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The Merchant Shipping
(Accident and Incident Safety
Investigation) Regulations,
2011 prescribe that the sole
objective of marine safety
investigations carried out in
accordance with the
regulations, including analysis,
conclusions, and
recommendations, which either
result from them or are part of
the process thereof, shall be
the prevention of future marine
accidents and incidents
through the ascertainment of
causes, contributing factors
and circumstances.
Moreover, it is not the purpose
of marine safety investigations
carried out in accordance with
these regulations to apportion
blame or determine civil and
criminal liabilities.

NOTE
This report is not written with
litigation in mind and pursuant
to Regulation 13(7) of the
Merchant Shipping (Accident
and Incident Safety
Investigation) Regulations,
2011, shall be inadmissible in
any judicial proceedings whose
purpose or one of whose
purposes is to attribute or
apportion liability or blame,
unless, under prescribed
conditions, a Court determines
otherwise.
The report may therefore be
misleading if used for purposes
other than the promulgation of
safety lessons.
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Auxiliary engine fire
near the Port of Al-Khums, Libya
07 February 2013
SUMMARY
At about 0955 (UTC+2), a fire
broke out in the auxiliary engine
compartment of the ro-ro cargo
ship Setubal Express. At the
time, the vessel was on anchor,
about three nautical miles off
the Port of Al-Khums.

Consequently, the engine-room
had to be abandoned.

The navigational officer of the
watch noticed the activation of
the engine-room fire alarm and
immediately phoned the engine
control room to alert the
engineering officer of the watch.
The engineers took immediate
action and confirmed that
auxiliary engine no. 1 was on
fire.

The
safety
investigation
concluded that the immediate
cause of the fire was the spray
of gas oil on a hot surface,
following the failure of the
supply and delivery fuel pipes
on auxiliary engine no. 1.

Due to the intensity of the fire
and the dense smoke, attempts
to extinguish the fire with two
portable
fire
extinguishers
proved futile.

The fire was eventually brought
under control and extinguished
after the activation of the fixed
CO2 installation.

One recommendation has been
made to the ship managers in
order to enhance the integrity of
fuel systems on board.
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FACTUAL INFORMATION

Environment
The weather was clear and the wind was
West-North-westerly, force 3, and the sea
state was moderate with a three metre WestNorth-westerly swell. Visibility was good
and the air temperature was 12°C.

Vessel
Setubal Express, a 16925 GT ro-ro vessel
was built in 1992 and was registered in
Malta1.
She was owned by Malta
Motorways of the Sea, managed by Valiant
Shipping SA, Glyfada and was classed with
Germanischer Lloyd. The vessel’s length
overall was 169.40 m and her summer
draught was 8.79 m.

Narrative
It was routine practice for the crew members
in the engine-room to carry out maintenance
and / or general cleaning work while the
vessel was on anchor. On 07 February 2013,
at around 0830, the chief engineer gave
instructions to the engine-room personnel to
clean the engine-room bilges.

Propulsive power was provided by two 6cylinder MAN-B&W 6L42MC, diesel
engines, producing 4860 kW at 159 rpm,
driving two controllable pitch propellers
with a service speed of about 17 knots.
Setubal Express was also fitted with three
8-cylinder, four stroke direct injection
MWM Deutz TBD444L8, auxiliary diesel
engines. All three auxiliary engines were
turbocharged and fitted with a charging-air
cooler.

The oiler took over the engine-room cleaning
and made use of the hot water high pressure
machine to fulfil this particular task. At
around 0930, the engine-room fire alarm
sensor activated on the bridge. The third
mate, who was the navigational officer of the
watch, phoned the engine control room,
informing the engineers of the alarm2.

Crew and watchkeeping arrangements
Setubal Express’ Minimum Safe Manning
Certificate specified a crew of 16. There
were 23 crew members on board at the time
of the accident. The officers were all
Bulgarian nationals. Almost all of the
ratings were Bulgarian nationals, except for
a small number of Filipino nationals.

A safety walk around the machinery space
was carried out but no fire was reported and
the bridge was informed accordingly. It was
eventually found that the engine-room smoke
detector had been activated by the hot water
vapour during the washing of the bilges.
Aware of this, the chief engineer postponed
the cleaning to a later date.

The ship kept the traditional 4-on 8-off
watchkeeping arrangement, with one oiler
assigned to each watch. The third engineer
held the 0000-0400 and the 1200-1600.
The second engineer held the 0400-0800
and 1600-2000 watch whilst the fourth
engineer was responsible for the 0800-1200
and the 2000-2400 watch.

At 0955, the third mate noticed again that the
engine-room smoke detector had reactivated.
Notwithstanding the previous
‘false’ alarm, he notified the engine control
room of the matter.

1

The telephone call was acknowledged by the
duty oiler, who at that time had just returned
to the engine control room from a routine
check in the engine-room3.
The oiler

At the request of the owners, the vessel was
cancelled from the Register of Maltese ships on
20 May 2013, in terms of Section 28 (A) of the
Merchant Shipping Act.
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The alarm first triggers in the bridge.

3

During his routine check, the oiler had stopped the
air compressor, checked the water expansion tank,
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immediately went out of the engine control
room from the starboard entrance and
proceeded to the auxiliary engine’s
compartment (Figure 1).

The two engineers grabbed a portable fire
extinguisher and hurriedly made their way
towards auxiliary engine no. 1 to extinguish
the fire. On the instructions of the second
engineer, the oiler disengaged auxiliary
engine no. 1 from the main switch board.
The fire was spreading fast, and with two
portable fire extinguishers (foam and CO2),
the engineers could not control the fire. By
the time they had arrived, auxiliary engine
no. 2 was also on fire (Figure 3).

Figure 1: Way leading to the auxiliary engines’
compartment

On his way, the oiler could smell smoke.
As soon as he approached the compartment,
he saw that the cylinder heads of auxiliary
engine no. 1 were on fire (Figure 2).
Figure 3: Fire damage on auxiliary engine no. 2

In the engine-room, the smoke was so dense
that the engineers had no other option but to
return to the engine control room. The fourth
engineer, the first to enter the engine control
room, pushed the emergency stop button to
stop all running machinery. However, none
of the engine-room personnel could recall the
exact time when the fuel quick closing valves
(QCVs), including those for the auxiliary
engines were operated.
Figure 2: View of auxiliary engine no. 1 from the
entrance

Both engineers and the oiler decided it was
best to exit the engine-room but opted for
different escape routes. The fourth engineer
made use of the emergency escape exit; the
second engineer went out through the
starboard side, while the oiler went out from
the port side.

Seeing the fire, the oiler ran back to the
engine control room to inform the second
and the fourth engineers of the fire.

The fourth and the second engineer did not
make use of the emergency escape breathing

and checked the oil level of auxiliary engine
no. 1. He also observed the pyrometer readings.
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device (EEBD). On the other hand, the
oiler did attempt to wear the EEBD,
however, he felt that the mask was
hindering his vision and therefore had to
remove it. Being familiar with the engineroom layout, he ran up via the main
stairwell.
In the meantime, at 0956, while the oiler
was confirming the presence of the fire in
the engine-room to the third mate, the
master arrived on the bridge. He was
quickly updated by the third mate, who was
instructed to sound the general alarm. The
master took overall command and
coordinated the fire fighting operation from
the bridge4.
The chief mate’s first steps were to close all
fire dampers, flaps and doors, prepare the
fire hoses and start the emergency diesel
generator. However, at 1003, he informed
the Master that three crew members were
unaccounted for and had not reported to
their muster station. The missing crew
members were the three engine room
personnel, who unknowingly to the chief
mate, were fighting the fire.

Figure 4: Starboard funnel casing

The third mate and two other crew members
were assigned fire team duty on the main
deck (Figure 5).

At 1006, the third engineer started the
emergency fire pump to start the boundary
cooling on the starboard side of the funnel
casing (Figure 4). By this time the steel
was showing signs of the intense heat from
the fire below.

4

The chief engineer was in his cabin but
immediately reported to his muster station as
soon as the fire alarm sounded.

MV Setubal Express

Figure 5: Fire damage on the main (garage) deck
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The master’s instructions were to search for
the missing three crew members. After
about three minutes (1009), the third mate
located the fourth engineer and informed
the master on the VHF set. The fire team
made their way to the machinery space;
however, due to the dense black smoke and
the very high temperature, it was evident
that it was impossible to proceed any
further.

through the funnel casing, which was
adjacent to the diesel oil service tanks.
There was no evidence that the diesel oil
leaked or escaped through these tanks or its
fittings during the fire. The affected decks
incorporated
the
auxiliary
engines’
compartment, the boiler and incinerator
rooms (Figure 7), the aft ramp pump room
(Figure 8) and the funnel deck.

The fire damage in their area was
significant and very evident (Figure 6). At
around 1012, the master was informed over
the VHF set that both the second engineer
and the oiler were safely located.

Figure 7: Fire damage in the incinerator room

Figure 6: Fire damage in the boiler room area

With all the crew members now accounted
for, the master ordered the fire team to
proceed to their muster station. He also
requested the chief mate to make another
head count and prepare the lifeboats and
liferafts.
Figure 8: Damaged cables

Once the master received the confirmation
that all crew members were accounted for,
he ordered the chief engineer to release the
CO2.

Reported damages
The areas affected by the fire were mainly
those on the starboard side from the
auxiliary engines’ compartment deck and
extending up to the funnel deck, passing
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ANALYSIS
Aim
The purpose of a marine safety
investigation is to determine the
circumstances and safety factors of the
accident as a basis for making
recommendations, and to prevent further
marine casualties or incidents from
occurring in the future.
Figure 10: Failed high pressure pipe

The fuel spill inside the auxiliary
engines’ compartment
An inspection after the fire was
extinguished indicated that the holding
down studs of one of high pressure fuel
pumps (unit no. 2) on auxiliary engine no. 1
had sheared off. Since there were no studs
holding down the fuel pump, the pump was
lifted bodily by means of the camshaft lob
(Figure 9).

At this point in time, the high pressure fuel
pipe had no, or very little, fuel being pumped
through it, given that the pump barrel and
plunger were not functioning as designed due
to the high pressure pump being lifted off
bodily from the entablature.
Thus, while the shearing of the high pressure
fuel pipe had little effect on the accident
dynamics (because of the little fuel it was
pumping), the shearing of the fuel booster
pump pipe resulted in the uncontrolled
release of gas oil on the nearby machinery,
which exacerbated the dynamics (Figure 11).
It was very probable that the spilled gas oil
would have come in contact with the
auxiliary engine’s exhaust manifold, which
would have had a working temperature
higher than the auto ignition of the gas oil.
Following an inspection of the accident site,
it was not excluded that part of the exhaust
manifold was either not insulated or the
insulation not protected with a sheet cover.

Figure 9: High pressure pump lifted from the
auxiliary engine entablature

This lifting action of the high pressure fuel
pump led to the shear failure of the fuel
pipe from the booster pump and the high
pressure pump to the fuel injector5 (Figure
10).

5

The high pressure fuel pipe wall thickness was
about 3 mm and was double sheathed.
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Figure 11: Fuel system pipe layout

during normal routine maintenance / periodic
inspections.

The period prior to the fire
A few minutes before the fire was noticed,
the motor man was in the auxiliary engines’
compartment. He specifically checked the
engine oil level, exhaust pyrometers, and
pressure gauges of auxiliary engine no. 1.
He did not notice any unusual readings, or
any particular and/or unusual noise coming
from auxiliary engine no. 1.

When one or two studs become slack, the
upward force of the camshaft lob would act
against the remaining studs. Thus, the
upward force may be detrimental to the
remaining (tightened) studs.
It is this
(exerted) force, which may cause the studs to
shear.

When the motorman was carrying out his
routine engine-room round, which included
walking
through
the
auxiliaries’
compartment and returning to the engine
control room, he did not notice anything out
of the norm. This may be suggestive of the
timeframe involved, considering that there
are hardly 10 m from the auxiliary room to
the engine control room.

Moreover, if all the studs become slack, the
upward and downward motion (hammering)
of the fuel pump will surely make an unusual
noise that can be easily heard or noticed. In
addition, the fuel pump efficiency would
decrease, thus affecting the exhaust
temperature which would be noticed on the
unit pyrometer. During his round, however,
the motorman did not notice any variance
when he checked the exhaust pyrometers.

It is not normal for holding down studs on a
fuel pump to undergo shearing forces. As
yet, it is not unusual that the occasional bolt
is found loose and has to be re-tightened
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Laboratory analysis
Cross Sectional Analysis of the (only) two
available and failed studs – marked ‘Stud A’
and ‘Stud B’ were examined (Figure 12).
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The various tests were carried out using HiTec equipment to obtain high resolution
images of the failure surfaces.
The
laboratory report confirmed that the
material of the studs was of medium carbon
steel grade 8.8.

Cross sectional tests of the studs showed that
the two failed pieces did not form part of one
stud.
Both studs had a homogenous
composition and no bulk defects were
observed (Figure 13).

Figure 12: (a) Two images of stud bolt piece A
and (b) top and bottom images of the nut and
stud fragment B

Figure 13: Fine ground stud section (piece A)
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indicative of sea water contamination7.
The medium carbon steel used for the stud
had a relatively poor corrosion resistance.
Thus, following the failure, the freshly
exposed metal, which lacked the black oxide
(Fe3O4) conversion coating, quickly formed a
fragile non-protective iron oxide (Fe2O3)
layer.
Furthermore the analysis showed that Stud A
was significantly more corroded than the
other. This indicated that the fracture of the
surface of Stud A had been exposed to
environmental conditions for a longer period
of time when compared to Stud B.
Laboratory observations showed two primary
mechanisms that could have contributed to
the failure of the fuel pump studs, i.e. (a)
Fatigue and (b) Corrosion.
Fatigue: A low initial pre-load torque
tightening may have led to the loosening of
the studs. This may have been caused by
either fluctuations in the fuel flow or pump
(i.e. intrinsic to the pump) or else due to
vibrations created by the engine and / or
other machinery (i.e. extrinsic to the pump).
Although not very clear, however,
macroscopic beachmarks under oblique light
were observed (Figure 14).
Moreover, the fractographs in Figure 14
indicate multiple crack origin sites, which
can propagate across the stud until failure
finally occurs. A low initial pre-load torque
value may lead to loosening (say, by
vibration) and in turn reduced the fatigue life.

Figure 14: (a) Stereomicrograph of the stud
failure surface; (b) and (c) are high-magnification
scanning electron microscope images of marked
area in (a) from Stud A

The losing in the bolted joint may possibly
be supported by the fact that fretting, wear
damage and tooth wear were evident on the
unthreaded and threaded regions of stud A8.

The micrographs showed corrosion
products over the entire surface. This was
confirmed by another test6, which showed
very significant oxygen presence, together
with some sodium (Na) and chlorine (Cl),
6

Energy Dispersive X-ray spectroscopy (EDX)
data was used.
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The excessive carbon content was indicative of
fuel, gas oil or possibly other organic compound
residues.

8

It was not ruled out, however, that the observed
damage may have partly or entirely occurred when
the fuel pump was still in operation until the
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It was therefore not excluded that a likely
scenario for this failure was metal fatigue
initiated by the combination of stress and
corrosion at the root of the threads.

Therefore, it was not excluded that the
fracture started at the surface corrosion pits
and in turn corrosion assisted crack
propagation at a rate determined by the stress
on the bolt and the fracture toughness of the
steel.
Laboratory observations of the examined
pieces suggested that the studs did not fail in
quick succession. Thus, one stud would have
failed a considerable amount of time prior to
the other. As a result of this, increased
vibration in the system, due to the now
partial bolting, led to the accelerated fatigue
damage and the subsequent failure of the
other studs.

Figure 14: (a) Optical micrograph of stud
fracture surface A and (b) higher resolution
image of region marked in (a)

Corrosion: As indicated earlier, Stud A was
more corroded (Figure 15) than Stud B.
Stress corrosion cracking9 originating at the
root of the stud thread may have led to the
eventual failure (possibly aggravated by
cyclic load variations as explained above).
The precise reasons for the different
corrosion rates on the two studs was not
determined, although it could have been an
indication of different durations in service,
re-use of the bolt or even contamination
during assembly – initiating crevice
corrosion in the confined thread space.

Figure 15: (a) Corroded thread of stud piece A and
(b) thread of a new stud

catastrophic failure of the pipes and the eventual
fire.
9

Tightening of the studs and human factors
The high pressure fuel pump studs are often
rather difficult to observe due to the presence
of other pipes, and machinery attached to the
pumps. When assessing whether these studs

Stress corrosion cracking is defined as the
conjoint action of stress and corrosive
environment, which leads to the formation of a
crack which would not have developed by the
action of the stress or the environment alone.
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could have been tightened by a torque
wrench, it was deemed to be a rather
difficult task due to the restricted space to
use a socket and wrench. Thus, at best, a
ring spanner would have been the most
appropriate tool to tighten the nuts on the
high pressure fuel pump.

lubricating oil leakages from filter
cover rectified; and
governor lubricating oil change.
In January 2013, the lubricating oil filters
were renewed.

Maintenance tasks are more arduous than
operations, with the need to access
components, which may be restricted or
limited.
It was evident that in this
particular case, component accessibility had
a dramatic effect on the overall safety of the
vessel. Lack of accessibility had potentially
contributed to a limited maintenance
efficacy.

Timing of events
The MSIU was concerned that the events as
described by the crew members and other
evidence did not corroborate in an accurate
manner. For instance, it was explained that
the fire fighting actions were effective apart
from the delay to activate the fixed
installation because of the missing three crew
members. Otherwise, it was claimed that
other actions (e.g. shutdown of fuel oil
pumps and activation of quick closing
valves) were taken in a timely manner.

It is legitimate to claim that at the design
stage, a complex trade-off had to be made
between ergonomics and engineering issues
– although it may also be seen as a trade-off
between conflicting ergonomic criteria.

It is here that evidence does not seem to
corroborate well. The extent of damage,
which was observed, was not just heat and
smoke damage (which was also observed at
the level of the funnel casing). The garage
deck sustained fire damage, which was
observed throughout other parts of the
engine-room. However, interviews with key
crew members suggested that just 20 minutes
had elapsed from the time the second fire
alarm activated (at 0955) until the CO2 was
released (i.e. at 1015).

It was also evident that in this particular
case, technology did not fit the crew
member and the task (i.e. adequate access
to tighten the studs to the right torque).
Human-centred design principles can help
to ensure that the equipment is usable.

Preventive maintenance prior to the
accident
Analysis of the evidence suggested that no
maintenance was carried out on auxiliary
engine no. 1 immediately before the fire.
However, the last routine inspection took
place during the month of November 2012.
The following maintenance and repairs
were carried out:

The safety investigation was unable to
collaborate the timings provided by the crew
members with other evidence. However,
considering the extent of damages sustained,
it was not excluded that the timings as
recounted by the crew members were not
entirely accurate10.

replacement of cylinder unit nos. 1
and 3 high pressure fuel pumps;
replacement of cylinder unit nos. 1
and 3 injection valves;

10

cylinder unit nos. 1 and 3 high
pressure fuel pipes and thrust pieces
replaced with new ones;
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It has to be stated that due to the political situation
in Libya at the time of the accident, it was not
possible for the MSIU to deploy its representative
soon after the accident whilst the vessel was on
anchor. Deployment had to be therefore delayed
and was only affected on 19 February 2013 after
the ship had come alongside at Valletta.
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CONCLUSIONS
1. The cause of the fire was the failure
of the fuel booster pump pipe on
one of the auxiliary engines,
resulted in the uncontrolled release
of gas oil on the nearby machinery.
2. In all probability, the spilled gas oil
came in contact with the hot
engine’s exhaust manifold.
3. The damage to the fuel oil pipes was
the result of failure of the high
pressure pump holding down studs
on one of the units on the auxiliary
engine.
4. The failure of the studs happened
due metal fatigue, initiated by the
combination of stress and corrosion
at the root of the threads.
5. It was difficult for the crew
members to check and tighten studs
due to restricted access, which
would have contributed to the loose
studs going unnoticed.

RECOMMENDATIONS
Valiant Shipping S.A. is recommended to:
06/2014_R1 identify maintenance tasks
of critical equipment on board Company
ships, which could be overseen and / or
not carried out effectively because of
either
complexity
or
ergonomic
difficulties, and implement the necessary
corrective actions.
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SHIP PARTICULARS
Vessel Name:

Setubal Express

Flag:

Malta

Classification Society:

Germanischer Lloyd

IMO Number:

8858788

Type:

Ro-Ro

Registered Owner:

Malta Motorways of the Sea

Managers:

Valiant Shipping S.A.

Construction:

Steel

Length Overall:

169.40 m

Registered Length:

152.74 m

Gross Tonnage:

16925

Minimum Safe Manning:

16

Authorised Cargo:

Ro-Ro cargo

VOYAGE PARTICULARS
Port of Departure:

Valletta, Malta

Port of Arrival:

Al-Khums, Libya

Type of Voyage:

Short international

Cargo Information:

Ro-Ro cargo and TEUs

Manning:

23

MARINE OCCURRENCE INFORMATION
Date and Time:

07 February 2013 at 0955

Classification of Occurrence:

Serious Marine Casualty

Location of Occurrence:

Limits of Port Al-Khums

Place on Board

Engine-room

Injuries / Fatalities:

None

Damage / Environmental Impact:

NA

Ship Operation:

Anchoring

Voyage Segment:

Anchored

External & Internal Environment:

Weather was clear with a West-North-West force 3
winds. Visibility was clear and outside
temperature was recorded at 12°C

Persons on board:

23
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