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Wide  based  semi-submersible  vessel. 

  A  wide  based  semi-submersible  vessel  comprising  a 
watertight  buoyant  deck  (52),  a  plurality  of  stability  columns 
(20)  extending  downwardly  and  outwardly  from  the  deck, 
means  (30)  connected  to  the  lower  ends  of  the  stability  col- 
umns  for  providing  a  wide  buoyant  base,  and  means  (64)  for 
discharging  and  taking  on  ballast. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  s e m i - s u b m e r s i b l e  v e s s e l  

having  a  novel  a r r angemen t   of  buoyancy  pontoons   or  f o o t i n g s ,  

s t a b i l i t y   columns  and  deck  to  p rov ide   a  v e s s e l   with  i m p r o v e d  

s t a b i l i t y   c h a r a c t e r i s t i c s .   A  v e s s e l   c o n s t r u c t e d   in  acco rdance   w i t h  

the  p r e s e n t   i n v e n t i o n   is  a l so   p a r t i c u l a r l y   s u i t a b l e   for  use  i n  

i c e - i n f e s t e d   w a t e r s .  

The  c o n v e n t i o n a l   s e m i - s u b m e r s i b l e  v e s s e l   is  the  p roduc t   o f  

an  e v o l u t i o n   in  de s ign .   During  the  i n i t i a l  o f f s h o r e   e x p l o r a t i o n   f o r  

and  p r o d u c t i o n   of  h y d r o c a r b o n s ,   d r i l l i n g   t e c h n o l o g y   was  based  on 

s h o r e - s i d e   e x p e r i e n c e .   The  s u p p o r t i n g   o f f s h o r e   p l a t f o r m s   were  

e i t h e r   f ixed   s t r u c t u r e s   or  towers  b u i l t   on  p i l i n g s ,  o r   a  barge  o r  

c a i s o n   which  was  f l o a t e d   out  to  the  o f f s h o r e   s i t e   and  then  f l o o d e d  

to  r e s t   on  the  subsea   bot tom.  When  f u r t h e r   e x p l o r a t i o n   p laced   w e l l s  

f a r t h e r   o f f s h o r e ,   the  i n c r e a s i n g   water   depth  r e q u i r e d   i m p r o v e d  

s t r u c t u r e s .   The  barge  o r  c a i s o n   approach  evolved   i n t o  a   f l o a t i n g  

s t r u c t u r e   having  submerged  buoyant  pontoons   or  f o o t i n g s ,   s t a b i l i t y  

columns  e x t e n d i n g   upwardly  th rough   the  water   s u r f a c e ,   and  a  

non-buoyan t   deck  on  top  of  the  s t a b i l i t y   columns.   The  deck  

s u p p o r t e d   a  d r i l l i n g   r ig   and  o the r   e x p l o r a t i o n   equ ipment .   To 

minimize  the  v e r t i c a l   movement  of  the  d r i l l i n g   r i g ,   t h e  

c r o s s - s e c t i o n a l   area  of  the  s t a b i l i t y   columns  was  minimized  at  t h e  

w a t e r - l i n e   l e v e l .   The  r e s u l t i n g   v e s s e l s   are  c o l l e c t i v e l y   c a l l e d  

s e m i - s u b m e r s i b l e s .  

While  t h e  c o n f i g u r a t i o n   of  o f f s h o r e   s u p p o r t i n g   s t r u c t u r e s  

was  evo lv ing   to  accommodate  deeper   wa te r ,   the  well  l o c a t i o n s   were  

a lso   ex tended   in to   more  h o s t i l e   e n v i r o n m e n t s .   The  f i r s t   o f f s h o r e  

wel l s   were  d r i l l e d   in  p r o t e c t e d  w a t e r s   c lose   to  shore .   When  s to rms  

t h r e a t e n e d ,   p e r s o n n e l   were  evacua t ed   u n t i l   the  danger  passed .   Today 

however  the  f r o n t i e r s   of  o f f s h o r e   d r i l l n g  a r e   l o c a t e d   in  r e m o t e  

waters   far  from  the  shore .   The  d i s t a n c e s   from  shore  p r o h i b i t   r a p i d  



e v a c u a t i o n   in  stormy  wea ther ,   and  the  o f f s h o r e   p l a t f o r m s   a r e  e x p o s e d  

to  i n c r e a s i n g l y   seve re   s torms  s ince   the  wa te r s   are  not  p r o t e c t e d   by 
land  m a s s e s .  

Because  the  c o n v e n t i o n a l   des ign   of  s e m i - s u b m e r s i b l e s   is   a  

p roduc t   of  e v o l u t i o n   th rough   c o n d i t i o n s   d i f f e r e n t   than  t h o s e  

e x p e r i e n c e d   today  at  remote  and  o f t e n   h o s t i l e   s i t e s ,   the  s t a b i l i t y  

c h a r a c t e r i s t i c s   of  the  o f f s h o r e   p l a t f o r m   do  not  bes t   accommodate  t h e  

c o n d i t i o n s   imposed  on  the  v e s s e l   by  o p e r a t i o n   in  such  r e m o t e  

e n v i r o n m e n t s .  

C o n v e n t i o n a l   s e m i - s u b m e r s i b l e s   are  d e b a l l a s t e d   when  s e v e r e  
weather   s t r i k e s   to  ensu re   a  s u f f i c i e n t   a i r - g a p   between  l a rge   waves  

and  the  bottom  of  the  deck  s t r u c t u r e ,   and  to  i n c r e a s e   the  he igh t   o f  

the  working  p l a t f o r m .   However,  such  d e b a l l a s t i n g   has  an  u n d e s i r a b l e  

e f f e c t   of  expos ing   more  s u r f a c e   to  the  wind  and  waves  while  a c t u a l l y  

r a i s i n g   the  c e n t e r   of  g r a v i t y   and  r educ ing   the  m e t a c e n t r i c   h e i g h t .  

There  are  t h r e e   f a c e t s   to  the  s t a b i l i t y   phenomenon;  

i n i t i a l ,   l a r g e   ang l e ,   and  damaged.  The  i n i t i a l   s t a b i l i t y   of  a  

v e s s e l   i s   the  f a m i l i a r   concept   of  m e t r a c e n t r i c   h e i g h t   (GM).  I t  

r e p r e s e n t s   the  v e s s e l ' s   r e s i s t a n c e   to  h e e l i n g   over  smal l   a n g l e s ,   up 
to  5°  to  10°,  and  is  e s s e n t i a l l y   a  c h a r a c t e r i s t i c   of  the  v e s s e l ' s  

w a t e r p l a n e .   The  t e c h n i q u e   of  q u a n t i f y i n g   l a r g e   angle   s t a b i l i t y  

d i f f e r s   from  measur ing   the  GM.  To  measure  the  s t a b i l i t y ,   t h e  

r i g h t i n g   arms  of  the  v e s s e l   are  c a l c u l a t e d   over  a  range  of  h e e l  

a n g l e s .   The  a rea   under  the  r e s u l t i n g   curve  r e p r e s e n t s   the  e n e r g y  

the  v e s s e l   can  a b s o r b .   L a s t l y ,   damaged  s t a b i l i t y   measures   t h e  

a b i l i t y   of  the  v e s s e l   to  w i t h s t a n d   tank  or  compartment  f l o o d i n g .  

Though  more  s u b j e c t i v e   then  the  o the r   a s p e c t s   of  s t a b i l i t y ,   a  

tho rough   a n a l y s i s   r e v e a l s   the  v e s s e l ' s   a b i l i t y   to  s u r v i v e   wi th in   t h e  

des ign   c r i t e r i a .  

C o n v e n t i o n a l   s e m i - s u b m e r s i b l e s   lose  i n i t i a l   s t a b i l i t y   when 

d e b a l l a s t i n g .   Because  b a l l a s t   water   is  l o c a t e d   low  in  the  p o n t o o n s ,  

the  v e r t i c a l   c e n t e r   of  g r a v i t y   of  the  v e s s e l   (VCG)  is  r a i s e d   when  i t  

is  pumped  out ,   and  the  GM  is  r educed .   The  p r e s e n t   r a t i o n a l   b e h i n d  

such  p rocedu re   in  adver se   weather   is  t ha t   the  l a r g e   angle   s t a b i l i t y  

is  improved  by  p r o v i d i n g   more  r e s e r v e   buoyancy  to  r e s i s t   l a r g e   a n g l e  



h e e l i n g   as  well   as  i n c r e a s i n g   the  angle   to  which  the  v e s s e l   may  h e e l  

be fo re   downf lood ing   occu r s .   Also,  when  the  o p e r a t o r s   wish  to  move 

the  s e m i - s u b m e r s i b l e ,   the  d r a f t   is  reduced  u n t i l   the  p o n t o o n s  

s u r f a c e .   The  i n t e r m e d i a t e   c o n d i t i o n   be fo re   the  w a t e r p l a n e   i s  

d r a m a t i c a l l y   i n c r e a s e d   with  the  emergence  of  the  pontoons   o f t e n  

p r e s e n t s   a  s i t u a t i o n   with  marg ina l   s t a b i l i t y .  

The  s i m p l i s t i c   answer  to  the  problem  would  be  to  i n c r e a s e  

the  beam  of  the  v e s s e l   u n t i l   the  minimum  GM  was  a c c e p t a b l e .  

U n f o r t u n a t e l y ,   too  much  i n i t i a l   s t a b i l i t y   is  a l so   d e t r i m e n t a l .   The 

high  a c c e l e r a t i o n s   r e s u l t i n g   from  extreme  GM  at  the  o p e r a t i o n a l  

d r a f t   would  both  degrade  the  crew  and  r e q u i r e   a d d i t i o n a l   s t e e l  

t h r o u g h o u t   the  s t r u c t u r e   to  handle   the  i n e r t i a l   l o a d i n g s .   F u r t h e r ,  
the  e n t i r e   deck  s t r u c t u r e   i t s e l f   would  i n c r e a s e   due  to  the  l a r g e r  

spans  e n c o u n t e r e d   between  the  s t a b i l i t y   c o l u m n s .  

Another  problem  occurs   in  e x p l o i t i n g   o f f s h o r e   i c e - i n f e s t e d  

a reas   where  masses  of  ice  c o n t i n u o u s l y   form  d u r i n g   c e r t a i n   p a r t s   o f  

the  yea r .   These  ice  masses  may  i n c l u d e   s h e e t s   of  ice  h a v i n g  

t h i c k n e s s e s   of  e i g h t   f e e t   t h i ck   or  more  which  may  have  s u b s t a n t i a l l y  

t h i c k e r   " p r e s s u r e   r i d g e s " .   These  ice  masses  are  not  s t a t i o n a r y   and  

may  move  s e v e r a l   hundred  f e e t   per  day  under  the  i n f l u e n c e   of  s u r f a c e  

winds  and  c u r r e n t s .   Obvious ly ,   these   moving  ice  masses  d e v e l o p  

s u b s t a n t i a l   f o r c e s   which,  in  t u r n ,   may  be  d e s t r u c t i v e   to  o b j e c t s  

ly ing   in  the  path  of  the  ice  m a s s e s .  

In  a cco rdance   with  the  p r e s e n t   i n v e n t i o n ,   t h e r e   is  p r o v i d e d  

a  wide  based  s e m i - s u b m e r s i b l e   v e s s e l   compr i s ing   a  deck,  a  p l u r a l i t y  

of  s t a b i l i t y  c o l u m n s   e x t e n d i n g   downwardly  and  ou tward ly   from  t h e  

deck,  means  connec ted   to  t h e  l o w e r   ends  of  the  s t a b i l i t y   columns  f o r  

p r o v i d i n g   a  wide  buoyant  base  and  m e a n s  f o r   t ak ing   on  and  

d i s c h a r g i n g   b a l l a s t   to  i n c r e a s e   and  dec rease   the  d r a f t   of  s a i d  

v e s s e l .  

The  p r e s e n t   i n v e n t i o n   so lve s   the  s t a b i l i t y   problem  by 

ang l ing   the  s t a b i l i t y   columns  ou tboard   from  the  deck  s t r u c t u r e  t o   a  
wider  s u p p o r t i n g   base,   and  by making  the  deck  s t r u c t u r e   i t s e l f  

w a t e r t i g h t   and  e f f e c t i v e   at  l a rge   angles   and  when  damaged.  The  wide 

e f f e c t i v e   beam  at  sha l low  d r a f t s   p r o v i d e s   g r e a t e r   GM  while  t h e  



a n g u l a r i t y   of  the  columns  l i m i t   the  s t a b i l i t y   at  deep  d r a f t s   a n d  

does  not  r e q u i r e   a d d i t i o n a l   deck  s t e e l .   The  buoyant  deck  s t r u c t u r e  

c o n t r i b u t e s   to  the  l a r g e   angle   s t a b i l i t y   when  immersed  and  p r o v i d e s  

r e s e r v e   buoyancy  in  the  event   of  c a t a s t r o p h i c   damage,  i . e . ,   the  l o s s  

of  a  s t a b i l i t y   c o l u m n .  

The  r e s u l t i n g   wide  based  s e m i - s u b m e r s i b l e   ve s se l   i s  

s u p e r i o r   to  the  c o n v e n t i o n a l   des ign   of  s e m i - s u b m e r s i b l e s .   The  GM 

over  the  range  of  d r a f t s   can  be  op t imized   such  tha t   the  s t a b i l i t y  

never   d e g r a d e s   below  minimum  v a l u e s .   At  the  same  t ime,   t h e  

a n g u l a r i t y   of  the  columns  p r e v e n t s   the  GM  from  becoming  e x c e s s i v e .  

In  a l l   c a s e s ,   the  l a r g e   angle   s t a b i l i t y   of  the  wide  b a s e d  

s e m i - s u b m e r s i b l e   v e s s e l   exceeds   t h a t   of  the  c o n v e n t i o n a l  

s t r a i g h t - l e g g e d   c o n f i g u r a t i o n .   When  damaged,  the  wide  b a s e d  

s e m i - s u b m e r s i b l e   v e s s e l   b e t t e r   w i t h s t a n d s   f l o o d i n g   r e s u l t i n g   i n  

g r e a t e r   r e s i d u a l   r i g h t i n g   energy  and  l e s s   danger   of  d o w n f l o o d i n g .  

It  is  c o n t e m p l a t e d   t h a t   the  a n g u l a r i t y   of  the  columns  with  r e s p e c t  

to  the  v e r t i c a l   can  be  w i th in   the  range  of  g r e a t e r   than  0°  to  l e s s  

than  9 0 ° .  

A  s e m i - s u b m e r s i b l e   v e s s e l   is  p a r t i c u l a r l y   s u i t a b l e   for  u se  

in  i c e - i n f e s t e d   w a t e r s .   The  s t r e n g t h   of  an  ice  mass  in  c o m p r e s s i o n  

is  s u b s t a n t i a l l y   g r e a t e r   than  in  f l e x u r e   or  bend ing .   In  a c c o r d a n c e  

with  an  a s p e c t   of  the  p r e s e n t   i n v e n t i o n   b a l l a s t   is  d i s c h a r g e d   and  

taken  on  when  d e s i r a b l e   to  b r ing   the  s t a b i l i t y   columns  in to   c o n t a c t  

with  an  ice  mass.  As  the  v e s s e l   r i s e s   the  ou tboard   s u r f a c e s   of  t h e  

downwardly  and  ou tward ly   e x t e n d i n g   columns  would  e x e r t   an  upward  o r  

bending  fo rce   a g a i n s t   an  ice  mass  l o c a t e d   ou tboard   of  the  v e s s e l   t o  

break  such  mass.  Converse ly ,   l ower ing   the  v e s s e l   causes   the  i n b o a r d  

s u r f a c e s   of  the  columns  to  e x e r t   a  downward  bending  fo rce   a g a i n s t  

ice  l o c a t e d   benea th   the  deck.  B a l l a s t   may  be  c o n t i n u o u s l y   taken  on 

and  d i s c h a r g e d   to  c y c l i c a l l y   lower  and  r a i s e   the  v e s s e l   when  i c e  

c o n d i t i o n s   are  s e v e r e .  

FIG.  1  shows  a  s ide  e l e v a t i o n a l   view  of  a  s e m i - s u b m e r s i b l e  

v e s s e l   c o n s t r u c t e d   in  accordance   with  the  p r e s e n t   i n v e n t i o n ;  

FIG.  2  shows  a  top  plan  view  of  the  v e s s e l   of  FIG.  1 ;  

FIG.  3  shows  an  end  e l e v a t i o n a l   view  of  the  v e s s e l   o f  

FIG.  1,  with  a  d r i l l i n g   r i g ;  



FIG.  4  i s   a  schemat ic   s ide   e l e v a t i o n  v i e w   of  a  b a s e l i n e  

v e s s e l   having  v e r t i c a l   s t a b i l i t y   c o l u m n s ;  

FIG.  5  is  an  end  e l e v a t i o n a l   view  of  the  v e s s e l  o f   F I G .  4 ;  

FIG.  6  is  a  t o p  p l a n  v i e w   of  t h e  v e s s e l   of  FIG.  4 ;  

FIG.  7  is  an  end  e l e v a t i o n a l   view  o f  a n   embodiment  o f  t h e  

p r e s e n t   i n v e n t i o n   where in   t h e  s t a b i l i t y   columns  are  angled  1 0 ° ;  

FIG.  8  is  an  end  e l e v a t i o n a l   view  of  an  embodiment  o f   t h e  

p r e s e n t   i n v e n t i o n  w h e r e i n  t h e  s t a b i l i t y  c o l u m n s   are  angled  1 5 ° ;  

F I G .  9  i s   an  end  e l e v a t i o n a l   view  of  an  embodiment  o f  t h e  

p r e s e n t   i n v e n t i o n   where in   the  s t a b i l i t y   columns  are  a n g l e d  2 0 ° ;  

FIG.  10  is  an  e n d e l e v a t i o n a l   view  o f  an   embodiment  of  t h e  

p r e s e n t   i n v e n t i o n   wherein   the  s t a b i l i t y   c o l u m n s  a r e   angled   3 0 ° ;  

FIG.  11  shows  cu rves   r e p r e s e n t i n g   c h a r a c t e r i s t i c s   o f  

v e s s e l s   with  d i f f e r i n g   s t a b i l i t y   column  a n g u l a r i t y ;  

FIGS.  12A-12F  show  cu rves   of  r i g h t i n g   arm  ve r sus   heel   a n g l e  

for  the  s t r a i g h t   legged  b a s e l i n e   v e s s e l ,   and  for  the  wide  b a s e d  

s e m i - s u b m e r s i b l e   v e s s e l   c o n f i g u r a t i o n s   in  a c c o r d a n c e   with  t h e  

i n s t a n t   i n v e n t i o n ;   a n d  

FIGS.  1 3 - 2 3  s h o w  e x a m p l e s   of  t y p i c a l   s e m i - s u b m e r s i b l e  

v e s s e l   c o n f i g u r a t i o n s   which  are  m o d i f i a b l e   in  acco rdance   with  t h e  

p r e s e n t   i n v e n t i o n   to  p rov ide   a  wide   buoyant  base  and  t he reby   improve  

s t a b i l i t y   of  such  v e s s e l s .  

With  r e f e r e n c e   to  F IGS.   1-3,  t he re   is  shown  a  wide   b a s e d  

s e m i - s u b m e r s i b l e   v e s s e l   having  a  w a t e r t i g h t   buoyant   deck  10 

s u p p o r t e d   on  t h r e e   s t a b i l i t y   columns  20  which  extend  c o n t i n u o u s l y  

downwardly  and  ou tward ly   from  the  bottom  of  each  ou tboa rd   s i d e  o f  

the  deck  10.  The  t h ree   s t a b i l i t y  c o l u m n s   20  on  each  s ide   of  t h e  

v e s s e l   are  connec ted   to  a  r e s p e c t i v e   e l o n g a t e d   pontoon  30  to  p r o v i d e  

a  wide  buoyant   b a s e  f o r   the  v e s s e l   30.  As  shown  in  FIG.  3,  an  

example  of  a  s t r u c t u r a l   t r u s s   a r r a n g e m e n t  4 0   is  p rov ided   be tween  

each  of  the  opposing  t h r e e   p a i r s   of  s t a b i l i t y   columns  20  and  t h e  

bottom  of  the  deck  10  to   e n s u r e  s t r u c t u r a l   i n t e g r i t y   of  the  v e s s e l .  

Each  one  of  the  t h r e e   s t r u c t u r a l   t r u s s   a r r a n g e m e n t s   40  has  a  

t r a n s v e r s e   member  42  i n t e r c o n n e c t i n g   an  opposing  r e s p e c t i v e   pa i r   o f  

s t a b i l i t y   columns  20,  a  v e r t i c a l   member  44  e x t e n d i n g   upwardly  f rom 



the  c e n t e r   of  the  t r a n s v e r s e   member  42  to  the  bottom  46  of  the  deck  

10,  and  a  p a i r   of  d i a g o n a l   members  48,  50  ex t end ing   upwardly  from 

the  c e n t e r   of  the  t r a n s v e r s e   member  42  to  the  bottom  46  of  the  deck  

10.  The  s t r u c t u r a l   t r u s s   a r r a n g e m e n t s   may  take  any  form  or  shape  so  

long  as  s t r u c t u r a l   i n t e g r i t y   of  t h e  v e s s e l   is   m a i n t a i n e d .  

The  deck  10  has  a  t r a n s v e r s e   c e n t e r   p o r t i o n   52,  a  s p o n s o n  
p o r t i o n   5 4 ,  5 6   e x t e n d i n g   downwardly  from  each  s ide   of  the  c e n t e r  

p o r t i o n   52  of  the  deck  10.  The  inner   s u r f a c e   58,  60  of  each  of  t h e  

sponson  54,  56  ex t ends   downwardly  and  ou tward ly   from  the  c e n t e r  

p o r t i o n   52  of  the  deck  10  at  an  angle  which  may  c o r r e s p o n d   to  t h e  

downwardly  and  ou tward ly   e x t e n d i n g   t h r e e   s t a b i l i t y   columns  20  on  

each  s ide   of  the  v e s s e l .  

The  bottom  46  of  the  deck  10  is  c o n s t r u c t e d   to  be  

s t r u c t u r a l l y   s u f f i c i e n t   to  w i t h s t a n d   " w a v e - s l a p "   loads   from  the  s e a ,  
and  the  e n t i r e   deck  is  c o n s t r u c t e d   to  be  s t r u c t u r a l l y   w a t e r t i g h t   up 

to  the  l e v e l   of  the  main  or  weather   deck  6 2 .  

Sea  water   b a l l a s t ,   fue l   o i l ,   and  d r i l l i n g   water   a r e  

s u i t a b l y   l o c a t e d   in  t anks   64  l o c a t e d   in  each  of  the  buoyancy  

pontoons   30  and  in  tanks   66  l o c a t e d   in  each  of  the  s t a b i l i t y   co lumns  

20.  Spaces  for   p r o p u l s i o n   motors  and  s h a f t i n g ,   t h r u s t e r s ,   a r e  

l o c a t e d   in  the  lower  p o r t i o n s   of  the  buoyant   pontoon  30.  Dry  b u l k  

s t o r a g e   for  d r i l l i n g   mud  and  cement  may  be  l o c a t e d   in  the  u p p e r  
tanks   68  of  the  s t a b i l i t y   columns  20  and  in  the  deck  10.  Mach ine ry  

s p a c e s ,   s t o r a g e   s p a c e s ,   workshops  and  l i v i n g   accommodations  are  a l s o  

l o c a t e d   in  the  deck  10.  The  main  or  weather   deck  62  may  be  used  f o r  

a d d i t i o n a l   s t o r a g e   space ,   pipe  racks   d r i l l i n g   r ig   and  o ther   d r i l l  

equipment   and  machinery ,   a d d i t i o n a l   accommodat ions ,   d e d i c a t e d   o r  

s p e c i a l i z e d   shops  and  equipment ,   such  as  f i r e   f i g h t i n g .  

The  s t a b i l i t y   columns  20  are  i n c l i n e d   away  from  t h e  

v e r t i c a l   at  an  angle   s p e c i f i c a l l y   choosen  to  enhance  the  s t a b i l i t y  

c h a r a c t e r i s t i c s   of  the  v e s s e l ,   which  can  be  in  the  range  of  g r e a t e r  

than  0°  to  l e s s   than  90°.  At  the  normal  o p e r a t i o n a l   w a t e r l i n e   8 0 ,  

the  e f f e c t i v e   beam  of  the  v e s s e l ,   and  hence  the  s t a b i l i t y   of  t h e  

v e s s e l ,   is  i n c r e a s e d   wi thou t   i n c r e a s i n g   the  span  and  weight  of  t h e  

deck  s t r u c t u r e ,   the  i n c r e a s i n g   e f f e c t i v e   beam  i n c r e a s e s   t h e  



s t a b i l i t y   o f  t h e   v e s s e l .   When  deeply  b a l l a s t e d ,   the  low  l o c a t i o n  o f  

the  b a l l a s t   water   i n  t h e   b a l l a s t   tanks   64  of  the  buoyancy  p o n t o o n s  

30  lowers  the  c e n t e r   of  g r a v i t y   o f  t h e   v e s s e l ,   and  even  though  t h e  

e f f e c t i v e   beam  of  the  v e s s e l   is  reduced ,   the  s t a b i l i t y   of  t h e  v e s s e l  

is  not  i m p a i r e d .  

As  shown  in  FIG.  3,  the  t w i n - s p o n s o n   54,  56  a r r a n g e m e n t  
forms  with  the  bottom  46  of  the  deck  10  wi th   a n  i n v e r t e d   "V"  s h a p e  

between  the  sponsons  54,  56.  Such  c o n f i g u r a t i o n   o f  t h e   bottom  46  o f  

the  deck  10  improves  the  v e s s e l s   c a p a c i t y   to  r e s i s t   the  impact  o f  

"wave - s l ap"   when  deeply  b a l l a s t e d  w h i l e  m i n i m i z i n g   d e t r i m e n t a l  

i n t e r f e r e n c e   of  the  deck  10  at  o p e r a t i o n a l   d r a f t .   F u r t h e r ,   b e c a u s e  

the  deck  10  is  w a t e r t i g h t   t h r o u g h o u t ,   the  buoyancy  of  the  d e c k  1 0  

wi l l   p r even t   c a p s i z i n g   in  the  event  of  c a t a s t r o p h i c   damage ,  

f l o o d i n g ,   or  o t h e r   a c c i d e n t .  

Fol lowing  are  the  r e s u l t s   of  a  s tudy  performed  t o  

d e m o n s t r a t e   the  a d v a n t a g e s   of  the  p r e s e n t   i n v e n t i o n :  

CONSTRAINTS 

The  s e m i - s u b m e r s i b l e   h u l l f o r m   used  to  s tudy  the  e f f e c t   o f  

the  proposed  c o n f i g u r a t i o n   was  based  on  the  MSV  "IOLAIR".  The 

"IOLAIR"  c o n s i s t s   of  twin  p o n t o o n s  s u p p o r t i n g   six  s t a b i l i t y   c o l u m n s  

under  a  buoyant  deck.  The  pontoons   are  " s h i p - s h a p e "   in  tha t   t h e y  

have  a  f a i r e d   bow  forward  and  a  s h i p - f o r m   s t e rn   s u p p o r t i n g   a  d u c t e d  

p r o p e l l e r .   The  s t a b i l i t y   columns  are  r e c t a n g u l a r   in  c r o s s - s e c t i o n  

with  r a d i u s e d   c o r n e r s .  

In  o rde r   to  h i g h l i g h t   the  e f f e c t   of  wide  b a s e d  
s e m i - s u b m e r s i b l e   v e s s e l   c o n f i g u r a t i o n ,   s e v e r a l   s i m p l i f i c a t i o n s   were  

a p p l i e d   to  the  "IOLAIR"  form  as  shown  in  FIGS.  4-6.  P r i m a r i l y ,   a l l  

e l e m e n t s ,   pontoons   92  and  s t a b i l i t y   columns  94,  were  r ega rded   a s  

r e c t a n g u l a r   in  s e c t i o n   wi thou t   r a d i u s e s ,   and  a l l   six  s t a b i l i t y  

columns  94  were  given  the  same  d imens ions .   F u r t h e r ,   the  forward  and  

af t   ends  of  the  pontoons  92  were  c o n s i d e r e d   b lunt   wi thout   any 

f a i r i n g .   The  forward  columns  were  c o n s i d e r e d   f lush   a g a i n s t  t h e  

forward  p e r p e n d i c u l a r   and  the  a f t   columns  s i m i l a r l y   l o c a t e d   a g a i n s t  

the  a f t e r   p e r p e n d i c u l a r .   The  d imens ions   of  both  the  pontoons  9 2  a n d  

the  s t a b i l i t y   columns  94  were  chosen  to  be  t h i r t y - s i x   feet   by 



t w e n t y - f o u r   f e e t .   The  columns  94  were  o r i e n t e d   with  the  l o n g  

d imens ion   fore   and  a f t ,   and  the  pontoons   92  with  the  s h o r t   d i m e n s i o n  

v e r t i c a l l y .   The  c e n t e r l i n e   of  the  columns  94  were  a l i g n e d   with  t h e  

c e n t e r   of  the  r e s p e c t i v e   pontoon.   The  buoyancy  of  t r u s s e s   ( n o t  

shown)  between  the  columns  94  was  i gno red .   Around  the  top  of  t h e  

s t a b i l i t y   columns  94  ran  a  t i g h t   box  beam  90,  of  the  same  width  a s  
the  columns  and  depth  as  the  deck  s t r u c t u r e   of  the  "IOLAIR,"  f o r m i n g  

a  r ing   of  r e s e r v e   buoyancy.   Though  not  s u f f i c i e n t   to  suppor t   t h e  

e n t i r e   weight   of  the  v e s s e l ,   t h i s   minimum  of  r e s e r v e   buoyancy  was 

p u r p o s e f u l l y   chosen  to  c o n s e r v a t i v e l y   r e p r e s e n t   the  e f f e c t   of  a  

buoyant   deck  w i t h o u t   ove rpower ing   the  c o n t r i b u t i o n   of  the  a n g u l a r  

columns.   In  the  f i n a l   d e s i g n ,   the  e n t i r e   deck  is  to  be  w a t e r t i g h t .  

The  p r i n c i p a l   p a r t i c u l a r s   of  the  b a s e l i n e   v e s s e l   of  FIGS. 

4-6  were  adap ted   from  the  "IOLAIR"  as  we l l .   The  l eng th   of  both  t h e  

pontoons  92  and  the  main  deck  90  (they  are  f lush   at  each  end)  became 

99.97m  (328  f e e t )   and  the  beam  over  the  main  deck  90  became  47.55m 

(156  f e e t ) .   The  depth  of  the  v e s s e l   was  held  c o n s t a n t   at  30.48m 

(100  f e e t )   with  the  buoyant   deck  90  occupying  the  top  4 .88m 

( 1 6  f e e t ) .  

From  the  s t r a i g h t - l e g g e d   b a s e l i n e   v e s s e l   of  FIGS.  4-6,  t h e  

s tudy  v a r i e d   the  a n g u l a r i t y   of  the  s t a b i l i t y   columns  over  the  r a n g e  
of  0°  to  30°  by  r o t a t i n g   the  columns  ou tboa rd   from  the  bottom  of  t h e  

buoyant   deck  14.63m  (84  f e e t )   above  the  b a s e l i n e .   Thus,  the  d e c k  

width  and  a l l   o t h e r   p r i n c i p a l   d imens ions   were  held  c o n s t a n t .  

As  the  s t a b i l i t y   columns  were  angled  outward,   the  o f f s e t s  

were  a d j u s t e d   to  m a i n t a i n   a  c o n s t a n t   c r o s s - s e c t i o n   p e r p e n d i c u l a r   t o  

the  a x i s   of  the  column.  Because  the  a n g u l a r i t y   i n c r e a s e d   t h e  

e f f e c t i v e   width  of  the  column,  the  inboard   o f f s e t   was  r e d u c e d  

keep ing   t h a t   ou tboa rd   c o n s t a n t .   The  pontoons   were  not  r o t a t e d   w i t h  

the  s t a b i l i t y   columns  but  they  were  l o c a t e d   f u r t h e r   a p a r t   t o  

p r e s e r v e   t h e i r   o r i e n t a t i o n   to  the  ou tboard   edge  of  the  c o l u m n s .  

A  design  d i s p l a c e m e n t   of  20,000  mt  was  chosen  for  t h e  

s t r a i g h t - l e g g e d   b a s e l i n e   v e s s e l   r e s u l t i n g   in  a  nominal  15.24m 

(50  f e e t )   des ign   d r a f t .   However,  as  the  columns  were  a n g l e d  

outward,   the  d i s p l a c e m e n t   i n c r e a s e d   somewhat.  In  order   to  be 



c o n s i s t e n t ,   the  des ign   d i s p l a c e m e n t   for  the  wide  a n g l e d  

c o n f i g u r a t i o n s   was  i n c r e a s e d  t o   m a i n t a i n   the  des ign   d r a f t .  

The  v e s s e l ' s   VCG  at  the  des ign   d i s p l a c e m e n t   was  held  t o  b e  

13.71m  (45  f e e t )   above  t h e  b a s e l i n e  f o r   a l l   c o n f i g u r a t i o n s   s t u d i e d .  

For  the  o the r   d r a f t s   c o n s i d e r e d ,   the  d i f f e r e n c e   in  d i s p l a c e m e n t   was 

a t t r i b u t e d   to  the  a d d i t i o n   or  r e m o v a l  o f   s a l t w a t e r   b a l l a s t .   In  a l l .  

c a s e s ,   the  b a l l a s t   was  taken  f rom or   added  to  the  volume  wi th in   t h e  

pon toons ;   at  a  VCG  of  3.66m  (12  f e e t ) .   T h e r e f o r e ,   the  v e s s e l ' s   VCG 

at  each  d r a f t   c o n s i d e r e d   was  c a l c u l a t e d   and  i n c o r p o r a t e d   in to   t h e  

e v a l u a t i o n .   The  r e s u l t a n t   s h i f t s   in  VCG  were  l a r g e   over  the  r a n g e  
c o n s i d e r e d   and  thus  i m p o r t a n t .  

The  e f f e c t   of  any  consumpt ion   of  s t o r e s   a n d / o r   s u p p l i e s  

would  be  to  reduce  the  t o p s i d e   weight  and  thus  improve  t h e  

s t a b i l i t y .   T h e r e f o r e ,   a l t e r n a t i v e   l oad ing   c o n d i t i o n s   were  n o t  

i n v e s t i g a t e d .   Consumption  of  fue l   would  e i t h e r   b e  c o m p e n s a t e d   f o r  

by  adding  b a l l a s t   w i th in   the  pontoon,   which  would  not  change  t h e  

s t a b i l i t y ,   or  by  a l l o w i n g  t h e   v e s s e l   to  r i s e  o u t   of  the  wa te r ,   wh ich  

would  be  the  same  as  t h e  d e b a l l a s t i n g   s i t u a t i o n s   c a l c u l a t e d .  

HULLFORM 

The  wide  based  s e m i - s u b m e r s i b l e   v e s s e l   c o n f i g u r a t i o n s   w i t h  

s t a b i l i t y   columns  angled  10°,  15°,  20°  and  30°,  are  shown  i n  

FIGS.  7-9  and  10,  r e s p e c t i v e l y .  

The  exac t   angle  of  the  s t a b i l i t y  c o l u m n s   c o r r e s p o n d   w i t h  

the  nominal  f i g u r e   for  the  30°  wide  based  s e m i - s u b m e r s i b l e ,   h o w e v e r ,  

for  the  case  of  the  c o n f i g u r a t i o n s   with  i n t e r m e d i a t e   a n g l e s ,   t h e  

a c t u a l   angle  is  s l i g h t l y   d i f f e r e n t   than  the  nominal .   Because  t h e  

c h a r a c t e r i s t i c s   of  v e s s e l s   with  columns  c l o s e r   t o  t h e   a n t i c i p a t e d  

optimum  were  of  impor t ance ,   the  o f f s e t s   chosen  we re   s e l e c t e d   as  more 

r e a l i s t i c ,   i . e .   even  numbers.   The  r e s u l t i n g   column  angle   was 

r o u n d e d - o f f   to  become  the  nominal  ang le .   In  any  case  the  d i f f e r e n c e  

is  qu i t e   smal l ,   l ess   than  one  d e g r e e .  

The  h y d r o s t a t i c s   for  the  v e s s e l s   with  s t a b i l i t y   column 

ang le s   of  0°,  20°  and  30°  are  p r e s e n t e d   in  Appendix  I .  



INITIAL  STABILITY 

FIG.  11  p r e s e n t s   the  i n i t i a l   s t a b i l i t y   of  the  wide  b a s e d  

s e m i - s u b m e r s i b l e   v e s s e l .   The  f i g u r e   shows  the  GM  along  t h e  

h o r i z o n t a l   ax i s   c o r r e s p o n d i n g   to  any  d r a f t   along  the  v e r t i c a l   a x i s .  

The  d i f f e r e n t   cu rves   r e p r e s e n t   the  c h a r a c t e r i s t i c s   of  v e s s e l s   w i t h  

d i f f e r i n g   s t a b i l i t y   column  a n g u l a r i t y ;   r ang ing   from  0°  to  3 0 ° .  

As  can  be  seen  at  the  des ign   d r a f t   of  f i f t y   f e e t ,   t h e  

s t a b i l i t y   i n c r e a s e s   r a p i d l y   for  i n c r e a s i n g   column  a n g u l a r i t y   f rom 

1.37m  (4 .5   f e e t )   of  GM  with  0°  to  9.45m  (31  f e e t )   with  3 0 ° .  

At  l i g h t e r   d r a f t s ,   the  s t a b i l i t y   v a r i e s   over  a  g r e a t e r  

r ange .   For  v e s s e l s   with  l e s s   than  about   10°  column  a n g u l a r i t y ,   t h e  

s t a b i l i t y   a c t u a l l y   d i m i n i s h e s ;   whereas  v e s s e l s   with  g r e a t e r  

a n g u l a r i t y ,   the  s t a b i l i t y   i n c r e a s e s .   In  the  very  l i g h t   c o n d i t i o n  

be fo re   pontoons   s u r f a c e ,   the  s t r a i g h t - l e g g e d   b a s e l i n e   v e s s e l  

e x p e r i e n c e s   a  n e g a t i v e   GM,  but  the  30°  wide  based  s e m i - s u b m e r s i b l e  

v e s s e l   has  a  GM  exceed ing   30.48m  (100  f e e t ) .  

The  c h a r a c t e r i s t i c s   are  l e s s   d i v e r g e n t   at  d r a f t s   d e e p e r  

than  15.24  (50  f e e t ) .   Because  a l l   the  v e s s e l   c o n f i g u r a t i o n s   r o t a t e d  

the  s t a b i l i t y   columns  about   the  same  p o i n t ,   the  bottom  of  t h e  

buoyant   deck,  t h e i r   w a t e r p l a n e s   become  more  s i m i l a r   as  the  v e s s e l s  

b a l l a s t   down.  When  the  bottom  of  the  buoyant   deck  is  about   to  b e  

immersed,  the  only  d i f f e r e n c e s   in  s t a b i l i t y   are  due  to  the  s l i g h t  

v a r i a t i o n s   in  b a l l a s t   onboard  g iv ing   s l i g h t l y   d i f f e r e n t   VCGs.  At 

these   d r a f t s ,   the  GMs  are  about  4.57  to  5.18  (15  to  17  f e e t )   for  a l l  

c o n f i g u r a t i o n s   s t u d i e d .  

The  GM  was  c a l c u l a t e d   us ing  the  drawings   of  FIGS.  4-10  and  

h y d r o s t a t i c s   p r e s e n t e d   in  Appendix  I  h e r e o f   at  the  7.32m  (24  f e e t )  

and  25.60m  (84  f e e t )   w a t e r l i n e s ,   the  d r a f t s   j u s t   be fo re   the  p o n t o o n  

break  the  s u r f a c e   and  j u s t   be fo re   the  buoyant   deck  is  immersed.  At 

the  o t h e r   d r a f t s   c a l c u l a t e d ,   the  GM  was  o b t a i n e d   from  the  r i g h t i n g  

arm  c u r v e s   d e s c r i b e d   in  the  next  s e c t i o n   for  the  v e s s e l s   with  column 

ang le s   of  0°,  20°  and  30°.  For  the  i n t e r m e d i a t e   ang les   of  10°  and 

15°,  the  GM  was  c a l c u l a t e d   using  the  drawings  and  h y d r o s t a t i c s   a t  

d r a f t s   of  7 .62  and  15.24m  (24  and  50  f e e t ) ,   and  the  ba lance   of  t h e  

curve  was  o b t a i n e d   by  f a i r i n g   the  l i n e s   between  the  cases   which  were  

f u l l y   c a l c u l a t e d .  



FIG.  11  does  n o t  p r e s e n t   the  GM  for  the  c o n d i t i o n s  w i t h  t h e  

pontoons  exposed  or  with  t h e  b u o y a n t   deck  immersed.  The  s t a b i l i t y  

in  these   s i t u a t i o n s   so  far   exceeds  t ha t   in  the  d r a f t   range  p r e s e n t e d  

as  to  make  compar ison   m e a n i n g l e s s .   However,  Appendix  II  d o e s  

p r e s e n t   the  c a l c u l a t i o n s   of  the  r i g h t i n g   arms  from  which  the  GM  may 

be  a s c e r t a i n e d   in  these   r e g i o n s .  

The  c o n c l u s i o n   to  be  drawn  from  FIG.  11  is  tha t   j u d i c i o u s  

choice   of  s t a b i l i t y   column  a n g u l a r i t y   wi l l   produce  a  wide  b a s e d  

s e m i - s u b m e r s i b l e   v e s s e l   with  improved  GM  over  the  e n t i r e  o p e r a t i n g  

range  of  d r a f t s .   From  t h i s   i n i t i a l   s t u d y ,   an  angle  of  f r o m  a b o u t  

10°  to  about  20°  is  p r e f e r a b l e .  

LARGE  ANGLE  STABILITY 

The  curves   of  r i g h t i n g   arm  (GZ)  versus   heel   angle  were  

c a l c u l a t e d   for  the  s t r a i g h t - l e g g e d   b a s e l i n e   v e s s e l   and  the  wide  

based  s e m i - s u b m e r s i b l e   v e s s e l   c o n f i g u r a t i o n s   with  the  s t a b i l i t y  

columns  angled   20°  and  30°.  The  d e t a i l s   of  the  c a l c u l a t i o n s   a r e  

p r e s e n t e d   in  Appendix  II  h e r e o f .   The  r e s u l t s  a r e   p r e s e n t e d   i n  

FIGS.  12A-12F.  To  aid  the  compar ison   of  the  d i f f e r e n t  

c o n f i g u r a t i o n s   c o n s i d e r e d ,   each  of  FIGS.  12A-12F  p r e s e n t s   t h e  

r e s u l t s   for  the  t h r e e   v e s s e l s   at  a  p a r t i c u l a r   d r a f t .   The  d r a f t s  

used  vary  from  24.1  f e e t ,   pontoons  a lmost   immerging,  to  e i g h t y - f o u r  

f e e t ,   buoyant  deck  almost   awash.  Each  of  FIGS.   12A-12F  shows  the  GZ 

along  the  v e r t i c a l   ax is   c o r r e s p o n d i n g   to  the  v e s s e l ' s   heel   a n g l e  

along  the  h o r i z o n t a l   a x i s .  

In  each  case  s t u d i e d ,   the  l a rge   angle  s t a b i l i t y   i n c r e a s e d  

with  i n c r e a s i n g   s t a b i l i t y   column  a n g u l a r i t y .   A d d i t i o n a l l y ,   o n e  

should  note  t h a t   the  maximum  r i g h t i n g   arm  and  the  area  under  t h e  

curve ,   r i g h t i n g   energy ,   v a r i e d   i n v e r s e l y   with  d r a f t .   A l l  

c o n f i g u r a t i o n s   posses sed   g r e a t e r   r i g h t i n g   energy  at  s h a l l o w e r   d r a f t  

than  when  deeply  b a l l a s t e d .  

From  t h i s   p o r t i o n   of  the  s tudy,   one  must  conc lude   tha t   any 

a n g u l a r i t y   of  the  s t a b i l i t y   columns  is  b e n e f i c i a l ,   and  tha t   the  more 

angu la r   they  are,   the  more  b e n e f i t   d e r i v e d .  

Another  impor t an t   o b s e r v a t i o n   to  be  g leaned   from  t h i s  

p o r t i o n   of  the  study  concerns   h e e l i n g   due  to  wind.  Egon  P .D.  



B j e r r e g a a r d ,   and  Svem  Belschov,   "Wind  Ove r tu rn ing   E f f e c t   on  a  

S e m i - S u b m e r s i b l e " ,   OTC  paper  3063,  10th  Annual  Of fshore   Techno logy  

Confe rence ,   Houston,   Texas,  May  8-11,  1978,  p r e s e n t s   the  wind  h e e l  

moments  and  l e v e r s   for  the  MSV  "IOLAIR"  as  c a l c u l a t e d   by  the  ABS 

method.  The  i n f o r m a t i o n   given  was  used  to  develop  approx ima te   wind 

hee l   curves   for  the  c o n f i g u r a t i o n s   of  t h i s   s tudy .   The  r e s u l t i n g  

h e e l i n g   arms  are  p l o t t e d   on  FIGS.  12A-12F.  They  r e v e a l   t ha t   t h e  

s t r a i g h t - l e g g e d   b a s e l i n e   v e s s e l   w i l l   heel   as  much  as  17°  under  a  
51.44  m/s  (100  knot)   wind  when  at  the  des ign   d r a f t   of  15.24m 

(50  f e e t ) .   However,  t h e  w i d e   based  s e m i - s u b m e r s i b l e   v e s s e l  

c o n f i g u r a t i o n s   s t u d i e d   wi l l   heel   l e s s   than  3°  under  the  same 

c i r c u m s t a n c e s .   The  g rea t   d i f f e r e n c e   r e v e a l s   the  s e n s i t i v i t y   o f  

v e s s e l   pe r fo rmance   to  smal l   d i f f e r e n c e s   in  GM  and  c o n f i g u r a t i o n ,   and  

is   a t t r i b u t a b l e   to  the  r e l a t i o n s h i p   between  the  angle   of  t h e  

r i g h t i n g   arms  and  the  h e e l i n g   a r m s .  

DAMAGED  STABILITY 

The  s tudy   i n c l u d e d   a  b r i e f   review  of  the  damaged  s t a b i l i t y  
of  the  s t r a i g h t - l e g g e d   b a s e l i n e   v e s s e l   and  a  wide  b a s e d  

s e m i - s u b m e r s i b l e   v e s s e l   with  s t a b i l i t y   columns  angled  30°.  Two 

c o n d i t i o n s   were  s t u d i e d .   The  f i r s t ,   a  f l o o d i n g   of  one  f o r w a r d  

s t a b i l i t y   column  between  the  top  of  the  pontoon  a n d  t h e   bottom  o f  

the  buoyant   deck;  the  second,   the  same  column  combined  with  t h e  

f i r s t   23.16m  (76  f e e t )   of  i t s   pontoon.   The  cases   were  chosen  t o  

r e p r e s e n t   c a t a s t r o p h i c   c a s u a l t i e s   and  ignored   the  g r e a t e r   degree  o f  

s u b d i v i s i o n   a c t u a l l y   expec ted   in  the  f i n a l   d e s i g n .  

The  a n a l y s i s   r e v e a l s   t h a t   for  both  e x t e n t s   of  damage,  t h e  

wide  based  s e m i - s u b m e r s i b l e   v e s s e l   r e t a i n s   g r e a t e r   r i g h t i n g   e n e r g y ,  
and  s u f f e r s   l e s s   immersion  than  the  b a s e l i n e   v e s s e l .  

For  the  purpose  of  t h i s   s tudy ,   the  r e l a t i v e   per formance   o f  

the  two  c o n f i g u r a t i o n s   c o n s i d e r e d   and  not  the  a b s o l u t e   numbers  a r e  

i m p o r t a n t .   Because  the  s i m p l i f i e d   h u l l f o r m   chosen  had  only  a  

w a t e r t i g h t   r ing  around  the  main  deck  i n s t e a d   of  a  f u l l y   b u o y a n t  

s t r u c t u r e ,   the  f i n a l   measurement  of  heel   and  t r im  are  e x a g g e r a t e d .  

The  f i n a l   des ign   would  have  a  f u l l y   buoyant   deck  s t r u c t u r e .   For  t h e  

purposes   of  compar ison  t h e r e f o r e ,   the  f o l l owing   t a b l e   p r e s e n t s   t h e  

r e s u l t s   of  the  two  c o n d i t i o n s   s t u d i e d .  



The  d e t a i l s   of  the  damaged  s t a b i l i t y   c a l c u l a t i o n   a r e  

p r e s e n t e d   in  Appendix  I I I .  

CONCLUSIONS 

The  proposed  concept   of  a  wide  based  s e m i - s u b m e r s i b l e  

v e s s e l   does  produce  a  v e s s e l   with  s u p e r i o r   c h a r a c t e r i s t i c s   in  a l l  

a reas   of  s t a b i l i t y .  

For  the  v e s s e l   s ize   and  p r o p o r t i o n s   chosen  as  a  b a s e l i n e ,   a  

p r e f e r r e d   angle   for  the  s t a b i l i t y   column  l i e s   between  10°  and  2 0 ° ,  

but  s u p e r i o r   c h a r a c t e r i s t i c s   were  shown  fo r   a n g l e s   of  the  s t a b i l i t y  

columns  of  g r e a t e r   than  0  to  30°.  The  exac t   c o n f i g u r a t i o n   d e p e n d s  

on  the  d e s i r e d   o p e r a t i o n a l   c h a r a c t e r i s t i c s .   A  buoyant  deck  

s t r u c t u r e   is  b e n e f i c i a l   at  l a rge   ang le s   of  heel   and  in  damaged 

c o n d i t i o n s ,   and  is  p r e f e r a b l y   i n c o r p o r a t e d   in  the  d e s i g n .  

Although  the  f o r e g o i n g   d e s c r i p t i o n   and  s tudy  were  s p e c i f i c  

to  a  s e m i - s u b m e r s i b l e   v e s s e l  h a v i n g   an  e l o n g a t e d   deck  and  p a r a l l e l  

pontoons   connec t ed   to  the  deck  by  s t a b i l i t y   columns  such  as  shown  i n  

FIG.  13,  the  p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   any  number  of  s t a b i l i t y  

columns,   and  ang l i ng   the  s t a b i l i t y   columns  ou tboa rd   from  the  deck  

s t r u c t u r e   of  any  of  the  many  s e m i - s u b m e r s i b l e   v e s s e l   c o n f i g u r a t i o n s  

such  as  shown  in  FIGS.  1 4 - 2 3 .  

FIG.  14  shows  a  pentagon  a r r angement   of  s t a b i l i t y   co lumns  

96  and  f o o t i n g s   97.  Each  of  FIGS.  13  and  14  a lso  show  a  d r i l l i n g  

rig  100,  101  and  means  for  p r o p e l l i n g   the  r e s p e c t i v e   v e s s e l s   102 ,  



103.  The  p r e s e n t   i n v e n t i o n   c o n t e m p l a t e s   ang l i ng   the  s t a b i l i t y  
columns  96  and  f o o t i n g s  9 7   r a d i a l l y   ou tward ly   to  improve  t h e  
s t a b i l i t y   of  the  pentagon  v e s s e l   shown.  

S i m i l a r l y ,   FIG.  15  shows  a  d e l t a   a r r angemen t   of  s t a b i l i t y  
columns  104  and  f o o t i n g s   105  with  such  s t a b i l i t y   columns  and 

f o o t i n g s   ang led   r a d i a l l y   ou tward ly   as  shown  by  the  dashed  l i n e s .  

The  s e m i - s u b m e r s i b l e   v e s s e l   c o n f i g u r a t i o n s   of  FIGS.  16-23  are  known 

as  FIG.  16  Ring,  FIG.  17  A-Type,  FIG.  18  Y-Type,  FIG.  19  V-Type,  
FIG.  20  Catamaran,   FIG.  21  Angle  Catamaran,   FIG.  22  Trimaran  and  

FIG.  23  G r i d .  

A  s e m i - s u b m e r s i b l e   v e s s e l   c o n s t r u c t e d   in  a cco rdance   w i t h  

the  p r e s e n t   i n v e n t i o n   is  p a r t i c u l a r l y   s u i t a b l e   for  o p e r a t i o n   i n  

i c e - i n f e s t e d   w a t e r s .   For  example  with  r e f e r e n c e   to  FIG.  3,  t h e  

v e s s e l   is   shown  on  s t a t i o n   d r i l l i n g   a  s u b s e a   bo reho l e   with  a  

d r i l l i n g   r ig   53  th rough   a  c o n d u i t   or  moonpool  55  th rough   the  d e c k  

10.  When  i t   is   d e s i r a b l e   to  break   an  ou tboa rd   i ce -mass   such  a s  
shown  at  61,  s e a w a t e r   b a l l a s t   in  b a l l a s t   t anks   66  is  pumped 

ove rboa rd   by  pumps  57,  59  to  r a i s e   the  v e s s e l   such  t h a t   the  c o l u m n s  

20  e x e r t   an  upward  bending  fo rce   on  the  mass  61  to  break  i t .  

C o n v e r s e l y ,   when  i t   i s   d e s i r a b l e   to  b reak   an  ice  mass  be low 

the  deck  10  such  as  the  mass  shown  at  63,  b a l l a s t   is  pumped  by  means 

of  pumps  57,  59  from  the  s u r r o u n d i n g   water   to  b a l l a s t   tanks   56  t o  

deep  b a l l a s t   or  s e t t l e   the  v e s s e l   in  the  water   such  t ha t   t h e  

s t a b i l i t y   columns  20  e x e r t   a  downward  bending  fo rce   on  the  mass  63  

to  break  i t .  

A  s e m i - s u b m e r s i b l e   v e s s e l   such  as  those   c o n t e m p l a t e d   by  t h e  

p r e s e n t   i n v e n t i o n   f ind   use  not  only  in  d r i l l i n g   as  shown  w i t h  

r e s p e c t   t o   FIG.  3,  but  a lso  in  p roduc ing   at  o f f s h o r e   s i t e s ,   and  f o r  

g e n e r a l   u t i l i t y   s e r v i c e s   at  o f f s h o r e   f a c i l i t i e s   such  as  a  r e s c u e  

v e s s e l .   Thus,  i t   i s   c o n t e m p l a t e d   t h a t   a  s e m i - s u b m e r s i b l e   v e s s e l  

used  for   u t i l i t y   pu rposes   may  serve   as  an  ice  b r e a k e r   to  p r o t e c t  

o f f s h o r e   f a c i l i t i e s .  





























































1.  A  wide  based  s e m i - s u b m e r s i b l e   v e s s e l   c o m p r i s i n g   a  

deck,   a  p l u r a l i t y   of  s t a b i l i t y   columns  ex t end ing   downwardly  and  

o u t w a r d l y   from  the  deck,  means  c o n n e c t e d   to  the  lower  ends  of  t h e  

s t a b i l i t y   columns  for  p r o v i d i n g   a  wide  buoyant   base ,   and  means  f o r  

d i s c h a r g i n g   and  t a k i n g   on  b a l l a s t .  

2.  The  v e s s e l   of  c la im  1  wherein   the  b a s e - p r o v i d i n g   means  

c o m p r i s e s   a  p a i r   of  l o n g i t u d i n a l l y   e l o n g a t e d   pontoons   connec t ed   t o  

the  lower  ends  of  the  s t a b i l i t y   columns  on  each  s ide   of  the  v e s s e l .  

3.  The  v e s s e l   of  c la im  1  or  2  wherein   the  b a s e - p r o v i d i n g  

means  c o m p r i s e s   a  f o o t i n g   connec t ed   to  the  lower  end  of  each  one  o f  

the  s t a b i l i t y   c o l u m n s .  

4.  The  v e s s e l   of  c la im  2  where in   the  deck  is  i n c l u d e s  

l o n g i t u d i n a l l y   e x t e n d i n g   sponsons   e x t e n d i n g   downwardly  from  each  o f  

the  po r t   and  s t a r b o r d   s i d e s   of  the  deck,  the  i nne r   s u r f a c e   of  e a c h  

of  the  sponsons   e x t e n d i n g   downwardly  and  ou tward ly   from  the  b o t t o m  

of  the  d e c k .  

5.  The  v e s s e l   of  c l a i m  4   wherein   the  inner   s u r f a c e   o f  

each  of  the  sponsons   ex t ends   downwardly  and  ou tward ly   from  t h e  

bot tom  of  the  deck  at  the  same  ang le   as  the  columns  e x t e n d  

downwardly  a n d - o u t w a r d l y .  

6.  The  v e s s e l   of  c la im  1  wherein   the  columns  e x t e n d  

downwardly  and  ou tward ly   at  an  angle   of  g r e a t e r   than  0°  to  l e s s   t h a n  

9 0 ° .  

7.  The  v e s s e l   of  c la im  6  wherein   sa id   columns  e x t e n d  

downwardly  and  ou tward ly   at  an  ang le   of  g r e a t e r   than  0°  to  about   30°  

from  v e r t i c a l .  



8.  A  method  of  b r eak ing   an  ice  mass  with  a  wide  b a s e d  

s e m i - s u b m e r s i b l e   v e s s e l   compr i s ing   a  deck,  a  p l u r a l i t y   of  s t a b i l i t y  

columns  e x t e n d i n g   downwardly  and  ou tward ly   from  t h e  d e c k ,   and  means 

connec ted   to  the  lower  ends  of  the  s t a b i l i t y   columns  for  p r o v i d i n g   a 

wide  buoyant   base ,   the  method  i n c l u d i n g   the  s t ep   of  d i s c h a r g i n g   and  

t ak ing   on  b a l l a s t   for  the  v e s s e l   to  b r ing   the  s t a b i l i t y   columns  i n t o  

c o n t a c t   with  the  ice  m a s s .  

9.  The  method  of  claim  8  where in   the  buoyancy  of  s a i d  

v e s s e l   is  c o n t i n u o u s l y   changed  to  have  the  v e s s e l   r i s e   and  s e t t l e .  
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