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                A  Study on  Collision by an  Elastic Stem
                        to a Side Structure of Ships

                                                     Yoshio  Akita', Member

                                                     Katsuhide Kitamura**, Member

                                           Summary

  In erder  to investigate the  share  of  absorbed  energy  at  the  time  of  collision  between  a  nuclear

powered  ship  and  other  ships,  six  collision  tests were  conducted  between  the  side  model  sirnulating

Japan's first nuclear  powered  ship  (Mutsu) and  elastic  stem  models  simulating  conventional  ships.

Destruction modes  of  both  stem  and  side  structure  can  be grouped  according  to the  strength  ratio  of

a  stem  to a  side  structure.  Minorsky's calculation  method  for estimating  the  absorbed  energy  is

discussed using  the  test results.  Further, design formula for the  collision-pretective  structures  of

nuclear  powered  ships  is examined,

                                      1 Introduction

  In designing  nuclear  pewered  ships,  it is necessary  to provide  protective  sicie  structures  against

collision  with  the stem  of other  shlps.  Particularly the  section  where  the  vessel  containing  the  reactor

is lecated sheuld  not  be damaged,  At the  time  when  the first nuclear  powered  ship  (Mutsu) was

designed and  built in Japan, MinQrsky's  formulaei) were  used  for calculating  the  absorbed  energy  in

a  structure  and  there  was  a  need  to check  it experimentally.  For this purpose  collision  tests have

been  conducted  for several  side  models  and  stem  models,  and  in analyzing  the destruction mechanism

of  side  structures,  a  calculation  iermulae  have  been  proposed, which  show  good  agreement  with

experiments.  That study  has been summarized  in the  reference  2. In overseas,  some  experiments

were  carried  out  at  Naples  University in ItalyS) and  at GKSS(Gesellschaft fttr Kernenergie  verwertung

in Schiffbau und  Schiffahrt m.b.H.)  in Gerrnanyi). However,  the  formula  fer calculating  the  absorbed

energy  has  not  yet  been established.

  In the  previous  study,  absorbed  energy  at destructien in the side  structure  was  calculated  on  the

assumption  that  only  the side  structure  of  nuclear  powered  ships  will  break  because  the  stem  of  the

colliding  ship  is rigid,  However, the stems  of actual  colliding  ships  are  not  rigid,  but in fact, are

mere  elastic  than  the  side  structure  in mest  ef  nuclear  powered  ships.  Therefore,  in a  collision

accident,  the  bed energy  at  destruction of  the  colliding  ship  also  exists.

  The  study  is aimed  at  investigating the  cDnditions  of  sharing  the  absorbed  energy  at  destruction

among  the two  on  the  assumption  that  not  only  the  side  structure  of  the nuclear  powered  ship  but

also  the  stem  of  the  colliding  ship  will  break concurrently.  For this  purpose, statical  collision  tests

were  conducted  between  side  structures  simulating  Mutsu and  elastic  stems  simulating  conyentional

ships.

  By  obtaining  the relationship  between  load and  penetration,  and  calculating  the  absorbed  energy,

some  discussions about  the destruction modes,  absorbed  energy  at  destruction and  examination  of  design

formula were  made,
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                                   2 Outline of  Tests

  2,1 Side Model

  In referring  to tlre section  where  the vessel  containing  the  reactor  is located in Mutsu,  the  side

model  is reduced  to a  scale  of  about  1110 of  the design dimensions  of  it, and  the  same  model  was

                                       used  in collision  tests  by  rigid  stems  in other  series  of  tests.

                                       The  dimensions  of  the side  model  are  shown  in Fig,1.

                                        2.2 Stem Models

                                        Stem  models  simu!ating  thoseof conventional  ships  and

                                       of icestrengthened ships  or  icebreakers, were  designed  to a

                                       scale  of  1110 of the design dimensions, The  deck  positions

                                       of  the  stem  model  are  set  so  that  they  will  penetrate  into

                                       the middle  portion of  the  side  shell  between decks of  the

                                                            side  modeL  The  dimensions  of  the

                               
25 stem  medels  are  shown  in Fig. 2.

                                                            The  stem  models  are  of6  types;T-

                                                             1 and  T-2  ef  transversely  framed

                                                            type  and  L-1, L-2, L-3  and  L-4 of

                                                            longitudinally framed type. Compa-

                                                            rison  between  stem  models  and  ac-

      Fig･ 1 Side medel,  Transversely  framed  structure  
tUal

 
ahips

 
are

 
indicated

 in Table 1.

                                                            In this  Table  Ship A, Ship B  and

  ro Fuji correspond  to an  ordinary  ship,

  an  ice-strengthened ship,  and  ice-

   breaker  respectively.  Stem rnodels

   T-1  and  L-lcorrespond  to an  ordi-

  M

                                                            model  were  fixed on  the table of  a

                    Fig. 2 Stem  models

                   Table  1 Cornparison between Actual Ships and  Stem  Models
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Stem Actual Ship Models

Structural dimensions Ship A* Ship B*Fuji**T-1L-1T-2L-2L-3L-4
N

SternsheUplatethicknessmrn 21 25.445 L62.32,33,2

Sterndeckplatethicknessmrn 10 10 23 1.23.22.33,2

Breasthookplatethicknessmm 15 11 - L2L21.21.2

Framespacingmm 8oo4004co 50 50 50 50
MomentofinertiaperunitbreadthcmS1880165 - O.04O.04O.04O,04

Cross-sectionalareaperunitbreadthcm23.083,51- O,24,IO.24O.24O.24

 ***Reference
 material  NSR-3-Kan  2. 0utline of  Strength

Technical  Bulletin of  Nippon  Kokan  K.K.  Ne. 34, 1965

New  Antarctic Observation Ship 
"Fuji",

 Part 1,

Tests onCollisien  Resistance Structures
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 Relatien between load, deformation, absorbed

 energy  and  penetratien of  stem  model  T-1.

Relation between  load, deformation, absorbed

energy  and  penetration  of  stem  model  L-1.
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5 Relation between  load, defermation, absorbed

  energy  and  penetration of stem  model  T-2.
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6 Relation between load, deformation, absorbed

  energy  and  penetration of stem  medel  L-2.
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600ton  Amsler universal  testing machine.

and  the edges  of  the  side  shells  and  three

decks  ef the model  were  respeetively  welded

to the  support  jigs through  thick  plates, so

as  to make  the  edge  fixed. Further, the

stem  model  was  fixed on  the  upper  part of

the  testing  machine.  The  penetration tests

were  conducted  at the loading speed  of about

3tonlminute, making  the leading speed  as

slew  as possible to avoid  the  effects  of

loading speed.  The  measurement  items  are

load, penetration,  defermation, stress,  and

destructien.

  3 Test  Results  and  Discussions

  As  the test results  of  6 models,  their load-

penetration curves,  measured  deformation

values  at  the  middle  portion  of each  model

for both stem  and  side  models  and  calcu-

lated absorbed  energy  are  shown  in Figs.

3--8. The  sum  ef  deformation  values  for

both stem  and  side  mode!s  is equal  to the

        .
penetratlon.

  3.1 Destru ¢ tion Modes

  Six lead-penetration curves  are  col-

lectively shown  in Fig. 9. As  for the

destruction modes,  they  can  be greuped  into

3 types:  weak  stem,  medium-strength  stem,

 and  strong  stem.

  3.1,1 Weak  Stem  (T-1)

  In this  case, panel buckling  starts  at  th ¢

 shell  portion of  the  stem  tip surrounded

 by decks and  the  first transverse frame,

 Thereby  a  part of  the panel  loses load

 bearing capacity,  and  the load increases

 until  the stress  of  effective  width  of the

 panel portion reaches  yield  stress. As for

 the  maximum  load, the  experimental  value

 of  23.2 ton  agrees  with  the calculated  value*

 of  24ton. This  may  show  that  the  stress

 is nearly  uniform  in the  shell  panel  Df  the

*  CDncern  the  calculation  of buckling
  values.  The  calculated  results  are

  shown  in Table  2 and  the  formura

  for caleulation  is explained  in the

  appendix.
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    Fig. 9 Comparison of  relations  between load and

          penetration of stem  models

is some  what  lowe=  This  is considered  to be caused  by

only  in-plane load areng  the  stem  shell  but also  lateral load

due  to large deformations  tn side  model,

  The  load dreps from  the  maximum,  and  then  the  buckling

unlike  T-1,  since  the stem  decks are  strong,  deck  deformations

tD rupture  the side  shell  and  cut  into it in a  saw  tooth  pattern.

increase of  the load bearing area  in the decks, similar  to

is ruptured  at  the  location in contaet  with  the  stem  clecks.

stem  tip portion and  the  stresses  shifting

in the  decks are  small,

  The  panel buckling  values  in the  second

region  between 1st and  2nd  frames are

calculated  to be of about  the same  value,

while  they  are  low compared  with  those in

the first region  according  to the tests. It

is considered  that  affeeted  by  buckling  in

the  first panel at  the  stem  the  second  panel

has already  been  deformed, and  its load

bearing capacity  has decreased. Thereafter

shell  panels between  transverse  frames  will

be buckled  one  after  another  under  loads of

similar  magnitude.  The gradual  load in-

crease  with  the  increase of  penetration is

considered  due to the increase Df  the load

bearing area  in the decks which  are  buckled

cencurrentiy  with  the shelL

  Since the side  model  is stronger  than  the

stem  one,  deformation  on  the  side  one  is

zero.

  3.1,2 Mediurn--Strength  Stem  (T-2 and

         L-1)

  Stem  models  having  medium-strength  are

T-2 and  L-1, however  the  destruction modes

of  the two  are  considerably  different.

  T-2. In the initial stage,  panel  buckling

starts  a.t the  shell  portion similar-to  T-1.

Since the experimental  value  of  maximum

load is 39.2 ton and  about  twice that of T-1,

the  side  model  receives  a  considerable  dent

damage,  and  a  small  crack  occurs  on  the                               +
side  shell  at  the  location in contact  with

the  stern  deck. Thus,  the  penetration,

 which  is the sum  of  the stem  and  side  de-

iormations, is larger than  that  of  T-L  As

 shown  in Table  2, the  calculated  value  ef

 maximurn  lead is 43.9ton and  the test value

 the load applied  to the stem,  which  is not

 through  centact  surfaces  of the side  model,

   in the second  region  starts.  However.

      are  srnall,  and  the  stern  decks start

       Gradual  load increase is due  to the

T-L  Since the load is large, the side  shell

    It is found  that  even  theugh  the  stem
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Table  2 Comparison between  Calculated and  Test  Values for Stem Buckling Load

Name
 ofTests

T-1T--2L-1L-2L-3L-4

        Calculated
Stress, kglmth2  .

Test

l
Load, tonLoad,  ton

 Panel
           Maximum
Buckling
              aM
  aep

 TotalBuckling

  tiEB

Maximum  Maximum
Remark

 5.7IL7 14.418.4 22.221.4 24.043,

 9

76.0 - 14.9 35,5

162.0 - 16.0 49.3

162.0 - 16.0 49.3

312.0 m 18.3 72.8

Zg'.; l ,.T,:,Ssi,.s.'t,eagile.,

36. 454.

 253.565.0Test value

is side  shell

rupture  load

              l

     The  yield point of  material  is taken  at  av=23kg/mm2  from the  result  of  
material

 
tests.

     Calculated values  are  obtained  by  medeling  the shell  portion of  a  transversely                                                                           framed  stem

     and  a  longitudinally frarned stern  as  shown  in the appendix.

rnodel  is of the transversely  framed type  with  this degree of  the rigidity  of  the  stem  deck, the
 
side

shell  is ruptured.

  L-1. As  the  panel buckling  values  of the shell  portion surrounded  by  longitudinal frames are  con-

siderably  high, buckZing occurs  in the  shell  plate, which  has the  lengitudinal frames  as stiffeners.

Against  the experirnental  value  of  36.4ton  for the  buckling load, the calculated  value  
is
 
35.5ton

 
as

shown  in Table 2. The  calculated  value  is ebtained  by  assurning  a  rectangular  plate  subjected  
to

 
,

uniform  compressive  stress  and  the  stem  length measured  along  the  shell  as  the buckling  
length,

 
The

actual
 conditions  of  the  stem  shell  are  such  that  stress  is high  at  the stem  tip portion and

 
becornes

less as  distant from the  tip, and  a  fair percentage  of  the  force flows towards  the  decks, which
 
is

known  from  the results  of  strain  measurements.  Therefore  the buckling  mode  does not  
encompass

 
the

full span  ef  the stiffened  plate  and  about  a 113 portion  of  the  stern  sheU  is buekled  and  folded. The

remaining  shell  portions  do not  deform In considering  these  factors, the  buckling load should  
be

semewhat  higher  calculated.

  The  buckling in the secend  region  occurs  along  1/3 of  the  total  span  in the  middle  portion  
with

 
the

load higher than  that  of  the  first region.  It is considered  that  the effects  of  the shell's 
bending

deforrnations are  small,  on  the other  hand, the load bearing  area  of the  decks has increased, 
and

 
the

buckling  length is smaller  than that of  the  first region.  Because  of  high buckling load, the
 
side

 
shell

which  has  already  received  dent damage  is partly  ruptured.

  Altheugh the stem  decks are  of  the  longitudinally framed  type, they  are  buckled and
 
folded

 
as

 
in

T-1 since  plate thickness is srnalL  But  the process is considerably  different from T-1: As  a  whole,

this case  is close  to the  case  of T-2, 
'since

 a  part  of  the side  shell  is ruptured.

  3.1.3 Strong  Stem  (L-2, L-3 and  L-4)

  The  test values  of  maximum  loads, 54.2ten, 53,5ton and  65.0ton for L-2, L-3 and  L-4  respectively

 are  the rupture  loads of  the shell  in side  models.  The  destruction of  3 stem  models  under  
those

 
loads

 are  dent damages  (partial buckling) on  the  stem  tip pertion, and  small  cracks  
at

 
the

 
!ocatien

 
in

 contact  with  the side  decks. The  stem  buekling  loads of  49,3ton, 49.3ton and  72.8ton are  calculated

 by  considering  a  rectangular  plate subjected  to uniform  compressive  stress  as  in L-1. In
 
consideration

 of actual  stress  distribution and  buckling wave,  stem  buckling  load should  be higher  caleulated.

   Difference in the  number  of  maximum  load peaks  depends upen  two  rupture  modes  of  the  sidie  shell

 by the stem:  (1) along  its full breadth  or  (2) aleng  its half breadth. However,  this is considerecl

 due to nonuniform  load applicatien  and  does net  represent  the  basic differences.

                                                                           NII-Electronic  
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  After the side  shell  is ruptured,  the load decreases, and  while  the stem  shell  and  side  decks are

tearing  each  other,  penetration increases. Although  plate thickness of  the stem  shell  of  2.3mm  for

L-2  and  L-3  and  of  3,2mm  for L-4, is equal  to or  smaller  than  that  of  the side  deck  of  3.2rnm,  the

area  of  tearing  in the stem  shel!  is smalle=  This is considered  due to the fact that even  though  the

stem  shell  is supported  at both ends  by  the stem  decks, the restraint  is weak.  On the other  hand,

side  decks are  fixed at  beth  ends  by  rigid  jigF, and  the restraint  is strong  and  high  tensile stress  is

induced  in the  side  decks.

  L-2 and  L-3  have  different plate thickness of  stem  deck, however,  actual  tests  reveal  no  differences.

It is considered  that if the rigidity  of  the stem  decks is aboveacertain  level the buckling and  folding

of  the stem  is prevented, and  there  would  not  be any  other  effects  of  the plate  thickness,

  3.2 Absorbed  Energy  at  Destruction

  The  energy  absorbed  by  the destruction of structure  can  be calculated  by  the  product of  load and

deformation  that  the  structure  undergoes.  In Figs. 3N8, deformation and  absorbed  energy  of  the  res-

pective stem  and  side  structures  are  also  shown.

  3.2.1 Relation  between Absorbed  Energy  at  Destniction  and  Stem--Side  Strellgth Ratio

  Comparisons between  absorbed  energy  of  both stem  and  side  obtained  by tests, are  shown  in Fig. 10.

The  structura!  strength  ratio  of  stem  to side  is taken as  abscissa.  For  the  strength  of  the stem,  the

calculated  maximum  load, namely  the smaller  of  the calculated  buckling  load shown  in Table  2 or

yielding load is used,  and  for the strength  of  the side,58  ten is used  which  is the result  of the  experi-

rnent  in case  of  the rigid  stem.  Penetration is taken  as  parameters, From  this  figure, it can  be noted

that  the  destruction mode  changes  at  the  strength  ratie  ef  about  O.8. Below  er  above  this  point

either  the  stem  or  the side  is destructed one-sidedly.

                                                       As discussed in 3. 1., the values  of  the
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shifting  their positions along  the  abscissa.

  3,2.2 Comparison  between Conyersion Vatues

        Minorsky's Method

In considering  the  fact that  test  models  are  reduced  te

values  inte actual  ships  may  be estimated  as  follows

                        loadxl02,  penetrationxlOi,

Cenversion values  of  absorbed  energy  into actual

are  shown  in Table 3. Minorsky's equation  is expressed

                               K.E. ==175.8  Rt+124,ooO

         type  L-1tu4  are  calculated  on  the  assump-

         tion that  compressive  stress  is uniformly

         distributed, and  the  actual  maximum  loads
 pt--

         are  somewhat  higher  than  calculated  values,

         When  the  value  of  this  extra  load is so

...-". chosen  that  the  strength  ratio  at  changes

         in destruction mode  becomes  1,O, correction

         factor becomes  1.0fO.8±:1.25.  Byusingthis
-'

 3.'7 factor the  strength  ratios  of  longitudinally

         frarned structures  are

   to
           L-1: O.76, L-2 and  L-3: L06,  L-4: 1,56.

           Then, they  should  be interpreted by

   into Actual Ships and  Calculated Values  by

      a  seale  of  1110 of  actual  ships,  the  ¢ onversien

    :

    absorbed  energyxlpt.

 ships  and  ca!culated  values  by Minorsky's method

        as  follows:i)

                                        (1)



The Society of Naval Architects of Japan

NII-Electronic Library Service

The  Society  ofNaval  Architects  of  Japan

A  Study on  Collisien by an  E!astic Stem  te a  Side Structure of  Ships 313

               Rt=1.33S  RiLata+X lbLbte+S  L4 I}× L5m × ts (2)

where
 K,E. : absorbed  energy  (ton-kt2), Rt: resistance  ceeMcient(m2-mm),  P  : depth of  penetration (m),

 L:width  of  penetration  (m), t:plate  thickness  (mm), Subscripts a,b,s:deck  of  ship  subjected

 tD collisien,  deck in the  stem  of  the colliding  ship,  shell  in the stem  of  the colliding  ship.

           Table 3 Cenversion Values  of  Absorbed Energy  into Actual  Ship*,**

Pene--tratlonm
ide

AbsorbedEnergy
tem

ALbserbedEnergy

-Total

AbsorbedEnergyNameofTests-

TestValuesalculated
Values

TestValuesalculated
Values

TestValuesaLculated
Values

T-1 o 1,3 1.3
4.9O,7

L-1 O.9 2.0 2.9

T-2 L4 O.7
L8 3.2

5.41 L2
L-2 3.1 Ll 4.2

L-3 3.5 O.6 Ll 4.1 5.3

L-4 4.3 O,5LL5f4.8 5,7

-Ll.
L

o2.3 2.85.6
L8

T-2L-2L-3L-4 2
2.46,2 2.9

4.82.3
3,6

2.87.9
8.2

E7.28.510.0
7.48.1 O.8 3.018.2 9.4

T 1 O.7l4.118.8l10,  5

   T.1'r:-rl

   T-2x
   L-2x
   L-3- -
   L-4

3

o2,63.38.711.413.2 4.91

9,6

6,4 9.44.51.3O.8

3.3

6,9

4,91
12. 212.

 7
i13.2

5.6112.7

13.2

16, 815.

 5
7.s114,OI17.7

    * Side absorbed  enegy==1,33  S  PbL.t.× 175.8xO.027

   **  Stem absorbed  energy=(E  P6Lbtb+21,4  R,× 1.5m × ts) × 175. 8 ×O. 027

     Total absorbed  energy=Side  and  stem  abserbed  energy+124,OOOxO.027

     Unit of  absorbed  energy::: × 10Ston--m

     Calculated values  are  according  to equations  (1) and  (2) by  Minorsky's method

Absorbed energy  correspending  to each  penetration is calculated  from  the above  equation,  where  it is

taken that 1ton-kt2=O.027  ton-m,  From Table 3 it is clear  that, while  estimated  values  of  absorbed

energy
 by  Minorsky's method  differ considerably  from test values  when  compared  individually for the

stem  and  the  side,  the  total  values  including the constant  124,Oooton-kt2 in the case  
of

 
calculated

values  agree  with  test  values  as  a  whe!e.  In a  weak  stem  (T-1), since  actually  only  
the

 
stem

 
breaks,

Minorsky's method,  which  assurnes  breaking of both the  stem  and  side,  tends 
to

 
overestimate

 
th¢

absorbed
 energy  of  the  side.  In medium-strength  stem  (L-1, T-2) and  a  strong  stem  (L-2), since

both the  stem  and  side  destruct, and  this actually  agrees  with  Minorsky's assumption,  the  estimated

values  of  abserbed  energy  for the  stem,  side  and  total agree  with  the  test  values  for the total range

of  penetration (IA)3m). In a  very  streng  stern  (L-3, L-4), it is noted  that Minorsky's  
method

 
tends

to underestimate  the  absorbed  energy  of  the  side,  and  overestimate  that  of  
the

 
stem,

4 Examination  of  Design Formula

 Desi'gn formula  is investigated from  the  

'test
 results.  By  summarizing  the test  

results
 
Figs,

 
11-･12

are  obtained,  Fig. 11 shows  the relation  between  absorbed  energy  ratio  f and  strength  ratio  of  stem

to side  X. Penetration w  at  the time of  test is used  as  the parameter.

 
Here

 f.,-S}, z.=illt:/, E=EA+EB,  tv=wA+wB  (3)

 where  f: ratio  of the total absorbed  energy  in case  of  an  elastic  stem  to absorbed  
energy

 
in

 
case

 
of

   a  rigid  stem,  A:strength ratio  ef  stem  to side,  E;total absorbed  energy  of the 
collided

 
ship

 
and

   colliding  ship,  EA: absorbed  energy  of  the  side  of  a  collided  ship,  EB:  absorbed  energy  of  the
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    stem  of  a  colliding  ship,  Es :

    sorbed  energy  of  a  coliided

    due to a  rigid  stem,  PA:

    load of  the  side  of  a  collided

    PB:  buckling  load of  the

    a  colliding  ship,  w:

    (relative displacement), tvA:

    in the  side  of  a  collided  ship,

    crush  of  the  stem  of  a  co

    ship.

Fig, 12of

 side  to total r and  the

ratio  of  side  to total 6.

  
Here,

 r=lk!,  6=tttV7A.

From  the test  results  of  Fig. 11, an

perimental formula is obtained  in

form,

  fcA) .,  t?a-o.4)o-2s i C.fgfsl.4
        Kl :1.4<a

  According to Fig, 12, it is shown

for aSO.8, r and  6SO.5, and  also

a<O.8, as  the  penetration 

'

6 decreases while  for

as  a border, it can  be seen  that

tration  increases the  rate  of

elastic  stem  which  penetrates into

both stem  and  side  can  be

The relation  between  the  absorbed

when  the side  deck is stronger

  where  N:number  of  deck

    point), e:a  half ef stem

    tration of  a  rigid  stern,

From  eqs.  (6) and  (7), the

can  be expressed  by  eq.  (8),

  where  B(a):f<a)/62, correction

  Now,  the  strength  ratio  of

faeter of  absorbed  energy  B are

the side, which  has been

mentiened  tests  the  ship  side  is

sary  to consider  the  cases  of  sides

and  the Savannah of  U.S.A, whil

H  2ts ts wa \ft asJsc Eca  131 e

                         ab-

                        ship

                     rupture

                        ship,

                     stem  of

                         ,
                  penetratlon

                        dent

                        WB:

                      11iding

shows  the absorbed  energy  ratio

                  penetratlon

                      (4)

                         ex-

                         the

         (5)
           that

            for

   lncreases,  r,

a>O.8  its reverse

         the

      destruction

           the

    expressed  in

-::!E"rd:

 dQtosxL.

 asg

 aT3
 o.fPD{/

 c.z:ale

 atio.tsb

               STRI-HGTH  RATiO  OF  STE--SIDE  X
Fig. 11 Relation between  strength  ratio  and  total

        absorbed  energy  ratio

-xn""qEeee-FoeFL.--podidiLLoeooPl::tsm.dissgsi

Fig.

           holds

         destruction ･

            on

          side

            the

            E=

       energy

    than  the side

        Es(w)

  layers, td: deck

  angle,  w:sum

 penetration ef

 relation  between

       E=:B(1)Ntd ao  tan ewA2

       factor relative

    stem  to side

    obtained  by  using  a  buckling  load

obtained  either

     assumed･  to

       of  other

      e as  stem

                    STRESeTH  RATIO  eF STEM-StOE  x

     12 Relation between  strength  ratio,  absorbed  energy

         ratio  and  benetration ratie

                           '

   true. Namely, strength  ratio  of  stem  to side  being O,8

      on  a  weaker  structure  is greater,  and  that  as  pene-

 a  weaker  structure  increases. For the  case  of  a  general

 of a  nuclear  powered  ship,  the  totaL  absorbed  energy  of

  form.

 f(A) E, (zv) 
-･
 (6)

and  penetration by rigid  stem  can  be expressed  by  eq,  (7)
   shel15).

=Ntd  ae tan ew2 (7)
    plate thickness,  ae : material  constant  (use 80%  of  yield

   of  penetrations for both stem  and  side.  In case  of pene-

 side  enly.

   the  absorbed  energy  and  penetration by  an  elastic  stem

                                              (8)
       to absorbed  energy  by a  rigid  stem.

   a as  well  as  the  penetration ratio  6 and  the  correction

                     for the  stem  and  a  rupture  load fer

 as  experirnental  or  calculated  values.  While  in above-

  be nearly  the  same  as  that  of  Mutsu,  it would  be neces-

  nuclear  pewered  ships  also,  Here, as  side  models,  Mutsu

  models,  the T-2  tanker (as representative  of  the general
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  Table  4 Strength  ratio, absorbed  energy  surn  of  ships),  ship  B (ice-strengthenedship) and

          ratio,  penetration ratio  and  Cer-  "Fuji"(icebreaker)are  considered.  -They are  shewn

          rection
 
factor

 
between

 
side

 
andSteM

 in Table 1, and  the strength  ratio  of  Stem  to
          structures
            "um side, etc. for these ships  are  calculated  and  shown

Side Modell- Stern Model  a f 6 B in Table 4. Both  stem  and  side  are  assumed  as

          T-2  Tanker  O.57  O,64  O.30 7.1 approximately  1110 scale  model.  As the buckling

Mutsu  ShipB  1.01 O,88  O.90 1.1 load of  the  stem  and  the  ruptureloadof  the side,

          Fuji ,1.86 1.00 1.00 1.0 experimentalvaluesareusedforMutsu  and  caleu-

                     /

                                                lated values  are  used  for other  ships.  From  Table
          T-2  Tanker  O.77 O,78 O.45 3.8

Savannah  Ship B  1.37 o,99 o.gs 1.1 4, it iS noted  that incase of the  
collision

 
between

 
.

      ･ Fuji 2,51 1.oo 1.co 1.o Mutsu  and  T-2  tanker, $inee  
T-2's

 
stemisof

 
the

  a:strength  ritio  of stem  to side  
eraStiC

 
tYpe,

 
hence

 
absorbed

 
energy

 
due

 
to
 
de.

  f: total absorbed  energy  ratio  of  soft  stem  to StrUction  of  the stem  
would

 
be

 
large,

 
In

 
this

     rigid  stem  case  both stem  and  side  can  absorb  the  amount

  6:penetration ratio  Df  side  to total of  energy  equivalent  to approximately  7 times
  G: correction  factor for total  absorbed  energy

                                                (B--7.1) that of  the  side  when  assumed  to be
  breaking  load of  side  structure

                                                collided  by  a  rigid  stem.  On the other  hand  in
                         Mutsu=58  ton

                         Savannah=43ton  the collision  case  between  Savannah  and  T-2

  buckling load of  stem  T--2 Tanker=33ton                                                tanker, since  the strength  of  the  side  of  Savqnnah
                         Ship  B=59  ton
      ･ approaches  that  of  stem  of  T-2 tanker,  conse-

                         Fuji=108 ton
                                                quently  the  absorbed  energy  of the stem  becomes

ess.  It can  be considered  that as  Mutsu  is of  small  size  in comparison  with  Savannah, its side  struc-

ture was  designed  with  relatively  greater  strength.  That  3 value  of  Mutsu  is about  two  times  larger

than  that of  Savannah indicates that twe  times  larger energy  can  be absorbed  in Mutsu  at  the  same

penetration when  eollided  by  an  elastic  stem.  rn the future if the  size  of  the  nuclear  powered  ship

increases, and  ships  larger than  Savannah  become standard,  the  assumption  that  eorrection  factor B is

unity  will  make  the design of the side.structure  in the safety  side.

  Now,  in designing the side  structure  of  nuclear  powered  ships,  once  the nuclear  reactor  space  and

its distanee from  the side  shell  wd  is establishedi,  eq.  (9) will  becorne one  of  design  specifications  so

that  side  penetration will  not  exceed  it in the time  of  collision:

                                     wAK:vd.  (9)

When  ene  ship  is collided  by  another  ship,  of  the  total  kinetic energy  of the colliding  sbip,  the  share

which  must  be absorbed  by the side  of collided  ship  is in the form,

                               MB  MA+dm

                           En= 2'M.+d.+M.  (Vb sin O)a (lo)

  where  Ek:kinetic energy  to be absorbed,  MA:mass  of  collided  ship  (nuclear powered  ship),  MB:

    mass  of  colliding  ship,  Vb  : speed  of  colliding  ship,  th : corliding  angle,  d. : added  mass  of water.

  By using  eqs.  (10) for the energy  to be absorbed  by  the side, (8) for the  energy  that  can  be absorbed

and  (9), the following formulae  are  obtained:

   iVtd2-M2a MAM+Ad+.d+MM. B((aV)ka,tr'aoi);,, , vR2siliiB 
MAiAd+m+d.MB

 
B(A)Ntsdina,oatainewd2

 . (ll)

                                       5 Conclusion

  In a  collision  between  a  nuclear  powered  ship  and  a  eonventional  ship  or a  ship  having higher

rigidity  such  as  ice-strengthened  ship  or  icebreaker, in order  to investigate the  share  ef  absorbed

energy  according  to the  strength  ratio  of  the stem  of  the  colliding  ship  to the  side  structure  of  a

 nuclear  powered  ship,  six  collisien  tests were  conducted  between  the sid ¢  structure  simulating  Mutsu

              .
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and  elastic  stems  simurating  conventional  ships  and  rnore  rigid  ships.

  Conclusions ebtained  are  as  follows:
    '

  (1) Destruction modes  of  the stem  and  the side  structuresean  be grouped  according  to the  strength

of stems:

  a. weak  stem,  b. medium-strength  stem,  c. strong  stern.

  a.  corresponds  to conventional  ships  having  transversely framed  stem,  and  buckling occurs  uni-

   laterally on  the  stem.

  b. corresponds  to icebreakers of  the  transversely  framed  type  or  conventional  ships  having  longi-

   tudinal frames, and  the stem  penetrates into the side  shell  with  buckling, and  sometimes  ruptures

   the  side'  shell.

  c, cerresponds  to icebreakers having  longitudinal frames, and  the  side  shell  is usually  ruptured,

   while  the  stem  is not  bucklecl, though  somerimes  ruptured  to some  degree by the side  decks.

  (2) Since Minorsky's  calculation  method  for estimating  the absorbed  energy  is based on  the as-

sumption  that both stem  and  side  destruct at  the time  ef  cellision,  it is considered  appropriate  for the

case  of  (1) b, But  for (1) a. and  c,, it overestimates  the absorbedi  energy  of  the  stronger  structures,

because  they  are  actually  not  destructed extensive!y.  

'

  (3) Frem  the result  of co]lision  tests, the relation  between absorbed  energy  and  penetration for an

elastic  stem  and  design  formula  for the  collision-proteetive  structures  of  nuclear  powered  ships  is

obtained.  In case  of  collision  by  an  elastic  stem,  a  censiderable  quantity of  energy  is expected  to be

absorbed  by the stem,  hence the  design  formula  based on  the  collision  tests by  a  rigid  stem  will

give  structural  dimensiens fair]y in the  safety  side.
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                                       Appendix

  Calculation  of  buekling  lead  for stetu  models.

  Sinee the  stem  shell  has transverse  or  longitudinal stiffeners,  the  buckling  of  a  stiffened  plate  is

considredfi).  Two  kinds of  bucklings occurring  in stiffened  plates are
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  (1) buckling  of a  panel surrounded  by  stiffeners,  aEp,  and

  (2) total buckling  of  a  stiffened  plate, dEfi.

Local buckling  of  a  stiffener  is Dmitted  to censider  because it does not  occur  in stem  models.

                            oEp=  rr}A,n !i/D,-( 
Mab+tnab

 )2 (A, i)

                  aEB=  tjn (t+ Arr.:!b.) b2 (Dx ( M.b  )2+2 H+  Dv ( t.ab )2) (A. 2)

  where,  a,b: longitudinal and  transverse  lengths Df  a  rectangular  plate, a  are  90sec 30"mm  and  600

    sec  30emm  for the  stems  with  transverse  frams  and  those  with  longitudinal frams  respectively,

    and  b is 300mm  for both  stems,  t;plate  thickness,  A.:sectional area  of  stiffeners,  bx:stiffener

    spaee,  D,Dx,Dv : bending  rigidities  of a  plate and  a  stiffened  plate along  m  and  y axis,  H:  torsional

    rigidity  of  a  stiffened  plate, subscripts  x,  y : directien parallel  and  perpendicular to stiffeners,

  In case  of  aEp<aEs,  panel buckling  occurs  but load increases until  the stress  of  the  effective  width

of  a  panel reaches  yielcl stress,  Maximum  stress  of  a  stiffened  plate  is expressed  using  Marguerre's

formula,

                                    aM=YtiEpav2  (A,3)

  where  av : yield stress,  In case  of  aEB<aEp,  total buckling  occurs  and  a  stiffened  plate  cannot

suppert  any  more  load.

  Buckling  stresses  and  maximum  loads for stem  models  T-IN2  ancl  L-1--4  were  calculated  and  shewn

in Table  2.

                    STEM  WITH  TRAHSVERSE  FRAMES  $TEM WtTH  LouGITuxNAL  
FRAveS
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         r
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                                                                11111
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Fig. A  1 Models of  the  shell  portion of  a  transyersely  framed

         stem  and  a  longitudinally framed  stem
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