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g3. Whe Effeet of  VVkgppgng Stress eue Fn,tggase Stwengthga of rk Wast

    ContagRer Sktw gn Roasgk Sens

Yoichi SuMI', Member,  Yesliiyuki YAA,IApe･fe'I'o"", a{fember, Mfis{k/iao StJzuKI*"', Member

                     (l;rom .1.S.iNZA. Jh,pan, va)l, 263, ,June. 19g8)

                              Surmmn'ry

 It has recently  been recDgnized  that  structuraS  failureF. of  o(/emi-going  vessels  in rongh  seas  are

closely  related  to the dy･namic hull gjrder  stres.'･3(:is inclueed b.s, siairimir)g  jinpaet an[l. b}, norilineav

dyi]amical forees acting  oll bow  flare, In the prefent  paper,  .fatigue stret\ftli  vf  a coritainer  ship  is
investig.ated for structural  mcmbers  with  high stress  conceiitration  factors, wher'e  the upplied  stress  is
eornposed

 of  wave  induee[t hending stresses  including. nonliiiear  effects  ana  whipping  st}'esses.  Having
ca}eulated  tha d}:nannle $'tresses  arising  in a  hull girder in ro"gh  seas,  fatigue strEngth  of highly
stressed  portions is examir}ed  by using  apprepriate  S-N  curves.  When  a  high speed  vessel  passes
througia rough  seas.  it is foLma that the signifieant  lncreas;e of  the repeateci  stress  ranges  due tu the
superpesed  whipping  componcnt  of  stresses  may  drastically reauce  the fatigfue Iife of  highly stressed
structural  members.

1. ggtreductioit

  Recent developments in ship  stmictural

meehanies  have revealecl  the mechanisms  of  the

huH  girder structural  failures of  ocean-･gelng

vessels  in rough  seas. In head sea  eonclitiens

nonlii'}ear  and  dynamic  wave  forces induce
excessive  bendi'ng moment  in the f()re body  of  a

hul] girder, which  may  cause  the deck  buckliiig
and  collapsei)'2),  while  in oblique  waves  the

excessive  torsienal  momei'it  may  be induced,
where  the corresponding  "rarping  stresses

cause  deck buckling on  onc  side  of thc deck and
also  eause  craeking  faiiures ()ii the other  side  in
the  fore body of  a ship3). Local struetural

failures of  stiffened  panels such  as  permanent
sets  of plates and  cracking  iailures of  stiffeners

are  investigated in relation  to the excessive

water  pressure acting  on  1/he panels due  to
slammingti).  The repeated  slamming  loads also

cause  corrosien  fatigue of  materials  which  may

lead to the entire  fracture of  the bow  structure

of  a  ship5>･6).
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  After a hi.ah spced  vessel  passes through  a

rough  sea,  fgttigue cracks  are  sometimes

observed  even  in tho  middle  and  aft parts of  a

hull gircler, wher(,  Lhe hull girder bending
stress  rnay  be mggnilied  by severe  stress

concentration  f- actors. The highly concentrated
stresses  are  expected  to occur  at the parts of
stru{:tures  with  geemetrical discontinuity such

as  hatch coi,'ners  and  end  parts of  sllperstruc-

tures. Since son]e  n.e.wl),･ built ships  have  even

experienced  sueh  damage,  the cracking  failure
Tnight  not  be explained  without  taking inte
account  of  the dynamically induced whipping

stresses  superposed  on  the wave  induced
st.resses.

  In the pr'esent pLaper, the initiatiell of  the

1{)w-cycle fatitt.ue craeks  is jnvestigated by
considering  wnve  [nduced bencling stresses
wi'th  nenlinear  effects,  whipping  stresses  of a
hull girder, ancl  cottpled  vibratory  stresses  of  a

hull girder and  a  su?.)erstructure.  The  nonlinear
and  dynamic stress  ealculations  are  performecl
for an  ocean--going  container  ship  with  various

ship  speeds  ancl u,ave  heights. Considering the
st'ress eoncentration  factors and  typieal S-N
eurves,  the low･･--c//tcle f･atigue strength  is ex-
amined  based an  tlie ealeulated  stress  ranges
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including the whipping  corriponents  which  arc

a £fected not  oniy  by wave  heights but also  by

ship  speeds.  In order  to prevent  local fatigue

damage  for a  given  period  of  tirne, the maxs'  mum

s,hip. speeds  are  predicted for N,arious  condi-

tions of  si.anilicant  wave  heights and  strc}ss

concentration  factors. The  numerical  rcsults

also  indieate that. the whipping  components  of

stresses  cannot  be disregarded e.veri in the ait

bedy, wh"e  the bending  stresses  with  non-

linear effects  are  significant  only  in the [ore･

boc'ly.

.".. Dyweamie Nozaaanenr eeespetmse AExanlys}}is

    of  a  Fast Centaaffuer Ship iii Reguaar

    
'gNaaeff

 wr)s.ves
2.1{. .A t"thst eoiutaZgeer  skip  apmdi fits st,r. eAetangezzVu'

    g･fi･･ieaEizatienwlt

  NuTTierica.i ealculatteris  are  performecrli .for a

cen".,ai'ner ship,  whose  prii'icipal/ I]･articnla:.s 
',/tncl

bof.ilr, p]an  are  sho'tKii'i i,ii, Ta･ble 1 ancl  1't''ig', 1,

respectlveE}i.  The ,,nome}rt  of  iner'L'ia of  se.'='iei],

;',, 
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vv, whicln  are  Lisc,td ats the ba.s,ic; dnta, i'or i'hc,

{i}J.u./.,.･ruic aiAysis  of  
'ihe

 h'Liil' girder, are  iltub'-

Lrated  in Fig.. 2.,, S,ince the leng'th ai'icU.h･.) heit/th'L

of t.'he superstructur'e  are  of, the s. a.me  oi'ttt.ter, it

is :t-1,:･inpl}, rnodeled  a,i,t a  siz,ear be:g.n'/. ,iAxct'arrJlin,{i

to the str. gctiT/ra] inodeiipg  iUustra'L'ecfin Fi･ g.'. 3,
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the equivalent  coRcentrated  mass  of

deck is einpirically  giveii as

mi  ==  2/t) Obi,li Ckg),

the i-th

(1)

where  bi (m) ancl  li (in) are  thL' brea,dth and
length of  the i--th deek, respcctively.  The  shear

rigidity  between the i-th and  (i +  l )-Lh decks
-,  1
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where  G, A,, and  hi are the shear  modulus,

                                                 ii,//,},tL//,,lshear  area,  and  the height between  the ,i -th  and

(i+1)-th decks7>.
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 efvi
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 E,iglitr order  mo{i,,'ts ot

 v'ibration :ire in ge-erar

 trav.sverse  rnodes  f.}f

 effe/'ts  are  disrega?,'deci in tl'ie

:.:l
                            lp

     "rtg whigepimg'  etTk)cts

   In or(ler  to investigate
 - t
.Iormance, exper]n'iental

 been carried  owt  by using

container  ship,  whose

 t'he range  cf  l5--,gO knots c

severity  of  sca  sf./atesiO}.

information gii,,cin i,n Ref.
eonditions  are  g)aragnetricall),,･
wave  hc,igvhts 6, 8, .1 O. and
spee(Is  6. 10, 1･4., l8, 22,
respeetive.ly,  kee-plng the
leiigth ratio  as- ur:tsr.

   The  Newmark  t9 inet.hod  is
direct tillie intttrgr/,!tion,
eigen  modes,  whicl'i  t.,

and  two  elastie  vil).ration

llodes,  ar'e selectecl  /is the
at¢ s for the space  i' 

'

N.c<.av..v,C

 superstrueture  are  modeled  bv Timoshenko

 heam  elempnts,  whieb  have  two  degrees of

 freedom at  both ends  and  one  degree of freedom

 at  t'he mid  peint nedes8>.  The  main  hull girder
 structure  is clivicled iiito 40  e]ements  and  the

 superstructure,  whose  weight  is 700  ton, is

 divided into three eiements,  As  is illttst'rated in

 Fig. 3. the  bottom part of  the  superstructure  is

 conne ¢ ted by a rigicl eEement  to the hull gircler
beam  element  lined along  the nuetral  axis  of  t.he
hull girder, The }['oung's rnoclulus  and  shear

modulus  are  chosen  as  21,OOO ]cgf!n}m2 and
8,100 kgffmmL', respeetively.  Followiilg the
clata  for similar  containctr  shipsY),  the logarith-
mic  clecrement  is assumed  as  O.056 l'i} the
present ana]ysis.,

2･.2 Eigen  gvvodes  efvihrftta{m  iit sti)g  wnter

   The eigen  frequeneies of  the hull girder in
.v.till wat.er  are  calcujated  and  the resulk'i  are
11sted in TabLe 2 fer the cases  both with  ane`

without  the super/t'trueture,  Thc. corresponding
modes  o,f vihratien  are  Mustrat,ed iu Fjg. 4, In
which  the co'upied  vibratiop  o'f hull glrder and
superstructure  is observed  in tlie vibratien

riiodes  "Jith  more  than six  nodes.  
'i'he,
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                  bration of  a eontainer  ship

                        girder vibration

                  13-node.  Althoingh the

                    longitudinai bending

                       cotipled  with  the

                vibration,  these  eoupling

                        present  analysis.

warave imdiax¢ edig heiidiisu (}' moment  i"eludi-

                     the. seakeep{ng  per-

                      measurements  had

                          an  ac;tual  fast

                 reeercie-d  speeds  were  in
                        iepepcling oii the

                       According  to the

                     llOl, the eatcu]atien

                         sele:ted  for the

                     1 2m  and  for the ship
                          ancl  26 knots,
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                        employed  for the
                    while  the first four
               ons. ist of  t.wo rigid  motions
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                    generalized  coordin-
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equation  of  niotion  is lntegratecl ti'oJ".' s{x pcriods

trf "･,ave  encounters,  the iast LvL,o periods are

uscd  t･'or the calculat'ion  oi  s'lamvnintt.' and･

wl]ippiiig  stresses  in order  to avold  lrangent

behux/ lor of  ship  motion.  
;v'ibrator},'

 sLresses  are

also  damped  for the first '//'our
 periods by

el]oosing  excess',ve  artiSici.al dnmlping coef'ii-

ei,ent, C'onsidering the frequencies oE' elastic

vibration  of  the httll girder, the s.tandnrd  stqj

of  tiine i.ntegrati･on  ts chGsc･n  as  1/3()e o/f tlie

per'iod oi" a･ "Jave  ericounter.  N4i hcin conside.ring

Lhe eoiipled  vibrat.goll  of  the superstrueLure  ancl

the huil glrder, the gencr2.lize.c]i eoordinatcs  are

selefcted  up  te the ]3--node vibr, ation  mode,

where  the time step  is chosen  ns  /L f'2eeO  of  the

periocl of  a  wave  encounter.

  Figures 5-8  shew  the en･velopes  of  the
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maximimi  bending momen`L  o'f the hull girdey,

where  the discontinuity oi  
'the

 monient  at Lhe.

i,nter, section  of  t.he hull girder nnd  the siiper-

st.rueture is less thaii one  percent of  the hu!.1

girdier hending moment  and  thus  can  be ciisre-

garcled. As can  be seen  from tho figi.!res, thc

sagging  moment  is signifieantiy  increased wi'th

the inc:reasc oi  the $liip  speed  dne to the effects

oi slamrriing  iollewed b.y whipping.  In tho c'ase

o.f rigid  body calcL.ilations,  it is shewn  in Re.f.
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[111 that  the  effects  of  nenlinear  wave  forces
 'mainly

 increase the sagging  mornent  in the fore

body  of  the hull girder. It should  be eontrasted

in the present  whipping  analysis  that the
hogging  morncnt  is a}so  iner(iased ivith  iiiereas-

ing the ship  speed  and  that the bending  moment

is mcreased  eveti  in the aEt  bedv. As  far f.ss tlie                             "

fatigue stren.crth  is concerned,  the present

resu]ts  suggest  the effects  of slamming  followecl

by  whipping.  are  not  localized to the fore bocly.

because a  slight  increase oE  stress  arnplitucle

remarkably  reduees  the fatig.ue life of  strLietti･

ral  members,

  Consiclerat'ions are  macle  on  time  histories o.f

hull girder bending  momertt'  at  S,S. 3-1/2,
which  is tisually  located clo$e  to the frent end
of  the superstructure  and  aft  end  of  the hold

part  where  structural  ciiscontinuity  is often

observed,  Figure 9 shows  the time history, of

the bending  momcnt  and  tiie deek  stress  ior the
wave  height H.==:6m  and  ship  speed  U-=
6knots. In the case  where  the wave  height is
less than six meters,  bottom  slamming  cannot

be expected  to occur  for all ship  sl)eeds.  On  the
contrary  if the  wave  height is increased mere

than eight  rneters,  the bottom ett)ergence  could

occur.  The time historie:s iHustrated in Figs. IO
and  11 indicate that the whippjng  stress  is
incluced mainlv  bv the nenlinear  wave  force
acting  on  the bow tlare durii'ig its immersion
rather  than by the bottcn] slamming  force.
Comparing Figs. 9-11  with  each  other,  it is
well  recognized  that  the  whipping  component  is
significantly  increased with  the increases of

the  ship  speed  and  the wave.  height. In these
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l'igur'c･s the duratiun c)f the  bottom slamming  is
indiefitcct by a  reetangular  notation.

  The vibration  ol  the superstructure  due to
whip･ping  and  the resulting  shear  stresses  in

the sjde  walls  are  investigated for tlie wave

height 8m  and  a sirip speed  1 8knots, where  al}

eigen  modes  illust!'ated iii Fig, ti are  included ].n
the analysi.s. As  is shown  in Fig. 12, higher

order  shear  vibr':ition  which  approximately

c'.orrespouds  to the 7--nodc rriode  of  the hull

girder  vibration  eontinttes  ior a  second  just
after the bottom slamrning,  Aiter the higher
inode  vibration  is damped,  the superstructure

oscillates  iNrith the fr'equenf:y corresponding  to

the 2--node rnode  of the hull girder  vibration.

Since th･s cori'esponding  values  of  the  shear

stresses  are  oi the order  of  O,lkgf/mrn:' in the
side  wall,  lt is shown  in the present analysis

that although  the vibration  of  the supet'struc-

i.ure may  cause  di-scomfort of  crew,  it ean  be
disregarded from  the view  point  of fatigue

strength,  It shouid  also  be noted  that the
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 i"ig. 12 

rl'iTnchistory
 vf  lengitudinal acceleration  at

         nnvigat.ien  deck (H,.=-8.0m, U=:/ 8.0)cnots)

frequency  of  the highey order  vibration

obseryed  in the superstruct'ure  is lo":er than
its eigen  frequetle>,.

:S. Fatigwae Strermgtko o{･' Strmaet"mwnE NIegTg-
     be]Ns zzrgt'in Strueess stw'$yacentratinru

,w,.X  scstgmaaZgon eer [ke  /IOaiigmae daiwinge geeF"
     t.a {eycge  /o{ vvnve  ewacoz"suat,f,-'.rc

  Jn ease  whei'e  the hvll girdej' i,s sitbje.".ecl to
siamming'  l'ol]owed 

'{}y
 ":･hip//.)intt, 

'fatl/,g,ue

strength  of  struc"ural  m'emT.x  rs  wilth/ higb
sk'ess  eeiieentratilon  factors i.s exanLiried  i.)as(',d
on  1.he dyilaniic stress  analysis  prcsclin}/ed in t.he

pr::･sious se.e'tioii and  appropri'.a'.c., l'S-N cLt i.a..

i,?. ifg'ure 13 sho"r.s  the S tsl cur'ves  tised  ii± the

present unalysisi2)',  whieh  are, app]icnbk:  .[or

g'a:s cLeL suri"',,,,cc, cont'inuous  i'iHet w･elcUoac[ec £ in

tiic ivcld  clirection,  and  ercss  -shaped  [illet
weld  loadecl per'pen{licular to the vveld  direc-
t;'on. Takingr in'./,o aeeoullt  {}t mean  .stresses, the
S N curve.s  can  be uscd  for not  only  tensic)n -

tcnsion  b'ut also  tensi()n-eo"ipression  }oiiding
conditions.

  Al'thoutth the clefinitions u[  the cyc]e  eount  oi'

.[atigue loacli]'ig are  seri,ously  discussed for' t}}e
case  of  coiripl{tx  stress  time historjes, a  fs.ti,v.,uc
cycle  is simply  defined to be identical to a cycle
{)f waye  encountcr  in the preserit a.,nalysis,

'where
 the stress  range  is Lhe differeiicc ()r

maximun}  and  niinimum  bending  stresses  ln-
cludiri,g  the whi}')ping  cornpoii.ents.  in order  to
exariiine  the i,･aiidity  of the. assumptioii,  the

rainfiow  nlgorithrni3)  i's appgied  to the exact

Y,･ua,aMol'o, pt'1
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                          Number  ot cycLes  N

l;ig. 13 S-N  cu  rves,  in which  ttV, e, and  @  represent

        each  fatigue cll]'ve for gas  cut  surface,

        continuous  fiIlet tE,'eld  1eadecl in weld  direetion,

        a.nd  cross-shaped  fillet weld  loaded

        perpendieular  te weld  clire.rtioii

stt'ess  tin'Le liistories. In niost  cases,  the euinula-

Live ciiarnag.r., per a  cycle  of wave  ericounter  t,htis

taieu]ate.d  is only  lO to 2.,O pe,reent ]arger than
thfe valures  givuJi b}r thc proposc[i  simple

method,  wh･ile  the ini..'rease is exeept.ionally  ll)O

percent. for the most  signiiie,"nl'. case  of whi'p-

ping' illustrated in I?ig. 11. It. sho{!lct  be peintefl
eut  

{that'
 the incr'cases of the in"aximum  sagg. 

'ing

ar,d  rnaxjii]urn  hoggit]sv bending  sLresse/.t  [jt:e L/o

tha superposi･tle.･n  of  vvavt  anci  whippjng  coft'!po-

nents  .ar'e  essc)ntia.1 to the reduct/lon  ct' fatigue
ti'f.rength  o'f structtiral  r{iernbers.

  A s
±
t'ress  range  is obtainth.d  from 

'tl'Fe
 bending

momeiit  divided b'y' the sg'ct'joi] moclu･ltis  fo,' an

arb' ia/T'ary locatior] a]oBg  the shi' p lentt. th. Tal<i rig
t.he nominal  stress  ran.ae  ns  the one  obtaine(l  ak

S,S, 3--1,f2, the ilat'igue clam[-Lgc  per a  crv'clc ol:

"'ave  eRcoginter,  I)., is caicruiated  l).>, 
tparame'Lri-

cally  changiRg  stress  eoneentration  
'factors.

Since 't'n{,). t.ensile .r'esidnal stress  is assi'ti'riecl  to

bc 10kgffmtn2 in the prescnt analysis.,  the S--N

curves  :tre interporatcd  in order'  to represent

the al)propriate  niean  strcss  conciiti')ns.  The
fatigue dt,,inage per  a cyclEe  of x･vavc, eucount.er  of

the wave  hui/,rht gin is illvstrateci in. Fitt,. I4,
where  the stress  coiice.rttrati,on  factors are  set

as' 2.0, 2.5, 3,O an(l  3.5, and  the S-N  curves.

usL'd  are  the ones  for gas  cut  surt'ace.  It. is
recons,nizeci  tli at the fatigue damal.re per a cycle
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Strength of  a Fast ConLainer Ship in Rough Seas l51

    mora  than three. Fis.t.ire 16 shows  the  case  for

s the cross-shaped  illlet weld  loaded perpen-

    dic,ular to the weld  {,iireetion,  The resu]ts  given

    in Fig. 16 rc,hpresent  relatively  low fatigue

    strengt.h  even  for lower sLress  concentration

    Eact/ors in comparison  with  the ones  for gas cut

    suriuce.

        i-

    a 10 1" le 22 26

                    Shin speed  {kno:s)

I;atigue damage  per a  cycie  ef  wave  encounter

(H.. =.=  8.em, gas cut  surface)

t,] 
10'//i'

 Deil./･l,･g'.tt.l]･9

 lo'SfiSLtti

u.nt

   o

Fig. 14

of  wave  encounter  logarithniit:ally increases

",itli the increase of  tbe ship  speed,  Figure J. 5

sho  ws  the  case  tor the wave  heigbt lOm,  where

thc critiea}  speed  U, is indicated at  the ship

sp'ee(i 18knots, above  which  the fatigue damage

drastically ii]cr'eases. If the tutal nufiiber  of

cvcles  of  this level is of  the order  of 104,

f5tigue cracks  may  be initiatecl in t.he structural

members  with  the stress  eoncentrat.ion  factors

:"1:･iit{'de/el")'u'.ly.y,tt/bYJiEtsvm]Ut/;;,uL 't'10De
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Fig, 15
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l;ig. .IS Fatigue {lamiEge  pera  cyele  of  "'aveencounter

        (t1. ==  8.ern. cvoss-･shaped  fillet weta  leaded

        perpendicutar to vveld  c}irection)

3,}.2 A  t/emtuve study  t}rt the reealjoR  be-

    tweeme the fva'Sigthe strength  a"d  sftip

    specedi

  Since t'he }iiu/,ar superposition  eannot  be

a.pplied  to noi}linc'titr response  analysis,  the

present appyeac:h  fzces difficulties in the esti-

inate  of  the fatiguc'/ damage  of  actual  ships,

which  go throti,tgh 1'rregit}ar seas  in various

headir!g angles  du2'ing their whole  livas. A

tcintative study  is presented on  the relation

betweei] the fatigue h''trength  and  the ship  speed

based on  xiery  s].gnp]ified  assumptions  de-

scribed  below/  
,

{1) The fatigue d:image responsible  ior the

]ratigue  crack  iilitiaiion is accumulated  in the

short  term  sea  st,aLc･ s. of  the charactcristi ¢  wave

11eight more  than 6m,  where  s}amming  and

whipping  coi.il.d occur.

(2) Consicl,ering a  :/apanese eontainer  ship  in

North American  service,  the severe  sea  states



The Society of Naval Architects of Japan

NII-Electronic Library Service

TheSociety  ofNavalArchitects  of  Japan

IEi2 }'oiehi Su],{I, Yoshiyuki

which  c'.aiise slamniing  and  sLrlii.ppln.gi, aro  ex

pected during. her 
-,,o},a.ifes

 to west  in winter.
'[-'he,

 tota] dtiys in sv,ch  conditl/ons  are  E<) day$
per  a year  at  mo$t,  w}'jich  ar'e equiVa･len-.o  the
nuiiiber  ot' cyeles  of･ the order  oi' 10･5.
,l3],

 

'I,'he

 probabiliLy,  P,, of  tke  ocetiryeRee.  of

sl'amming  fol]cwed by wl"ppiiig  per Fi {:).iele of

E,･vave  eiit..'eunter in 
'ii'rcgulat'

 seas/  is esLimatec2'

iCroin  L'he clata  gii,'eii/ by Ochii'4), jn whieh  sl]j.p

speo.ti is normalizeci  by F'roiic]e r･umib.or  (lse(/

i';lr't'･ ]7).

>,:'tmvmol.nal

Fi g'.

ze

o.e

O.6

O,4

O.2

o

  O O.05  O.10 O.ls O.20 O.25 O.SO

                   F'n

17 l]robabitit.v of  occuyrence  of  sEiini per  a cyele  of

   wave  e.neounter  in head seas  (ts'{ari'ner t.vpe  ship

   ; see  ReL  II ,l 1)
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C4)/ Whe}i slamrning  occurs  iR irre.u.uls.r fseas,

iratigue  damage  per  a cycle  of  wave.  encotinter  is
acclliniulated..  The  fatigue damage  D,. is assumed'
to be identieal to the oile  I,n the regular  wave,

whose  wavc  height is p.quai  to the sig. nificant

wave  height, and  whose  wa'Lre  ler]gth-ship
length ratio  is unity.

(5) Fatigue life is ealcu]ated  as  
'Il./(I).P.)

 f-or a
: iveR significaiit  wave  height, ship  speed,  and

stress  concentration  tactor, titrhere  T, is an

average  period of  wave  encounter,

  Based  on  the above  assumptions,  the relation
between significant  wave  heights, ship  speeds,

and  stress  eoncentration  faetors are  deter-
mined  lor a  given  fatigue li.te. FigL,re 18
illustrates an  exampie  of  the fatigue damage
prediction for gas  cut' surface,  in which  the

X'.U{AMOI'O,1･'v'Tas/anao Sl'zLi]g

i'ati,/.ruc/, li/ ie is set  eclual  to pne  .year. Ii" the ship  is
1'cept to be operatcd  in Lhe iower le.ft region  with

r'e$peci: Lo the cut'x,es  deF).enden'L, on  ihe stress

con,centratiou  factor, 'fntig.g'ue cra.rks  r}kay not  be
initiak/d at  tlie si.rureturai  iaienibe.rs..

n,ffv;ti.t.po,,.kl-uhist=scst,E/-:nturt--ua

l2

le

s

5

i
mu'L'

y,ss,ki
'

i a Stress eollcehltz,ltlo.E  f.Lcter 

"<}'V<g

/ 11 /
l.-- -rvnvL  ..mL-  ll. -mN

       S IU l5 Z,O 
i25

                        Ship speecl  (kts.)
 }:ig. 18 Precgictien oi' possihle  fati.ffue damag'e fora

         pe]'iocl of  une  yenr  in relatien  
LLo

 wave  hei.uhtE.

         stressconeentrativnfactor's,andshipspeef]s.

4. f:eifeegmsfiavmas

   It has receTitl.v beell wel]  recogn[ze.cl  tkat t.he

efieets  oi  the  nonlinear  vLravc  .fov:es significant-
ly inerease the sagging  moment  ii! tn' e fore, bodv
o'f a hull giyder. Consiclering the whippin'i

effocts  in the present  paper, it shoul(i  be
emphasized  thf.tt tlne hogging. moment  .is also

increased  with  ship  speeds,  alld  thai. the both
bellding momep.ts  arct increased even  ip. the aft.

body, Based on  the calculated  bendiug  stresses

and  the S-N  daG.a for structural  components,

tke fati'gue damage per a cycle  of  w[ive  encoun-

ter is found to be logarithmicall.si increasecl
with  ship  speed.  A  tentaa.ive $tudy  is prusented
for the prevention of  fatigi-ie ifiiluy'es for a given
service  period, which  is based on  simplificd

relations  among  sjgnificant  wave  heights, ship
speeds,  and  stress  concentration  factors. }t is
also  learned trorn the present stud},  that the

NII-Electronic  
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'l'he

 L'ffect of  "･'hippi'ng Stress on  Fatigue

(letailed  structural  design which  reduees  stress
concentration  factors is essentSal  for the pre-
xrention  of  i'atigue fin'ilures.,
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