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OPTIMIZATION OF HEAVY-LIFT OPERATIONS AND
EFFECT ON SHIP'S STABILITY AND HEELING

Heavy-lift cargo operations are usually high—riskogedures. Normally before loading or
unloading heavy cargo the vessel must be at evehwih lowering ship’s center of gravity and
therefore increasing metacentric height. In thistide general procedures before loading and
discharging heavy-lift cargo will be considered aaldo whilst the vessel has initial angle of hééhin
ship’s stability aspects during heavy-lift operasowill be pointed out.

Keywords: stability, metacentric height, heavy—weight cargmgle of heel, ship’s center of
gravity.

The nowadays analysis of ship’s operations shows hlkeavy-lift cargo operation by using the ship’s
cranes, especially during their simultaneous wodn de dangerous, causing sometimes the serious
circumstances for the ships and even capsizingallagge heeling angles in general.

Before carrying out cargo operations, particulawien loading heavy-weight cargoes, special atianti
must be paid to the proper stowage to prevent skeesnoments leading to accidents. In this casecefff
cargo shifting on the ship’s stability is well-knovand must be checked continuously during operstion

While loading/discharging of heavy lifts by usingigs cranes the following points have to be
considered.

1. The vessel's initial stability corrected for drsurfaces is radical reduced when: opening thehha
covers (especially if the vessel is provided withding system); hoisting the jib(s) from sea stagvposition;
hoisting the cargo from the berth (in that moméwt vertical centre of gravity of the unit is fixgdthe rope
wheel at the jib’s end up to 60m above the baselepgendent on the size of ship and cranes).

2. The vessel gets list which should not exce®chéx (in this case sound alarm will be started) whe
turning the jib over the berth in connection witie jib’s outreach; hoisting the cargo from thetlber

The reason for that is suspending a cargo by dssbipne so that the cargo just suspended transform
itself from a fixed (fastened) weight to an unfixexe with the sequent negative consequences. liticagdhe
procedure of lifting the heavy weights by the shiptanes, requires the accurate and proper catoulet the
changes in ship’s stability and heeling. Such datmn should be performed before a such operatans it
should be based on real figure of ship’s metaceh&ightGM, .

When cargo is loaded or discharged from a shipntimerical changes in the ship’s stability and ineel
are different; therefore, the processes of loading discharging of heavy weight unit will be disse
separately. Thus, before heavy—cargo loading dipesacommenced, normally if vessel is berthed pate
alongside, such general precautions must be caotied

— take ballast in the double bottom tanks and alssoime cases in the wing tanks but keep in mind
arising heeling moments due to free surfaces;

— if possible tween deck panels must be put dowrhénholds tank top to make center of gravity as
lower as practicable;

- pump the ballast water from heeling tanks starbsatd to portside as much as possible;

— not fully open hatch covers giving space requirely éor heavy cargo operations;
hoist the gangway and keep mooring lines tightenexding any slack;

- if necessary order port tugs or drop the starbeadtor;

— after connection of lifting wires/slings with urtts necessary to make initial load on cranes hooks
(just a few tons) and find the correct directiodifting gear;

- heavy cargo must be as closer as possible to tipés sdide (depending on unit dimensions and
presence of pier fenders);

— constant communication by walkie—talkie must befqyered between chief officer (captain) and
crane operators;

— all deck crew must be familiar with crane operagiamd using of signals;

- before lifting of cargo it's recommended to leavemg welded plates or stoppers at the bottom of
heavy piece to prevent its shifting in any longihad and transverse direction, also guy—lines nibestised at
each cargo unit corner to keep them tight whilestiog up;

- start pumping ballast from the port side heelintktato the starboard side checking load on hooks;

— lift up the cargo unit only by ship’s hooks conlirg load steps continuously;

— swing cranes very slowly and all the time be intaotwith crane drivers;
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— commence pumping ballast from the starboard sigmtbside and check that heeling will not exceed
1° (if angle of heel is 2%5sound alarm in the cranes will be raised and d@feheel cranes automatically
switching off);

— stow heavy—cargo in the hold in accordance to gjevwdan and slowly decrease load on the hooks to
take off all lifting accessories;

— make lashing meeting requirements of Cargo SecMiagual.

Discharging of heavy-cargo unit from the ship usu#@ carrying out vice-versa of above described
procedures. Special attention must be paid to ngowh cargo piece inside the hold and thereforeirayis
additional heeling moments.

In this case, loss of ship’s stability is not uspa@aused by changing of metacentric height valsia a
distance between metacenter and center of gra¥itthe vessel. For that reason it's necessary tatirgp
correction, named&WC (Suspended Weight Correction).

Free suspended weight influenced the ship’s staldb cargo center of gravity is situated in thignky
point. In the other words, at the moment of lifting cargo unit, its weight is instantly raisingtbe lifting point.

In this very moment ship’s stability is reducingftéx further hoisting or lowering of freely suspead
cargo due to changing the length of suspension watl affect the stability. Taking into consideoatiall
information mentioned above, we can make a cormhdhat if free suspended unit is secured agdhrest
transverse movement (using guy-lines for examghe) loss of stability in the moment of lifting garwill not
arise.

Let’'s consider one case of loading/discharging hemargo based on the non-zero conditions, when the
ship has initial angle of heel caused, for examplestrong wind or waves of passing by small vesseid
sometimes the heeling may appear due to unsymmkepasitioning of cargo inside the holds in thewief
centerline (as shown on pic.1).

Picture 1 — Aft view of vessel having initial angi€heel

This may cause additional heeling moment which b&found from below formula:
GG' xcosp =GM xsing,

where GG' — distance between centers of gravity when the ishon the even keel and after heeling [];—
angle of heel T, GM — metacentric height [m].

If cargo unit w shift from pointA to point A then ship’s center of gravity will be moved fromimt G

to point(31I and metacentric height will be decreased.
Angle of heel will increase to the valg and new stability formula will be:

GG, xcosp; = (GM -GGy) xsindy ;

GM x sing - (GM - WIZ(T)Z)>< sing, ;
cosp A cosp,
d1= arctan%and)) ;oa - wisz GG ,
-a A[GM GM

a is a coefficient equal to dividing the distanceweftical shifting the ship’s center of gravity its
metacentric height [1].

Further the example of heavy-lift procedure willgieen down below.

Cargo description is follows:

316 mt turbine (pic. 2) to be loaded in US port &&on with destination to Argentinian port Zarate
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Length: 10.53 m;

Width: 4.95 m;
Height: 4.97 m
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Picture 2 — Turbine dimensions

It should be noted that the position of the cenfegravity (c.0.g.) can have a great impact onliftieg
possibilities and lifting safety. And all parts (omed inside or outside) of a cargo item, that daubve or
rotate during loading/discharging/sea transporttrhassecured properly by shipper.

The main vessel's technical data: Deadweight (Semanaft): 17000 mt; GT/NT: 12974/5334; Max
summer draft: 9.7 m; Length o.a.: 143.14 m; Bteadoulded: 22.8 m; Depth to main deck: 13.3 neigHt
above keel: 41.4 m.

Cranes: 3 NMF cranes situated portside (2x250 80 mt).

There are some port operations restrictions.

Loading / discharging operations of heavy lift wibt start in case:

1) the wind-speed perpendicular to the direction efghip is over Bf6 (Beaufort scale);

2) the wind-speed in the direction bow/stern of thip shover Bf7;

3) significant wave height 0.5 m; swell is over 1 miforaptain considers planned operation as unsafe

due to movement of crane hook/cargo;

4) current is over 6 kn in case a moored/anchoredstapment is performed;

5) light when working in poor lighting conditions;

6) visibility is less than 50 m daylight;

7) temperature is less than —15° C / above +50° C;

8) heavy-lift operations during hours of darknessrenteallowed;

9) walkie—talkie hand—radios will be used for commatiion;

10) each morning prior to operations a toolbox meetilgbe held with all involved parties in order to

review local weather conditions and all schedulpeérations for that particular day.

The following criteria can be used as a guidelaithough the final decisions are at the discretibthe
vessel's Master for sea voyage:

1) rolling angle over 15 degrees, ship must changeevi@ading and/or speed;

2) safe haven or sheltered region or area in casaiocaponsiders risk for men or ship too high to
continue sea voyage due to heavy weather condjtions

3) master to ensure that instructions regarding n#éeigain reduced visibility are made up and
complied with, notably when visibility reduces ta\3n. When visibility reduced to 6 Nm, activates itiddal
radar equipment;

4) adjust vessel's speed as navigational circumstaecpsre;

5) posting extra lookout/re—organize bridge team/ardiglt watch complement;

6) sounding of appropriate signals;

7) further measure to ensure safe navigation undeifgpsituations [2].

Loading/discharging procedure of this heavy unghiswn on picture 5.
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At the beginning of the discharging and hoisting tieight, the rope of the crane is gradually tenged
so that some portion of the weight mass belongth¢ocrane, but not to the deck at which this weight
originally placed. Finally, the entire mass of thieight will be applied to the rope of the craned éime weight
will become a freely suspended one by the rope.

Thus, during discharging a weight unit by a shigrane, the ship’s stability might be changed. Thostm
dangerous moment is the first one at which the egjust suspended from the deck, and the mombah the
luffing angle of the jib is increased and, as allteshe point of suspension moves upward.

In the case of loading, the moment of suspendingeaht is more dangerous than in the case of
discharging the same weight. It happens becauskeifirst case, both the loss in the ship’s sitglénd heeling
the ship are much larger.

During lifting operation, if some unforeseen accitdeoccur (for instance, an abrupt and suddenriggali
ship happens), the weight that is suspended byilifeerope must be immediately lowered and placedtie
deck, the berth, or discharged into the outsidenad soon as possible [3].

Picture 5 — Turbine loading/discharging operation

For the safe heavy-lift procedures preliminary gittons must be done in accordance with all stgbil
criteria adopted by IMO (International Maritime @rgzation).

Normally, onboard the vessel, there are some #talsibmputer programs. Let's consider the most
preferable program to use by name COLOS.

But to make any conclusion regarding the degreeust to such program, it's necessary to carryoout
calculations using information regarding heeling thessel with “non-zero” stability parameters, vhis
mentioned above (having initial angle of heel).

For instance, let's describe this particular cas€he vessel has portside angle of hef): (1.2;
Displacement £): 16065.2 mt; Cargo weightw(): 316 mt; Length of suspensioh)( 45 m; Metacentric
height correctedGM ): 3.11 m.

When cargo situated on board on tank top is lifipdto its maximum vertical position ship’s angle of
heel will be changed.

Distance between centers of gravity when the shimithe even keel and after heeling:

G =W 316145 aomm.
A 160652
Non dimensional coefficient is:
q=CCG _ 09 _ ;559
GM 311

Thus new angle of heel will be:

$1= arctan{g—q)) = arctan t%1.2289) =169 .
-a -0.

Now as a comparison we can find calculations madé®LOS (pictures 6 and 7).
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Picture 7 — COLOS calculations after lifting heavight cargo from hold

So, as you can see in this case, calculations tgdbis stability program and by—hand using stapili
information and formulas for ship with initial argbf heel are almost similar.

Further will describe situation when the same casgoading from the berth to weather deck of thips
with the same initial angle of heel.

The vessel has portside angle of h@dt (L.2°; DisplacementX): 15749.2 mt; Length of suspension
(1): 50 m; Metacentric heightGM ): 3.05 m; TPC (mass changing of draft per cm): 25 t/cm (fromp&hi
stability booklet).

Draft mean (T ): 6.62 m.

First, at the moment of suspending the weight leysthip’s crane, this weight becomes to be a patteof
ship as a whole and, as a result, the ship’s dispt@nt, its mean draught, and the coordinateseo€¢nter of
gravity will change, consequently, the metaceniright of the ship will also change. Moreover, sirtbe
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weight is just freely suspended, the ship’s stibiliill further reduce in value of suspended weigbtrection as
follows:

will _ 316050 _ 0.983 m.
A+w 157492+316
Thus, the total change in metacentric height dfip at the moment of suspending the weight willkalse
follows: dGM -SWC, where 8GM — the alteration in metacentric height due to Ingd weight as a fixed
one at levelz; 2z — distance between ship’s keel and center of tyrafithe cargo on pier (10.8 m).
As weight that loaded is smalv< 01A , then value 0®GM might be estimated as follows:

SWC=

5GM =l(T +2T_gm- zj,
A+w 2

where 8T — the increase in mean draught due to loading éndipg) a weight.

At the moment of suspending a weight stability ahgp momentarily reduces due to not only S&/C,
but also loading the weight at level which is above the actual water line of the ship.

Thus, the process of suspending a weight thatddd on board is more dangerous than the one ahwhi
the weight is discharged. After suspending theghigithe metacentric height of the ship can beutated as
follows:

GMLO =GM +5GM -SWC=

= GM +A‘i" [T+%T—z—el\/| —|j:
W

oM+ (14215 M),
A+w 2

where z — the height of the suspension point at the moroétite suspending the weight
7z =1+z=50+ (13.3-25) =60.8m;

=——=——=1264cm
TPC 2
Therefore: GM| o = 305+ 316 (662+ 01264 60.8—- 305 =1.925m.
(157492+316 2

It might be seen that the effect of suspending @hwdy a ship’s crane on stability of the shigdeked
like this weight is loaded at the point of suspensiThis fact is known very well. However, thereni broadly
known that the stability of a ship would not draitaty reduce if a suspended weight were fixed vansally
(for example, by means of ropes, chains, or scjlmee such a fixing the weight eliminates the vafu&WC.

At the moment of suspending and discharging a wdigim a berth, the heel angle of the ship might be
roughly determined as follows:

wxy
¢ =573 —mF—,
(A + W)GM LO
where y — distance between center of gravity of cargo ien @nd ship’s centerline (18.9 m).
Finally:
¢, =57.303 3160189 =1106.
(157492+316)[1.925

This heel angle might be rather big because thghtieat this moment, is located too far from thetoe
plane of the ship. Therefore, in ship operatioschibrging (suspending) a weight from a berth ismadly
performed by shifting transversally some ballastevaetween heeling tanks and, as a result, hetimghip to
the opposite side (the same operation like foradtileg procedure from the ship).

And now for comparison make a calculations by usaggin stability program COLOS as shown on
pictures 8 and 9.

And at this time also all calculations have alnthstsame values.

That means that degree of trust to such progrant tmigeally high and using this system is much
convenient and often saves time of cargo officavetheless, keep in mind there may be some mistaket
for example in ballast tanks capacities. Doubleckhmgy of soundings and hand-made stability caloutet are
compulsory before heavy-lift operations not only femarks but especially for own safety.
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Picture 9 — COLOS calculations after lifting heavight cargo from pier

In conclusion several statements should be poiotitd

1. In the case of loading, the moment of suspendimgeight is more dangerous than in the case of
discharging the same weight. It happens becauskeifirst case, both the loss in the ship’s sitglénd heeling
the ship are much larger.

2.  The process of a transversal shifting a suspendgdhivis comparatively unsafe because a ship’s
stability does not reduce (on condition that thapof suspension does not raise up). On the dibad, in this
period, heeling the ship occurs, but it can beimighry calculated and compensated by means ofoapiate
shifting some ballast water between heeling tanks.

3. The final period of placing the weight on a bexth dn board ship) is comparatively unsafe because
a suspended weight is converted from freely susgbhal the fixed one, and the ship’s stability im@®. In the
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case of discharging a weight, the final period $pezially convenient because the weight does niainge
anymore to the ship and, as a result, it doesffexttaon the ship’s stability and attitude at all.

4. The reduce or entire elimination of negative effetia freely suspended weight by means of its
restriction on spontaneous transversal movemehtiseserve in the ships’ stability improvement itkanot still
used for lifting operations performed by the shipfanes. Preliminary assessments and calculatioms that
the loss in ships’ stability can be reduced twitdeast if this stability reserve would be used, fespecially,
during heavy lift operations.

5. The most effective way to prevent loss of shipabgity due to shifting of heavy cargo in transvers
direction is its proper securing, for example, lydines or chains and performing total controltbe cargo
operations as it's a high-risk procedure.

6. As one way for eliminating the problem of the slipiloss during heavy-weight operations is
changing the crane construction in such mannerd¢eemt cargo shifting in suspended position (foaragle
using triple slings to fix cargo in three planesgitaneously).
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I'em0atnii €.B. OcriiiHicTh cyaHa i 3MiHa KyTa KpeHy IIpM NPOBE/eHHi omepauiii 3 BeJIHKOBaroBHMH
BAaHTAKaAMH

Omnepaiiii 3 BEIMKOBarOBUMH BaHTaXXKaMH € MPOICIypaMH BHCOKOTO pPH3HKY. SIK mpaBwmiio, mepen
HABaHTAXXCHHSAM a00 BUBAHTAXXCHHSAM BaXKKMX BAaHTAXIB CyJHO IMOBHHHE MAaTH DPIBHUK KiJIb 31 3HIKCHUM
IIEHTPOM Bard i BHACIIJOK IHOTO 3i 30ibIIICHOI0 METAICHTPHYHOIO BUCOTO0. Y IIiHi cTaTTi OyIyTh PO3TIISHYTI
OCHOBHI 3aXOJH TIepe]l HaBaHTAKCHHSM 1 BUBAHTKEHHSIM BEJIMKOBArOBOTO BaHTAXY, Y TOMY YHCIi 3 00JiKOM
TOTO, IO CYAHO Ma€ TMOYATKOBUH KyT KpeHy. ByJayTh BHIiIEHI OCHOBHI KpWTEpii OCTIHHOCTI CyJHA IMiJ Yac
TIPOBEICHHS BEITMKOBArOBHUX OIEpAIliii.

Kuro4oBi ci1oBa: OCTiHHICTh, METAlICHTPUYHA BHCOTA, BEJIMKOBArOBUIl BaHTaX, KyT KPCHY, IICHTP Baru
CyJHa.

IlemOateiii E.B. OcToHYHMBOCTL CyAHa M H3MeHeHHe YIJa KpeHa NpH MPOBeJeHUH onepamuii ¢
THA2KeJIOBECHBIMH I'PY3aMH

Omnepanun ¢ TSHKEIOBECHBIME T'Py3aMH SBIISIOTCS TPOLEAypaMH BBICOKOTO pricka. Kak mpaswuiio, mepen
MOTPY3KOW WM BBITPY3KOH TSDKENBIX TPY30B CYOHO JOJDKHO MMETHh POBHBIM KWJIb C MOHMKEHHBIM IEHTPOM
TSOKECTH W BCIIEACTBHE 3TOTO C YBEITUUYCHHON METAIICHTPUIECKONW BBICOTON. B 3TOH cTaThe OymyT pacCMOTPEHBI
OCHOBHBIE MEPOIPHATHS TIEpe.l HOTPY3KOH U BRITPY3KOH TSHKEITOBECHOTO TPY3a, B TOM YHUCIE C YYETOM TOTO, UYTO
CyOHO MMeeT Ha4YaJbHBIN yrod KpeHa. bymyT BBIEICHBI OCHOBHBIE KPUTEPHH OCTOWYHMBOCTH CyIHA BO BpeMs
TIPOBEICHUS TSIKEITIOBECHBIX OTIEpPaITHi.

KirodeBble c10Ba; OCTONYHMBOCTD, METALIEHTPUUECKAS! BEICOTA, TSXKEIOBECHBIN IPy3, Yol KpeHa, LIEHTP
TSKECTH Cy[HA.
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