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Abstract

  A stucb.? aimed  at  characterizing  the human  ,fZictors thcrt cctfbct  n7achineily  failure in engine  rootn  has been
carriedout,  using  domage  data retportedperiodically  and  occctsioncrtly  by survq]･'ors  of'Nippon Kaiji J(]1･'okai. Tlie

resutts  qf'this stucb'  show  that  mqfor,ILiilures,  (tkose cofter  }t,hich  a  ship  is to}s,ed by tug  or  operates at  redu(,ed

ncrvigation  .vr)eecij, are  mostty  attril  uiabte  to human  
.fLictors

 for ships  les,g than  about  ten  .vears qf age.  On  the
other  hand, const"uctive  deflicts such  as  degradotion in s.vstem  penyfbrmanc'e due  to it,ear  and  tear  or  corro,sion,

among  other.factors,  may  have a  greater inzpact than human  flretoi's on  the oceurrence  qf' rnqior  juilures in the
case  ef'ships over  about  ten years of'age. Jt mcu,  be concltided  that  human  errors  occblr  as  the result  qf'the ehain
qfmistakes  c'aused  h: ' human.factors due to these  constructive  deflects.

1. Introduction

  Rccently many  discussions havc been hcld on  human
factors and  man-machine  systcms  at  various  rneetings  at

all levels throughout  thc world,  aimed  at  decreasing the

number  of  ship  casualties  and  incidcnts of  cnvironmcntal

pollution caused  by  ships,  Several high-profile environ-

mental  and  human disastcrs causcd  by oil  leakage from
tankcrs  or  thc  sinking  of  passengcr vesscls  in reccnt

ycars havc rcsulted  in introduction of  new  rcgulations  as

well  as  amcndments  to existing  regulations  fo11owing

dctailed invcstigation and  discussions. Sincc a  numbcr  ef

these rnajor  disasters were  ibund to be thc  conscquence

ofhuman  errors, considerablc  rcsearch  and  discussion on

measures  fbr preventing of  human  error  has already  been

carricd  out  around  thc world.

  It is general]y recognized  that 60-80%  of  accidcnts  or

problems arc directly or  indircct]y attributable  to human
errors.  There are  stiLl, however,  only  a  limited number  of

rcports  which  havc examined  machinery  and  electrjcal

systems  relatcd  failurcs or  accidents  onboard  ships  from

the vicwpoint  of  human  error,  Therefbre aimost  al]

related  djscussion continue  to bc  carried  out  morc  on  thc

basis of  theorctical perceptions rather  than on  actual

circumstances  onboard  ships  at  sea.

  In order  to addrcss  this nced,  a  study  aimed  at  charac-

terizing  the  hunian factors that atllect  machinery  failure

in cngine  room  has been carried out using  darnage data
rcported  periodically and  occasionally  by surveyors  of

Nippon Kaiji Kyokai(hereinafter, rcferred  as ClassNK).
Thc  results  compared  duta compi]ect  from ninety-six

cases  of  failurcs and  associatcd  problcms  which  occurred

to machinery  on  board the ships,  and  was  provided by
shipowners  in Japan in response  to a  questionnajre,

2. Definition and  Occurrence  Process of

   Human  Error

  Bcfore starting  any  study  or  analysis  ofhuman  error,  it

might  be helpful to review  the  process of  how  human
error  occurs  based en  a  theory  by  Mr. A.  Shoda, dc-

scribed  brietly below  
]),

 and  the definition of  human
crror  shown  in Fig.1 .
(1) Defects in a  systein,  plant, industrial proccss, indus-
   trial mcthod,  or work  proeedure wil] become a sourcc

   of  the occurrence  of  hLunan error  in respect  of  ma-

   chinery  and  hardware, This source  may  normally  not

   be recognized  and  is often  only  deterrnined during
   thc investigatien proccss aftcr  troublc  has occurred.

(2) Trouble occurs  after a worker  commits  a  chain  of

   mistakes  due  to human  factors under  conditions  in
   which  several  sourccs  of  hurnan crror  are  present.

   Fig.2 shows  this 
''ehaining''

 process of  mistakes

   based on  human  factors, However,  treuble  wi]1  not

   occur  if this chain  of  mistakes  can  be broken beforc
   errors  in opcration  or  behavior occur.
(3) Ccrtain pcrsonal and  cnvironmental  factors can

   induce mistakcs  as  a  background to thc  occurrcncc  of

   human  error.  Such personal and  environmenta]  fac-
   tors inc]ude human  relationship  in the work  placc,

   working  time, personal characteristics, the health
   condition  of  the person, work  characteristics  and  cn-

   vironment  conditions  around  worker,  etc. Thcse
   rnight  include, for example,  thc cnvironmental  c[)n-

   dition or  state ofmind  ofthe  worker  or  sornetimes  a

   desire to omit  certain  work  proccss in ordcr  to com-

   plete a task  more  quickly. These personal and  envi-

   renmental  factors that act  as  backdrop to the occur-

   rcnce  of  human  error  are  directly relatcd  to human

   factors. It is alrcady  well  recognized  that improvc-
   ment  of  such  personal and  environmental  factors is
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HumanerrorisabehaviorthatleadtoadtgggadQtiQ!Li!LsystggLpsdt  t fo includingted.hLmian performance,or  the

Figure 1 Dcfinition ofhuman  crror  1)
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   very  important to preventing the  occurrence  of  hn-

   man  errors,

  lt is gcnerally recognized  that the human  factors such

as  shown  above  normally  difibr between  inexpericnced

and  ski]led workers,  The SRK  Model advocatcd  by
Rasmussen  

2)
 shown  in Fig.3 can  assist  in understanding

these  difft]rences.

  Rasinussen  stated  that human  bchavior can  bc catego-

rizcd  into three levels: behavior bascd on  skil],  bchavior

based on  rules, and  behavior based on  knowledge. One
of  these three types  of  behavior will  be selccted  dcpend-

ing upon  the sensory  inccntivc, knowledgc obtained

through education  or  training, work  conditions  requcsted,

necessary  action  and  so on.  For cxample,  a skilled

worker  can  select  his task immcdiately by  taking  short  a

cut  to uutomated  sensitive  behavior pattern based on  his
rnemory  of  the  Televant  skill. However, the behavior of
an  inexperienced worker  wM  bc taken  through identify-

ing intbrmation. sclecting  and  dcciding task, planning
task  and  behavior, selectjng  tool stored  for task  and

sensitive  bchavior pattern. Morcover, a person who  is
undcrgoing  training will  take his behavior through  the

route  ofbehavior  based on  rule.

   Thcse  threc  categorized  types of  behavior are  con-

nected  with  three types  of  human crror  catcgorizcd  by
Reason  

2)
 from the viesypoint  efprocessing  information

in the brain;
(1) Mistake: Error that occurs  in making  the wrong  link

   with  external  infonnation
(2) Slipi Error that occurs  in makjng  the link with

   extcrnal  information but rcficcts ineom'ect behavior
   or  operatlon

(3) Lapse: Error which  occurs  as  the result  of  incorrcct
   or  poor  tlmlng

  Considering the relation  between thcse ditferent types
of  error  and  type  of  behavior shown  in Fig.3, behavior

based on  skill or rule  is casily  prone to operativc  crrors  in
which  a  stip  and  lapsc occurs  at  the  initial stage  of  the

bchavior. This is becausc the proccss of  identification by
fbrming characteri  stics  of  external  infonnation (checking
m ¢ chanism)  is often  omitted.  On  the other  hand, behav-
ior based on  knowledge  will be easi[y susceptible  to
aeknowledgemcnt  errors  in which  mistake  occurs  as  a

rcsult  or  making  thc wrong  linl< with  extcrnal  informa-
tion 2),

  Alternatively, the fo11owing categories  ofhuman  crror

modes  can  be used;
(1) Omission crrori  Error resulting  from  the  omission  of

   behavior that should  be undertakcn  (omit-
   ting/forgetting)

(2) Commission  en'or/  Error resulting  from taking
   differcnt behavior to that whieh  should  be  taken

   (fai]ing)
(3) Imperfection crror:  Error resulting  from  taking  of

   imperfect behavior to be that which  should  be takcn
   (missing)

3. Analysis to Identify the Characteris-

   ties of  Human  Errors

  An analysis  was  canied  out  using  data of  major

fai]ures on  machinery  in engine  room  of  ships  registcred

NK  TECH  BULLETIN  2001

with  ClassNK, and  reported  by ClassNK surveyors

durLng the  period 1993 
-

 1998 as  failurcs which  resu]ted

in the ship  either  being towed  by tug  or  operating  at

reduced  spced.

  This major  failure data contains  499 exainples  of  main

engine  failure including faiture of  turbocharger,  boiler,
exhaust  gas economizer,  generator diesel, shafting

equipment  or  thc like that occurrcd  during 1993 - 1998.
In this study  the  cause  of  fai[ure was  categorized  as

resuLting  from assembling  error,  design error,  fatigue,
insufTicient maintenance,  fire etc,,  operation  crror,  or

vibration,  as  well  as  poor  workmanship,  taking  into
account  the  condition  the  failure itself and  cnvironmental

conditions  surrounding  thc  failurc. For cxample,  
[`insufL

ficient maintenance"  was  detcrmined with  an  
`tomission

error"  whcn  the failure couLd  be considered  as  having

been avoidablc  ifsufricient maintenance  andi  checks  had
been canied  out  regularly  and  properly prior to its

occurrence,  while  
`･operation

 error"'  was  chosen  with
L`omission

 crror"  in cases  where  the  failure could  be

considered  as  having been avoidable  ifsuencient checks

of  machinery  such  as  lubricating oil  pressurc, cooling

watcr  temperature had becn carried  out  regu]arly  and

properly, and  sometimcs  
"commission

 error"  was

selected  in a case  ofunsuitable  operation.  With  respect  to

the  fracture of  turbochargcrs,  fracture duc to intrusion of

a  forcign substancc  or wear  and  tear  was  dctermined as
"insulficicnt

 maintenancci'  and  
t`omissie"

 error",  while

thc fracturc ef  turbochargcr due to other  causes  was

determincd  as  
`Loperation

 crrori'.  Almost  all of  the

failures concerned  wjth  the combustion  ebamber  were

judgcd to bc due to 
`Linsufficient

 maintenance"  and

"omission
 error".  Failurc or  thc crankshaft  around  a

bearing was  dctcrmincd as  
"opcration

 crror"  and  
`[

¢ om-

mission  error",  or  sometimes  
"omission

 error",  Propcller
b]ade fractures wcre  selectcdwith  

"operation

 error"  and

"commission
 error'",  however it is also  assumed  to be

beyond  our  control.

  Fig,4 sbows  the ratio  of  each  cause  for the total of  all

499  major  failurcs reportcd  for 1993  
-

 1998. It can  bc

seen  that insufficicnt maintenancc  accounts  for 53[ra of

the total, whilc  operational  crror accounts  fbr 33%,
assembling  error  4%,  firc etc,  3%], fatigue 3%,  poor
workmanship  2%, and  so  on, Fig.5 shows  the ratio for
each  cause  with  each  failcd machinery  or  part of  main

diesel cnginc  fbr thc same  499 major  failures. Cams  and

main  diesel eng{ne  camshaft  driving system  were  most

generally effbctcd  by  insulficient maintenance,  whi]e

combustion  charnbcrs  and  turbochargers of  main  diesel
engine  have high percentage ofopcrational  error, as  wcll.

  Fig.6 shows  the ratio  of  cach  human  error  mode  for
the  total of  all  499  major  failurcs reported  for 1993  

-

1998. Here, omission  error  accounts  for 48%,  commis-

sion  error  48%  and  impcrfection crror  4(J6. Thcre is not  a

large a  differcnce bctween omission  error  and  commis-

sion  crror  for these  499  major  fajlures. It seems  therefore

that ship  crews  have thc behayioral traLts of  omitting

necessary  work  process, and  of  failjng jn work  process,
about  the  same  rate.

  Fig.7 shows  the  ratio  ofeach  error mode  for thesc 499
cases  of  major  failure during 1993 - 1998  togcther  with

thc  fai1ed machinery  and  parts ormain  dicsel engine.
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Table 1, Shapeparameters  ofWeibu11  Distribution ofmajor  failures during 1993-1998

Machine&PartsofMIE Shaearameterm Failui'eTe
CombustionChatnbcr 1.8 RandornFailurcTc

O,8atl'10yearsold RandomFailureType
CrankShaft

3.1atl10ycarsold GradualFaiiureType

MainDieselEngine CamshaftD.Sstem 1,5 RandomFailureTe

1.0at!'-7yearsold RandomFailurcTypc
TurboChargcr

2.4at)'7yearsold aadualFaitureType
OtberParts 1.9 RandomFailurcTc

GcncratorDicsclEnJine 1.0 RandomFailureTe

Boiler,ExhaustGasEcenomizer IA RandomFailurcTc

O,9atE1Oyearso]d RandomFailurcTypc
ShaftingEquipment

2,Oatl'10yearsold Graduall/'ailureType
OthcrMachineinEIR 1.4 RandomFailurcTc

Table 2 Parameter  rn  ofWeibull  Distribution ofeach  error  mode  on  ma.ior  failure during 1993-1998

F.rrormode Parametcrm FailureTe

1.1atE-[6yeaTsold RandomFailureTypc
CornmissionError

2.4atl'6ycarsold (}radualFailureType

ImerfectionError 1.7 RandomFailureTc
1.1atl'-10ycarsold RandomFai]ureType

OmissionError
2.6at)1Oyearsold GraduaLFailureType

Although the ratio  of  omission  error  (omitting or  tbrget-

ting a work  pTocess) is high for cams  and  camshafi

driving systcms,  the main  diesel engine  combustion

chambers  and  turbochargers  as well  as shafting  equip-

ment  have  alTnost same  ratio of  cominission  crror  (failed
in work  proccss) to omission  error.

  On the  other  hand, it may  be concluded  that thc
failurcs of  machincry  in engine  rooms  are  caused  not

enly  by human  errors  but a]so  constructive  defects such
as  dcgradation of  inachincry  due to wear  and  tear,

corrosion,  and  fatigue cracking,  tbr example,  which  can

not  be identified by  daily or  periodical checking  or

maintenanee,  may  be reLated  to these  lailures. In ordcr  to

find some  evidence  of  a  relationship  between  human

errors  and  constructive  defects, analysis  was  conducted

using  Wcibull Distribution.

  Thc cumulativc  failure rate F(t), or the percentage of

the  tetal samples  which  can  be expcctcd  to fail bcfore a

ccrtain  timc t, can  be derived from the fo11owing fonnula
1),

 
4);F(t)=1-exp[-{(t-

 7)i'n}'n] (1)
to 

L,'ni
 =  ny ,

 tLt' O

where:t

 =  Time
m  

;-.-
 Shapcparamcter

la =
 Scaleparameter

7  v'L' Positionparameter

 TJ =  Mcan  timc to failure, commonly  defined as  the

      time  until  63.2Ya ofthe  total wj]]  have failed
  In a  Wcibull  Distibution, thc failure mode,  whjch  can

genera]]y be recognized  by a large or small  value  for the
shape  parameter in the above  foirrnula (1), provides a

good  guide when  examining  the  cause  of  failurcs and

mal  fttnctions, as fo]lews;

m  <  1 : Decreasing failurc rate,  initial failurc type

m  
=
 1 : Constant failure rate,  random  failure type

m  >  1 : increasing failurc ratc,  wcar-out  failure type

  For cxamplc,  it has bcen reported  that the shapc

parameter, m,  of  marine  diesel engine  eomponcnts  is

around  1.0, Hcncc, for cxample  m  
=

 O.6 N  1.5 in casc  of

fucl irLjcctien valves,  m  =  O.9 -- 1.8 in the case  of  exhaust

va]yes,  and  m  ==  O,9-- 1.6 in thc casc  of  starting valves  
4),

  It is also  rccognizcd  that accidents  or  fai]ure caused  by
human  error  will  occur  randomly,  and  it may  be recog-

nizcd  that thc failurc eaused  by some  defects in thc
construction  of  machincry,  system  or management  etc.

will  havc decreased failure rates  tbr new  ships  and

incrcascd failurc ratcs  for old  ships,  Fig. 8 shows  curnu-

lativc faiiurc ratcs  of  cach  piece of  machinery  or  main

engine  part, which  wcrc  calculatcd  using  thc  data from
the 499  ma.]'or  failurcs assuming  that a  total or300  sh{ps

from  O to 20 years of  age  would  be navigating  yearly.
Shape paramctcrs of  cach  Wcibull distribution in Fig.8
can  bc  sccn  in Tablc 1.

  Almost atl of  the shapc  paramctcrs fbr machincry  andi

main  dicscl cnginc  purts considcrcd  range  between  1.e --

1.9, except  fbr the case  of  crank  shafts  morc  than tcn

ycars ofagc,  turbochargers  mere  than  seven  years of  age.

and  shafting  equipment  more  than  ten  years of  age.

Although thesc  shape  parameters of  1.0 -- 1.9 indicate
that major  failures occurred  random[y,  major  fai[ure of

crankshafts  more  than ten yearg of  age,  turbochargers
more  than seven  years of  age  and  shafting  equipment

inore  than  ten  years of  age  can  be understood  to havc
occurred  due to the  influence of  constructive  defects
such  as  degradation of  machincry.  It can  be further

conciuded  that the chain  of  mistakcs  eauscd  by human
factors, as  shown  in Fig,2, could  not  be broken under
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Table 3 Causes  of  fai]ures/inalfunctions by  type  ofhuman  factor

Cateor Humanfactor No.Tetal

Lackofknowlede,abiliorexerienceofcrewmember 42

Personalfactors
Workdocsnotmatchpcrsona]ityorphysiealcharactcristicsofcrew
membcr

o
47(21%)

Lackofmotivationormorale 5

Insufficienteducationtraininorinstruction' 23
Inadeuacofinstructions,manuals,checklists,etc. 14
Non-fulfi11mentofinsectionandreair 24
Jnsufficientinformationcoinniunicationoinionexchane] 7 10

Managemcntfactors Imractica]xfo'orklans 4
94(43(Yo)

Deficicnco'fdircctivcordersstcm 2
Badcustomonworlcs 7
Badteamwork 1
1ndiffcrentattitudc/insufficientattentiontominordefccts 9
Problemneedcdtobcdealtwithurentlasanemcrenc) 9
Oinionfromsucriorofficialormcctinrcuired 4
Machinernecdedtobeshutdown,stoed 3

Problemwasdifficultordancroustorectif o

WorlcCharacterjsticg.&
EnvironnientalfactorsDifficultphysicalcnvironment

duetonoise,tcmerature,humidit,Muminationoraccessibilit
4 65(2go/,)

Timercssurc 5

Crewreoccuiedwithotherwork 8

Workingenvironmentwascarefreeandthusconductivetocarelessor

neli ¢ nce
21

AscctsofthesituationdifficLLIttoascertainorredict 11
Lackot'necessamachine,valves,orindicationdeviccs 4
Difficulttounderstandmeaninofsins,sinals,etc, 2

Indicationdevicesandgaugesaredispersed,makingel'fcctivchandling

andmonitorinofmachinerdifficult
1

Indicationdeviccsandtoolsdifficulttodistinuishfromeachother 2
Macbineryfactors

Unsuitablcdimensionsandlacementofindicationdevicesandtools 1
L5(7eA,)

Valves,etc.arestuckordifficulttooerate 1

Valves,etc.notconvenientlarran,edforeffcctivcoeration 1

Satialarranementnotadeuatc,effective,orwellconsidcred 1

Othercauses 2

conditions  whcre  the sourcc  ofconstructive  dcfect could
not  be fbund through  norrnal  daily or  periodically
mamtenance.

  Fig.9 shows  Weibull Distribution of  each  error  mode

for 499 major  failures, it is gcnerally undcrstood  that
Wcibull Distributi.on for human  error  shouLd  have  shape

pararnetcr of  about  1.0 because failure caused  by hiiman
error  may  be assumed  to occur  randorn]y.  Factors

depending upon  constructive  defect are assumed  to be
stronger  than  human  factors ifthc shapc  parameter has a
different value  from  about  1.0.

  Tab]e.2 shows  the va]ue  of  shape  parameters of  each

Weibull distribution catcgorizcd  by  crror  mode.  It can  be

concluded  frem Table.2 that errors  of  commission  at

more  than  six years ofagc  and  errors  of  omission  at  morc

than  tcn years of  agc  occurred  in 1argc part due to thc
strong  impact of  constructive  defects. Such  defects can

be assumed  to be a gradually increasing fa11uTe t}ipe
caused  by degradation of  system  perfommance  due to
such  factors as  wear  and  tear or  corrosion,  or  the  like.

  However, Fjg.9 and  Table.2 show  that major  failures
caused  by errors of  commission  occurrcd  randomly  on

ships  Iess than six years of  age  while  major  fajlure
caused  by errors  ofomission  occurred  randomly  on  ships

less than ten years of  age.  It can  be conc]uded  that

preventing human error  may  be mere  effective  in reduc-
ing the occurrence  ofmajors  failure in such  cases.

  A  list of  major  human  factors aff'ecting  failures and

accidents  onboard  ship  is shown  in Table.3. This list was
developed from a  study  done using  a  questionnairc to

Japanege shipowners.  Table.3 shows  an  analysis  from  the

vicw  ofmajor  human  factors in order  to prevcnt failures
and  accidents  in the  engine  room  which  caus ¢ d nincty-

six  actual  cases  of  failures of  maehineiy  in the engine

room.

  It is generally recognized  that human factors can  be
categorized  into four typcs  as summarized  bclow  

S);

(1) Personal factors: Cases wherc  problems arise due te
   the  failings ofindividual  workers;

(2) Management  factors: Cases where  problems exist  in

   managementsystelns;

(3) Work  characteristics  &  enviroiumental  factors: Cases

   where  problems  arise due to special  characteristics  of

   the work  or environment  conditions;  and
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(4) Machincry factors: Cases where  defects or  problems
   cxist  in machinery  and  equipment  as  a  rcsult  ofhu-

   man  error  at the design or manufacturing  stage,

  For  cases  of  failurcs or  malfunctions  which  were

thought to havc been the result of  human  crrors, thc

probable causes  (in terms  of  thc characteristics  of  each

process and  environmcntal  factors) were  classified  in
terms of  the fbur different factor types described above,
and  arc  showii  in Tablc  3. The  table shows  that  failurcs
and  malfunetions  caused  by probLems in managernent

systcms  accountcd  for about  409,6 of  the total numbcr  of

cases, while  work  eharactcristics  and  environmenta]

faetors account  for 30%, personal factors account  ft)r
20%,  and  human  error  re]ated  machinery  factors repre-

sented  less than  1O%  of  thc  total number  of  cases,  It can

thus be seen  from the Table.3 that about  709,6 of  failures
and  malfunctions  in engine  rooms  occurred  either  due to

problems  with  the work  management  system  or  work

characteristics  and  environmental  conditions,  arid  that

preblems  arising  from human-related machinery  and

equiprnent,  and  problems  from  personal factors are  not

nearly  as  prcvalent. This suggests  that it may  be possible
to prcvcnt thc  majority  of  cases  of  fajlures or  malfunc-

tions caused  by human  error by improving thc werk

managcmcnt  systcm  and  work  characteristics/  environ-

mcntal  conditions  of  work  onboard  ships.

4. Summary

  In a study  using  data from  499 major  failures of

machinery  in the enginc  room  of  ships  registered  in

ClassNK and  reported  by ClassNK's surveyors  during
thc pcriod 1993 - 1998 as failure after  which  the subject

ship  had to be towed  by tug er opcratc  at rcduccd  spccd,

thc cause  or  failure was  categorized  as  assembling  error,

design error,  fatigue, insufficient rnaintenance,  fire etc,,
operation  error,  vibration  and  poor worl<manship  consid-

ering  failed condition  and  environmentai  condition  from

the viewpoint  that the faiLurc had occurred  aftcr  dcgra-
dation of  system  performance  as  a  result  that crews  did

not  carry  out  required  tasks  propcrly; ft)r cxamplc,
"insutficient

 maintenance"  was  classcd  as  an  
"omission

crror"  whcn  the failure could  be considered  to be avoided
if enough  maintenance  and  chcck  had bccn  carrjcd  out

periodically. The  results  werc  as  fbllows;

(1) It can  be concluded  that 53%  of  the ma.jor  failures
   rcported  occurred  as a result  of  insufficient mainte-

   nancc  while  33%  wcrc  due to careless  operation.

(2) Givcn that human error  occurs  randomly;  thc shapc

   paramctcr m  of  cumulative  failure rate  of  failures

   caused  by human  error  rnay  be about  1.0. This may

   bc undcrstood  to mean  that major  failures on  ships

   less than  about  ten  ycars of  age  may  be due in large
   part to human  error  mainly.  However,  the  occurrence

   of  the  ma.jor  failures onboard  ships  ovcr  tcn  years of

   age  can  be assumed  to be caused  by constructive  de-
   fects that  resulted  from  dcgradation of  systcm  per-
   formance due to wcar  and  tear, corrosion  or the like.
   This is bccause all  shape  paramctcrs arc  about  1.0 -

   2.0 for ships  lcss than  ten  years of  age  but over  2.0

   for ships  more  than ten years of  age  in Fig.8 and  Ta-
   ble.1.
(3) From  this study  on  major  fai]ure, can  be concluded
   that errors  of' both commission  and  omission  oc-
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   curred  with  samc  ratio,  however these pcrccntages
   may  be subjcctcd  to modification  in the event  of  a

   more  detailed examination  ofthc  process oferror.
(4) Cumu]ative  failurc ratc  of  ma.ior  failures causcd  by

   errors  in commission  as seen  in Weibull Distribution
   tends  to be ofa  random  failure typc  for ships  lcss

   than six  years of  agc.  Hcncc,  it may  be suggcstcd

   that more  attention  should  be paid to crrors  in com-

   mission  in the casc  ofships  lcss than six  years of  agc.

   Mereover, attention  must  be paid to errors  of  omis-

   sion  for ships  lcss than  tcfi ycars of  age  becausc of

   the  shape  parameter of  1 . 1 .
<5) It can  be concluded  that the  sourcc  of  constructive

   defccts caused  by degradation of  system  pcrt'ormance
   witl  disrupt the chain  of  mistakes  caused  by  human

   factors fbr ships  ovcr  about  tcn years or  age  and  that

   arc  subj  cct  only  to daity and  periodical maintcnance.

(6) Failures and  malfunetions  caused  by problems  in

   managcmcnt  systcms  accounted  for more  than  40`b6

   of  the total number  of  cases  reported,  whilc  work

   charactcristics  and  environmental  factors account  ft)r

   30%, personal factors account  for 20%, and  human

   error  related  machinery  factors represcntcd  lcss than

   10%  of  cases.  Tt can  thus be seen  from the Table.3

   that about  70%  of  failures and  malfunctions  in cn-
   gine rooms  occurred  either  as  a  result  problcms  with

   the work  management  system  or with  work  eharac-

   teristics and  environmental  conditions.

5. Conclusion

  From thc vicwpoint  of  aiming  to prevent failure of

machincry  in engine  rooms,  a study  was  carried  out  to

dctermine the characteristics  of  human  error which  are

assumed  to occur  daily, It can  be concludcd  from  the

result  of  this study  that major  failures of  machinery

onboard  ships  are  mostly  attributablc  to human  factors
for ships  lcss than  about  tcn years of  age.  On  the oth ¢ r

ha.nd, constructive  defects may  have a  greater impact
than  human  factors on  thc  occurrcncc  ofmajor  fai]ures in

the  case  of  ships  over  about  ten years of  age.

  Additional future study  wi]1 be pursued in order  to
scek  which  eharacteristics  ofhurnan  factors and  methods

that can  hai'e thc  grcatcst impact on  breaking the chain

ofmisLakes  caused  by  human  factors caused  by  human

factors undcr  thc cxistence  of  source  of  constructivc

defects.
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