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1. INTRODUCTION

The laboratory was initially provided with the cap head end fracture half
of two bolts on 3™ August (Figures 1 to 5 inclusive). After discussions
with MAIB, during which we identified the possibility that there could be
two different failure mechanisms in the samples received, a further
sixteen threaded end fracture halves and eight unfractured bolts were
provided to the laboratory on 8™ August (Figures 6 and 7). The
collective bolt sample set was received unidentified in respect of which
wheel unit individual bolts or fracture halves had come from. Similarly,
the bolts and fracture halves were not identified in respect of their

precise location within the mechanically connected joints.

The bolts were reported to be from a ship's gantry crane, which in
service was used to lift the vessels hatch covers. The crane had a total

of four wheel units, which were located forward and aft of each corner
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of the crane. The wheels were attached to the crane via a flanged joint

which was secured by a total of eight of the subject bolts.

The laboratory was not made aware of the bolts size, specification or
strength grade and Test House (TH) had, consequently, provided for
verification of the bolts dimensional and strength grade attributes as

part of the laboratory work scope.

The samples provided were examined in the TH metaliurgical

laboratory as follows.
SAMPLE MATERIAL AND RECEIPT INSPECTION
Samples Received 3" August

This sample set comprised two cap head end fracture halves, both of
which had fractured in the threaded section (Figure 1). One exhibited a
shear like fracture at 45° to the bolts principal axis (Figure 2) and its
fracture surface was seen to be quite rusted (Figure 3). The second
bolt exhibited what potentially looked like a fatigue fracture, which was
orientated at 90° to the bolts principal axis (Figure 4). The fracture
surface of this second bolt also exhibited evidence of moderate rusting
(Figure 5).

Samples Received 8™ August

This second sample set comprised eight unfractured bolts and sixteen
threaded end fracture halves (Figure 6 and 7), two of which exhibited

saw cut end faces (Figure 7).

The unfractured bolts had an overall length of 80.7mm and a combined
plain shank and threaded length of 85mm. The thread was confirmed



fo be standard metric M16 x 2mm pitich. Heads of the bolts exhibited
hard stamping marks (Figure 8), which were taken to signify that the
bolts were of strength grade 8.8. The plain ends of some bolts
exhibited traces of prior zinc or cadmium like plating (Figures 9 and
10). In the main any prior protective plating had long since corroded
away and the bolt surfaces exhibited significant general rusting and

pitting corrosion (Figures 11 and 12).

Like the two samples received originally, the larger sampie set also
exhibited fractures that appeared to be of two generally different kinds
(Figures 13 to 21 inclusive). Ten fracture halves exhibited what
appeared to be fatigue fractures (Figures 13 to 17 inclusive) and four
exhibited what appeared to be largely ductile shear type fractures
(Figures 18 to 21 inclusive). The fracture surfaces in both classes of
fracture exhibited variable degrees of post fraciure surface rusting
(Figures 13, 14, 15, 18 and 19), which suggested that some of the
fractures may have been of some age and could have pre-dated the

current casualty.

Two fracture halves exhibited bright freshly sawn ends (Figure 7) and
the prevailing fracture type in these two items could obviously not be

established.

To facilitate a more detailed fractographic examination, examples of

bolts from each of the two visually different fracture types were cleaned

in Clarke solution (Figures 16, 17, 20 and 21).

DETAILED FRACTOGRAPHIC EXAMINATION

The cleaned fraciure surfaces were examined via both an optical

stereo microscope and a Scanning Electron Microscope (SEM).



The samples exhibiting fractures that were orientated 90° to the bolts
principal axis (Figures 16 and 17) exhibited features consistent with
fatigue cracking over most of the fracture surface and only very small

terminal ductile shear regions were apparent (Figures 22 to 32).

The samples exhibiting fractures at 45° to the bolts principal axis
(Figures 20 and 21) exhibited features consistent with ductile shear
type fracture (Figures 33 to 40). Some fractures in this popuiation also

exhibited evidence of some possible prior fatigue cracking.

Some regions of the fracture surfaces exhibited evidence of post
fracture general corrosion damage and local pitting corrosion,
suggesting again that some of the fractures may have been of some

age and possibly pre-dated the current casualty.

MAGNETIC PARTICLE INSPECTION OF THE UNFRACTURED
BOLTS

The eight unfractured bolts were wire brush cleaned and subjected to
Magnetic Particle Inspection (MPI). The testing was completed via a
bench unit and water washable fluorescent ink, test conditions and

results of which are detailed in Appendix 1.

All eight boits were found to be free from both surface defects and

cracks.
METALLOGRAPHIC EXAMINATION

Longitudinal metallographic specimens were removed from the fracture
surfaces of bolts exhibiting both fracture types and from the plain shank
to threaded region of two unfractured bolts. The specimens were
Bakelite mounted and prepared for examination by mechanical

polishing to a 1-micron diamond finish. The prepared specimens were



first examined in the as polished unetched condition and then again

after etching in Nital

The first specimen removed from a bolt that had fracture at 90° to the
principal axis of the bolt was seen to largely comprise strain free fatigue
type cracking (Figures 41, 42 and 43). The fatigue crack had initiated in
a thread root that appeared to be free from pre-existing material or
manufacturing defects (Figure 41) and no secondary cracking was
apparent in adjacent thread roots. The bolt had been manufactured by
thread rolling rather than screw cutting and clear evidence of thread
rolling intrusions was apparent in the thread tips (Figure 44). The bolts
residual microstructure was consistent with it having been subjected to
a quench and temper type heat treatment after thread rolling (Figure
45),

The specimen removed from a second bolt that had fractured at 90° to
the principal axis of the bolt also exhibited features consistent with
strain free fatigue cracking over most of the bolts cross section (Figures
46 and 47). In this case, however, there was clear evidence of a small
region of ductile shear type fracture in the terminal fracture region
(Figures 48 and 49). The fatigue crack had again initiated in a thread
root that appeared to be free from pre-existing material or
manufacturing defects (Figure 46) and there was no evidence of
secondary cracking in the adjacent thread roots. The bolt had again
been produced by thread rolling and had entered service in a gquench

and tempered heat treatment condition.

The specimen removed from a bolt exhibiting fracture at 45° to its
principal axis was confirmed to exhibit largely ductile shear type
fracture (Figures 50 and 51) and the bolt was seen to have expended
very significant levels of ductility in the fracture process (Figure 51).
The fracture surface exhibited evidence of quite extensive and deep
pitting corrosion, which in turn suggested that this could be an old

fracture. The bolt had again been produced by thread rolling (Figure
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52) and it had entered service in the quench and tempered heat

treatment condition {Figure 53).

The specimens removed from two unfractured bolts confirmed both to
be totally free from cracking. One of the bolts did, however, exhibit
evidence of quite extensive locai pitting corrasion (Figures 54, 55 and
56). Like other bolts examined in detail, both had been produced by
thread rolling and had received a satisfactory post threading quench

and temper type through hardening heat treatment.
VICKERS HARDNESS TEST

A Vickers hardness test (HV10) was completed on metallographic
specimens exhibiting both fracture types and on a specimen removed

from an unfractured boit, results of which are reported in Appendix 2.

The test results consistently met the specified requirements for strength
grade 8.8 bolts. The actual hardness values were consistently towards
the upper end of the specified range for strength grade 8.8 and results
also met the minimum requirements for the next higher strength grade
{Strength Grade 9.8).

SUMMARY

The laboratory was provided with sixteen threaded end fracture halves,

two cap head end fracture halves and eight unfractured bolts.

The fractured bolts exhibited two visually different fracture types,
comprising what appeared to be both fatigue fractures and ductile

shear fractures.

The two cap head end fracture halves received on 3" August included
what appeared to be one fatigue fracture and one largely ductile shear

fracture.
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The sample set received on 8" August included what visually appeared
to be ten fatigue fractures, four largely ductile shear fractures and two

with recently sawn ends.

The bolts were stamped strength grade 8.8, and were of 80.7mm
overall length. The bolt shank and threaded end measured 65 mm and

the thread was confirmed to be of M16 by standard Metric 2mm pitch.

The fracture surfaces of both the visually fatigue like fractures and the
ductile shear type fractures exhibited varying degrees of post fracture
rusting, suggesting that some of the fractures were of some age and

one probably pre-dating the current casualty.

The unfractured bolt set also exhibited evidence of significant general
rusting and local pitting corrosion, which had consumed the protective

plating in all but limited regions of some threaded ends.

The eight unfractured bolts were confirmed by MPI to be totally free

from evidence of cracking.

Detailed SEM fractographic examination of the two visually different
fracture types confirmed that fractures orientated at 90° to the principal
axis of the bolts were largely fatigue fractures, in contrast with fractures
which were orientated at 45° to the bolts principal axis, which were

seen to comprise largely ductile shear failures.

The detailed fractographic examination also identified evidence of post
fracture corrosion of the fracture halves, which further suggested that

some of the bolt failures pre-dated the current casuaity.

Metallographic examination served further to confirm the presence of
two failure mechanisms in the bolt fracture halves, comprising both

fatigue and ductile shear.
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The metailographic examination also identified the presence of general

and local pitting corrosion.

The boits were seen to have been produced by thread rolling, rather
than screw cutting and they had been satisfactorily through hardened

by a quench and tempering heat treatment after thread rolling.

Vickers hardness tests on three bolt samples confirmed that they
comfortably met the strength grade 8.8 requirements, and that they

also met the requirements of the next stronger 9.8 strength grade.

We saw no evidence of material, microstructural or manufacturing
defects that could have pre-disposed the bolts to fatigue cracking in

service.

CONCLUSIONS, DISCUSSION AND OPINION

We conclude that a large proportion of the fractured bolts had failed by
a mechanism of fatigue cracking and based on the presence of variable
levels of corrosion at the fracture surfaces some of the fractures most

probably pre-dated the current casualty incident.

The bolts were confirmed to be of strength grade 8.8 and based on
their Vickers hardness they would have also met the requirements of
the next higher strength grade 9.8. The bolts had been thread rolied
and quench and temper heat treated after threading; a manufacturing
process selection and sequence that would normally provide the best
fatigue resistance. Based on the measured hardness falling towards
the top end of the range specified for the strength grade and absence
of manufacturing defects, the bolts could have been expected to exhibit
a fatigue strength towards the top end of the statistical scatter band

range expected for the strength grade.



Fatigue cracking resuits from cyclic loading, over typically thousands or
millions of loading reversals, at stress amplitudes above an items
fatigue limit. In joints of the type in question failure to suitably tighten
the bolts or movement across the bolting faces are usually the most
common cause of in-service fatigue cracking. The presence of
widespread prior surface pitting corrosion could also have been
expected to have locally concentrated resolved cross joint stresses and

increased sensitivity to fatigue cracking.

Based on the levels of fracture surface corrosion seen in the sample
set, it appears likely that a significant number of the bolts had suffered

fractures some time before the current casualty incident.

The high proportion of fatigue fractures in the bolt set provided and the
very high fatigue cracking content of individual bolt fractures would alsc
collectively suggest that the overall service loading of the bolted joints

is relatively low.

Report prepared and authorised by

Director and Head of Laboratory
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Figure 1: Fractured cap head bolt sample halves, received 3™ August 2011.
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Figure 2: Detail of figure 1, showing bolt half exhibiting 45° degree shear like fracture.
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Figure 3: Detail of figure 1, showing rusted fracture surface of the bolt half exhibiting a
shear like fracture.

Figure 4: Detail of figure 1, showing a bolt half exhibiting fatigue like fracture at 90° to the
fasteners principal axis.
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Figure 5: Detail of figure 1, showing rusted fracture surface of the bolt half exhibiting a
fatigue like fracture.

Figure 6: Un-fractured cap head and threaded end bolt fracture halves
received 8" August 2011.
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Figure 7: Bolt samples received 8" August, showing 8 un-fractured, 4 exhibiting 45° shear
like fractures, 10 exhibiting fatigue like fractures and 2 with sawn faces.

Figure 8: Bolt manufacturers head marking, which were read as 8.8 (strength grade 8.8).
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Figure 9: Un-fractured bolt, showing evidence of prior plating at its threaded end.

Figure 10: Second un-fractured bolt, showing evidence of prior plating at its threaded end.
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Figure 11: Un-fractured bolt showing external corrosion.

Figure 12: Un-fractured bolt, shown after cleaning and exhibiting evidence of
local pitting corrosion.
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Figure 13: Threaded bolt half exhibiting fatigue like fracture and showing light rusting of
the fracture surface.

Figure 14: Threaded bolt half exhibiting fatigue like fracture and showing moderate rusting of
the fracture surface.
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Figure 15: Threaded bolt half exhibiting fatigue like fracture and showing heavy rusting of
the fracture surface.

Figure 16: Threaded bolt half exhibiting fatigue like fracture, shown after cleaning
in Clarke solution.
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Figure 17: Second threaded bolt half exhibiting fatigue like fracture, shown after cleaning
in Clarke solution.

Figure 18: Threaded bolt half exhibiting 45° shear like fracture and showing
moderate rusting.



Page 10 of 28
Client: MAIB, Floor 2 Mountbatten House, Southampton SO15 2JU
Job reference: T11285

Figure 19: Second threaded bolt half exhibiting 45° shear like fracture and showing
moderate rusting.

Figure 20: Threaded bolt half exhibiting 45° shear like fracture, shown after cleaning
in Clarke solution.



Page 11 of 28
Client: MAIB, Floor 2 Mountbatten House, Southampton SO15 2JU
Job reference: T11285

Figure 21: Second threaded bolt half exhibiting 45° shear like fracture, shown after cleaning
in Clarke solution.

Figure 22: SEM fractograph, showing crack origin region in one of the fracture halves
exhibiting fatigue fracture.
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Figure 23: SEM fractograph, showing detail of figure 22 and fractography consistent
with fatigue cracking.

Figure 24: As above.
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Figure 25: SEM fractograph, showing terminal fracture region of a fatigue cracked bolt.

Figure 26: SEM fractograph, showing detail of figure 25 and fractography consistent with
high ductility shear fracture.
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Figure 27: SEM fractograph, showing crack origin region of a second fracture half
exhibiting fatigue fracture.

Figure 28: SEM fractograph, showing detail of figure 27 and fractography consistent
with fatigue cracking.
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Figure 29: As figure 28.

Figure 30: SEM fractograph, showing terminal fracture region of a fatigue cracked bolt.
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Figure 31: SEM fractograph, showing detail of figure 30 and fractography consistent with
ductile microvoid coalescence type terminal fracture.

Figure 32: As above.
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Figure 33: SEM fractograph, showing fracture origin region of a sample from the 45°
shear like fracture.

Figure 34: SEM fractograph, showing detail of figure 33 and fractography consistent with
ductile microvoid coalescence type fracture.
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Figure 35: SEM fractograph, showing terminal fracture region of a 45° shear like fracture.

Figure 36: SEM fractograph, showing detail of figure 35 and fractography consistent with
ductile microvoid coalescence type fracture.
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Figure 37: SEM fractograph, showing fracture origin region of a second 45°
shear like fracture.

Figure 38: SEM fractograph, showing detail of figure 37 and fractography consistent with
corrosion damaged ductile microvoid coalescence type fracture.



Page 20 of 28
Client: MAIB, Floor 2 Mountbatten House, Southampton SO15 2JU
Job reference: T11285

Figure 39: SEM fractograph, showing terminal fracture region of a 45° shear like fracture.

Figure 40: SEM fractograph, showing detail of figure 39 and fractography consistent with
ductile microvoid coalescence type fracture.
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Figure 41: Micrograph (original image captured at X12.5), specimen etched in Nital.
Longitudinal section through fatigue fractured bolt, showing crack origin (top left of field)
and terminal fracture region (top right of field).

Figure 42: Micrograph (original image captured at X200), specimen etched in Nital.
Detail of the crack origin region of figure 41, showing strain free fracture edge
consistent with fatigue cracking.
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Figure 43: Micrograph (original image captured at X200), specimen etched in Nital.
Detail of the terminal fracture region of figure 41which again appeared consistent
with fatigue cracking.

Figure 44: Micrograph (original image captured at X200), specimen etched in Nital. Detail of
thread rolling intrusion (arrowed) in fatigue fractured bolt, which confirmed that the bolt had
been thread rolled rather than screw cut and heat treated after threading.
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Figure 45: Micrograph (original image captured at X500), specimen etched in Nital.
Longitudinal section through fatigue cracked bolt, showing a microstructure consistent
with the bolt having received a quench and temper type through hardening heat treatment.

Figure 46: Micrograph (original image captured at X12.5), specimen etched in Nital.
Longitudinal section through a second fatigue fractured bolt, showing crack origin (top
left of field) and terminal fracture region (top right of field).
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Figure 47: Micrograph (original image captured at X200), specimen etched in Nital.
Detail of the crack origin region of figure 46, showing strain free fracture edge
consistent with fatigue cracking.

Figure 48: Micrograph (original image captured at X200), specimen etched in Nital.
Detail of the terminal fracture region of figure 46 and showing evidence of ductile
terminal overload type fracture.
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Figure 49: Micrograph (original image captured at X500), specimen etched in Nital.
Detail of figure 48.

Figure 50: Micrograph (original image captured at X12.5), specimen etched in Nital.
Longitudinal section through a 45° shear type fracture.
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Figure 51: Micrograph (original image captured at X200), specimen etched in Nital.
Detail of figure 50, showing features consistent with ductile shear type fracture.

Figure 52: Micrograph (original image captured at X200), specimen etched in Nital. Detail of
thread rolling intrusion (arrowed) in shear fractured bolt, which confirmed that the bolt had
been thread rolled rather than screw cut and heat treated after threading.
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Figure 53: Micrograph (original image captured at X500), specimen etched in Nital.
Longitudinal section through 45° shear type fracture, showing a microstructure consistent
with the bolt having received a quench and temper type through hardening heat treatment.
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Figure 54: Micrograph (original image captured at X12.5), specimen etched in Nital.
Longitudinal section from an un-fractured bolt, showing corrosion of the plain
shank and threads.
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Figure 55: Micrograph (original image captured at X25), specimen etched in Nital. Detail of
the corrosion damage shown in figure 54.
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Figure 56: Micrograph (original image captured at X25), specimen etched in Nital. Further
detail of the corrosion damage shown in figure 54.
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Annex C

Familiarisation with duty and emergency preparedness form












Annex D

Manufacturer’s maintenance schedule












Annex E

Three monthly deck maintenance list


















Annex F

Risk assessment procedure
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Sand Falcon safety flyer






SAFETY FLYER TO THE SHIPPING INDUSTRY

Failure of non-cargo handling lifting appliances

The dredger Sand Falcon was alongside at a jetty when the trolley from its gantry-type stores
crane came off and fell 7.5m landing on the deck guardrails. The trolley weighed over 400kg

and narrowly missed the 7 people who were working nearby on the main deck and ashore on
the jetty. The crane was being prepared to load ship’s stores at the time and was not carrying
any load.

The failure was due to a combination of design flaws, lack of maintenance and weaknesses in
the inspection and testing methods used to assess the safety of the crane.

The floating sheerleg Cormorant was raising her 85t ‘A’ frame when two pad eye fittings holding
wire supports detached from the deck causing the sheerleg to fall back onto the wheelhouse.
Considerable damage resulted but there were no injuries.

The failure was due to the rigging being overloaded by the uncoordinated use of the hoisting
and luffing winches. The raising of the sheerleg had not been identified as a key shipboard
activity. There had been no risk assessment and no written operational procedures were
provided. No alarms or interlocks were fitted to the hoisting system.

The pad eyes had not been identified as lifting equipment and had not been inspected or
tested for 37 years. Although their condition was not considered to have contributed to the
failure, weld fatigue was identified by non-destructive testing to corresponding pad eyes on
board a similar vessel

The 77m general cargo vessel, Velox, was loading grain and the crew was tasked with painting
the hull using the ship’s workboat. Instead of using the workboat’s hand-operated davit, a
larger electrically-driven stores crane was used. An AB and cadet boarded the workboat and it
was hoisted off the cradle. After some problems slewing the workboat outboard, the workboat
was then lowered. When it had descended approximately 2m, the lifting wire parted and the
boat, with its occupants, fell 8m into the water. Both the AB and the cadet suffered serious
injuries.

The lifting wire was in an extremely poor condition and it was later found that the stores
crane had not been maintained for some time. The stores crane was meant to have been
decommissioned, but not everyone knew this and it had not been put out of use.

Overseas Camar was alongside loading a cargo of gas oil and a stores barge was secured on
the outboard side. The stores crane had lifted the first load of hydraulic oil drums safely and
a second load was being hoisted, when suddenly the load began to fall back onto the deck of
the stores barge. The crewmen on the stores barge looked up and saw both the crane and its
operator, who was in the control platform attached to the crane, falling. The crane struck the
side of the ship, crushed a skip on the stores barge and fell into the sea. It was first thought
that the operator had fallen into the sea too, but he landed on a lifeboat deck, some 5m below
the crane pedestal. Although his injuries were severe, he was extremely fortunate not to have
fallen further and been killed. Both crewmen on the stores barge were able to run clear.



The nuts and bolts used to hold the crane pedestal to the mounting ring were badly
corroded, allowing the bolts to pull straight through the nuts. Neither the ship’s planned
maintenance nor inspections by the classification society had detected how bad the
corrosion had become.

These accidents are examples of the 29 similar cases that have been reported to MAIB
since 2001 involving the failure of non-cargo handling cranes. The maijority of these cases
had the potential to cause fatal injuries and although there were no fatalities, a total of 11
people were injured.

Safety Lessons

Check that planned maintenance and inspections cover all parts of the equipment and
arrange proper access to reach components in awkward positions.

If the manufacturer’s maintenance instructions are poor, or there are none, get expert
assistance to make sure that the right maintenance is being done.

Check that all non-cargo lifting appliances have been identified and recorded in
accordance with national regulations. Some, like the rigging used to raise a sheerleg,
might not be obvious.

Make sure that those carrying out statutory inspections, load tests and thorough
examinations are competent to do so. Employing contractors who meet a recognised
industry standard should provide greater quality assurance.

Follow the guidance on lifting equipment published by the Maritime and Coastguard
Agency in Marine Guidance Notes 331 and 332, and in the Code of Safe Working
Practices.

Ensure that all key shipboard activities are identified, risk assessed and that the control
measures identified, such as procedures, alarms and interlocks, are provided.

This flyer and relevant MAIB’s investigation reports are posted on our website:
www.maib.gov.uk

For all other enquiries:

Marine Accident Investigation Branch
Mountbatten House

Grosvenor Square

Southampton

SO15 2JU

Tel:

023 8039 5500

Fax: 023 8023 2459
Email: maib@dft.gsi.gov.uk

November 2010



Annex H

Summary of cases involving the failure of non-cargo handling cranes reported to MAIB from 2001
to November 2011






Year [Summary Injuries
2001 |Hydraulic lifting ram failed in way of a weld repair None
2002 [Fitter struck by a manual winding handle causing broken ribs during maintenance procedure| 1
2003 |Lifting wire parted after becoming trapped in a sheave None
2003 [Motor failed, allowing crane boom to fall. Two stevedores injured by falling wire 2
2003 |Crewman riding on a gantry crane was crushed between the crane and ship’s structure 1
2003 |Gangway davit came away from mountings when a securing pin worked loose None
2003 |Lifting wire parted due to chafing damage None
2004 |Electrical fault caused loss of luffing control, leading to structural damage None
2004 |Crane operator injured his arm when it became trapped between the crane and ship’s 1
structure while slewing
2005 |Lifting wire parted — found to be corroded and crushed in way of a bulldog clip None
2005 |Crane luffed uncontrollably due to mechanical control defect None
2005 |Lifting wire parted - overloaded None
2006 |Unexpected release of a ‘riding turn’ in the luffing wire caused the jib to lower rapidly, injuring 1
a crewman on the head
2006 |Lifting wire parted due to corrosion. Corroded area hidden by ball weight. None
2007 |Lifting wire parted on a 1 tonne swl stores crane while it was lifting 350kg. Wire found to be| None
in poor condition due to lack of maintenance
2007 |Crewman crushed by hydraulic crane when the controls were activated inadvertently. 1
Crewman'’s leg subsequently amputated.
2007 |Crane lowered uncontrollably due to leak on hydraulic system None
2007 |Lifting wire parted — found to be in poor condition 1
2007 |Crane jib collapsed - overloaded None
2008 |Bosun seriously injured when the provisions crane he was operating detached from its 1
mountings and fell onto a stores barge secured alongside the vessel
2008 |[Hydraulic hose burst while the crane was in use None
2008 [Hydraulic hose burst while the crane was in use None
2008 [Hydraulic cylinder failed while in use, causing crane jib to fall None
2008 |Lifting wire parted - overloaded None
2009 |Error while using crane controls led to wrong function to be used, causing crane to be driveny  None
into ship’s structure.
2009 [Structure deformed due to misuse None
2009 |Lifting wire parted — found to be in poor condition None
2009 |Lifting hook detached from wire — not fitted correctly None
2009 |[Lifting wire parted while lowering a workboat with two crew on board. Both crew injured. 2
Wire found to be in poor condition and not maintained
2010 [Stern crane failure None
2010 |A frame collapsed None
2010 |[Crewman fell while acting as banksman 1
2010 |Entrapment in lifting wire/block 1
2010 |Crane failed during load test due to structural wastage None
2010 |Crewman crushed due to poor lifting technique 1
2010 |Jib cylinder mounting lug failed while lifting gangway causing jib to collapse None
2010 [Micro switch failed causing loss of control & damage to crane head None
2011 [Hatch lid gantry crane, poor procedures 1
2011 |Poor operations 1
2011 |Poor procedures. Banksman crushed by load 1
2011 [Failure of lifting sling 1
Total injured 18







Annex |

Manufacturer’s additional instructions and design modifications following the accident
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