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Abstract. The humanity of world society demands more safety in all spheres of activity including sea transport.
So the vessel safety when collision is very important. This work is devoted to the problem of construction safety
when collision. There are presented the results of energy consuming bow devise when collision computer preliminary
calculations with the help of Finite Element Method program and a base formula to calculate an energy capacity of such
a devise. Object of research — is an energy consuming bow devise when collision that not only consume own energy
when destruction, but increase the total area of contact aboard the rammed vessel and energy dispersion due to increase
of strike time. The actuality of this research direction — construction safety of ships when collision is conditioned by
the big annual losses because of this kind of damages. Every year as a rule 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 usage of vector rigidity conception and offered energy consuming devise for transport vessels
bow parts when the contact at collision has started not with the solid bulb underwater structure of ram vessel but with
heir forepeak and forecastle constructions (over the water surface) that should be destroyed firstly and consume the
certain amount of total strike energy when collision and to increase vessels safety when collision. That conceptions can
be used to increase construction safety of transport vessels when collision for new designed ones and for modernization
of existing ones.

Purpose. Increase of construction safety of transport vessels when collision on the base of using vector rigidity
conception and an offered energy consuming bow devise.

Method. Analytical, numerical.

Results. There were presented the analytical formula to evaluate the destruction energy of offered bow device and its
computer calculation results for a certain example.

Scientific novelty. There were offered the new directions of construction safety development when collision.
Practical importance. Application of the results in practice could increase construction safety of ships when collision.
Key words: ship; bow; construction defense; collision; energy consuming devise.

AHoTtamnis. ['YMaHHICTh CBITOBOI CITITEHOTH BEMAarae OubIne Oe3meku B ycixX cepax TisuIbHOCTI, BKITIOYAl09Hd MOPCh-
KA TPaHCIIOPT, TOMY Oe3MeKa Cy[eH MpH 3ITKHEHHSIX JyKe BaXKIHBa. PoOoTa MpHCBSYCHA akTyalbHIH mpoOiemi
KOHCTPYKTHBHOTO 3a0€3NeUeHHs MiJABUIICHHS OS3IeKH CyIeH NpH 3iTKHeHHSIX. HaBeneHo pe3ynpTaTn po3paxyHKiB
3alPOIIOHOBAHOTO HOCOBOTO EHEProNONIMHAIBEHOTO MPUCTPOIO 32 CHeliaii3oBaHow mporpamoro Ha 0a3zi MKE,
a TakoXx 0a30By aHAJITHYHY 3aJEKHICTb UL PO3PAXYHKY CHEPrOEMHOCTI TAKOTO MPHCTPOIO B pasi 3ITKHEHHS Cy/ICH.
OO’ €eKT TOCTIKEHHS — HOCOBHIT €HEpProNONIMHAIEHHI IPHCTPil TPAHCTIOPTHHX CYJICH, SIKMiT B pa3i 3ITKHEHb HE JIUILe
TIOTTHAE SHEPTiI0 NIPY BIACHOMY PyHHYBAaHHI, a i 301IIbIIY€ ITONTYy KOHTAKTHOI UMK Ha 6OPTY POTapaHEeHOTO CY/I-
HA 1 pO3CitOBaHHS CHEPTii 3aBISKH TPUBAIOCTI Yacy yaapy. AKTyaJdbHICTh TEMaTHKH OS3MEKH CYJCH IPH 3ITKHCHHIX
3yMOBJICHA BEJIMKUMU IIOPIYHUMH BTPAaTaMH 33 TAaKHX BHIIB aBapii. ILlopoKy mp¥ 3iTKHEHHSX THHYTh TIoHA 20 BelH-
KUX CYACH i IECATKH OTPUMYIOTH CEpPil03HI MOIIKO/PKEHHS, 3aBAAI0YN TAKUM YHHOM BEIMUYE3HY MOPATBHY, CKOHOMIUHY
Ta eKOJIOTIUHY IIKOLY.

BuKOpHCTaHHS TaKOTO MPUCTPOIO 1 MPUHIHUITY BEKTOPHOI KOPCTKOCTI JJIsl HOCOBOI KiHIIEBOCTI CyNeH, KO KOHTAKT
TIPH 3ITKHEHHI TOYHMHAETHCS HE 3 )KOPCTKOTo Oyi1b0a Cy/IHa, 110 TApaHUTh, a 3 PyHHYBaHHS HaJIBOJHOI YaCTUHU HOCOBOT
KIHIIEBOCTI, MOKE ICTOTHO IMiIBUIUTH OE3MEKyY Cy/ICH MPH 3ITKHEHHX — iX KOHCTPYKTUBHY O€3IeKY, i BAKOPHCTOBYBa-
THUCSI B IPAKTHII CYTHOOYIYBaHHS TIiJT 9ac MPOEKTYBAHHS 1 MOJEpHI3aIlii CymeH.
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Mema. 30inblIeHHS KOHCTPYKTHMBHOI O€3MEKH TPaHCIIOPTHUX CYJIEH NP 3ITKHEHHSX Ha OCHOBI BHKOPHUCTAHHS
KOHIIENIIii BEKTOPHOT )KOPCTKOCTI Ta 3allPONIOHOBAHOTO EHEPrONONIMHAIBHOTO HOCOBOTO MPUCTPOIO.

Memoouka. AnaniTHdHa, YMCeIbHA.

Peszynomamu. 3anpornoHoBaHa aHaTiTHUHA (POPMYIIa OLIHKK eHEeprii pyiHYBaHHS HOCOBOTO ITPUCTPOIO Ta PE3yNbTaTh
IpUKJany Horo po3paxyHky Ha EOM.

Haykosa Hosusna. 3anporOHOBaHI HOBI HANpsIMH PO3BHTKY KOHCTPYKTHMBHOI O€3IEKM TPAaHCIOPTHHX CYIEH IpU
3ITKHEHHSIX.

Ipaxmuuna 3uauumicms. BUKOpHCTaHHS pe3ynbTaTiB poOOTH Ha MPAKTHUIIl MOXKe 301IbIIyBaTH KOHCTPYKTUBHY 0e3-
NEKy TPaHCIIOPTHHUX CYJICH MPH 3iTKHEHHSX.

Bucnoexu. B pesynbrari nmpoBeneHoi poboTH Oyia miATBepKEHa MOXKJIMBICTh BUKOPUCTAHHS HOCOBOTO €HEPIOIo-
DIMHAJIBHOTO MPUCTPOIO Ta MPHUHIMIY BEKTOPHOI JKOPCTKOCTI PI3HOMAHITHHX €JIEMEHTIB HOCOBOI KiHIIEBOCTI ISt
CYTTEBOTO 3MEHILIEHHSI HIMOBIPHOTO 30MTKY MPH 3ITKHEHHSX CYy/ICH.

Kuio4oBi cjioBa: cyHO; HOCOBA KiHIIEBICTh; KOHCTPYKTHBHHI 3aXUCT; 3ITKHEHHS1; €HEPTONONINHAIBHUN NPUCTPIH.

THE MAIN MATERIAL

In spite of tremendous progress in shipbuilding and
shipment in a last hundred years the ship damages are in-
evitable because of 80% of them are the result of sailors
mistakes [1, p. 5] and collisions are one of the main kind
of total damages so they are inevitable too. For this rea-
son there are not only loss of people, vessels, cargoes but
an environment is subjected by damage too. The environ-
ment is damaged not only by toxic properties and quantity
of cargo but quantity of fuel and lubrication materials on
board of every lost vessel (some times till 1000 tons and
more). For this reason it is so important to develop all main
directions of vessels construction defense when collision.

When to development of side construction defense
when collision it was paid a grate attention especially
during the appearance of nuclear powered vessels [2] and
the requirements of MARPOL 73/78 convention state
a double hull standard for oil tankers the requirements for
bow construction from this position were not enough or
absent. The fact is that a most part of vessels with bulbous
bow (that has a tremendous specific strength and stability
in comparison with construction of rammed vessel side
assemblies) has it before the outline of above water part
of forepeak (see fig. 1a) and reaches rammed vessel side
assembly first. The result of collision with such vessel
as a rule is evident — significant local deformations or
hole in a side assembly of rammed vessel (depends on
the value of strike kinetic energy and parameters of side
assembly) and bulb construction in this situation as a rule
has no any visible plastic deformations.

The presents of plastic deformations of some vessels
bow part side surfaces without any collisions [3] shows that
there practical resources of there parameters are exhausted
(for used construction element thicknesses, materials and
spacing). But at the same time the rigidity of vessel bow
parts in a direction of collision strike is surplus that show
the numerous examples of such accidents.

The practical analysis of transport vessels bow parts
gives an opportunity to make a conclusion that the re-
quirements for there shape and rigidity from a construc-
tion safety position are absent [4, p. 78] in spite of the fact
that most vessels were designed, build and in service in

accordance with the rules of leading classification societ-
ies such as British [5] and German [6] Lloyds Register
of Shipping, French Bureau Veritas [7], Russian [8] and
Ukrainian [9] Register of Shipping.

In fig. 1 there are presented 3 types of vessel bow
parts with different ability to consume strike energy when
collision and in fig. 2 — offered bow energy consuming
device [10].

Such a devise arranged in above water vessel bow
part (for sure not for the high ice class vessels) can not
only consume strike energy from own distruction but to
encrease a total contact area that involve more details
of collide vessels (that increase the consumed strike
energy) and a strike time that lead to more strike energy
dispersion.

The total strike kinetic energy when collision is
distributed between consumed destruction energy of
rammed vessel side assembly and bow part construction
of strike vessel and part of total strike energy is consumed
due to dispersion — including possible shifting and turning
of both vessels. It is evident that it is required to develop
all directions of construction defense in order to decrease
the total damage when collision.

The absence of direct classification requirements to
bow parts topology and rigidity on the way of possible
collision strike decrease there role in a total accident
balance. So in a present time the absence of such
requirements makes it minimum of bow parts consumed
energy when collision and there rigidity in this direction
as a rule is surplus.

It should be mentioned also that bulbous construction
is situate under water surface and when collision the hole
in rammed vessel side assembly is appeared under water
too that is more dangerous that a hole or a big deformation
from the strike of above water part of ramming vessel bow.

In fig. 3 there is shown the sealing conditions of
offered devise model and in fig. 4 — the load distribution
in a strike moment.

In this work there is presented the calculation
example of energy consuming devise that consists of
rectangular steel frame (made of angle bars 200 x 200 x
x 20 millimeters) with a breadth 3,6 meters, 2,8 meters
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Fig. 1. Types of bulbous bows from strike energy consuming position
a — negative example of bulbous bow when collision;
b — positive example of bulbous bow when collision;
¢ — positive example of bulbous bow when collision with energy consuming devise;
A — first contack point of above water bow part of rammed vessel;
B — fixed final point of bow part deformation zone;
AB — deformation zone of vessel bow part when collision;
F — contact area.
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device

height, horizontal steel ropes with 20 millimeters diameter
and 4 support rods (made of circular tube elements
180 x 10 millimeters) with a length 1,6 meters and the
same 4 intermediate supports at a total horizontal load
981 kn. The model parameters for sure can be changed.

The results of this model specialized computer
program based on Finite element method are presented
in fig. 5 and fig. 6.

This devise consumes a certain value of collision
energy and for the expense of contact area increase of
rammed vessel many additional elements such as frames,
diaphragms and other are involved in to deformation
and destruction process and increase the total balance
of construction elements destruction energy till the Fig. 4. Model load distribution
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Fig. 5. Model construction elements shiftings (load 981 Kn)

dangerous size of probable hole when a damaged
compartment will be filled with outside water or leakage
of dangerous cargo and other. Increase of total consumed
construction elements energy means an increase of strike
vessel speed required to produce a dangerous hole. It
means the decrease of vessel loss or significant damage
probability when collision.

It should be mentioned that parameters of this devise
should be taken from support rods loss of stability as
a dominant condition of devise distruction.

Then the own destruction energy of such a devise can

be expressed by formular:
" E
W= “h,
2 7

where n — number of support rods;

E, — Young’s modulus of i-rod element;

Ii — central moment of inertia for i-rod element;
1, — span of i-rod element;
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Fig. 6. Mizes stresses at model elements (load 981 Kn)

W, — sealing coefficient of i-rod element;
h — braking distance of energy consuming devise.

For sure sush a devise is not able to solve all con-
struction safety problems when collision but due to own
distruction energy and encrease of strike time and number
and volume of involved in to deformation construction
elements it is could really decrease the probable damage
when such kind of accidents.

The control of bulbous construction position about
above water forepeak part and there elements regidity (in-
cluding some possible corrugated construction elements)
in strike direction could conduce to ttis problem solution.

CONCLUSIONS

Due to results analysis it was confirmed the ability
of bow energy consuming devise and vector rigidity
conception for different bow construction elements
to decrease the total probable damage when vessels
collisions.
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