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(54)  "Light  ship  structure" 

(57)  A  ship  structure  comprising  a  hull  (1),  prefera- 
bly  monocoque,  made  of  composite  material,  a  number 
of  decks  (20,  21,  22,  23),  a  number  of  transverse  bulk- 
heads  (3)  structurally  continuous  from  the  bilge  (101)  to 
the  forecastle  deck  (20);  the  said  bulkheads  (3)  are  rig- 
idly  connected  to  the  decks  (20,  21,  22,  23)  and  to  the 
planking  of  the  hull  from  the  forecastle  deck  (20)  to  the 

deck  immediately  above  the  bilge  (101)  of  the  ship,  i.e., 
the  main  deck  (22),  the  peripheral  edge  of  said  trans- 
verse  bulkheads  (3)  being  connected  to  the  planking  of 
the  hull  (1)  in  the  area  beneath  said  main  deck  (22)  by 
elastic  joining  means  (103). 
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Description 

The  present  invention  relates  to  ship  structures, 
and  in  particular  relates  to  light  ship  structures,  such  as 
ships  with  the  hull  made  of  composite  material. 

When  sailing,  ships  are  subject  to  a  large  number  of 
stresses,  which  are  generally  due  to  the  motion  of  the 
waves,  the  speed  of  navigation,  near  submarine  blasts, 
and  the  uneven  distribution  of  the  loads  on  board  the 
ship.  If  the  hull  of  the  ship  were  rigid  and  rigidly  con- 
nected  to  the  rest  of  the  ship's  structure,  the  vibrations 
and  stresses  to  which  the  entire  ship  would  be  sub- 
jected,  above  all  by  pressures  of  an  impulse-like  nature, 
could  result  in  extremely  damaging  effects.  To  reduce 
such  effects,  the  planking  of  the  hull  must  be  free  to 
bend  elastically,  so  as  to  minimize  the  transmission  of 
the  pressure  peaks. 

In  general,  to  achieve  this  result  stratified  compos- 
ite  materials  are  used  for  making  the  hull  of  the  ship. 
However,  with  these  materials  there  exists,  as  is  well 
known,  the  problem  linked  to  possible  disbonding 
caused  by  excessive  deflections  with  respect  both  to  the 
thickness  of  the  composite  material  and  the  length  of 
the  part  subject  to  deflection. 

In  the  Italian  patent  No.  1  186843  of  the  same  appli- 
cant,  the  problem  is  solved  by  totally  eliminating  the 
stiffeners  of  the  hull,  except  for  the  transverse  watertight 
bulkheads.  The  heavier  elements  with  which  the  ship  is 
equipped,  such  as  tanks  and  machines,  were  con- 
nected  to  the  aforesaid  bulkheads. 

In  the  Italian  patent  No.  1248252  of  the  same  appli- 
cant,  the  support  of  the  heavier  elements  with  which  the 
ship  is  equipped  was  entrusted  to  cradles  made  of  com- 
posite  material,  directly  connected  to  the  deck  above 
the  room  where  the  said  components  were  arranged. 

Both  the  solutions  described  above  gave  to  the  ship 
a  high  flexibility  to  stresses.  However,  the  response  was 
efficient  with  both  the  systems  only  as  long  as  the  pres- 
sures  on  the  planking  of  the  hull,  i.e.,  the  submerged 
part  of  the  hull  under  the  waterline,  were  of  modest 
degree.  But  with  high  pressure  peaks,  the  loads  were, 
nevertheless,  transmitted  to  the  rest  of  the  ship's  struc- 
ture,  thus  subjecting  it  to  stresses  even  of  considerable 
amount. 

The  purpose  of  the  present  invention  is  thus  to  pro- 
vide  a  light  ship  structure  in  which  the  planking  of  the 
hull  is  flexible  to  the  violent  stresses  of  an  impulse-like 
nature. 

A  further  purpose  of  the  present  invention  is  to  pro- 
vide  a  ship  structure  in  which  the  load-bearing  beam 
consists  of  a  structure  separate  from  direct  contact  with 
the  water,  and  hence  also  from  the  stresses  induced  by 
the  water. 

The  subject  of  the  present  invention  is  therefore  a 
ship  structure  comprising  a  hull,  preferably  monocoque, 
made  of  composite  material,  a  number  of  decks,  a 
number  of  transverse  bulkheads  structurally  continuous 
from  the  bilge  to  the  forecastle  deck,  characterized  in 

that  the  said  bulkheads  are  rigidly  connected  to  the 
decks  and  to  the  planking  of  the  hull  from  the  forecastle 
deck  to  the  deck  immediately  above  the  bilge  of  the 
ship,  i.e.,  the  main  deck,  the  peripheral  edge  of  said 

5  transverse  bulkheads  being  connected  to  the  planking 
of  the  hull  in  the  area  beneath  said  main  deck  by  elastic 
joining  means. 

In  an  embodiment  of  the  invention,  in  the  area  com- 
prised  between  the  bilge  of  the  ship  and  the  main  deck, 

10  one  or  more  longitudinal  structural  elements  are 
arranged,  which  are  structurally  continuous  basically 
throughout  the  entire  length  of  the  hull,  and  are  rigidly 
connected  to  the  said  transverse  bulkheads.  The  said 
structural  elements  may  advantageously  be  the  ship's 

15  main  tanks. 
Further  advantages  and  characteristics  of  the 

present  invention  will  appear  evident  from  the  ensuing 
detailed  description  of  one  embodiment  of  the  same, 
which  is  made  to  provide  an  example  and  which  is  not 

20  exhaustive  of  the  possibilities;  reference  is  made  to  the 
attached  drawings,  in  which: 

Fig.  1  is  a  schematic  longitudinal  cross  section  view 
of  a  ship  structure  according  to  the  present  inven- 

25  tion; 
Fig.  2  is  a  transverse  cross  section  view  of  a  ship 
structure  according  to  the  present  invention; 
Fig.  3  is  a  transverse  cross  section  view  where  the 
various  parts  of  the  ship's  structure  illustrated  in 

30  Fig.  1  are  broken  down  into  the  constituent  parts; 
Fig.  4  is  an  enlarged  detail  of  Fig.  2;  and 
Fig.  5  is  a  cross  section  view  along  the  plane  indi- 
cated  by  the  line  V-V  of  Fig.  4. 

35  Fig.  1  shows  a  ship  structure  according  to  the 
present  invention  in  which  1  designates  the  hull  of  the 
said  structure.  Inside  the  hull  are  arranged  the  forecas- 
tle  deck  20,  the  intermediate  deck  21,  and  the  main 
deck  22,  as  well  as  the  deck  23.  The  decks  are  tra- 

40  versed  by  the  transverse  watertight  bulkheads  3,  to 
which  they  are  all  rigidly  connected;  the  said  bulkheads 
are  connected  to  the  portion  of  the  hull  between  the 
main  deck  22  and  the  bilge  101  of  the  hull  1  by  elastic 
joining  means  103.  Abaft,  the  elements  5  with  which  the 

45  ship  is  equipped,  for  example,  the  machines,  are  con- 
nected,  in  a  manner  which  is  in  itself  known,  to  the  deck 
23  located  above,  by  means  of  special  cradles  105, 
preferably  made  of  composite  material. 

Fig.  2  shows  a  cross  section  of  the  ship's  structure 
so  according  to  the  invention.  The  decks  20,  21  and  22  are 

connected  to  the  hull  1  .  The  forecastle  24  is  connected 
to  the  forecastle  deck  20.  The  decks  are  all  provided 
with  their  respective  transverse  supporting  beams  120, 
121  and  122,  and  longitudinal  supporting  beams  220, 

55  221  and  222.  The  watertight  transverse  bulkhead  3  is 
fastened  with  fixing  means  201  to  the  hull  from  the  fore- 
castle  deck  20  to  the  main  deck  22.  The  portion  203  of 
the  bulkhead  lying  below  the  said  deck  is  inserted  in  the 
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guide  103  having  a  sinusoidal  profile,  which  is  con- 
nected  to  the  bilge  101  of  the  hull.  The  three  main  tanks 
4  are  connected  to  the  bulkhead  3  by  means  of  the 
flanges  104. 

Fig.  3  shows  the  ship  structure  of  the  invention  bro-  5 
ken  down  into  its  basic  parts.  Like  parts  are  indicated  by 
the  same  numbers.  In  Fig.  3  it  may  be  noted  that  the 
peripheral  edge  of  the  portion  203  of  the  bulkhead  3  is 
made  in  such  a  way  that,  as  emerges  from  Fig.  2,  it  is 
not  in  direct  contact  with  the  planking  of  the  hull  1  .  This  to 
detail  emerges  even  more  evidently  from  Fig.  4,  which 
illustrates  a  detail  of  the  connection  between  the  guide 
103  and  the  peripheral  edge  of  the  portion  203  of  the 
bulkhead  3.  In  addition,  Fig.  5  illustrates  the  insertion  of 
the  portion  203  of  the  bulkhead  3  in  the  guide  103  hav-  15 
ing  a  sinusoidal  profile.  Between  the  guide  103  and  the 
bulkhead  is  inserted  a  filler  113  made  of  elastomer 
material  or  the  like. 

The  operation  of  the  ship  structure  according  to  the 
present  invention  will  appear  evident  from  what  follows.  20 
As  has  already  been  said,  in  ship  structures  of  a  known 
type,  of  extreme  importance  was  the  problem  linked  to 
the  absorption  of  the  stresses  of  an  impulse-like  nature 
by  the  planking  of  the  ship's  hull.  The  ship  structure 
according  to  the  present  invention  enables,  in  fact,  a  25 
greater  freedom  of  flexure  for  the  portion  of  the  hull  sit- 
uated  below  the  main  deck  22.  In  practice,  the  load- 
bearing  structure  of  the  ship  is  actually  separate  from 
contact  with  the  water,  in  that  the  elimination  of  the  rigid 
connection  between  the  bulkheads  and  the  planking  of  30 
the  hull  displaces  inwards  the  so-called  "ship's  main 
beam",  which  is  made  up,  in  the  longitudinal  direction,  of 
the  decks  and  their  longitudinal  stiffeners,  the  tanks  and 
the  planking  of  the  sides,  from  the  forecastle  deck  to  the 
main  deck,  and  in  the  transverse  direction,  of  the  decks  35 
and  their  transverse  stiffeners  and  of  the  bulkheads. 

The  connection  between  the  transverse  bulkheads 
3  and  the  bilge  101  of  the  hull  is  made  by  means  of  the 
guides  1  03  shaped  with  a  sinusoidal  profile.  The  type  of 
connection  made  is  an  elastic  joint,  in  so  far  as  the  40 
peripheral  edge  of  the  portion  203  of  the  bulkhead  3  is 
inserted  in  the  guide  1  03  not  in  contact  with  the  planking 
and  with  a  certain  freedom  of  movement,  guaranteed  by 
the  filler  113  made  of  material  of  an  elastomer  kind, 
which  is  able  to  guarantee  the  watertightness  of  the  45 
bulkhead  but  is  not  able  to  transmit  the  considerable 
mechanical  stresses  resulting  from  modest  deforma- 
tions  of  the  planking.  The  sinusoidal  shape  of  the  walls 
of  the  guide  103  contributes  to  increasing  the  flexibility 
of  the  joint.  so 

In  any  case,  for  deformations  of  a  degree  greater 
than  that  calculated  in  the  designing  phase,  owing  to  the 
way  in  which  the  structure  has  been  devised,  the  trans- 
mission  of  the  stresses  would  occur  always  in  a  very 
gradual  way  and  without  any  effects  of  impact.  55 

In  general,  in  foreseeable  situations,  the  planking  of 
the  structure  below  the  main  deck  is  free  to  bend  under 
the  effects  of  the  pressure  impulses,  from  the  stem  to 

the  stern,  and  hence  over  a  very  long  span.  In  this  way 
the  danger  of  disbonding  of  the  composite  material  due 
to  excessive  flexure  on  spans  that  are  too  short  with 
respect  to  the  thickness  is  considerably  reduced.  The 
planking  may  thus  be  lighter  than  in  known  structures, 
thus  decreasing  the  total  weight  of  the  ship. 

The  stiffness  of  the  "ship's  main  beam"  and  the 
reduced  distance  between  the  planking  of  the  hull  and 
the  lower  part  of  the  tanks  enable  minimizing  of  the 
compressive  and  tensile  stresses  induced  on  the  plank- 
ing  itself  by  the  flexure  of  the  ship. 

Obviously,  the  tanks  4  become  an  integral  part  of 
the  load-bearing  structure  of  the  ship  only  on  account  of 
the  fact  that  it  is  clearly  necessary  for  them  to  be  advan- 
tageously  located  in  a  position  where  their  load  can  be 
exploited  as  an  element  that  is  able  to  contribute  to  the 
strength  of  the  ship  structure  in  question.  In  theory,  their 
role  could  be  played  in  a  similar  way  by  similar  continu- 
ous  structural  elements. 

Claims 

1.  A  ship  structure  comprising  a  hull  (1),  preferably 
monocoque,  made  of  composite  material,  a  number 
of  decks  (20,  21,  22,  23),  a  number  of  transverse 
bulkheads  (3)  structurally  continuous  from  the  bilge 
(101)  to  the  forecastle  deck  (20),  characterized  in 
that  the  said  bulkheads  (3)  are  rigidly  connected  to 
the  decks  (20,  21  ,  22,  23)  and  to  the  planking  of  the 
hull  from  the  forecastle  deck  (20)  to  the  deck  imme- 
diately  above  the  bilge  (101)  of  the  ship,  i.e.,  the 
main  deck  (22),  the  peripheral  edge  of  said  trans- 
verse  bulkheads  (3)  being  connected  to  the  plank- 
ing  of  the  hull  (1)  in  the  area  beneath  said  main 
deck  (22)  by  elastic  joining  means  (103). 

2.  A  ship  structure  according  to  Claim  1,  in  which  in 
the  area  comprised  between  the  bilge  (101)  of  the 
ship  and  the  main  deck  (22),  one  or  more  longitudi- 
nal  structural  elements  (4)  are  arranged,  which  are 
structurally  continuous  basically  throughout  the 
entire  length  of  the  hull  (1),  and  are  rigidly  con- 
nected  to  the  said  transverse  bulkheads  (3). 

3.  A  ship  structure  according  to  Claim  2,  in  which  the 
said  structural  elements  are  the  ship's  main  tanks 
(4). 

4.  A  ship  structure  according  to  any  one  of  the  forego- 
ing  Claims  from  1  to  3,  in  which  said  elastic  joining 
means  comprise,  for  each  transverse  bulkhead,  a 
guide  element  (1  03)  set  on  the  inside  wall  of  the  hull 
(1)  in  the  area  below  the  main  deck  (22),  in  which  is 
inserted  the  peripheral  edge  of  said  bulkhead  (3),  a 
suitable  filler  (113)  made  of  elastomer  material 
being  interposed  between  said  guide  (103)  and 
said  bulkhead  (3). 
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5.  A  ship  structure  according  to  Claim  4,  in  which  the 
walls  of  the  said  guide  (103)  present  a  sinusoidal 
profile. 
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