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Review  of  Engine  Room  FiresandGuide  to Fire  Prevention

by Masara  Iwamoto*, Taira Narisawa"andAleihiko  Uotani"

  Flor sea.kerers, a  fire aboard  a  shiP  is one  of  the most  serious  pmblems endangering  human  lives. tipan
leamtng lessons from fire acctdents,  IMO  and  ctassificatien  societies  have been revising  their rttles  and

regutations  for fire safaty, Fitres on  ships  occur  in accommodation  sPaces, cargo  sPaces  and  machiner),  sPaces.

The occurrence  rate  offires in these spaces are nearty  egttally split. inter alia, hotvever, fi7es in machinery
spaces, where  there are maTay  flammable sonrces  such  as  att fales and  lubrtcating ofls in bulle, tend to develop
into mop'or  fires in a  short  time, once  a  fire breales out,  involving loss oftives  ofcrew members  who  foiled to

evac"ate  ,from  the scene  and  tvith an  eve"tttal  totat toss or ioss ofseifPropeltingPower  The Soctety established
the Study Committee on  the Prevention ofEngine  Room  Fires coinPrtsing  scholars,  shipcnvners,  shiPyards  and

machinei)J  manufactures,  which  undertook  research  and  stadies  on  engine  room  fires aboard  ships  ntth ctass  in
NK  and  conntermeasMres.  This is a  rePort  on  the results  of the studies.

1. Introduction

  The  risk  of fire always  exists  in ships  where

flammable Iiquids handled under  severe  operating

conditions  in confined  space  with  the vessel  being
subject  to vibration,  rolling  and  pitching.

  In particular,there is a always  a  high fire risk  in
engines  room  because large volumes  of  fuel oil,

lubricating oil, hydraulic oil and  thermal  oil are

consurned  or  used  by the main  engine,  generator
engine,  boiler, thermal  oil heater and  hydraulic  oil

equipment.  In addition,  installed in the confined

spases,  exhaust  gas pipes, turbo  chargers,  boilers and
waste  oil incinerators have hot surface,  which  are

sources  of ignition.

  Engine  room  fires can  easily  cause  more  serious

casualties,  such  as  loss of human  life and  disabling
condition  of  ships,  compared  with  machinery  damage.

  In the marine  field, in considering  a succession  of

engine  room  fires, the Chairman  of  International
Union of  Marine Insurance recommended  in his report
that  IMO  and  IACS  take action  to reinforce  the Rules
to prevent  engine  room  fires.

  According to the report,  a large number  of  engine

room  fires have been caused  by fuel oil leakages  on  to

hot surfaces  of  exhaust  gas  pipes when  fuel oil  piping
systems  fail due to vibration,  therefore, it was

emphasized  that special  consideration  should  be paid
to the construction  of  fuel oil piping systems  and

protection of  exhaust  gas pipes, It is also  recom-

mended  that quick-closing  fuel oil valves  be capable  of

being operated  from the  control  room.

  Responding to the recommendations,  IACS  has
prepared  a Unified Requirement 

"F35
 Fire protection

of  machinery  space"  in 1986  and  IMO  is preparing
Regulations to extend  the requirement  of iacketed
pipes for high pressure fuel delivery lines on  smaller

diesel engines,

  Given this situation,  the Society has investigated
actual  conditions  and  causes  ofengine  room  fires in 73
NK  classed  ships  during the last 13 years  from 1980
to 1992.

2. The  Results of  Investigation of  Engine
   Room  Fire Cases

(1} 73 ships  were  damaged  by engine  room  fires

    during the rast 13 years  from 1980  to 1992,
(2) About  6 ships  per year  were  damaged  by engine

    room  fires, which  is O.1%  of  all 6,OOO  NK-classed

    ships,  {Fig. 1)

    As a comparison,  about  7 ships  per year were

    damaged  by fire of  the hull compartments,  which

    was  nearly  the same  number  as  engine  room  fires

    after  excluding  ships  damaged  by  projectiles

    during war.  (Fig, 2)
(3) Engine  room  fires often  occured  when  ships  were

    under  way,  which  accounted  for about  75%  of the

    total number  of  ships  damagecl by engine  room

    fires.

    5296 of  ships  with  engine  room  fires when

    underway  became unnavigable.  (Fig, 3)
(4) The  main  cause  of fire resulting  in an  unnavig-

    able  condition  is a main  electric  source  failure

    caused  by  the main  switchboard  or  the main

    electric  cables  under  the ceiling  burning due to a

    spray  of  fuel oil  or  lubricating oil igniting. (Fig. 4)
(5) On average,  one  crew  member  per year  was  killed

    and  one  crew  member  was  injured or  suffocated

"
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    from carbon  monoxide  per year  due to fires.

    Engine room  fires are  mainly  caused  by flamm-

    able  oil igniting and  there are  many  cases  ef

    human  casualties  due to delayed evacuations  from

    engine  rooms  where  fire and  smoke  spread

    quickly,
(6) Fire often  occured  in daytime during maintenance

    work  by the crew.

    There were  many  fires caused  by human  error

    due to rnisoperation  or  overhauling  of  machinery,

    lncorrect  repalr,  etc.

    Olternatively, it was  found that in unmanned

    ships,  fire often  occured  not  only  during daytime,

    but also  early  in the morning.  (Fig. 5)

<7) There are  no  particular correlations  between  the

    number  of fires and  a  ship's  age  and  gross

    tonnage.  (Fig. 6)

(8) Fire often  occured  on  reefer  ships  and  car

    carriers  having small  engine  rooms.

(9) The fuel oil piping of main  engines  and  generator

    engines  and  the main  switchboard  are  the  main

    source  of fire followed  by  fuel oil  piping  of  the

    boiler. (Fig. 7)

(10 Fires at  the  fuel oil  piping of main  engines  and

    generator  engines  are  caused  by the fuel oil spray

    due to loose or  broken  fittings on  fuel oil  pipings

    coused  by  vibration.

    The  main  cause  of  fire on  fuel oil  piping  of

    generator  engines  is fuel oil  spraying  due to

    broken of fittings on  the fuel valve  cooling  oil

    piping, <Fig. 17)
(11) Fires on  lubricating eil piping  aceount  for 25%  of

    fires on  fuel oil  piping.

    Two  crew  members  died after  a spray-sourced

    fire occured  on  the casing  cover  of the main

    engine  duplex lubricating oil filter. The  construc-

    tion of  the filter cover  should  be reconsidered,

(ll It is necessary  for the pipe connection  between

    the fuel oil piping  and  the burner  of a top firing

    boiler to have a  flexible construetion,  because the

    burner of a  top firing boiler is located at the

    upper  part of the boiler and  is subject  to high
    levels of  vibration.

GS No  cases  of  engine  room  fire caused  by a soot  fire

    in an  exhaust  gas economizer  were  reported,

(14 The  number  of machinery  fires was  twice  that of

    electric  equipment  fires.
(IS No  engine  room  fire extending  to hull compart-

    ments  was  reported  for ships  having keels laid

    after  lst September 1984, because, it is con-

    cluded,  the 81' SOLAS  Amendment  was  adopted

    and  the regulations  on  fire protection  for hul1 and
    electric  cables  were  introduced  from  that  date,

    (Fig. 9)
(10 The  percentages  of  [ire casualties  between  MO

88

    and  Non-MO  ships  are  almost  the same,

    However, the percentages  of fires detected by a

    fixed detector fire alarm  was  50%  in MO  ships

    and  only  10%  in Non-MO  ships  becauses, it is

    concluded,  installation of fixed fire detection

    systems  was  not  required  for Non-MO  ships

    having  keels laid before lst September 1984, in

    accordance  with  81' SOLAS  Amenclrnent <Fig.
    10)

(10 There were  fire caused  by improper installation

    of  machinery,  exhaust  gas pipes and  electric

    cables.

    The  engine  room  arragernent  should  be consi-

    dered  in a  
"Fire

 Risk Analysis."

3. Concluding Remarks

  To apply  an  effective  brake on  engine  room  fires,

the Study Committee investigated fires in 73 ships

classed  in NK  during  the past  13 years  (1980 to

1992), conducted  analytical  assessments  on  probable
causes,  and  proposed countermeasures  to prevent

engine  room  fires as  viewed  from ship  and  machinery

design and  maintenance.  The  proposals  are  summa-

rized  below:
{1) The  principal causes  of  engine  room  fires were
    identified as  connections  of  fuel oil and  lubricat-

    ing oil pipelines to the main  engine  and  generator

    engines  becoming either  loose cracked  or  disen-

    gaged  due to engine  vibrations,  with  leaked oils

    splashing  onto  the high-temperature surfaces  of

    exhaust  gas pipes, turbochargers, etc., with

    consequent  ignition. Engine room  fires due to

    such  causes  account  for approximately  60%  of

    the totaL (Photos 10 and  11)

    To  prevent  the Ieakage and  splashing  of flamm-

    able  oils, it is considered  efiective  to improve the

    design ef the construction  of  pipe fittings {special
    pipe  joints, screwed-in  pipe joints etc.) used  in

    flammable oil pipelines, apply  protective covers

    over  hot spots  or  apply  anti-splashing  tapes on

    pipe joints, <Fig. 24, Photos 5 and  16)

    In other  words,  the most  important points for

    preventing  engine  room  fires are  te shied  high-

    temperature  spots  in the engine  room  that are

    sources  of  ignition from fire-risks by suppressing

    the leakage ancl  splashing  of flammable oils, (Fig.
    15)

(2) In onecase,  fuel oil that leaked  from  the fuel valve

    cooling  oil  pipeline splashed  and  caused  an  engine

    room  fire. For safety  reasons,  fresh water  cooling

    should  be employed  for fuel valve  cooling  instead

    of oil  eooling.  <Fig. 17)

(3) The  greatest potential sources  of  ignition in the

    engine  room  are  exhaust  gas  pipes ancl trubochar-

    gers, These high-temperature surfaces  need  to be
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    safely  covered.  All insulating materials  which

    were  stripped  off  for inspection and  maintenance

    work  should  be  restored  the original  state  as  soon

    as possible, <Photo 15)
(4) For flammable oil  pipelines, non-metal  pipes, not

    approved  by the Society should  not  be used,

    (Photo 4, Figs. 22  and  25)

(5) In onecase,  a  fire involving personal  injuries and

    fatalities occurred  due to lubricating oil  leaking

    and  splashing  from a  manual  duplex lubricating

    oil strainer  during the change  over  operation  of

    bilter elements  under  pressure, Strainers for

    flammable  oils  should  not  be opened  for cleaning

    while  the ships  is at  sea.  Instead, as  far as

    practicable, maintenance  and  reconditioning

    work  should  be done in port, ensuring  there is no

    positive pressure, It is also  recommended  for

    safety  that sell-cleaning-type  flammable oil

    strainers  with  higher  internal pressures  and  less

    frequent overhauls  be used  as  secondary  strain-

    ers.  (Photos 14, 15 and  19)
(6) Among  ships  that had engine  room  fires, 75%

    occurred  when  ships  were  underway,  and  52%

    lost self-propelling  power.  The  prime  causes  of

    Ioss of propelling  power  after  the fire was

    brought under  control  include burnt propelling
    machinery  and  loss of  functions of  electric  cables

    soaked  in sea  water,  Nonetheless, important
    causes  can  be found in the  burnt electric  cables

    laid on  the upper  ceiling  of  the generator  flat with
    consequent  loss of  the main  electric  power

    supply,  Laying electric  cables  on  or  underneath

    the generator  flat, or  distributing generator
    engines  to both  sides  of  a  ship  can  be an  effective

    alternative  arrangement  to ensure  continued

    navigation  even  after  a fire aboard  the ship.

    Furthermore,  if the possibilities of burn damage

    to cables  in a  bundle are  reduced,  the likelihood of

    crew  members  being suffocated  due to a large

    bulk of  toxic gasses  produced  by the buring cable

    insulations can  be reduced.  (Photos 12 and  13)
(7) Some  cases  suggest  that fires or  personal  injuries

    were  caused  by soot  fires in waste  oil incinerating

    equipment.  It is advisable  that cleaning  holes be

    drilled in the uptake  where  soot  and  sludge  are

    liable to accumulate,  and  cleaning  be  carried  out

    regularly.  (Fig, 21)
(8) Most  fires in electrical  equipment  and  installa-

    tions such  as  switchboards  and  generators  were

    caused  by the overheating  contactors  or  connec-
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    tions of  conductors  with  consequent  burn dam-

    age,  It is considered  feasible to reduce  electical

    fires aboard  ships  by enforcing  regular  checks  on

    connected  portions  of electrical  equipment  and

    installations including  additional  tightening of

    screws.  <Photo 17)

(9) To  pervent  fire accidents  due to oil fuel

    overflowing  from the short  sounding  pipes for

    fuel oil tanks, use  of a sounding  system  capable  of

    maintaining  a sealed  condition,  even  during the

    sounding  process  might  be effective.

(10 It was  revealed  that the locations of  engine  room

    fires are  not  evenly  scattering  over  the machinery

    space,  but are  concentrated  within  specific  high-
    risk  areas.

    Specifically, spaces  incorporating oil fuel pipes
    connected  to the main  engines  and  generator

    engines,  oil fuel pipig to oil burners of boilers,

    exhaust  gas pipes, turbochargers  and  main

    switchboards  are  considered  to be dangerous

    spaces.  It, therefore, is considered  necessary  to

    take concentrated  fire prevention  measures

    tailored to high-risk spaces.  (Fig. 16)

(11) It was  also  revealed  that the lower floor of the

    machinery  space  has the lowest risk  of  fire at sea.

    However, fires due to human  errors  are  liable to

    occur  during welding  or  gas cutting  work  when

    the ship  is in port  or  in a shipyard.  In this

    connection,  verification  of the present  conditions

    of the space  before starting  maintenancelrepair

    work  is considered  to be effective  for preventing
    engine  room  fires. (Fig. 16)
(12 The  results  of an  investigation on  the times

    engine  room  fires occur  show  that many  occurred

    in daytime when  crew  members  were  engaged  in

    maintenance  work.  it is necessary  to take the

    preeautions,  when  maintaining  equipment  hand-

    ling fLammable oils  listed below:

    (a) Eliminate erroneous  operations.

   {b) Eliminate erroneous  overhauling  and  res-

       toration work.

   (e} Eliminate erroneous  repairs,

   (d} When  maintenance  work  is suspended,  take

       precautions  for preventing  fire,

   (e) Don't leave engine  room  doors  open,  Furth-

       ermore,  it is nonetheless  important for

       preventing engine  room  fires to keep engine

       rooms  always  oil-free  and  clean,  (Photos 2

       and  3)
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