxyHky Ha EOM, a Takox po3paxyHOK KOHCTPYKIiT OOpPTOBOTO MEPEKPUTTS 3 T0AAT-
KOBHUM DsIZIOM KOHTEHHEPIB.

HayxoBa HOBM3Ha. 3arporoOHOBaHI HOBI HANpPSMKH PO3BUTKY KOHCTPYKTHUBHOI O€3MEKH TPAaHCHOPTHUX CyAEH NpHU
3ITKHEHHSIX.

BuchoBku. B pesynbrari npoBeneHoi poboTH Oyiia migTBepAKeHa MOXKINBICTE BUKOPUCTAHHSI OOPTOBOIO TPOCOBOTO
€HEProIoNIMHAIYOT0 IPUCTPOIO Ta PO3MILLEHHS JONATKOBUX KOHTEHHEPIB Ha MiANanyOHill HUCTEpHI 31 301IbIIEHOI0
HIMPUHOIO y PallOHI BEPXHIH nmayyou.

[pakTryHa 3HaYMMICTh. BukopucTanHs pe3ynbrariB poOOTH Ha HPAKTUII MOXKe 301IbIIyBaTH KOHCTPYKTUBHY Oe31eKy
TPaHCIIOPTHHX CY/EH MPH 3ITKHEHHSX Ta 3MEHIINTH 3arajibHi 30UTKHU JUIsl JFO/IEH, Cy/IeH, BAHTaXKIB Ta HABKOJIMIIHEOTO
CepefoBUIIA.

KurouoBi ciioBa: cynHo; 00pT; KOHCTPYKTHBHUHN 3aXUCT; 3ITKHCHHS; CHEPTOMOTIMHAIOUNI IPUCTPIH.

THE MAIN MATERIALS

During the last hundred years there was a great pro-
gress in construction safety of vessels especially in dou-
ble hull conception. But it requires significant additional
resources and building cost. That is a fact that this con-
ception is not able to exclude completely the loss of ves-

ones. A great attention and development of side construc-
tion defence when collision has practically started with
the appearance of nuclear powered vessels[2] in 50-th
of 20-century and the requirements of MARPOL 73/78
convention that has stated a double hull standard for oil
tankers and other vessels intended to carry dangerous

sels due to this kind of accidents because of possibility
sometimes of tremendous collision energy and losses are
inevitable because of 80% of all accidents are the result
of sailors mistakes[ 1, p.5]. Collisions are one of the main
kind of total damages so they are inevitable too. For this
reason there are not only loss of people, vessels, cargoes
but an environment is subjected to damage too. The col-
lision energy spectrum is very wide and sometimes the
hole depth reaches a half of rammed ship breadth or more
but it is required to fight for any part of this spectrum. For
this reason it is so important to develop all main direc-
tions of vessels construction safety when collision.

A history of double side conception has started in
19-th century but did not became popular because of a
building cost increase in comparison with a single side

cargoes. Currently the double side structures are in a big
demand [3] for many kind of vessels not only because of
side defence but for ballast arrangement and improving
the technology of cargo operations. The idea to increase
a side construction safety when collision by breadth of
double sides for the total depth of a hull is possible but
in practice is limited by weight of additional construc-
tion and hull resistance that means a building cost and
operation expenses increase. It is better to use suggest-
ed expended outside topside tank construction [4] that
increase the breadth of hull not for all the depth but only
for it top part. It gives an opportunity not to increase a
hull resistance and weight of construction under tank top.
First of all this construction is recommended for oil tank-
ers especially if the bow rigidity and topology recommen-



dations [5] for all kind of vessels will be used. Except it
the vessels like containerships will receive an additional
deck cargo capacity because of the vessel breadth incre-
ment at the upper deck level The breadth increment for
one additional row of containers each side means the total
increase of deck containers number n :

n=2mh

Where m — is a number of bays with additional con-
tainers h — is a tier number with additional containers

For sure it is possible to realize this idea only at a
stability deficit absence.

Additional containers gives an additional loads and
for this reason there was calculated a new type side
assembly with a help of Finite Element Method computer
program with maximum possible load 120 tons per one
container area for 6 tiers of TEU additional containers.

The fact is that a leading classification societies such
as British[7] and German[8] Lloyds Register of Shipping,
French Bureau Veritas [9], Russian[10] and Ukrainian
[11] Register of Shipping have no special requirements
for such constructions and there computer calculations
have a certain interest [12].
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In fig. 1 there are presented thicknesses, load and
fixing conditions of containership topside tank with an
increased breadth in a deck region and in fig.2— offered
computer modal of it.

In fig. 3 there is shown an example of Mises stresses
calculation in the deck of containership and topside tank
with increased breadth from the load of additional con-
tainers (120 tons of one six containers tier). In the contact
areas of load transfer there were installed the additional
plates 225x155x40 mm.

In fig. 4 there is shown an example of Mises stresses
calculation in a veb frame of side assembly with a breadth
increased topside tank.

An analysis of the results confirmed the possibility
of additional number of containers installation on the
increased breadth topside tanks both sides of contain-
ership and identified the construction areas with maxi-
mum level of stresses and allowed to formulate a num-
ber of recommendations for the design of such tanks.
In particular, the strength and stability of frame webs
should be encreased and in the lower part of the topside
tank it should be installed additional knees or changed
its geometry.

Fig. 1. Thicknesses, load and fixing of containership topside tank with an increased breadth in a deck region
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Fig. 3. Example of Mises stresses calculation in the deck of containership and topside tank with increased
breadth from the load of additional containers
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Fig. 4. Computer calculation results of stresses in the frame of topside tank of containership from the additional

number of containers.

Another mean [4,13] to increase the safety of ships
when collision can be rope device located on the boards
along the length of the cargo zone, for example, for oil
tankers, as for one of the most dangerous type of trans-
port vessels.

In fig. 5 there is shown the model of located along the
shearstrake rope energy consuming device and fix condi-
tions of finit elements.

Rope devices are installed on the outside of the hull
and there stays are on the transverse frame girders region,
for example, diaphragms to ensure the rigidity of their
incorporation. Spacing and height of the stays are deter-
mined from the conditions of the functionality and defor-
mation ability of rope device. The gap of the place of
contact with the outside shell plating of the rammed ves-
sel and bow of the strike vessel is considered to be zero
when the ropes will be broken. The conditions of rope
fixing on stays are obtained constructively and guarantee
to almost all elements of device to take part in collision
energy consumption.

Figure 6 presents the results of the rope defence
device computer calculations (3 steel ropes with a diam-
eter 40 mm, load 98,1Kn).

The stresses in all elements of a rope system con-
firm that in the compensation of collision energy all

the elements of the system take an active part. Figure 7
presents the results of Mises stresses calculation in the
structure of the ship in the area of contact when the
collision.

A rope device consumed energy when collision can
be evaluated by formula:

W=0,5nP,,D (kj)

Where n — is a number of ropes in device

P,..«-1s one rope breaking force projection to rammed
vessel side perpendicular, kn

D - is a distance between device ropes and defended
hull plates, m

Of course, such a system does not solve all problems
of construction safety, however, as its consumption of
collision energy and increase the time of contact of the
strike and turning moment when non central strike can
reduce the damage consequences in this type of accidents.

CONCLUSIONS

The analysis confirmed the possibility of topside tank
with an increased breadth in a deck region not only to
consume more energy when collision but to increase a
deck cargo capacity as for containerships. The rope side
defence device can be used to reduce the possible damage
consequences when collision of ships.
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Fig. 5. Model of rope energy consuming device and fix conditions of finit elements
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Fig. 6. The results of the computer program calculation of rope defence device for oil tanker.
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Fig. 7. Stress distribution in ship construction, in the area of the rope system

REFERENCES
Aleksandrov, M.N. (1983) Bezopasnost cheloveka na more. [Human Safety at Sea]. Leninrad.Sudostroenye.[in Russian]
Volkov, N.N., Kodatskyi, S.B. (1971) Konstruktivnye osobennosti atomnyh sudov. [Construction features of nuclear-powered
ships]. Leningrad.Sudostroenie. [in Russian]
Barabanov, N.V., Turmov, G.P. Konstrukcija korpusa morskih sudov. [Hull construction of sea-going vessels].Saint
Petersburg.Sudostroenie. [in Russian]

Mihajlov,B.N. (2007 )Puti povishenija energoemkosti bortovih I palubnih perekritiy sudov pri stolknoveniyah. [The ways
of side and deck assemblies consuming energy increase when collision]. Nikolaev. Zbirnyk naukovykh prats Ukrainskoho
derzhavnoho morskoho tekhnichnoho universytetu. No. 6. (417) pp. 41-44. [in Russian]

Mihajlov,B.N. (2001) Trebovanija konstruktivnoj bezopasnosti pri stolknovenijah dlja nosovyh okonechnostey sudov.
[Structural collision safety requirements for bow ends of ships]. Nikolaev. Zbirnyk naukovykh prats Ukrainskoho
derzhavnoho morskoho tekhnichnoho universytetu. no. 5.pp. 78-79. [in Russian]

Mihajlov,B.N.(2021). Konsepsiya vektornoy zhostkosti nosovih okonechnostey sudov pri stolknoveniyah. [Bow vector
rigidity conception for ships when collision]. Nikolaev. Zbirnyk naukovykh prats Nasionalnoho universytetu korablestroenija
imeni admirala Makarova. no. 3.(486) pp. 3-7. [in English].

Lloyd’s Register Marine and Shipping. (2012).Retrieved from: https://www.Ir.org/en/marine-shipping/
Germanischer Lloyd. (2018). Retrieved from: https://www.dnv.com/
Bureau Veritas Certification. (2018). Retrieved from: https://certification.bureauveritas.com/

Pravila klassifikacii I postrojki morskih sudov. (2021). Rossijskij Morskojj registr sudohodstva. [Russian Maritime Register
of Shipping]. Chast II. Saint Petersburg.[in Russian]

Rehistr sudnoplavstva Ukrainy. (2020). Pravyla klasyfikatsii ta pobudovy morskykh suden. Tom 2. Kyiv. [in Ukrainian]
Mykhailov. B.N., Lutsenko. A.A., Cai. Ziqing. (2019). Rezervi palubnih konstruksiy sudov s bolshim raskritiyem palub.
[Deck construction reserves of large opening deck vessels]. Modern technologies of design, construction, operation and
repair of ships, marine technical means and engineering structures. Mykolayiv. Admiral Makarov National University of
Shipbuilding; materials of international conference on 23-24 of may, 2019, NUS, pp.104-107. [in Russian]



| N2 2w 2022 | 3BIPHNK HAYKOBWX MPALIb HYK ISSN 2311-3405

Mihajlov,B.N., Lutsenko. A.A., Ye. Chencun. (2019). Bortovoye zaschitnoye ustroystvo pri stolknoveniyah sydov. [Side
defence device when ship collisions]. Modern technologies of design, construction, operation and repair of ships, marine
technical means and engineering structures. Mykolayiv. Admiral Makarov National University of Shipbuilding; materials of
international conference on 23-24 of may, 2019, NUS, pp.101-104. [in Russian]

CIIUCOK BUKOPUCTAHOI JITEPATYPH
Anexcannpos, M.H. (1983). bezonacnocts yenoBeka Ha mope. Jlenunrpaa. Cynoctpoenue. 208 c.
Bomnkos, H.H., Kogaukuii, C.b. (1971.) KoHCTpyKTHBHBIE 0COOEHHOCTH aTOMHBIX cynoB. Jlenunrpaa. Cynocrpoenue. 248c.
bapa6anos, H.B., Typmog, I'.I1. (2002). Kouctpykuus kopmyca Mmopckux cyno. CI16.Cymoctpoenue. T. 2. 471c.

Muxaiinos b.H. (2007) I1yTu nOBBIIIEHUS SHEPTOEMKOCTH OOPTOBBIX M MATyOHBIX MEPEKPBITHI CYIOB IIPH CTOJIKHOBEHHSX.
Hukonaes, HYK, c6.Ne 6. (417) c. 41-44.

Muxaiinos,b.M.(2001).TpeGoBaHHS KOHCTPYKTHBHOM 0€30IIaCHOCTH HOCOBBIX OKOHEYHOCTEH CYIOB IPU CTOJKHOBCHHSX.
COipHHK HayKOBHX Tpallb YKPaTHCHKOTO JeP)KaBHOTO TEXHIYHOro yHiBepcurery. Muxonais. Ne 5. (377). c. 78-79.

Muxaitnos,b.M. (2021). Konnernmist BeKTOpHOT KOPCTKOCTI HOCOBUX KIHI[EBOCTEH Cy[eH NIpH 3iTKHEHHAX. COIpHUK HayKo-
BUX TIpallb HAIIOHAJBHOTO YHIBEPCUTETY KopabneOymyBaHHs iMeHi aaMipana MakapoBa. Mukomai. Ne 3. c. 3-7.

Lloyd’s Register Marine and Shipping.(2012). Buiryueno i3 https://www.lr.org/en/marine-shipping/
Germanischer Lloyd. (2018). Buyueno i3 https://www.dnv.com/
Bureau Veritas Certification. (2018). Buurydeno i3 https:/certification.bureauveritas.com/

IMpaBuia knaccuUKAMKA U MOCTPOHKH MOpckux cymoB.(2021). Poccuiickuit Mopckoii peructp cymoxonctsa. Yacts.Il.
C.I16.326 c.

Perictp cynnomnasctBa Ykpainu. (2020). [IpaBuna xnacudikarnii Ta modynoBu Mopcbkux cyaes. Tom 2.Kuis. 792c.
Muxaiinos, b.M., Jlynenko, A.A., Lait, Huuin. (2019). Pe3epBbl nanyOHBIX KOHCTPYKIUI CYZI0B ¢ OONBIIMM PacKpPHITHEM
nary6. CyqacHi TEXHOJIOTIi MPOEKTYBaHH, TOOYIOBH, EKCILTyaTallii Ta pEeMOHTY MOPCHKHX TEXHIYHHX 3aC0O0iB 1 IHKCHEPHUX
criopya:Marepiani Mexa. Hayd.-TexH. koH}. 23-24 tpasus, 2019. Muxonais, HYK. C. 104-107.

Muxaiinos, 5.M., Jlynenko, A.A., de, Lleusuyn. (2019). BoproBoe 3alMTHOE YCTPOICTBO HPH CTOJIKHOBEHHAX CYIOB.

CyuacHi TexXHONOTIi MPOEKTyBaHHS, MOOYIOBH, EKCIUTyaTalii Ta PEeMOHTY MOPCBKHX TEXHIYHHX 3ac00iB 1 1HXEHEPHHUX
criopya:Marepiany Mex . Hayd.-TexH. kKoH}. 23-24 tpaBHs, 2019. Mukonais, HVK. c. 101-104.

© b. M. MuxaiinoB
Jlata HagXomKeHHs CTaTTi 10 penakuii: 19.07.2022
[lara 3aTBepIDKeHHS CTaTTi 10 ApyKy: 28.07.2022



