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T h i s   i n v e n t i o n   r e l a t e s   to   s t r u c t u r a l   m e m b e r s ,  

p a r t i c u l a r l y   b u t   n o t   e x c l u s i v e l y   to  s u c h   a  member   a d a p t e d  

to  fo rm  a  f i x e d - b o t t o m   l o w e r   t r a n s i t i o n   j o i n t   f o r   a  

s u s p e n d e d   p i p e   r i s e r   in  an  o i l   and  gas   p r o d u c t i o n   s y s t e m .  

U.S.   P a t e n t   No.  3 , 9 7 6 , 0 2 1 ,   i s s u e d   to  B l e n k a r n   e t   a l . ,  

shows  a t   FIG.  10  a  r i s e r   h a v i n g   a  t r a n s i t i o n   j o i n t   w i t h   a  

s t r a i g h t   t a p e r   b e t w e e n   t h e   u p p e r   and  l o w e r   s u r f a c e s   of  t h e  

j o i n t .   T h a t   t r a n s i t i o n   j o i n t   i s   n o t  f i x e d   at   e i t h e r   i t s  

u p p e r   or  l o w e r   s u r f a c e .   B l e r k a r n   e t   a l .   d o e s   n o t   d i s c l o s e  

a  c u r v i l i n e a r   t a p e r   or  an  o p t i m a l   d e s i g n   f o r   s u c h   a  t a p e r .  

U.S .   P a t e n t   No.  3 , 6 0 5 , 4 1 3 ,   i s s u e d   to  M o r g a n ,   d i s c l o s e s  

a  r i s e r   h a v i n g   a  r i g i d i t y   v a r y i n g   l o w e r   p o r t i o n   w h i c h   i n t e r -  

c o n n e c t s   w i t h   an  u p p e r   p o r t i o n . .  T n e   l o w e r   or  b a s e   p o r t i o n  

is   d i s c l o s e d   to  be  made  of  s t e e l   and  to   have   a  n o n - u n i f o r m  

r i g i d i t y   or  s e c t i o n   m o d u l u s   w h e r e i n   t h e   maximum  i s   a t   t h e  

f o o t   of  t h e   b a s e   p o r t i o n   w h i c h   c o n n e c t s   to  t h e   s e a f l o o r  

s t r u c t u r e ,   and  w h e r e i n   t h e   minimum  i s   a t   t h e   t o p   of  t h e  

b a s e   p o r t i o n   w h i c h   a t t a c h e s   to   t he   u p p e r   p o r t i o n .  

To  m e e t   s u c h   c r i t e r i a ,   t h e   Morgan   p a t e n t   i n d i c a t e s  

t h a t   t h e   b a s e   s t r u c t u r e   c o m p r i s e s   a  p l u r a l i t y   of  s e g m e n t s  

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

w a l l   t h i c k n e s s   r e l a t i v e   to   e v e r y   o t h e r   s e g m e n t .   A l t h o u g h  

e a c h   s e g m e n t   has   a  d i f f e r e n t   o u t e r   d i a m e t e r ,   e a c h   has   t h e  

same  i n n e r   d i a m e t e r .   Each   of  t h e s e   s e c t i o n s   i s   i n t e r -  

c o n n e c t e d   so  t h a t   t h e   l o w e r m o s t   s e c t i o n   has   t h e   l a r g e s t  

d i a m e t e r   and  e a c h   s u c c e s s i v e l y   h i g h e r   p o r t i o n   has   a  s u c c e s s -  

i v e l y   s m a l l e r   o u t e r   d i a m e t e r .   A l s o ,   a t   t h e . p o i n t   o f  

i n t e r c o n n e c t i o n   of  e a c h   s e c t i o n   t h e r e   i s   a  t a p e r   w h i c h  

c o m p e n s a t e s   f o r   t h e   d i f f e r e n t   o u t e r   d i a m e t e r s   of  t h e c o n n e c t o d  

s e g m e n t s .   I t   i s   d i s c l o s e d   in  t h e   p a t e n t   t h a t   such   t a p e r -  

ing   c o u l d   e x t e n d   a l o n g   an  e n t i r e   s e g m e n t .  

In  a d d i t i o n   to   t h e   v a r y i n g   d i a m e t e r   s e g m e n t s ,   t he   b a s e  

p o r t i o n   c o m p r i s e s   r i g i d i t y   t r a n s i t i o n   s t r u c t u r e s   w h i c h  

p r e v e n t   a b r u p t   c h a n g e s   in  t h e   r a d i u s   of  c u r v a t u r e   and  a c t  



as  s t r e s s   t r a n s f e r   m e m b e r s   b e t w e e n   t h e   u p p e r   p o r t i o n   of  t h e  

r i s e r   and  t h e   u p p e r   s e c t i o n s   of  t h e   b a s e   p o r t i o n   of  t h e  

r i s e r .  

A l t h o u g h   t h e   M o r g a n   p a t e n t   d o e s   i n d i c a t e   a  t r a n s i t i o n  

j o i n t   c o m p r i s i n g   e l e m e n t s   h a v i n g   d i f f e r e n t   o u t e r   d i a m e t e r s ,  

i t   f a i l s   to   i n d i c a t e   a  j o i n t   w h i c h   has   an  o u t e r   s u r f a c e  

w h i c h   i s   c o n t i n u o u s l y   t a p e r e d   f rom  t h e   t op   to   t h e   f o o t   o f  

t h e   j o i n t .   F u r t h e r m o r e ,   t h e   Morgan   p a t e n t   f a i l s   t o  

d i s c l o s e   an  o p t i m a l l y   d e s i g n e d   t r a n s i t i o n   j o i n t   w h i c h   h a s  

a  n e a r l y   c o n s t a n t   r e s u l t a n t   s t r e s s   a l o n g   t h e   l e n g t h   o f  

i t s   s t r u c t u r e .  

U.S.   P a t e n t   No.  3 , 7 9 4 , 8 4 9 ,   i s s u e d   to   P e r r y   e t   a l . ,  

d i s c l o s e s   a  n e u t r a l   b u o y a n c y   c o n d u c t o r   c o n n e c t i n g   a  

f l o a t i n g   p o w e r   p l a n t   to   s t a t i o n a r y   c o n d u c t o r s   w h i c h   t h e n  

c o n n e c t   t h e   p o w e r   p l a n t   to   t h e   s h o r e .   The  n e u t r a l   b u o y -  

ancy   c o n d u c t o r   i s   i n d i c a t e d   to   have   c o n s t a n t   i n n e r   a n d  

o u t e r   d i a m e t e r s   and  to   b e n d   as  a  c a t e n a r y   to   d i s t r i b u t e  

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

p a t e n t   a l s o   d i s c l o s e s   in   i t s   d r a w i n g s   v e r t i c a l   s t r u c t u r e s  

h a v i n g   c o n t i n u o u s l y   v a r y i n g   t h i c k n e s s e s   f rom  t o p   t o  

b o t t o m .   The  s p e c i f i c a t i o n   i n d i c a t e s   t h a t   t h e s e   a r e   p o u r e d  

c o n c r e t e   s e a w a l l s   e r e c t e d   to   f o rm  c h a n n e l s ,   b u t   d o e s   n o t  

f u r t h e r   d e f i n e   t h e m .  

As  w i t h   t h e   M o r g a n   p a t e n t ,   t h e   P e r r y   e t   a l .   p a t e n t  

f a i l s   to  show  a  t r a n s i t i o n   j o i n t   w h i c h   has   a  c o n t i n u o u s l y  

v a r y i n g   o u t e r   d i a m e t e r   f r o m   t o p   to   b o t t o m   w h i c h   i s   o p t i m a l l y  

s h a p e d   to  have   n e a r l y   c o n s t a n t   r e s u l t a n t   s t r e s s   a l o n g   t h e  

l e n g t h   of  t h e   j o i n t .  

A n o t h e r   p a t e n t   of   i n t e r e s t   i s   U.S.   P a t e n t   No.  3 , 5 5 9 , 4 1 0  
i s s u e d   to  B l e n k a r n   e t   a l .   w h i c h   d i s c l o s e s   r i n g - t y p e  

s t r e s s   r e l i e f   m e m b e r s .   H o w e v e r ,   t h i s   p a t e n t   f a i l s   t o  

d i s c l o s e   a  l o n g i t u d i n a l l y   e x t e n d i n g ,   c o n t i n u o u s l y  

c u r v i l i n e a r l y   v a r y i n g   o u t e r   d i a m e t e r   t r a n s i t i o n   j o i n t   w h i c h  

has   n e a r l y   c o n s t a n t   r e s u l t a n t   s t r e s s   a l o n g   t h e   l e n g t h   o f  

t h e   s t r u c t u r e .  

S t i l l   a n o t h e r   p a t e n t   of  i n t e r e s t   in  U.S.   P a t e n t   N o .  



3 , 5 1 2 , 8 1 1   i s s u e d  t o   B a r d g e t t e   et   a l .   w h i c h   d i s c l o s e s   a  

j a c k e t - t o - p i l e   c o n n e c t o r   w h i c h   has   a  p a r t i a l l y   v a r y i n g  

t h i c k n e s s   w a l l   a t t a c h e d   b e t w e e n   a  j a c k e t   l e g   and  a  p i l e  

to  t r a n s f e r   h o r i z o n t a l   l o a d s   t h e r e b e t w e e n .   T h i s   p a t e n t ,  

h o w e v e r ,   f a i l s   to  i n d i c a t e   a  l o n g i t u d i n a l l y   e x t e n d i n g  
t r a n s i t i o n   j o i n t   h a v i n g   a  c o n s t a n t   i n n e r   d i a m e t e r ,   b u t   a  

c u r v i l i n e a r l y   v a r y i n g   o u t e r   d i a m e t e r   and  f u r t h e r   h a v i n g   a  

n e a r l y   c o n s t a n t   r e s u l t a n t   s t r e s s   a l o n g   t h e   l e n g t h   of  t h e  

s t r u c t u r e .  

F i n a l l y ,   U.S .   P a t e n t   No.  1 , 7 0 6 , 2 4 6   i s s u e d   to  M i l l e r  

d i s c l o s e s   in  i t s   d r a w i n g s   v e r t i c a l   s t r u c t u r e s   h a v i n g   a  

c o n t i n u o u s l y   v a r y i n g   or  t a p e r e d   o u t e r   s u r f a c e .   T h e s e  

v e r t i c a l   s t r u c t u r e s   a r e   w a l l s   w h i c h   have   l i n e a r l y   v a r y i n g  
t h i c k n e s s e s   f rom  t o p   to   b o t t o m .   H o w v e r ,   t h i s   p a t e n t   f a i l s  

to   d i s c l o s e   o p t i m u m   d e s i g n   c r i t e r i a   or  any  a d v a n t a g e s  f o r  

h a v i n g   t h e   w a l l s   so  t a p e r e d .   F u r t h e r m o r e ,   t h i s   p a t e n t  
f a i l s   to   d i s c l o s e   a  t r a n s i t i o n   j o i n t   h a v i n g   such   a  t a p e r e d  
c o n t o u r .  

As  shown  by  t h e   a b o v e - m e n t i o n e d   d i s c l o s u r e s ,   t h e r e   i s  

a  need   f o r   a  t r a n s i t i o n   j o i n t   w h i c h ,   in  p a r t i c u l a r ,   j o i n s  

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

a l s o   t h e   need   f o r   s u c h   a  j o i n t   to  e x h i b i t   a  s i z e   a n d  

s t r e n g t h   w h i c h   can   r e s i s t   t h e   v a r y i n g   l o a d s   a p p l i e d   to  i t  

a n d  y e t   to  have   an  o p t i m u m   d e s i g n   f o r   e conomy   of  m a t e r i a l  

and  f o r   e a s e   of  m a n u f a c t u r e .  

As  i n d i c a t e d   a b o v e ,   h o w e v e r ,   t h e   p r i o r   r e f e r e n c e s  

f a i l   to   m e e t   t h e   n e e d s   b e c a u s e   t h e y   f a i l   to   d i s c l o s e   a n  

o p t i m a l l y   d e s i g n e d   t r a n s i t i o n   j o i n t   w h i c h   can  b e  

p a r t i c u l a r l y   u s e d   in  o i l   and  gas   p r o d u c t i o n   s y s t e m s   t o  

c o n n e c t   a  s e a f l o o r   s t r u c t u r e   to  a  s u r f a c e   s t r u c t u r e .  

A c c o r d i n g   to  t h e   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  s t r u c t u r a l   m e m b e r ,   c o m p r i s i n g :   a  f i r s t   s u r f a c e ;   a  

s e c o n d   s u r f a c e   s p a c e d   f rom  s a i d   f i r s t   s u r f a c e ;   a  t h i r d  

s u r f a c e   j o i n i n g   s a i d   f i r s t   and  s e c o n d   s u r f a c e s ,   s a i d  

t h i r d   s u r f a c e   h a v i n g   a  c o n t i n u o u s   c u r v i l i n e a r   t a p e r   f r o m  

s a i d   s e c o n d   s u r f a c e   to   s a i d   f i r s t   s u r f a c e ,   s a i d   t a p e r  



b e i n g   s u c h   t h a t ,   f o r   a  g i v e n   a x i a l   l o a d ,   s h e a r   l o a d   a n d  

b e n d i n g   moment   a t   s a i d   f i r s t   s u r f a c e ,   a  r e s u l t a n t   s t r e s s  

of  s a i d   s t r u c t u r a l   member   i s  s u b s t a n t i a l l y   c o n s t a n t  

b e t w e e n   s a i d   f i r s t   and  s e c o n d   s u r f a c e s ,   and  a  f o u r t h  

s u r f a c e   d i s p o s e d   c o n c e n t r i c a l l y   w i t h i n   s a i d   t h i r d   s u r f a c e  

and  e x t e n d i n g   b e t w e e n   and  j o i n i n g   to   s a i d   f i r s t   and  s e c o n d  

s u r f a c e s .  

The  i n v e n t i o n   f u r t h e r   p r o v i d e s   a  s t r u c t u r a l   m e m b e r  

as  s e t   f o r t h   a b o v e ,   w h i c h   c o n s t i t u t e s   a  t r a n s i t i o n   j o i n t  

f o r   c o n n e c t i n g   a  s e a f l o o r   s t r u c t u r e   w i t h   a  s e a s u r f a c e  

s t r u c t u r e   in   an  o i l   and  gas   p r o d u c t i o n   s y s t e m ,   s a i d   f i r s t  

and  s e c o n d   s u r f a c e s   b e i n g   t o p   and  b o t t o m   s u r f a c e s   of   s a i d  

j o i n t   r e s p e c t i v e l y ,   s a i d   t h i r d   s u r f a c e   b e i n g   an  o u t e r  

s u r f a c e   t h e r e o f ,   and  s a i d   f o u r t h   s u r f a c e   d e f i n i n g   a  b o r e  

t h e r e t h r o u g h .  

V i e w e d   more   s p e c i f i c a l l y   t h e   i n v e n t i o n   p r o v i d e s   a  

s t r u c t u r a l   member   d e f i n e d   by  a  t o p   p l a n a r   s u r f a c e   h a v i n g   a  

p r e d e t e r m i n e d   d i a m e t e r   and  a  b o t t o m   p l a n a r   s u r f a c e   w h i c h  

i s   p a r a l l e l   to   and  s p a c e d   f rom  t h e   t o p   p l a n a r   s u r f a c e   a n d  

w h i c h   f u r t h e r   has   a  d i a m e t e r   w h i c h   i s   g r e a t e r   t h a n   t h e  

d i a m e t e r   of   t h e   t o p   s u r f a c e .   F u r t h e r   d e f i n i n g   t h e  

s t r u c t u r a l   member   i s   an  o u t e r   s u r f a c e   w h i c h   e x t e n d s   b e t w e e n  

and  j o i n s   to  t he   o u t e r   c o n t o u r s   of   t h e   t o p   and   b o t t o m  

p l a n a r   s u r f a c e s .   The  o u t e r   s u r f a c e   h a s   a  c o n t o u r   w i t h  

a  c o n t i n u o u s   c u r v i l i n e a r   t a p e r   f rom  t h e   l a r g e r   d i a m e t e r  

b o t t o m   s u r f a c e   to   t h e   s m a l l e r   d i a m e t e r   t o p   s u r f a c e .   S t i l l  

f u r t h e r   d e f i n i n g   t h e   s t r u c t u r a l   member   i s   an  i n n e r   s u r f a c e  

w h i c h   e x t e n d s   l o n g i t u d i n a l l y   t h r o u g h   t h e   s t r u c t u r a l   m e m b e r  

to   d e f i n e   a  b o r e   t h e r e t h r o u g h .  

T h e   t o p   s u r f a c e  p r e d e t e r m i n e d   d i a m e t e r   i s   p r e d e t e r m i n e d  

a c c o r d i n g   to   b o t h   t h e   o u t e r   d i a m e t e r   of  t h e   s t r u c t u r e   t o  

w h i c h   t h e   t o p   of  t h e   t r a n s i t i o n   j o i n t   w i l l   be  c o n n e c t e d   a n d  

t h e   m a t e r i a l s   of  w h i c h   t h e   j o i n t   and  c o n n e c t i n g   s t r u c t u r e s  

a r e   made .   The  d e g r e e   of  t a p e r   a t   any  p o i n t   a l o n g   t h e  

o u t e r   s u r f a c e   b e t w e e n   t h e   t o p   and  b o t t o m   s u r f a c e s   i s   d e f i n e d  

by  a  d i a m e t e r   a c r o s s   t h e   s t r u c t u r a l   member   a t   t h a t   p o i n t ,  



w h i c h   d i a m e t e r   is   d e f i n e d   by  t h e   f o l l o w i n g   e q u a t i o n :  

By  d e f i n i n g   t h e   o u t e r   s u r f a c e   a c c o r d i n g   to  t h e   a b o v e  

f o r m u l a ,   t h e   t r a n s i t i o n   j o i n t   has   a  s u b s t a n t i a l l y   c o n s t a n t  

maximum  r e s u l t a n t   s t r e s s   a l o n g   t h e   e n t i r e   l e n g t h   of  t h e  

j o i n t .   T h i s   p r o v i d e s   a n  o p t i m u m   t r a n s i t i o n   j o i n t   in  t e r m s  

of  e c o n o m y   of  m a t e r i a l s   and  e a s e   of  m a n u f a c t u r e   w h i l e  

r e t a i n i n g   t h e   d e s i r e d   s t r e n g t h   a g a i n s t   t h e   s t r e s s e s   p l a c e d  

upon   t h e   t r a n s i t i o n   j o i n t   w h i c h   r e s u l t   f r om  t h e   b e n d i n g  

m o m e n t s   c r e a t e d   by  l o a d s   i m p a r t e d   to  t h e   s t r u c t u r e  f r o m  

o c e a n   c u r r e n t s ,   w a v e s   and  p l a t f o r m   m o t i o n s .  

An  e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   now  b e . d e s c r i b e d  

by  way  of  e x a m p l e   and  w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g  

d r a w i n g s ,  i n   w h i c h :  

FIG.  1  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of   a  t r a n s i t i o n   j o i n t  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   in  i t s   p r e f e r r e d   u s e  

e n v i r o n m e n t ;  

FIG.  2  i s   an  e l e v a t i o n   v i e w   of  t h e   t r a n s i t i o n   j o i n t  

t a k e n   in  s e c t i o n ;  

FIG.  3  i s   a  t o p   v i e w   of  t h e   j o i n t ;  

FIG.  4  i s   a  b o t t o m   p l a n   v i e w   of  t h e   j o i n t ;   a n d  

FIG.  5  i s   a  s c h e m a t i c   i l l u s t r a t i o n   of  t h e   j o i n t   u n d e r  

a  l o a d .  

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   F I G . . 1   d i a g r a m m a t i c a l l y  

shows  a  t r a n s i t i o n   j o i n t  2   a c c o r d i n g   to   t h e   p r e s e n t  

i n v e n t i o n   p o s i t i o n e d  i n   i t s   p r e f e r r e d   u s e   e n v i r o n m e n t   a s  

a  l o w e r   t r a n s i t i o n   j o i n t   f o r   a  p i p e   r i s e r   w i t h   a  f i x e d  

b o t t o m .   The  p r e f e r r e d   e m b o d i m e n t   of  t h e   t r a n s i t i o n   j o i n t  

2  c o m p r i s e s   h i g h   s t r e n g t h   s t e e l   and  has   a  l e n g t h   o f  

a p p r o x i m a t e l y   f i f t y   f e e t .   T h i s   l e n g t h   i s   c o n s i d e r e d   t o  

be  p r e f e r r e d   b e c a u s e   i t   p r o v i d e s   e a s e   of  f a b r i c a t i o n   a n d  

y e t   i s   l o n g   e n o u g h   to  r e t a i n   t h e   a d v a n t a g e s   of  a  t h e o r e t -  

i c a l l y   o p t i m u m   t r a n s i t i o n   j o i n t   w h i c h   w o u l d   e x t e n d   t h e  

e n t i r e   d i s t a n c e   b e t w e e n   t h e   u l t i m a t e   p o i n t s   to  be  j o i n e d .  



The  t r a n s i t i o n   j o i n t   2  c o n n e c t s   to   a  p o r t i o n   of  a  

s e a f l o o r   a n c h o r   b a s e   s t r u c t u r e   4  w h i c h   i s   p o s i t i o n e d   on  a  

s e a f l o o r   6.  The  s t r u c t u r e   4  i n c l u d e s ,   in  p a r t ,   a  w e l l -  

h e a d   b o d y   and  w e l l h e a d   c o n n e c t o r .   The  w e l l h e a d   c o n n e c t o r ,  

to  w h i c h   t h e   t r a n s i t i o n   j o i n t   2  c o n n e c t s   a t   a  b a s e   p o r t i o n  

8,  may  be  e i t h e r   a  h y d r a u l i c a l l y   a c t u a t e d   c o n n e c t o r   or  a  

t h r e a d e d   c o n n e c t o r .   I t   i s   a t   t h e   b a s e   p o r t i o n   8  t h a t   t h e  

b e n d i n g   m o m e n t s   r e s u l t i n g   f rom  l o a d s   on  t h e   t r a n s i t i o n  

j o i n t   2  a r e   t h e   g r e a t e s t ,   and  t h u s   t h i s   p o r t i o n   m u s t   b e  

s u f f i c i e n t l y   l a r g e   to   w i t h s t a n d   s u c h   s t r e s s e s .   The  s i z e  

and  s t r e n g t h   of  t he   w e l l h e a d   c o n n e c t o r   and  t h e   o t h e r  

c o m p o n e n t s   c o m p r i s i n g   t h e   s t r u c t u r e   4  a r e   s u f f i c i e n t l y  

l a r g e r   t h a n   t h e   b a s e   8  of  t r a n s i t i o n   j o i n t   2,  so  t h a t   b a s e  

8  may  be  c o n s i d e r e d   to   be  f i x e d .  

At  t h e   end  of  t h e   t r a n s i t i o n   j o i n t   2  o p p o s i t e   t h e  

b a s e   p o r t i o n   8  i s   a  t o p   p o r t i o n   10.   At  t h e   t o p   p o r t i o n  

10  t h e   l o a d s   a r e   no t   as  l a r g e   as  t h o s e   a t   t h e   b a s e   8,  s o  

t h e   t o p   p o r t i o n   10  n e e d   n o t   be  as  l a r g e   as  t h e   b a s e  

p o r t i o n   8.  A l s o   a t   t h e   t o p   p o r t i o n   10  t h e   t r a n s i t i o n .  

j o i n t   2  c o n n e c t s   w i t h   a  p i p e   s t r i n g   12  w h i c h   in  t h e   F I G .  

1  s c h e m a t i c   r e p r e s e n t a t i o n   i s   p r e f e r a b l y   a  9  5 / 8 "   t i e -  

back   s t r i n g   or  r i s e r .   P i p e   s t r i n g   12  and  t r a n s i t i o n   j o i n t  

2  c o m p r i s e   a  r i s e r   p i p e   a s s e m b l y .  

The  s t r i n g   12  e x t e n d s   f rom  t h e   t r a n s i t i o n   j o i n t   2 

u p w a r d   to   a  s u r f a c e   p l a t f o r m   14.  P l a t f o r m   14  i s   a  

f l o a t i n g   t e n s i o n   l e g   t y p e   p l a t f o r m .   The  s t r i n g   12  

c o n n e c t s   w i t h   t h e   p l a t f o r m   14  a t   a  c o n n e c t i o n   16  w h i c h ,  

in  a  p r e f e r r e d   e m b o d i m e n t ,   i s   a  t e n s i o n i n g   j a c k .  

L o c a t e d   w i t h i n   t h e   p r e v i o u s l y   d e s c r i b e d   s u b s u r f a c e  

s t r u c t u r e s   i s   a  t r a n s p o r t   s t r i n g   18  w h i c h  p r o v i d e s   a  m e a n s  

of  a c c e s s   b e t w e e n   t h e   p l a t f o r m   14  and  t h e   r e g i o n   b e l o w  

t h e   s e a f l o o r   6.  In  t h e   p r e s e n t l y   d e s c r i b e d   p r e f e r r e d  

e m b o d i m e n t   t h e   t r a n s p o r t   s t r i n g   18  i s   a  p r o d u c t i o n   r i s e r  

w h i c h   c o m m u n i c a t e s   t h e   s u b s t a n c e s   to  be  o b t a i n e d   f rom  t h e  

s u b s e a f l o o r   r e g i o n s   to   t h e   p l a t f o r m   1 4 .  

C o m p l e t i n g   t h e F I G .   1  s c h e m a t i c   i s   a  member   20  w h i c h  



is   d i s p o s e d   on  t h e   p l a t f o r m   14  and  w h i c h   i s   a s s o c i a t e d  

w i t h   t h e   t r a n s p o r t   s t r i n g   18  f o r   c o n t r o l l i n g   t h e  

d i s p e r s e m e n t   of  m a t e r i a l s   to  and  f rom  t h e   t r a n s p o r t  

s t r i n g   18  a t   t h e   s u r f a c e   p l a t f o r m   14.  The  member   20  i s  

p r e f e r a b l y   a  c o m p l e t i o n   t r e e .  

R e f e r r i n g   now  to   F IGS.   2,  3  and  4,  a  p r e f e r r e d  

e m b o d i m e n t   of  t h e   t r a n s i t i o n   j o i n t   2  i s   shown.   T h e  

t r a n s i t i o n   j o i n t   2 - i n c l u d e s   a  s t r u c t u r a l   member   30  w h i c h  

is   d e f i n e d   by  a  f i r s t   t o p   p l a n a r   s u r f a c e   32,  a  s e c o n d  

b o t t o m   p l a n a r   s u r f a c e   34,  a  t h i r d   o u t e r   s u r f a c e   36  a n d  

a  f o u r t h   i n n e r   s u r f a c e   38.  T r a n s i t i o n   j o i n t   2  i s   s o l i d  

in  t h e   s p a c e   d e f i n e d   b e t w e e n   f i r s t ,   s e c o n d ,   t h i r d   a n d  

f o u r t h   s u r f a c e s   32,  34,  36  and  3 8 .  

The  t o p   p l a n a r   s u r f a c e   32  i s   a n n u l a r   and  has   a n  

o u t e r   c o n t o u r   w h i c h   i s   d e f i n e d   by  a  p r e d e t e r m i n e d   d i a m e t e r .  

T h i s   p r e d e t e r m i n e d   d i a m e t e r   i s   s e l e c t e d   a c c o r d i n g   to   t h e  

d i a m e t e r   and  c o m p o s i t i o n   of  t h e   s t r i n g   12  w i t h   w h i c h   t h e  

t r a n s i t i o n   j o i n t   c o n n e c t s .   P a r a l l e l   to   t h e   t o p   s u r f a c e  

32  i s   t h e   b o t t o m   p l a n a r   s u r f a c e   34  w h i c h   i s   a l s o   a n n u l a r  

and  has   an  o u t e r   c o n t o u r   w h i c h   i s   d e f i n e d   by  a  d i a m e t e r  

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

c o n t o u r   of  t h e   t o p   s u r f a c e   32.  Top  and  b o t t o m   s u r f a c e s  

32  and  34  a r e   in   s p a c e d   r e l a t i o n .  

L o n g i t u d i n a l l y   d e f i n i n g   t h e   s t r u c t u r a l  m e m b e r   30  a r e  

t he   o u t e r   s u r f a c e   36  and  t h e   i n n e r   s u r f a c e   38.  The  o u t e r  

s u r f a c e   36  e x t e n d s   b e t w e e n ,   j o i n s   to   and  c i r c u m s c r i b e s  

t he   o u t e r   c o n t o u r s   of  t h e   t o p   s u r f a c e   32  and  t h e   b o t t o m  

s u r f a c e   34.  The  c o n t o u r   of  t h e   s u r f a c e   36  has   a  

c u r v i l i n e a r   t a p e r   f rom  t h e   b o t t o m   s u r f a c e   34  to  t h e   t o p  

s u r f a c e   32.  The  i n n e r   s u r f a c e   38  l i k e w i s e   e x t e n d s  

b e t w e e n   t h e   t o p   s u r f a c e   32  and  t h e   b o t t o m   s u r f a c e   34,  b u t  

e x t e n d s   p e r p e n d i c u l a r   t h e r e t o   to  t h e r e b y   d e f i n e   a  

l o n g i t u d i n a l   b o r e   t h r o u g h   t h e   s t r u c t u r a l   member   3 0 .  

R e f e r r i n g   now  to  FIG.  5,  t h e   t a p e r e d   c o n t o u r   of  t h e  

o u t e r   s u r f a c e   36  w i l l   be  d e s c r i b e d .   I n i t i a l l y ,   i t   i s  

n o t e d   t h a t   t h e   t a p e r   i s   c o n t i n u o u s   a l o n g   t h e   e n t i r e   l e n g t h  



of  t h e   j o i n t   w h i c h   t h u s   makes   t h e   l e n g t h   of  t h e   t a p e r e d  

c o n t o u r   r e l a t i v e l y   g r e a t e r   t h a n   t h e   l o n g e s t   c r o s s -  

s e c t i o n a l   d i a m e t e r   of   t h e   j o i n t .   FIG.  5  s c h e m a t i c a l l y  

r e p r e s e n t s   t h e   t r a n s i t i o n   j o i n t   2  u n d e r   a  l o a d   r e s u l t i n g  

f r o m ,   fo r   e x a m p l e ,   t h e   o c e a n   c u r r e n t s ,   waves   or  p l a t f o r m  

m o t i o n s .   T h e s e   l o a d s   i m p a r t   b e n d i n g   m o m e n t s   and  o t h e r  

s t r e s s e s   to   t h e   j o i n t   2  such   as  i n d i c a t e d   in  FIG.   5  b y . a n  

a x i a l   t e n s i o n   l o a d   T,  a  s h e a r   l o a d   S  and  a  moment   M. 

A  r e s u l t   of  t h e s e   s t r e s s e s   i s   a  r e s u l t a n t   s t r e s s   w h i c h  

r e s u l t s   b o t h   f rom  t h e   b e n d i n g   s t r e s s   on  t h e   o u t e r   f i b e r s  

a l o n g   t h e   l e n g t h   of   t h e   c o n v e x   o u t e r   s u r f a c e   of  t h e   j o i n t  

and  f rom  t he   t e n s i l e   s t r e s s   on  t h e   j o i n t .   In  o r d e r   t o  

o b t a i n   an  o p t i m u m   t r a n s i t i o n   j o i n t   t h e   c o n t o u r   of  t h e   o u t e r  

s u r f a c e   36  i s   to   be  s h a p e d   in  a c c o r d a n c e   w i t h   t h e   p r e s e n t  

i n v e n t i o n   so  t h a t   t h i s   r e s u l t a n t   s t r e s s   i s   n e a r l y   c o n s t a n t  

a l o n g   t h e   e n t i r e   l e n g t h  o f   t h e   j o i n t .   T h i s   i s  

a c c o m p l i s h e d   by  t a p e r i n g   t h e   o u t e r   s u r f a c e   36  a c c o r d i n g  

to  t h e   f o l l o w i n g   e q u a t i o n :  

A p p l i c a n t   d i s c o v e r e d   t h i s   e q u a t i o n   and  i t s   u n d e r l y i n g  

p a r a m e t r i c   d e f i n i t i o n s   by  c o m b i n i n g   c e r t a i n   a s s u m p t i o n s  

w i t h   c e r t a i n   a n a l y s e s .   The  a s s u m p t i o n s   i n c l u d e d   t h e  

j o i n t   2  b e i n g   f i x e d   a t   i t s   b a s e   8  as  d e p i c t e d   i n  F I G .   1 

and  h a v i n g   a  c o n s t a n t   i n t e r n a l   d i a m e t e r   as  d e p i c t e d   by  t h e  

b o r e   d e f i n e d   by  t h e   i n n e r   s u r f a c e   38.  F u r t h e r m o r e ,   i t   w a s  

a s s u m e d   t h a t   t h e   j o i n t   2  was  of  t h e   same  m a t e r i a l   as  t h e  

s t r i n g   12  and  t h a t   t h e   f o r c e s   T,  M  and  S  were   k n o w n .  

H a v i n g   made  t h e s e   a s s u m p t i o n s ,   A p p l i c a n t   d e f i n e d   c e r t a i n  

p a r a m e t e r s   as  f o l l o w s ,   t h e n   made  t h e   a c c o m p a n y i n g   a n a l y s i s :  

T  =  t e n s i o n ,   t o p   of  j o i n t ,   l b s .  

M  =  moment ,   t o p   of  j o i n t ,   f t - l b s .  

S  =  s h e a r ,   t o p   of  j o i n t ,   l b s .  

8  =  a n g l e   f rom  v e r t i c a l ,   t o p   of  j o i n t ,   d e g r e e s  

L  =  l e n g t h   of  j o i n t ,   f t .  

d  =  i n s i d e   d i a m e t e r ,   f t .  



x  =  d i s t a n c e   a l o n g   r i s e r ,   m e a s u r e d   f rom  t o p  
d o w n w a r d ,   f t .  

σ  =   o u t e r   f i b e r   t o t a l   a x i a l   s t r e s s ,   l b s / f t 2  

Ax=  c r o s s - s e c t i o n a l   a r e a   a t   x,  f t . 2  

D =  o u t s i d e   d i a m e t e r   a t   x,  f t .  

Ix=  moment   of   i n e r t i a   a t   x,   f t .  

T x , M x , S x , @ x  =   same  as  a b o v e ,   m e a s u r e d   a t   p o i n t   x  
From  beam  s m a l l   d e f l e c t i o n   t h e o r y :  

A s s u m i n g   Tx=T,  t h e   t o t a l   moment   a t   x  (M )  in  t e r m s   o f  
t h e   t op   c o n d i t i o n s   i s  

By  a s s u m i n g   t h a t   @x  v a r i e s   l i n e a r l y   w i t h   x , t h e n  

and  f rom  (3)  and  ( 4 )  

t h e n :  

Now  s o l v i n g   (2)  f o r   Mx  and  a s s u m i n g   T x = T  

N e x t ,   E q u a t i n q   (7)  and  (8)  y i e l d s  

By  d e t i n i t i o n   and  s t a n d a r d   f o r m u l a e :  

Upon  s u b s t i t u t i n g   t h e s e   d e f i n i t i o n s   f rom  (10)  and  ( 1 1 )  



i n t o   (9)  and  s i m p l i f y i n g :  

By  a s s u m i n g   t h a t  

a n d  

t h e n :  

R e g r o u p i n g   e q u a t i o n   (15)  in  t e r m s   of  Dx  y i e l d s  

and  l e t t i n g  

and  s u b s t i t u t i n g   i n t o   (16)  g i v e s  

P u t t i n g   (18)  i n t o   t h e   s t a n d a r d   c u b i c   e q u a t i o n   fo rm  o f  

r e s u l t s   i n  

Thus   f o r   s o l u t i o n   of  t h e   s t a n d a r d   c u b i c   e q u a t i o n   in  t h i s  

s i t u a t i o n ,  

In  t e r m s   of  t h e s e   d e f i n i t i o n s   in   ( 2 0 ) ,   t h e   s o l u t i o n   of  (19)  i s  



T h i s   s o l u t i o n   when  e x p a n d e d   to  i n c o r p o r a t e   t he   u n d e r l y i n g  

p a r a m e t r i c   d e f i n i t i o n s   of  b  a n d   y  e x p r e s s e s   t h e   o u t e r  

d i a m e t e r   a t   a  p o i n t   x  a l o n g   t h e   l e n g t h   of  t h e   j o i n t   2  i n  

t e r m s   of  d i s t a n c e   x,  known  c o n d i t i o n s   of  t h e   f o r c e s   a t  

t h e   t o p   of  t h e   j o i n t ,   and  d e s i r e d   maximum  s t r e s s   σ .  

In  e x p a n d e d   f o r m ,   t h e   e x p r e s s i o n   f o r   b  i s :  

In  t h e   p r e f e r r e d   e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n  

i t   was  a s s u m e d   t h a t   t h e   j o i n t   2  was  made  of  t h e   s a m e  

m a t e r i a l   as  t h e   s t r i n g   12.  Under   t h i s   a s s u m p t i o n   t h e  

v a l u e   of  t h e   o u t e r   f i b e r   t o t a l   a x i a l   s t r e s s ,   σ ,   s h o u l d  

be  s u c h   t h a t   D   a t   x=0  ( i . e . ,   a t   t h e   t op   of  t h e   j o i n t   2) 

e q u a l s   t h e   o u t e r   d i a m e t e r   of  t h e   s t r i n g  ( o r   r i s e r )   1 2 .  

T h u s ,   f o r   D x = 0  =   D ( r i s e r ) ,   s o l v i n g   e q u a t i o n   (15)  f o r   σ  

and  l e t t i n g   Dx =  D ( r i s e r )   y i e l d s  

By  m a n u f a c t u r i n g   t h e   t r a n s i t i o n   j o i n t   2  h a v i n g  

o u t e r   s u r f a c e   36  t a p e r e d   a c c o r d i n g   to  e q u a t i o n   ( 2 1 ) ,   t h e  

o p t i m u m   t r a n s i t i o n   j o i n t   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

o b t a i n e d .   Such  as  o p t i m u m   j o i n t   has   t h e   r e q u i s i t e  

s t r e n g t h   a t   i t s   l a r g e   b a s e   f o r   w i t h s t a n d i n g   a p p l i e d   l o a d s ,  

y e t   i s   o p t i m a l l y   t a p e r e d   to   m a i n t a i n   a  n e a r l y   c o n s t a n t  

r e s u l t a n t   s t r e s s   a l o n g   t h e   e n t i r e   l e n g t h   of  t h e   j o i n t  

t h e r e b y   r e t a i n i n g   t h e   r e q u i r e d   s t r e n g t h   t h r o u g h o u t   t h e  

s t r u c t u r e   bu t   p r o v i d i n g   o p t i m u m   economy  of  m a t e r i a l   a n d  

e a s e   of  m a n u f a c t u r e .   T h e r e f o r e ,   t h e   p r e s e n t   i n v e n t i o n  

has   o v e r c o m e   t h e   f a i l u r e s   of  t h e   p r e v i o u s l y   c i t e d  

r e f e r e n c e s   to  p r o v i d e   an  o p t i m a l l y   d e s i g n e d   and  m a n u f a c t u r e d  

t r a n s i t i o n   j o i n t .  

I t   w i l l   t h u s   be  s e e n   t h a t   t h e   p r e s e n t   i n v e r t i o n ,   a t  

l e a s t   in  i t s   p r e f e r r e d   e m b o d i m e n t ,   o v e r c o m e s   t h e   a b o v e -  

n o t e d   and  o t h e r   s h o r t c o m i n g s   of  t he   p r i o r   a r t   by  p r o v i d i n g  

a  n o v e l   and  i m p r o v e d   t r a n s i t i o n   j o i n t .   T h i s   j o i n t   i s  



o p t i m a l l y   c o n s t r u c t e d   to   w i t h s t a n d   t h e   l o a d s   a p p l i e d   to   i t  

in   i t s   o r d i n a r y   u s e   e n v i r o n m e n t ,   and  y e t   i s   e c o n o m i c a l l y  

and  e a s i l y   m a n u f a c t u r a b l e   b e c a u s e   of  i t s   t a p e r e d   c o n t o u r  

w h e r e b y   a  n e a r l y   c o n s t a n t   r e s u l t a n t   s t r e s s   c o m p r i s i n g   t h e  

o u t e r   f i b e r   b e n d i n g   s t r e s s   and  t e n s i l e   s t r e s s   r e s u l t s  

a l o n g   t h e   e n t i r e   l e n g t h   of   t h e   j o i n t .  



1.  A  s t r u c t u r a l   m e m b e r ,   c o m p r i s i n g :  

a  f i r s t   s u r f a c e ;  

a  s e c o n d   s u r f a c e   s p a c e d   f rom  s a i d   f i r s t  

s u r f a c e ;  

a  t h i r d   s u r f a c e ,   j o i n i n g   s a i d   f i r s t   and  s e c o n d  

s u r f a c e s ,   s a i d   t h i r d   s u r f a c e   h a v i n g   a  c o n t i n u o u s  

c u r v i l i n e a r   t a p e r   f rom  s a i d   s e c o n d   s u r f a c e   t o  

s a i d   f i r s t   s u r f a c e ,   s a i d   t a p e r   b e i n g   s u c h   t h a t ,  

f o r   a  g i v e n   a x i a l   l o a d ,   s h e a r   l o a d   and  b e n d i n g  

moment   a t   s a i d   f i r s t   s u r f a c e ,   a  r e s u l t a n t   s t r e s s  

of  s a i d   s t r u c t u r a l   member   i s   s u b s t a n t i a l l y  

c o n s t a n t   b e t w e e n   s a i d   f i r s t   and  s e c o n d   s u r f a c e s ,  

a n d  

a  f o u r t h   s u r f a c e   d i s p o s e d   c o n c e n t r i c a l l y   w i t h i n   s a i d  

t h i r d   s u r f a c e   and  e x t e n d i n g   b e t w e e n   and  j o i n i n g  

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

2.  A  s t r u c t u r a l   member  as  c l a i m e d   in  c l a i m   1,  w h e r e i n  

s a i d   s e c o n d   s u r f a c e   i s   a r r a n g e d   to   be  f i x e d l y   a t t a c h e d   to  a  
b a s e   s t r u c t u r e .  

3.  A  s t r u c t u r a l   member  as  c l a i m e d   in  c l a i m   1  or  2 ,  

w h e r e i n   s a i d   f i r s t   and  s e c o n d   s u r f a c e s   a r e   a n n u l a r   s u r f a c e s .  

4.  A  s t r u c t u r a l   member  as  c l a i m e d   in  any  of  c l a i m s   1  t o  

3,  w h e r e i n   s a i d   f i r s t   and  s e c o n d   s u r f a c e s   a r e   m u t u a l l y  

p a r a l l e l .  

5.  A  s t r u c t u r a l   member  as  c l a i m e d   in  any  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   s a i d   f o u r t h   s u r f a c e   e x t e n d s   p e r p e n d i c u l a r l y  

to  b o t h   of  s a i d   f i r s t   and  s e c o n d   s u r f a c e s .  

6.  A  s t r u c t u r a l   member  as  c l a i m e d   in  any  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   s a i d   s t r u c t u r a l   member   i s   s o l i d   b e t w e e n   s a i d  

f i r s t ,   s e c o n d ,   t h i r d   and  f o u r t h   s u r f a c e s .  

7.  A  s t r u c t u r a l   member  as  c l a i m e d   in  any  of  t h e   p r e c e d i n g  

c l a i m s ,   w h e r e i n   s a i d   t h i r d   s u r f a c e   c o n t o u r   i s   d e f i n e d   by  a  

p l u r a l i t y   of   c r o s s - s e c t i o n a l   d i a m e t e r s   of  s a i d   s t r u c t u r a l  

m e m b e r ,   w h i c h   d i a m e t e r s   a r e   d e t e r m i n e d   b y  



w h e r e   D   =  c r o s s - s e c t i o n a l   d i a m e t e r   a t   a  d i s t a n c e   x  

f r o m   s a i d   f i r s t   s u r f a c e ,  

w h e r e  σ  =   o u t e r   f i b e r   t o t a l   a x i a l   s t r e s s  

a l o n g   s a i d   t h i r d   s u r f a c e ,   i n  

p o u n d s   p e r   s q u a r e   f o o t  

d  =   i n s i d e   d i a m e t e r   of  s a i d   f o u r t h  

s u r f a c e ,   in   f e e t  

T  =   t e n s i o n   a t   s a i d   f i r s t   s u r f a c e ,  

in   p o u n d s  

M  =   moment   a t   s a i d  f i r s t   s u r f a c e ,   i n  

f o o t - p o u n d s  

x  =   d i s t a n c e   a l o n g   s a i d   t h i r d   s u r f a c e  

m e a s u r e d   f rom  s a i d   f i r s t   s u r f a c e  

t o w a r d   s a i d   s e c o n d   s u r f a c e ,   i n  

f e e t  

S  =   s h e a r   a t   s a i d   f i r s t   s u r f a c e ,   i n  

p o u n d s  

L  =   l e n g t h   of   s a i d   s t r u c t u r a l   m e m b e r ,  

8  =  a n g l e   f r o m   v e r t i c a l   s a i d  

s t r u c t u r a l   member   i s   a t   s a i d  

f i r s t   s u r f a c e ,   in  d e g r e e s  

a n d  

w h e r e  

8.  A  s t r u c t u r a l   member   as  c l a i m e d   in  any  of  t he   p r e c e d i n g  

c l a i m s ,   w h i c h   c o n s t i t u t e s   a  t r a n s i t i o n   j o i n t   f o r   c o n n e c t i n g  

a  s e a f l o o r   s t r u c t u r e   w i t h   a  s e a s u r f a c e   s t r u c t u r e   in  an  o i l  

and  gas   p r o d u c t i o n   s y s t e m ,   s a i d   f i r s t   and  s e c o n d   s u r f a c e s  

b e i n g   top   and  b o t t o m   s u r f a c e s   of  s a i d   j o i n t   r e s p e c t i v e l y ,  

s a i d   t h i r d   s u r f a c e   b e i n g   an  o u t e r   s u r f a c e   t h e r e o f ,   a n d  



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

9.  A  r i s e r   p i p e   a s s e m b l y   c o n n e c t e d   b e t w e e n   a  s e a f l o o r  

a n c h o r   b a s e   s t r u c t u r e   and  a  p l a t f o r m ,   s a i d   a s s e m b l y  

i n c l u d i n g   a  t r a n s i t i o n   j o i n t  a s   c l a i m e d   in  c l a i m   8  a n d  

f u r t h e r   i n c l u d i n g   a  p i p e   s t r i n g   h a v i n g   an  u p p e r   e n d  

c o n n e c t e d   to  s a i d   p l a t f o r m   and  a  l o w e r   end  c o n n e c t e d  

to  s a i d   j o i n t   t o p   s u r f a c e , s a i d   j o i n t   b o t t o m   s u r f a c e   b e i n g  

f i x e d l y   a t t a c h e d   to  s a i d   s e a f l o o r   a n c h o r   b a s e   s t r u c t u r e .  

10.  A  r i s e r   p i p e   a s s e m b l y   as  c l a i m e d   in  c l a i m   9,  w h e r e i n  

an  o u t e r   d i a m e t e r   of  s a i d   j o i n t   t op   s u r f a c e   i s   e q u a l   t o  

an  o u t e r   d i a m e t e r   of  s a i d   p i p e   s t r i n g .  

11.  A  r i s e r   p i p e   a s s e m b l y   as  c l a i m e d   in  c l a i m   9  or  1 0 ,  

w h e r e i n   s a i d   t r a n s i t i o n   j o i n t   and  s a i d   p i p e   s t r i n g   a r e  
c o n s t r u c t e d   f r o m   t h e   same  m a t e r i a l .  
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