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STABILITY OF SHIP’'S CARGO SUSPENSION ARRANGEMENTS

Cargo lifting operations are considered as potelhti@angerous especially when a metacentric
height of the ship corrected due to freely suspénieight and free surfaces of ship’s tanks is dase
zero or even negative. In this article we’ll dissibe main aspects of the ship’s stability regagdihe
safety cargo operations during loading or unloadhepvy-lifts.
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The analysis of ship’s operation shows that caiftjad operations performed by ship’s cranes cdugd
unsafe and dangerous causing sometimes the seirousnstances for the ships. Such operations mageca
large heeling of ship or even its capsizing. In erodtimes capsizing is an accident that is not Bajng often,
but if it happens, the consequences are usualstraphic and ship is lost, quite often with alhtis. on board.

Generally, ship stability system is rather compéda However, in most cases it could be considasd
consisting of four basic elements: ship, environtneargo and operation.

The analysis of ship’s accidents during cargo dpmra shows that they are mostly happened as &t resu
of loss the stability. In addition, the procedufdifting the weights by ship’s cranes requires #eeurate and
proper calculation of the changes in ship’s stgbdind heeling. Such calculation should be reallzefdre cargo
operations and should based on the real figuresetdcentric height GM:.

Picture 1 shows the main reasons of stability astisl

R A s Lack of ship staff competence:

Ship design and approval Faulty assessment of stability

below standards Misinterpretation of stability criteria
Errors in light ship data Meglecting stability criteria
documents intentionally

Errars in cargo information Excessive departure stability

p
Unknown deficient stability
at departure

Known deficient stability at

Excessive stability at
depariure

departure

l M H
[ Additional events: Perils of the sea:

Usuial turning at high Heavy weather
speed

&

Perils of the sea:

Extremely heavy
weather

Unsuitable course
Normal lowing assistance

Usual dry-docking
Usual tank adjustments

Shifting of cargo
Ingress of water

Operational increase of
Qp masses // i
f (i : :
Inappropriate counter Inappropriate counter | Unsuitable ship
L measures measures handling

N ¢ ~

Stability accident 1

Picture 1 — Stability accidents scheme

In order to achieve sufficient level of safety wittspect of stability, all elements creating stgbdystem
have to be taken into account. Taking into accab@tfact, that less than 20 of all casualties are caused by
faulty or bad design of the ship, the existing safequirements that refer mainly to design feawgthe ship
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can not insure sufficient level of safety, in peutar with regard to ships having novel designuezd. The only
way out of this would be to use risk-based apprgath
Let’s consider particularly the main principleshafavy-weight cargo operations.
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Picture 2 — Hoisting distance and slinging heighttop’s crane

The vertical dimension of suspension arrangemethieislinging height. It may become critical amiist
never exceed the available hoisting distance.

The hoisting distance is a vertical distance fréwn top of weather deck hatch covers to the uppest mo
position of the crane hook. This distance is gdhenat critical for very heavy units because therking radius
of the crane must remain small. But it should bec&ed against the slinging height.

The slinging height is the vertical distance frdm bottom of a cargo unit to the crane hook. Itethels
on the length of the employed slings and spreagi@bmations in the suspension arrangement.

In cases where the slinging height is at the lithi¢ appropriate length of the slings must be daterd
accordingly. This may be of particular importanéethe centre of gravity of the cargo unit is out the
geometrical center of the lifting points and sllaggth must be adapted individually.
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Picture 3 — Determination of individual sling lehgt

The stability of suspension arrangement behavesatogy to the stability of a ship. The center @ity
(c.0.g.) must always remain below the metacentdichwis the intersection of all buoyancy vectorssatall
angles of heel and may be looked at a static ceftarspension of the ship.

The suspension where the cargo unit is directlyneoted to the hook by slings may be called a pgmar
suspension. Such arrangements are definitely stiilthee fastening points at the cargo unit arevabihe c.o.g.

If the unit is fastened below its c.0.g., the agement is still stable as long as the c.o.g. it kefpw the center
of suspension (c.0.s.) [2].

For this reason, the worst condition means: thenhemit is hanging with its total weight under the
cranes while the centre of gravity is located ia tbhpe wheel at the end of the jibs with a maximuffing
angle of the jibs. If both cranes are in use thiskimum luffing angle is reached when the cargass petween
the cranes (longitudinal in line with the crand§pne crane is in use the maximum luffing angletha jib is
dependent on the location of the cargo ashore/ambo
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Picture 4 — Unstable complex suspension arrangement

In a complex suspension arrangement, which inclugf@saders or traverses hanging on a primary
suspension, the cargo unit hangs on the secondapgssion. If there is a small horizontal offsethaf c.0.g. in
the cargo unit, the initial small heeling angletleé whole suspension will be amplified by the addal tilting
of the secondary suspension. This effect is sinildhe influence of the liquid free surfaces ah#p and may in
the same way be understood and quantified by gatbia c.0.g. to a virtual position.

The loss in value of the metacentric height (GM)nifact, not real because the positions of thegcand
the transverse metacenter of a ship above keebtlohange. In other words, the loss of a ship’bibty is not
caused by the change in real value of GM as thiicaédistance of the metacenter from the centegratity of
the ship. This expression would be reasonable neersuspended weight correction (SWC).

Hence, freely suspended weight affects on a shiability as so this weight is located at the paift
suspension. In other words, at the very momenuspending, the weight is as though spontaneousiy lup
from the point of its original position to the pbiof suspension. At the same time the ship’s stgh also
decreased. After that the further actual hoistipgon lowering down the freely suspended weight (hg
increasing or decreasing of the suspension lengthhot affect on the ship’s stability anymore.

Taking into account all the above, it might be estlaif a suspended weight were transversally fixed (
example, this suspended weight were lifted by amagbr or it were fastened and secured by ropesp)then
the ship’s stability reduction, at very moment o$§gension, would not occur.

The unstable suspension arrangement will not nadgsgause an accident, because the cargo unit is
stabilized by contact to the slings. However ifréhis a situation where the unit may tilt over raxtare must be
taken to provide the stable suspension.
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Picture 5 — Stability under variation of primarydasecondary suspension

Suspension arrangements consisting of the primasgension of a beam or traverse, connected to the
cargo hook, and the secondary suspension of thgo camit, connected to the beam or traverse, aree mor
sensitive against small transverse deviations@t#rgo centre of gravity than purely primary susjpmns. They
react with a greater tilting angle due to thertitiout of the secondary suspension. These alsoifgnaply
statical heeling of the ship and, moreover, mag eaan unstable condition.

Now we can analyse the vertical secondary suspemngien the mass of traverse is ignored.

In the left part of Picture 6 the cargo unit hasgsight. In the right part it is tilted by the divengle dp
caused by an initially unknown eccentricity e of ttentre of gravity. This eccentricity shall beedlatined as the
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difference between the total shift of the centregodvity and the slewing of the cargo unit, caubgdthe
secondary suspension [3].
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Picture 6 — Virtual position of the c.0.g with iged mass of traverse

GG, = (v+s-2) [do; 1)
e=(v+s—-2)ld¢g-sld¢=(v-2)[dg, 2

v — vertical distance between spreader and the eaftisuspension [m];s — vertical distance between the
fastening points on cargo unit and spreader [m}; vertical distance between the fastening pointsargo unit
and real c.0.g. [m]de — primary suspension angl¥;[ e — eccentricity of the c.0.d]] GG, — distance between
the c.0.g when the even keel of the ship and h#teling at small angle [m].

The distance— 2) below the centre of suspension leads to a painére the eccentricity e alone would
create the new condition of equilibrium. This poisitthe virtual centre of gravity of the cargo uwithin the
suspension arrangement.

If the mass of the traverse is taking into account.

T i vV —z + viiy/mc
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vV —Z + vihr/mc

Picture 7 — Virtual position of the c.0.g. with cideration of the mass of the traverse

The levelz* of the common centre of gravitg* of the cargo unit and the traverse is determiiogd

. me Z+my; IE;, 3)
me +my
mc — mass of cargo unit [tjmy — mass of spreader [t].
The common centr&* moves in the tilted condition t&,*. The distance of this movement is:

G*G* =(v+s-z°) [y . (4)

This movement is the result of the unknown ecceityrie of the centre of gravitys and the slewing
distances [do from the secondary suspension [4]. The eccentriaihay be determined by equalisation with:

_ me e+ sldg
G*G* = . 5
&= ©)
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The solution is: e= [v— z+v%) do . (6)

That means that the virtual centre of gravity isdo by the amount of Chy/mc. The distance to the real
centre of gravity is:

GG, = s—vL . 7
GlsvmC (7

Thus, loading of cargo unit by own ship’s liftingay is quite dangerous lift operation becauséeavéry
moment of hoisting the weight up from berth thendatic decrease in the ship’s stability take pldceddition
the ship might be considerably heeled. Than highsuspended point and heavier this weight thanebitite
stability loss. In addition, than bigger the distarof the weight just suspended by the crane filwanship and
heavier this weight than larger and more dangeheeating might happen.

Consequently the tilting angle of the whole arranget was always equal to the tilting angle of the
secondary slings, namelypd With a sloping secondary suspension the slewingles of the secondary
suspension are different causing an additionahgilbf the cargo unit. This will influence the pisn level of
the virtual centre of gravity in either way, updown.

In conclusion, some recommendations for avoidingtalrle suspended arrangements must be followed.
They are: make the height “v’ of the primary suspen as long as possible; make the height “s”hef t
secondary suspension as short as possible; awgjdtive suspension angles, i.e. the secondarysshkng
narrowing at the base; if in doubt, make a cattateand give a margin of at least one meter ferghsition of
the virtual centre of gravity below the centre o$gension.

The computations have also shown that there renagimeblem in the existing safety regime, as tlaeee
in general no rules for stability in rough weath€here is further not a single stability rule whidflects the
situation that also too much stability in unfavdeafioating conditions is in fact a safety relevambblem that
can lead to severe stability accidents.

The negative effect of unfixed cargo on a shipabsity might happen due to slackening or even
breaking the chains or the ropes by which the @sgeere originally secured, during loading/unlogdin
operations performed by ship’s lifting devices. Thavhy the most effective way to prevent ship’abslity
reduction due to movement of an unfixed cargo ikintpit fastened and secured properly.
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I'em0artnii €.B. CrilikicTh CyTHOBHX CHCTEM 3 MiABilIEHUM BAHTAKEM

Onepariii 3 migifoMy BaHTaXIB € MOTCHIIHHO HEOE3MEYHHMH, OCOOIUBO KOJIM METAI[CHTPHUYHA BHCOTA
CyllHa, BUIPABJICHA 3aBISKU BITHHO IMiABIMNIEHOMY BaHTa)Xy Ta CBOOITHOI TOBEPXHI CYAHOBHUX TAaHKIB,
MPUOMKYETBCS IO HYJIs 00 HaBITh HeTaTUBHA. Y INi€l CTATTI PO3TISTHEMO OCHOBHI aCNEKTH OCTIHHOCTI CynHa
IOAO0 BIAHOMICHHS 10 OC3MeKHM BAHTAXHHUX OMNEpaliii MpOTATOM BAHTAXEHHA Ta PO3BAaHTAXCHHS
Ba)KKOBarOBUKIB.

Ku1r04yoBi ci10Ba: OCTilHICTh, BAXKKOBAroBHK, Mi/IBiC, IEHTP TSKKOCTi, METAIICHTPUIHA BHCOTA.

I'em6aTelii E.B. OcTOHYHUBOCTB CyA0OBBIX CHCTEM C NMOABEIIEHHbIM TPy30M

I'py30BEIC onieparyu Ha CyJIHE SIBISIOTCS MOTCHIMAIBLHO OIACHBIMU, 0OCOOCHHO KOTJa METallCHTPHYCCKast
BBICOTA, C YYETOM IOMPABOK Ha CBOOOJHO MOJBCIICHHBIA I'Py3 W CBOOOJHYIO MOBEPXHOCTh B 0OaJUIACTHBIX
TaHKaX, OJM3Ka K HYJIIO WIK JaXe OTpPHUIATeNbHA. B 3TO# cTaThe pacCMOTPUM OCHOBHBIC ACIEKTHI KaCaTEIBbHO
OCTOWYMBOCTH CyJIHA B OTHOIICHHHM OE30MACHOCTH TPU MPOBEICHHU TPY30BBIX ONCPAIM C TSKEIOBECHBIMU
Tpy3aMH.

KiroueBble cJIoBa: OCTOWYHMBOCTD, TSDKEIOBECHBIM Tpy3, TOABEC, IICHTP TSHKECTH, METAIlleHTpHYECKas
BBICOTA.
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