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OUTLI NE OF | NCI DENT

Shortly before noon on Thursday 14 August 1986 the Netherlands Antilles flag
heavy lift cargo ship 'GABRIELLA" capsized and sank al ongside No. 2 Products
Berth in Port Kenbla harbour New South Wales.

The ship capsized and sank on its side very rapidly while discharging a |ift
of 237.95 tonnes.

Two marine surveyors, M. David Brooke-Smith of Lloyds Register of Shipping
and M. WIlliam Martin of Bureau Veritas, were unable to escape fromthe
acconmodation area of the ship and lost their lives. Apart from ninor

injuries to several persons there were no other casualties.

The ship was declared a constructive total |oss. Subsequently both masts and
the accommpdation deck houses were cut off and the hull was re-floated upside
down. It was towed out and sunk at sea on 10 Decenber 1986 in Latitude

34° 34'.5 South, Longitude 151° 30'.8 East, about 29 nautical niles east of

Port Kembla in a depth of water of about 2000 netres.



AUTHCRITY TO CONDUCT | NVESTI GATI ON

On 14 August 1986 John Mchael Quinlan, Principal Mrine Surveyor for New
South Wales in the Federal Departnent of Transport, was appointed under
Section 377A of the Navigation Act 1912 to nake a Prelimnary Investigation
into the circumstances of the capsize of the Netherlands Antilles registered
ship 'GABRIELLA" (call sign PJTQ in Port Kenbla harbour on 14 August 1986.



PERSONS | NTERVI EWED

The followi ng crew nenbers were interviewed between the 15-18 August 1986
before their return to the Netherlands:

Pet er BOWMELS

Gerrit in 't VELT

Robert BOSKALJON

Al fred Marinus van AARTSEN
CGerard Koenraad SCHOLTEN
Pedro Tavares MONTEI RO
Joao Francisco RAMOS

Paul KUl KEN

Mast er

Chi ef Engi neer
Chief Oficer
Second O ficer
Second Engi neer
Abl e Seaman

Abl e Seanan

Ordinary Seanan

Between 15 August and 29 January 1987 the follow ng other persons were

i ntervi ewed:

Al an Henry JONES

Arnol d Frederik van der HEUL

Gust aaf Leendert KEESEN

Grahanme Denni s AULBURY

Derek SIM

Paul Janes M CHELL

Foreman Stevedore, Port Waratah Stevedoring
Company Limted, Port Kenbla.

Oper ations Manager, Kahn Shipping Rotterdam

(operators of the ship).

Marine Surveyor, Port Kenbl a.

Qperations Transport MNanager, Branbles Heavy

Haul age Division, Sydney.

St evedoring Superintendent, Port Waratah
St evedoring Conpany Linmted, Port Kenbla.

Leadi ng hand boil ernaker, construction
department Australian Iron and Steel, Port
Kenbl a.



Barry FLANAGAN

Donald Barry MCGREGOR

Barry Allan EDWARDS

Kennet h Thomas MCBRI DE

Rory SLADE
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Propri et or,
Kenbl a.

Wat er si de

Wat er si de

Wat er si de

Wat er si de

Illawarra Wre Ropes,

wor ker .

wor ker .

wor ker .

wor ker .

Por t

Por t

Por t

Por t

Kenbl a.

Kenbl a.

Kenbl a.

Kenbl a.

Port



BASI S OF | NVESTI GATI ON

The scene of the incident was visited early on the norning of 15 August 1986
and the ship was observed lying on its port side on the harbour bottom
alongside No. 2 Products Berth at Port Kenbla. The heavy lift involved was
lying where it fell onto a platformtrailer on the wharf. Notes were nade at

the scene.

About an hour after the incident, Senior Constable Pieter Strik of the New
South Wales Police Force Scientific Investigation Section took a series of
phot ographs and recovered sone pieces of broken wire strands on and near the
platformtrailer. Senior Constable Strik was investigating the incident as

part of the routine police response.

During the salvage operation, sections of the wire runner on the forward
derrick were recovered fromthe harbour. These sections of wire rope
together with one of the broken strands found by Senior Constable Strik, were
submitted to Unisearch Linmted at the University of New South Wles for
scientific examination and tests. A summary of the exanmination and test
reports is set out in Appendix 5.

I nformation about the ship was also provided by the Netherlands
Scheepvaartinspectie (Shipping Inspectorate) and an inspection of cargo
operations on the sister ship 'FAIRLOAD was carried out at Brisbane on 16
Sept enber 1986

The following report is based on the above information, interviews,

i nspections and tests and on copies of the ship's documents and records
supplied by the operators of the ship, Kahn Scheepvaart (Kahn Shipping) B.V.
of Rotterdam

In view of the technical nature of the operation and the circunstances | eading
up to the capsize, this report is by necessity conplex in parts. The najority
of supporting material of this type is included in the Appendices, however
some data of a technical nature has unavoidably been included in the narrative
sections of the report.
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PARTI CULARS OF SHIP'S HEAVY LIFT OPERATI ONS

CARGO HANDLI NG CGEAR

"GABRIELLA" was fitted with two derricks serving its single cargo hold (see
Appendi x 2). Each derrick had a safe working |oad (SW) of 160 tons at an
angle to the horizontal of 47°. At an angle to the horizontal of 25° the SW
was 125 tons each. No SW was assigned for derrick angles below 25° to the
hori zontal .

Certificate of Attestation No. 95/78 issued on 27 April 1978 by the Chief
Representative of Bureau Veritas in the Netherlands declared that the ship was
suitable to load and discharge weights up to 320 tons using the two derricks
in tandem provided the [oad on each derrick was no nore than 160 tons.
However, the lifting yoke supplied for use with the derricks in tandem had a
SW. of only 240 tons, which together with the nass of the yoke of 30 tons
indicated a maximum load in practice of 270 tons, when using the lifting yoke

The lifting yoke consisted of two parallel beans 17.5 netres in length and
11.5 tons each supported at their ends by short transverse connections
suspended fromranshorn type main lifting hooks. The transverse connections
(2 tons each) fitted into inverted 'U shape recesses in the ends of the
parallel beans and after assenbly on the ship were held in place by lightly
wel ded plates. These plates were not designed to withstand any |oads ot her
than random light |oads during assenbly and depl oynent of the yoke prior to
lifting. Assenbly of the yoke was conpleted by fitting two transverse
slinging beans across the parallel beams. The slinging beans were held in

pl ace by guides and their own nass (1.5 tons each).

A copy of the ship's Register of Cargo Gear and Certificates supplied by the
operators, Kahn Shipping, indicated that the cargo gear was tested and
periodically exanmined in accordance with laws in force in the Netherlands.

The last quadrennial thorough exam nation of the forward derrick and
associated gear was carried out at Rotterdamin June 1983 by A Kwint B. V.

Aut horised Ship Riggers and Testers and noted by the Netherlands Inspectie Van
de Havenarbeid (Dock Labour Inspectorate - government authority admnistering
| aws on ships cargo gear). The last quadrennial thorough exam nation of the
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aft derrick and associated gear was carried out in February 1982 by I.
Roodenburg B.V. an engineering works at Krinpen a/d IJssel in the

Net her | ands. A visual inspection of all the cargo gear was nmade on 7 April
1986 by Inspectie van de Havenarbeid. The gear was found in good condition
and an exenption from quadrennial thorough exam nation of the aft derrick and
associ ated gear was granted until 1 March 1987 to enable the owners to
synchroni se surveys.

The master stated at interview that he kept the Register of Cargo Gear and

that alll entries were up to date. He also stated that he carried out the |ast
annual exam nation of cargo gear at Hi gashi Harima Japan about 8 July 1986 and
found it in good condition.

That examination, he said, included all the derrick runners and topping
lift/slewing wire ropes. He went on to say that the wire ropes were checked
"all the time" when discharging at Port Kenmbla and he had not noticed any
broken strand wires. He last saw the Cargo Gear Register lying on top of the

safe in his cabin.

The word 'tons' appearing in the cargo gear docunments is not specifically
defined except on one certificate relating to the construction of the derricks
where the maxi num conpression load is shown in "tons of 1000 kgs'. The
derrick test certificates, issued on both Dutch and British statutory forns
show identical SWs in tons and it is assumed that these are tons of 2240
British Inmperial pounds. However, the elenment of doubt on the matter is not
significant in this investigation.

Docunents provided by the owners and statements nade by the master indicate
that cargo gear testing and exami nation requirenents of the Australian

Navi gati on (Loading and Unl oadi ng-Safety Measures) Regulations were conplied
with at the time of the casualty. However, see Cbservations page 18, relating
to the examination of wre ropes.



PONTOON STABI LI ZERS

"GABRIELLA', like her sister ship 'FAIRLOAD and a number of other heavy |ift
shi ps operated by Kahn Scheepvaart, used pontoon stabilizers to inprove the
stability of the ship by increasing the initial metacentric height (GW, thus
enabling use of the ship's own cargo gear for heavy cargoes.

"GABRI ELLA" was provided with two pontoons. A set of curves in the ship's
stability book gave the height of the netacentre (M above the keel (K),
referred to as KM for various displacenents using either one or two or no
pontoons. For exanple, imediately before capsize the ship's displacenent was
2767 tonnes, two pontoons were deployed and the KM from the appropriate curve
was 10.16 netres. Wthout pontoons, the KM would have been 6.60 netres, a
very significant reduction that would have resulted in a negative GM the
height of the ship's centre of gravity above the keel (KG at that tinme being
7.58 netres. The terns G KMetc., are illustrated in Figures A, B, Cin
Appendi x 3.

The principle of the systemis to float a pontoon alongside on the side of the
ship opposite to the' side over which heavy cargo is to be handl ed. By opening
bottom valves in a flooding chanber the pontoon is allowed to sink until it
floats on buoyancy chanbers at a draught of about one netre, which is half the
depth of the pontoon. The valves are then closed and the pontoon rigidly
secured to the ship's side by special heavy duty |ocking and |ashing
arrangenents. The securing arrangenents were designed to withstand the
stresses inposed when the pontoon is fully immersed or fully enmerged, provided
list and trimeither way do not exceed 4° and 2° respectively and provided
water flow parallel to the ship does not exceed 6 knots.
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In effect, a secured pontoon is part of the ship's hull. It increases the
area of the waterplane. The height of the transverse metacentre (M above the
centre of buoyancy (B) is directly proportional to the transverse nonent of
inertia of the waterplane so that the pontoon increases BM and hence KM and

GM

If the ship listed so that a pontoon began to inmerse or energe, thus
decreasing the pontoon waterplane area, the ship would start to lose its
increased GM It was vital therefore that the list was controlled within
limts to avoid this eventuality. The ship was fitted with anti-heeling tanks
on each side, to or from which water ballast was punped or transferred to
control the list and nmaintain the pontoon waterplane area, while heavy cargo
was being lifted over the ship's side. "GABRIELLA" was also fitted with
pernmanent cast iron ballast in the port |ower anti-heeling tank so that heavy
cargoes were normally handl ed over the starboard side, with the stabilizer
pontoons being fitted on the port side. Detailed instructions on the use of
the pontoons and controlling the list were set out in a ship's manual -
"Loadi ng and Discharging of Heavy Cargoes"

It must be enphasized that the stabilizer pontoons were not counterweights and
that their function was solely to increase the ship's initial stability or
metacentric height (GW. The pontoons and their securing arrangenents were
not designed to provide buoyancy, or to withstand capsizing forces in the
event of a sudden loss of a load fromthe derrick when swung outboard.



STABI LI TY DATA

The Netherl ands Shipping Inspectorate advised that it approved the stability
data for 'GABRIELLA' in 1974, Kahn Scheepvaart supplied copies of the data
for this investigation. Stability calculations for heavy cargoes are pre-

pl anned for various stages of the operations on a conputer in the office of
Kahn Scheepvaart in Rotterdam The operations nanager, M. van der Heul

advi sed that such calculations were made for the 'GABRIELLA's' |ast voyage to
ensure the cargo could be safely |oaded in Japan, safely transported by sea
and safely discharged in Port Kenbla. The master advised that he also carried
out such cal cul ations on the ship.

An analysis of the ship's stability as it affects this investigation follows
later in this report. (See Appendix 4)
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SEQUENCE OF EVENTS

On 28 May 1986, at Ceneva in Switzerland, a contract was entered into by Jumbo
Navigation N V. of WlIllenstad, Netherlands Antilles and the Broken Hil
Proprietary Conpany Ltd., (BHP) of Melbourne Australia. The contract provided
for the shipment and carriage of 1886.7 netric tonnes of slabcaster conponents
on 'GABRIELLA" from Higashi Harina in Japan to discharge in Port Kenbla
Australia. Frei ght payable was $US 207, 500

The conponents were part of a new slab steel plant for BHP's Port Kenbla
steelworks.  They were valued at 1.309 billion Japanese Yen and were insured
by BHP for $A 15 nillion. Included in the consignnent were two turning franes
valued at about $A 1.7 nillion each.

The two turning frames were pre-calculated to weigh up to 240 tonnes each,
dependi ng on the nunber of sub-conponents built on. A stowage plan prepared
by the Kobe branch of Al N ppon Checkers Corporation shows the turning franes
as 227.8 tonnes each and these were the weights narked on them 227.8 tonnes
was evidently the manufacturer's cal cul ated wei ght. When the turning franmes
were wei ghed after discharge in Port Kenbla, the first was found to be 235.6
tonnes and the other 237.95 tonnes. The variation between cal culated and
actual weight is not significant as far as this investigation is concerned

Prior to signing the contract, the whole operation, fromloading in Japan to
discharge in Port Kenbla, was planned in detail by Kahn Shipping and BHP to
ensure that it was both feasible and safe at all stages. Taking into account
the height of the wharf and the outreach of 'GABRIELLA's' derricks, it was
determined that the two turning frames would have to be discharged after nost
of the other conponents and when the tide was close to high water. O herw se
there would not.have been sufficient clearance under the turning franes to
land them on the |ow | oader on the wharf (the term "low |oader" used in this
report is a comonly used term describing what is technically a platform
trailer).

A crane barge was used to load the two turning frames because of a load limt
on the wharf at Hi gashi Harima. Seventy-five other conponents of up to 50
tonnes each were |oaded by wharf cranes. In all, seventy seven itens



- 12 -

totalling 1799 tonnes were | oaded.

Most of the cargo, including the two turning frames, was stowed in the |ower
hold on top of the five forward sections of tween deck hatch pontoons which
had been stowed on the tank top. Oher cargo was stowed in the aft end of the
| ower hold on the tank top. Sixteen itens, totalling 80 tonnes, were stowed
on the two aft sections of tween deck hatch pontoons, which were in place at
tween deck level. Seven itens totalling 233 tonnes were stowed on the upper
deck hatches. Stowage details, including weights and dimensions, were shown
in the stowage plan and associated packing list prepared by Al N ppon
Checkers Corporation

"GABRIELLA' sailed for Port Kembla on 17 July 1986, nmanned with a crew of

el even persons including the master, two mates and three engineers, all of
whom held the appropriate certificates of conpetency. Mnning and
qualifications were in accordance with the ship's Safe Manning Docunent,

i ssued by the Netherlands Shipping Inspectorate. The ship was fully |oaded to
her summer loadline with a nmetacentric height (G of 0.54 Mand a vertica
centre.of gravity (KG of 5.72 M The maximum allowable KG in that departure
condition is shown in the ship's stability data as 5.80M On arrival at Port
Kembla, the GV was 0.49M and the KG 5.76M Maximum al | owable KG in the
arrival condition was 5.805M The ship, therefore, net the stability
requirenents for the voyage as set out in the stability data approved by the
Net her| ands Shi pping |nspectorate

The voyage proceeded nornmally until very heavy weather was encountered on 5
August when the ship had al nost reached its destination. It was forced to
heave to off the coast near Port Kenbla for several days during which sone
itenms of cargo shifted in heavy seas. The ship suffered a list which it was
able to control and there was sone conparatively ninor danage to the ship's
structure. This incident had no significant influence on the subsequent
capsi ze and sinking in Port Kenbla.

' GABRI ELLA' berthed starboard side to No. 2 Products Berth in Port Kembla on
10 August and cargo di scharge commenced the foll owi ng day. Wharf cranes were
used to discharge all lifts except the two turning frames. However, three
lifts totalling 138 tonnes were left on the port side of the lower hold to
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assist ballast operations during discharge of the two turning frames using the

ship's derricks.

On the afternoon of 13 August, the first turning frame was discharged using
the two 160 tons SW. derricks in tandemwth the lifting yoke. Discharge
commenced at 1230 and was conpleted at 1700 hours. No problems were

encount er ed. The length of time taken was normal for an operation of this
type, mainly due to the necessity to swing the load outboard a little at a
time and then ballast to keep the starboard list to a mninmum and ensure the

stabilizer pontoons did not enmerge too far. (See page 9.)

For the discharge of the two turning frames, waterside workers were enployed
for slinging and unslinging only. On both occasions, the waterside workers
were directed to leave the ship on conpletion of slinging and wait on the

wharf for unslinging.

The discharging operation was under the direct control of the naster who:

controlled the movement of the load by hand signals to two seamen

manni ng the winch controls of the forward and aft derricks

controlled the transfer of water ballast from starboard to port anti-
heeling tanks by radio orders to the second nmate controlling the

bal | ast punps in the wheel house

controlled the filling of other port side water ballast tanks by

verbal orders to the second engineer standing by on deck

received confirmation from the second mate and second engineer that

bal | ast orders had been executed

received radio advice fromthe second mate on the heel of the ship
shown by a clinometer in the wheel house

received radio advice fromthe first mate who was in the hold until
the lift was about half way out of the hold and who later kept a
visual check on the stabilizer pontoons to ensure they were properly
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i mersed and secure at all tines.

On 14 August, discharge of the second turning frame commenced. Waterside
workers conpl eted slinging at about 0830 hours and then left the ship. The
three smaller lifts, totalling 138 tonnes, renained |ashed on the port side of
the hold. Shortly afterwards, on advice by radio fromthe first mate in the
hold that all was ready there, the master, who was on the starboard side of
the deck, signalled the wnchnen to comrence liifting.

I nredi ately prior to lifting, there was a smalll list to port of about 2.
When the lift was floated, about 0915 hours according to the master, the |ist
was reported by the second mate to be ¥ to starboard.

Di scharge proceeded in the sane nanner as for the first turning frane. Wen
the bottom of the |oad was above the top of the coaming, the master commenced
to swing the derricks towards the wharf one at a time in snall stages, making
sure that the yoke was always horizontal and the runner wires always

vertical. As soon as the second mate reported that the list to starboard had
reached 1%, the naster stopped swi nging out the derricks and ordered the
second engineer to fill No. 3 Port Double Bottomwater ballast tank. At the
same time he ordered the second mate to commence transfer of water ballast
fromthe starboard upper to the port |ower anti-heeling tanks. \Wen the |ist
had been reduced to ¥ to starboard, the derricks were swung out as before
until the list again reached 1% to starboard when further ballasting to port
was ordered. This process was gradually repeated, until at about 1145 hours
the turning frame was in position over the wharf with the ship |listed about ¥
to starboard.

At this stage, the turning frame was suspended 10.9 netres to starboard of the
ship's centre line. Its weight, 237.95 tonnes, was counterbal anced by:

390 tonnes nore fuel and water in port than in starboard side tanks

138 tonnes of cargo on the port side of the hold.

(See Appendix 4 for details.)



According to several witnesses, when the load was in position over the wharf
it had to be lifted a little to allow the Iow | cader to be positioned
underneath.  These witnesses stated that at approximately 1145 hours, while
lifting, one strand in the forward runner wire broke between the top and
bottom sheaves. Their attention was drawn to it by the noise it nade. None
of the ship's crew or the master referred to this reported break, although it
was al |l egedly brought to the master's attention by a waterside worker. At
this point, the load was high enough and the | ow | oader was backed under it.
The bottom of the |oad was about one netre above its intended position on the
| ow | oader and |owering then comrenced. Alnost immediately afterwards, the
forward runner wire broke and the load fell about one nmetre onto the |ow

| oader. This happened, according to wtnesses, at about 1150 hours, sone five
to fifteen minutes after the first strand broke, when that strand entered the
top sheave.

When the load fell the ship rolled violently to port, away from the wharf.

The lightly welded retaining plates parted at the connection between the
lifting yoke and the aft derrick lifting purchase, freeing the ship fromthe
load. In about two or three seconds, the ship had rolled about 45 to port
when, according to witnesses, the roll slowed down or al most stopped. At
about this point, water commenced flooding the |large open hold and the ship
continued its roll to port and sank very quickly on its side. It came to rest
on the harbour bottomwith its starboard side just clear of the water about
ten to fifteen seconds after the load fell.

There were ten persons on board when the ship capsiized:

second mate in the wheel house at the ballast controls

second engi neer, on deck with his wife awaiting instructions
from the master about ballasting

two seanen at the derrick winch controls

one seanman standing by on deck
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The ship's cook inside the acconrmodation near the
gal l ey/ provision store area

a nmale visitor to the ship on deck near the acconodation area

two marine surveyors inside the acconmodation in the vicinity of
the master's cabin

Davi d Brooke-Smith of Lloyds Register of Shipping
WIlliam Martin of Bureau Veritas

The latter two persons were on the ship in connection with danage sustained
when sone itens of cargo shifted in heavy weather, prior to the ship's arriva
in Port Kenbla. They had inspected the danage with a local private marine
surveyor, Gustaaf Keeson, and the Operations Manager of Kahn Shipping, Arnold
van der Heul. The four were proceeding to the master's cabin at about 1145
hours but QGustaaf Keeson went ashore to photocopy some papers, intending to
meet the others in the master's cabin about ten mnutes later. Arnold van der
Heul also went ashore briefly to speak to the master who was directing
operations on the wharf. Very shortly after he did so the ship capsized.

The seven crew menbers, including the second engineer's wife and the male
visitor, who were on the ship when it capsized nmanaged to scranble to safety
on the starboard side or were rescued by a passing fishing vessel or by
persons on the wharf. The master and chief engineer jumped from the wharf
into the water to assist.

Wthin a few mnutes eight persons were accounted for. All, except for one
seaman, were affected a little by inmersion and some were taken to hospita
for observation. There were apparently no significant injuries or after
effects of inmmersion affecting those eight persons.

The master quickly realised that the two surveyors were unaccounted for and
all possible efforts were made by him and other crew menbers on the capsized
hull to locate them They were soon joined by emergency rescue services from
ashore, including divers, who arrived on the scene about 1210 hours. The
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ship's Safety Plan had been quickly recovered fromits stowage position on
deck and was used to assist the divers searching the acconmmodation for the two
m ssing surveyors.

The body of David Brooke-Snith was found near the entrance to the naster's
cabin about 1600 hours, some four hours after the capsize. Divers continued
the search for the other surveyor in very poor conditions caused by debris and
escaping oil, but were forced to abandon their efforts at about 1900 hours.
They resuned the search from about 0800 to 1600 hours the next day and again
from about 0800 to 1300 hours on 16 August. The police in charge of search
operations, considering that further searching was futile, then postponed the
search for WIlliam Martin until conditions inproved for the divers. H s body
was eventually found by the divers on 4 Septenber in the first nate's cabin,
where he was apparently trapped by the door becoming jamred shut, possibly due
to novenent of the door frame in the capsize

Ol escaping fromthe ship was quickly contained within floating boons
positioned by the Maritine Services Board. Salvage operations were under way
by Monday 18 August, priority being given to sealing the fuel tanks to prevent
further |eakage and then removing the oil fromthe ship. G 1 pollution
effects on the harbour were mininal.



OBSERVATI ONS

1 Docunents produced show that GABRIELLA held current certificates in
accordance with all international conventions applicable to ships of her
class and tonnage. The ship was manned in accordance with the
requirenents of the Netherlands Administration.

2. GABRIELLA conpleted building at Waterhuizen in the Netherlands in January
1974 under special survey by Bureau Veritas and was assigned the Bureau's
hi ghest class notation. In addition the design of the ship for handling

and carriage of heavy cargoes was specially studied and approved by the
Bur eau.

3. | exanined three sections of the broken forward derrick lifting purchase
runner wire with the follow ng results:

W NCH END Apart from damage in the accident, the rope appeared in
good condition. However, there were a nunber of small filler wres
broken near the rope fracture. C oser exanination showed these wires
had corroded inside the rope, the broken ends having sprung out.
These corroded ends ought to have been detected during the required
statutory exanmination of the rope prior to the accident and should
have led to internal examination. M internal exanination of a short
section 15 metres from the break reveal ed noderately heavy corrosion,
sonme abrasion and a conplete lack of internal lubrication

FI XED END This section, 23.6 netres in length, was heavily danaged
in the accident over a length of about 4 nmetres from the break.

Clear of the dammge, the rope appeared in good condition apart from a
few broken filler wires as in the winch end

| NTERVEDI ATE LENGTH This | ength of about one nmetre was found

i medi ately after the accident by Senior Constable Strik. It

consisted of three strands and the wire rope core which were on the
| ow | oader where the turning frane fell, and two separated strands
found on the wharf alongside the low |loader. It is understood that

another four wires, apparently fromthe mssing sixth strand, were
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recovered from the scene by Senior Constable Strik and sent to BHP
for exam nation

My exam nation reveal ed extensive lack of external lubrication and a
complete lack of lubrication internally. Heavy external and interna
corrosion was evident together with a large proportion of wre ends

the appearance of which indicated they had corroded conpletely

t hrough some time prior to the accident. The master in his statenent
to me said he carried out the required annual examination of this

rope on or about 8 July 1986 in Hi gashi Harina Japan and found it in

good condi tion. In my opinion this defective internmediate length
shoul d have been detected then and should have led to replacenent of
the rope.

All three sections exanmined by ne were of the same construction as the
rope described in Test Certificate No. 9280 produced to ne by Kahn

Shi pping and marked to indicate it was the certificate for the forward
derrick runner wire.

The results of detailed metallurgical tests and examination of the three
sections of the forward derrick runner wire by Unisearch Linmited confirm
my examination and opinion of the condition of the rope. In particular,
Appendi x 8 of the Unisearch Report shows beyond any reasonable doubt that
the intermediate length recovered by Senior Constable Strik was part of
the broken runner wire from GABRIELLA. A sunmary of the Unisearch Report
at Appendix 5 of this Report shows the strength of the rope near the break
had been reduced to about 37% of the original strength due to corrosion.

There is a conflict in evidence about one strand of the rope breaking
shortly before the accident. Six eye witnesses interviewed by me made
quite positive statenents that one strand broke about five to fifteen

m nutes beforehand. Two of the eye witnesses stated their attention was
drawn to the broken strand by a loud bang and a third referred to an
unusual noise. A loud bang is typical of failure of a wire rope strand
under heavy load. On the other hand the master of the ship denied any
know edge of a broken strand prior to the rope breaking. The statenents
of the six eye witnesses are considered reliable and consistent with one
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strand breaking shortly before the accident.

Four of the six eye wiitnesses have stated that when the first strand broke
the master looked up to the head of the forward derrick where the broken
strand was | ocated. Their inpression was that the master seened to be
aware of the broken strand.

The eye witnesses stated that the rope parted when it entered the top

bl ock. Four of themindicated that the break occurred on the fourth
sheave fromthe right of the top block (looking forward). This is
consistent with the length of the fixed end fromthe break, 23.6 netres,
and the calculated distance apart of the top and bottom bl ocks (see

di agram on page 31). It is also consistent with the relatively mnor
damage to the winch end conpared with the extensive damage to the fixed
end of the broken rope. \Wen the load fell the winch end unreeved through
only one sheave whereas the fixed end unreeved through seven sheaves at a
very rapidly accelerating velocity. Part of the fixed end apparently
became caught up sonewhere in the fallen load or gear resulting in the
breaking off of the internmediate length found on the | ow | oader by Senior
Constable Strik. It is notable that one strand fromthis section of rope
was not found, which supports the allegation that one strand had broken
shortly before the accident. This strand would have partly unravelled
fromthe rope, and did so according to one of the eye witnesses. Being
unravelled it would have been nore exposed to dammge while the rope was
rapi dly unreeved through the blocks and probably broke up-into a nunber of
smal | pieces. It is understood that a number of small pieces were picked
up at the scene by onl ookers.

Avail able information indicates that it has been an accepted risk with
ships like 'GABRIELLA" to operate in conditions where capsize is
inevitable in the event of sudden |oss of derrick |oad. It is noted that
the detailed instructions supplied by the owners and operators of
"GABRIELLA' for heavy lift operations make no reference to this. In such
operating conditions it would be prudent to require special exam nation of
all load bearing gear imediately before use and also to require
evacuation of all non-essential personnel fromthe ship during the

critical stages.



CONCLUSI ONS

| find that:

1 ' GABRI ELLA'" capsized to port because the forward derrick runner wire broke
when

a load of 237.95 tonnes was suspended to starboard over the wharf

and the ship was heavily ballasted to port to keep the ship upright

because of the need to keep the stabilizer pontoons inmmrersed.

2. Capsize was inevitable in the circunstances as shown in the Stability
Anal ysis in Appendix 4.

3.  The ship sank because the cargo hold flooded

the hatches being open, of necessity, for cargo discharge

4,  The runner wire broke due to considerable strength reduction caused by
corrosion and abrasion of individual wires inside the rope

5. (a) The corrosion and abrasion were caused by the protective lubricant
not penetrating the rope. It is evident that the method of
application was ineffective.

(b) It is also evident that the exami nation of the rope prior to and
during use in Port Kenbla was ineffective. The internediate |ength
found by Senior Constable Strik was obviously defective externally
and internally. Corroded filler wires in the winch and fixed ends of
the rope near the break ought to have been detected. Their presence
should have led to internal exam nation and discovery of the
defective internal condition of the rope. In short, a proper
exam nation of the rope ought to have resulted in it being discarded

NOTE: Attention is drawn to the methods of rope lubrication and
i nspection described in Sections 10 and 11 of Australian Standard
2759 - 1985



One strand of the runner apparently broke between five to fifteen mnutes
before the final break. It has been alleged that the naster was aware of
this, but he said he was not. It is difficult to understand why severa
casual observers stated that they noticed it, yet a person of the master's
experience did not. However if the master was not aware of it, it would

appear that he ought to have been

Lowering with the runner after one strand had broken woul d have inposed
additional stress on the weakened section as it was bent around the next
sheave. The final break apparently occurred at that point, when the
broken strand entered the top block in the sheave furthest fromthe fixed

end.

On the assunption that one strand initially broke, the operation then
woul d have becone very dangerous. Capsize and sinking woul d have been
inevitable if the rope broke conmpletely. The followi ng action should have
been taken under these circunstances:

cease all further winching (up or down) of the forward derrick runner

order all persons fromthe ship and the danger area on the wharf

i mredi ately

carefully nonitor the partly broken section of rope for indications
of further breaking

assess options available for |anding the |oad.

The following options then shoul d have been considered:

fill all enpty double bottom water ballast tanks

sinkage caused 0.14 M

resultant starboard heel 1.39°, load drops 0.19 M

metacentric height (GW increases from 2.576 Mto 3.075 M



. 23 .

transfer water ballast from port upper to starboard |ower anti-
heel i ng tank

i ncreased draught would allow an angle of heel of up to 5.2°
before the stabilizer pontoon bottons emnerged

| oad woul d be lowered a further 0.96 M by heeling to about 5°
GM woul d al so increase

wait for falling tide, low water 2200 hours 14th August
fall of 0.5 M from noon.

10. The options in 8 above offered a potential load |owering, relative to the
wharf, of 0.14 + 0.19 + 0.96 + 0.50 = 1.79 M nore than sufficient to land
the turning frame on the low loader. It would have been necessary to
re-position the low loader to take into account the extra derrick
out-reach due to heeling.

11. Further options included:

lowering the load by using the derrick topping lifts
as an alternative to waiting for the falling tide

[ anding the |oad on the wharf

supporting the |oad from underneath

for example, with heavy tinber

i f possible without danger to persons
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APPENDI X 1

PARTI CULARS OF SH P

NAME GABRI ELLA

PORT OF REQ STRY Wl enstad, Curacao, Netherlands Antilles.

ONNERS Junmbo Scheepvaart Maatschappij N.V. Curacao,
Net herl ands Antilles.

OPERATORS Kahn Scheepvaart B.V. (Kahn Shipping Linited)
Rot t er dam

TYPE Cargo, specialized heavy lift cargoes.

CONSTRUCTI ON Steel wel ded.

BU LT Wat er hui zen the Netherlands, conpleted January
1974.

TONNAGE G oss 1327.33 register tons (International)

Net 958.20 register tons (International).

Deadwei ght 2558 tonnes capacity (to Summer Load
Li ne).

DI MENSI ONS (| NTERNATI ONAL Length 79.87 netres
TONNAGE CERTI FI CATE) Breadth 14.98 netres
Depth 6.32 nmetres, to upper deck.

PROPULSI ON MACHI NERY One, MAK-type 9 Mu 452 AK, supercharged diesel,
1692 kW
CLASS Bureau Veritas | 3/3 E + HEAVY CARGO DEEP SEA

Last annual survey of hull and nachinery
3 February 1986 Singapore.



| NTERNATI ONAL LOAD
LI NE CERTI FI CATE

SAFETY CONSTRUCTI ON
CERTI FI CATE

SAFETY EQUI PMENT CERI FI CATE

SAFETY RADI OTELEPHONY
CERTI FI CATE

| NTERNATI ONAL O L POLLUTI ON
PREVENTI ON CERTI FI CATE

. 25 .

I ssued by the Netherlands Scheepvaartinspectie
(Shi pping Inspectorate - Netherlands narine
Admi ni stration) on 31 January 1984 and valid to
31 January 1989. Last annual survey 3 February
1986 Si ngapore

Issued by the Netherlands Scheepvaartinspectie
on 31 January 1984 and valid to 31 January
1989. Last annual survey 3 February 1986

Si ngapor e.

I ssued by the Netherlands Scheepvaartinspectie on
25 March 1986 and valid to 9 February 1988.  Last
survey 3 February 1986 Singapore.

I ssued by Governnent of Japan on 9 July 1985

and valid to 8 July 1986. Validity extended to 8
Cctober 1986 by the Netherlands
Scheepvaartinspectie on 13 June 1986.

Issued by the Netherlands Scheepvaartinspectie
on 16 February 1984 and valid to 30 Septenber
1986. Last annual survey 3 February 1986

Si ngapor e.

CERTI FI CATE OF SEAWORTHI NESS |ssued by the Netherlands Scheepvaartinspectie
(ARTI CLE 6 NETHERLANDS SHI PS on 5 June 1985 and valid to 1 July 1987

ORDER 1965)

SAFE MANNI NG DOCUMENT

CERTI FI CATE OF REG STRY

| NTERNATI ONAL TONNAGE
CERTI FI CATE EXTRACT

Validity extended to 1 July 1987 by the
Net herl ands Scheepvaartinspectie.

I ssued by the Netherlands Scheepvaartinspectie on
5 June 1985 and with same period of validity as
the above Certificate of Seaworthiness to which
it belongs.

I ssued by the Governor of the Netherlands
Antilles at Curacao on 23 January 1978.

I ssued by the Netherlands Chief Inspector for
Tonnage Measurement on 22 Cctober 1974.
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APPENDI X 2

M.V. GABRIELLA - GENERAL ARRANGEMENT
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APPENDI X 3

STABI LI TY TERM NOLOGY

The centre of gravity of a body is the point through which the force of
gravity is considered to act vertically downwards with a force equal to the
wei ght of the body.

The centre of buoyancy is the point through which the force of buoyancy is
considered to act vertically upwards with a force equal to the weight of water
displaced. It is the centre of gravity of the underwater vol une.

To float at rest in still water, a vessel nust displace its own weight of
water, and the centre of gravity nust be in the same vertical line as the
centre of buoyancy.

Figure A represents a ship floating upright in still water. The centres of
gravity and buoyancy are at G and B respectively.

W
|

oMb )

W_ 0 4L

B

L _
K
W
FIG A FIG B

If the ship is inclined by an external force to a snmall angle as shown in
Figure B the centre of gravity will remain at G and the weight of the ship (W
can be considered to act vertically downwards through this point. The centre
of buoyancy shifts fromB to Bl
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For angles of heel up to about 150 the vertical through the centre of buoyancy
may be considered to cut the centre line at a fixed point called the initia
metacentre (Min the figures). The height of the initial netacentre above the
keel (KM depends upon a ship's underwater form and the surface waterplane

area.

The vertical distance between G and Mis referred to as the netacentric
hei ght . If Gis below Mthe ship has positive netacentric height, and if Gis
above Mthe metacentric height is negative

A ship is in stable equilibriumif, when inclined, it tends to return to the
initial position. For this to occur the centre of gravity nust be below the
metacentre. Figure A shows a ship in the upright position having a positive
GM  Figure B shows the sane ship inclined to a snmall angle. The centre of
buoyancy noves fromB to Bl to take up the new centre of gravity of the
underwat er volume, and the force of buoyancy is considered to act vertically
upwards through Bl and the netacentre M If nonents are taken about G there
is a nmnent to return the ship to the upright. This nmoment is referred to as
the Monent of Statical Stability and is equal to the product of the force (W
and the length of the lever GZ

FIGC

Wien a ship which is inclined to a small angle tends to heel over stil
further, it is in unstable equilibrium For this to occur the ship nust have

a negative GV

Figure C shows a ship in unstable equilibrium which has been inclined to a
smal | angle. The nonent of statical stability, Wx &, is clearly a capsizing
moment which will tend to heel the ship still further.



APPENDI X 4

STABILITY ANALYSI S

The following cal cul ations are based on:

.copies of the ship's stability data
approved by the Netherlands Shipping

I nspectorate and supplied by the ship's
operators Kahn Shi pping

.statenents by the master and first mate
and information on the ship's cargo plan
relating to the cargo on board

.statenments by the naster, chief engineer
and second mate relating to liquids in tanks

.information from Kahn Shipping and the
mast er, based on operating experience
relating to the estimated quantities of
unpunpabl e liquids in tanks

.information from BHP about the weight of
the turning frames

.measurenment of the distance fromthe wharf
face to the centre of the turning frame
where it dropped and hence the outreach of
the derricks at the time of the accident

.a general arrangenent plan of the ship
suppl i ed by Kahn Shi ppi ng.

The analysis shows the stability conditions of the ship imediately before and
after the turning frane dropped. Although sone of the factors involved,
notably the quantities of unpunpable liquids, are necessarily only estinates,
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they are considered sufficiently accurate for the purpose of this

i nvestigation. In the absence of information in the data relating to centre
of gravity and free surface in the partly filled condition of some tanks, the
partly filled centres of gravity have been estimted and the nmaxi num free
surface nonents have been used. The ship's condition was, therefore, probably
very slightly better than shown by the calculations. Any difference, however,
is of no practical significance. The absence in the data supplied of the
effect of trimof the ship is also considered to be of no practical effect on
the results of these calculations. Certainly, the calculated angle of hee

i mediately prior to the accident accords with the master's statenent that he
bal |l asted the ship to keep the angle of heel very slightly to starboard of
upright, about %2.

The curve of righting | evers (&) has been drawn past the angle of heel at
which the hold would have conmmenced flooding. This illustrates that capsize
was inevitable even if the hold was not open, as the capsizing levers are

al ways greater than the righting levers. It is not suggested that the upper
deck hatch covers should have been, or even could have been, secured in place
by the wharf cranes when the turning frane was clear of the hold. Such a
course of action, even if feasible, would have been undesirable for safety
reasons.

This analysis shows that the stability was satisfactory for the discharge of
the second turning frame. However, at the critical stage with the turning
frame over the wharf, the amount of cargo and water ballast used to counter-
bal ance the turning frane and keep the stabilizer pontoons iimmersed was such
that capsize was inevitable if the load in the derricks were suddenly |ost.
Wth the cargo hold open for cargo discharge the consequence of capsize was
si nki ng.

The analysis also shows that even if the turning frames could have been
di scharged before other cargo in the hold, the inproved stability would not
have been sufficient to prevent capsize and sinking.
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STBD+
| TEM VEIGHT KG V.MM LCG L.MM TCG T. MOM
(tonnes) (m (t-m (m (t-m (M  (t-m

Li ghtship excluding follow ng 1546 7.13 11018 33.23 51374 0.18 -278
Fore derrick 18 19.0 342 52.79 950 7.3 131
Aft derrick 18 19.0 342 32.17 579 7.3 131
Stabilizer beans 10 7.0 70 29.00 290 -8.0 - 80
Tween deck hatch No. 1 14.3 1.48 21 60.41 864 -

[ [ l "2 11: 4 1.48 17 52.45 598 -

| [ : "3 11.4 1.48 17 47.09 537 -

[ [ [ "4 11.4 1.48 17 41.73 476 -

[ [ [ "5 11.4 1.48 17 36.37 415 -
Stores 12.3 86  3.00 21 -
Li fting/ Lashing gear 7: 7.0 525 50.00 3750 -

Sub- Tot al 1734 12472 59854 - 96
Less Nos. 3-7 upper deck

hat ches pl aced ashore -72 8. 65 -622 36.34 -2616 -
No. 8 upper deck hatch

ashore -20 8.65 -174 19.00 380 -
No. 2 hatch noved on top

No. 1 +0. 45 + 6 +5.5 + 79 -

ADJUSTED LI GHTSH P 1642 11682 56937 96
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STBD F.S.
LI QUI DS VEEI GHT KG V. MOM LCG L. MOM +TCG T.TOM MOM
(tonnes) (M) (t-r (M (- (M (t-m  (t-m
2 DB Port Fuel 011 Y g.61 31 37.04 1852 -2.92 - 146 16
“noSthd " " 5 g.06 37.04 185 2.92 15 16
i " Centre e 5 0.06 35.7 179 66
weon " " 57 g.61 -35  21.6 1231 73
Settling Tank
Port e 14 8.19 115 9.31 139 -5.82 - 81 ]
Settling Tank
Stbd e 3 7.6 22 9.31 28 5.82 17 8
Day Tank Stbd * " 2 7.0 20 6.0 12 1.9 4 )
4 DB Port Lub. 3 7.8 2 11.99 36 -1.61 b 3
5 oo " " 2 7.8 2 10.28 21 -1.29 3 ]
v Sthd Leak " 1 7.8 1 10.28 10 1.29 1 1
4w Dirty ? 0.8 2 11.99 24 1.61 3 3
Fresh Water Tank Port 8 8.3 66 0.22 2 -4.08 - 33 h
" " " Sthd 2 8.0 16 0.22 4.08 8 b
Aft Peak - Fresh Water 30 5.0 150 3.3 99 95
Fore Peak Water Ballast 33 6.11 202 71.58 2362 -
1 DB Centre " 63 0.67 42  61.55 3878 -
" Port " 32 g.67 21  54.4 1741  -3.5 - 112 ]
v L stbd " 8 g.17 1 54.4 435 3.5 28 43
" Upper Wing Tank
Port " 19 6.64 126 53.86 1923 -6.52 - 124 ]
" Upper Wing Tank
Stbd " 2 6.0 12 53.86 108 6.52 13 33
2 DB Centre " 5 g.05 49.09 245 66
“ Lower Wing Tank
Port " 243 2.78 675 37.07 9008 -6.16 -1497 ]
" Lower Wing Tank
Stbd " 30 #.35 11 37.07 1112 4.8 144 22
" Upper Wing Tank
Port " 30 6.05 182 37.05 1112 -6.6 - 197 9
2 Upper Wing Tank
Stbd " 2 5.6 11 37.85 74 6.6 13 8
3 DB Port " 31 7.68 21 19.67 610 -3.46 - 107
“ v Sthd " 8 g.17 1 19.67 157 3.46 28 39
“ Upper Wing Tank
Port " 25 6.67 167 18.89 473  -6.44 - 161
" Upper Wing Tank
Stbd " 2 6.0 12 18.89 38  6.44 13 3
TOTAL LI QUIDS 717 1946 26185 -2179 514
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St bd F.S.
| TEM WEI GHT KG V. MOM LCG L.MM +TCG T.MOM MOM
(tonens) (m  (t-m (m  (t-m (M (t-m (t-m
3 cargo itenms |ower hold
port 138 3.73 515 45.00 6210 -4.5 -621
Turning frame & lifting
yoke 270 6328 39.22 10589 10.9 2943
TOTAL CARGO 408 6843 16799 2322
TOTAL LI QUI DS 717 1946 26185 -2179 514
ADJUSTED LI GHTSHI P 1642 11682 56937 96

CONDI TI ON BEFORE ACCI DENT 2767 7.40 20471 36.11 99921 0.017 + 47 514

| MVEDI ATELY BEFORE ACCI DENT:

Di spl acenent 2767 tonnes Draft at LCF 3.92 M

KG 7.398 M LCB 37.4235 M

Free Surface Correction 0.186 M LCG 36.1117 M

KG (fluid) 7.584M Trim Lever 1.3118M

KM (2 Stabilizer pontoons) 10.16 M MCT 1CM 30.2

(KM no pontoons 6.6 M TRIM 1. 2019

GM 2.576 M LCF 37.365 M

LI ST 0.38" STARBOARD DRAFT F. 3.33 MA 4.53 M
BEFORE ACCI DENT 2767 20471 99921 + 47 514
LESS TURNI NG FRAME/ YOKE -270 6328 - 10589 -2943
AFTER ACCI DENT 2497 5.66 14143 35.78 89332 1.16 -2896 514

| MVEDI ATELY AFTER ACCI DENT:

Di spl acement 2497 tonnes Draft at LCF 3.585 M
KG 5.664 M LCB 37.4283 M
Free Surface Correction 0.206 M LCG 35.7757 M
KG (fluid) 5.870 M Trim Lever 1.6526 M
KM no stabilizer pontoons*) 6.850 M MCT 1CM 29.33 MT
GM 0.98 M TRIM 1.4069 M
LCF 37.405 M
*Stabilizer pontoons do not augment DRAFT F. 2.89 MA 4.30 M

KM when fully immersed. In any case
they broke adrift due to capsizing
forces.



TABLE OF CAPSI ZI NG LEVERS KG 5. 87 DI SPLACEMENT 2497

HEEL ANGLE 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
KN

KG SIN HEEL 10 060050 L2102 L19L52 23720029 248 3475 29% L33 4% 450

5.3 5.0 5403
ANGLE

RILCGHT1 NG
LEVER 0 0.09 0.18 0.27 0.36-0.4 0.54 0.58 0.57 0.52 0.48 0.36 0.24 -0.1
CAPSI ZI NG

LEVER 1.16 1.16 1.14 1.12 1.09 1.05 1.00 0.95 0.89 0.82 0.75 0.67 0.58 0.49 0.4

RESULTANT
LEVER  1.16 1.07 0.96 0.85 0.74 0.61 0.46 0.37 0.32 0.30 0.27 0.31 0.34 0.5
(CAPSI ZI NG

NOTE 1 & values are for intact hull. Vessel's cargo hold was open and
angle of flooding for hold coamng was 46°. Although GZ val ues
are not correct past 46° (they would be nuch less), the curves
show the capsizing lever is always greater than the righting
| ever and capsize was inevitable, even if the hold was not open.

NOTE 2 There are no KN curves in the ship's data for 35° 45° 55° &

65°. & values at these angles have been extracted from &Z
curves in the data for angles of heel 0° to 60°.

CURVES OF CAPSI ZI NG & RI GHTI NG LEVERS
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CONDITION | F TURNING FRAMES DI SCHARGED BEFORE OTHER CARGO IN HOLD

St bd+ F. S.
| TEM VEI GHT KG V. MOM LCG L. MOM TCG T.MOM  MOM
Turning frame & lifting
yoke 270 6328
4 x 45.7T ite 183 3.73 682
6 x 46.6 ' 280 3.73 1043
3 x 42.6 ' 128 3.73 477
4 x 34.8 ' 139 3.22 448
1 x 46.6 ' 47 3.27 152
1 x 32.2 ' 32 2.95 95
1 x 32.9 f 33 2.50 82
2 x 10.3 [ 21 2.05 42
1 x 4.5 [ 5 4.37 20
30 itens 27 3.20 86
TOTAL CARGO 1165 9455 2322 -
TOTAL LI QUI DS 717 1946 -2179 514
ADJUSTED LI GHTSH P 1642 11682 -96 -
CONDI TI ON BEFORE " ACClI DENT" 3524 6. 55 23083 47 514
LESS TURNI NG FRAME/ YOKE -270 6328 . -2943 -
AFTER " ACCI DENT" 3254  5.149 16755 - 2896 514
Di spl acenent 3254 tonnes Draft at LCF 4. 50M
KG 5.149M Hol d floodi ng angl e 39°
Free Surface Correction . 158M Righting | ever at 35° 0.72M
KG (fluid) 5.307M Capsi zing lever at 35° 0. 95M
KM (no stabilizer pontoons) 6. 350M Righting | ever at 40° 0. 78M
GM 1. 043M Capsizing lever at 40° 0. 89M

NOTE 1 Trimis not significant and has been onmitted
NOTE 2 3 cargo itens totalling 138 tonnes have been 'discharged fromthe

starboard side of the hold first and are not included in the above
calculations. This provides the required extra weight on the port
side. The transverse nonment (T.Mnm after the hypothetical accident
above is therefore the sanme as after the actual accident (see page
34).
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APPENDI X 5

SUMWVARY OF RESULTS OF EXAM NATI ON AND TESTS

BY UNI SEARCH LTD, UNI VERSITY OF NEW SQUTH WALES

"Failure of the fore derrick running rope of W 'GABRIELLA" at Port Kenbla
harbour on 14 August 1986 is attributed to the rope being so heavily
internally corroded that the breaking |oad of the rope was exceeded by the
combi ned forces of lifted |oad and the bending of the rope in the sheaves. On
the basis of tensile tests on sections of the rope and individual wires, the
breaking load of the rope had decreased froman initial value of 94.4 tonnes
in 1981 to an estimated failure |oad at the break of 35 tonnes. \ile the
contribution to the total lifted |oad of 265.6 tonnes from each of the 10
falls in the reeving systemwas only 13.28 tonnes, it is considered that the
stiffness of the rope had been increased by corrosion and a force of at |east
30 tonnes was devel oped in bending the rope around the sheaves. This was
sufficient to cause failure of the rope.

Al though fornulated for marine conditions, the grease used to |ubricate the
rope did not penetrate the internal strands and, furthernmore, was so badly
deteriorated that 50 percent of the grease consisted of rust. Standard
procedures for internal inspection of the rope would have identified the state
of corrosion and lack of internal lubrication. In lowering after the alleged
failure of one strand, appreciable additional bending forces would have been

i nposed on the weakened rope such that failure took place in the sheave."
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