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©  Tunnelling  machines. 

@  A  tunnelling  machine  has  a  tunnel  lining  stage  10  includ- 
ing  a  pick-up  device  34  for  picking  up  concrete  lining  seg- 
ments  12  from  the  floor  of  the  tunnel  and  placing  them  in 
position  radially  around  the  tunnel. 

In  order  not  to  damage  the  segments  when  picking  them 
up  and  in  order  to  enable  the  pick-up  device  34  place  the 
segments  directly  in  position  butted  up  against  already  placed 
segments,  the  pick-up  device  comprises  at  least  one  suction 
pad  (40)  adapted  to  engage  the  segments  and  means  for 
evacuating  the  suction  pad  to  hold  the  segment  against  the 
segment. 



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

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

a r c u a t e   t u n n e l   l i n i n g   s e g m e n t s   of  c o n c r e t e ,   e a c h  

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

s e g m e n t s .  

A  known  t u n n e l l i n g   m a c h i n e   has   at   t h e   h e a d  

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

is   a d v a n c e d   t h r o u g h   t h e   g r o u n d   as  d i g g i n g   p r o c e e d s .  

I m m e d i a t e l y   b e h i n d   t h e   e x c a v a t o r   and  s h i e l d   s t a g e   o f  

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

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

of  t h e   t u n n e l   h a v i n g   a  p i c k - u p   h e a d .   In  o p e r a t i o n ,  

s e g m e n t s   a r e   f ed   a l o n g   t h e   t u n n e l   and  p l a c e d   on  t h e  

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

The  a s s e m b l y   i s   r o t a t e d   so  t h a t   t h e   p i c k - u p   h e a d   i s  

a d j a c e n t   t h e   s e g m e n t ,   and  t h e   s e g m e n t   i s   t h e n   p i c k e d  

up  by  t h e   p i c k - u p   h e a d .   The  a s s e m b l y   i s   t h e n   r o t a t e d  

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

t h e   r i n g   of  s e g m e n t s   b e i n g   c o n s t r u c t e d   and  t h e   p i c k - u p  

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

in  p o s i t i o n   a g a i n s t   t h e   t u n n e l   w a l l .   The  s e g m e n t   i s  



h e l d   in   p o s i t i o n   and  t h e   p i c k - u p   head   i s   t h e n   r e l e a s e d  

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

f rom  t h e   b o t t o m   of  t h e   t u n n e l   and  p u t   in  p l a c e   t o  

c o m p l e t e   t h e   r i n g .  

In  t h e   known  m a c h i n e ,   t he   p i c k - u p   head   c o m p r i s e s  

a  p a i r   of  m o v a b l e   j aws   w h i c h   a r e   h y d r a u l i c a l l y   o p e r a t e d  

to  g r i p   t he   s e g m e n t   by  i t s   e d g e s   t h e r e b e t w e e n   at   t h e  

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

s e g m e n t   has   been   p o s i t i o n e d   a g a i n s t   t he   t u n n e l   w a l l .  

The  j aws   a r e   t h e n   moved  away  f rom  t h e   s e g m e n t ,   a n d  

t h e   f i n a l   p o s i t i o n   of  t h e   s e g m e n t   i s   a d j u s t e d .  

In  t h e   p r e s e n t   i n v e n t i o n   at   l e a s t   one  s u c t i o n  

pad  i s   u s e d   i n s t e a d   of  t h e   m o v a b l e   j a w s ,   and  a c c o r d i n g l y  

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

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

a r c u a t e   t u n n e l   l i n i n g   s e g m e n t s   to   l i n e   t he   t u n n e l ,   t h e  

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

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

and  a  p i c k - u p   d e v i c e   m o u n t e d   on  t he   a s s e m b l y   f o r  

p i c k i n g   up  such   t u n n e l   l i n i n g   s e g m e n t s   f rom  the   f l o o r  

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

i n s t a l l a t i o n   of  e a c h   s e g m e n t ,   r e l e a s i n g   t he   s e g m e n t ,  

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

pad  f a c i n g   g e n e r a l l y   r a d i a l l y   o u t w a r d l y   f rom  s a i d  

l o n g i t u d i n a l   a x i s   and  a d a p t e d   to   e n g a g e   the   c o n c a v e  



s u r f a c e   of  t he   s e g m e n t   so  t h a t   t h e   s u c t i o n   pad  a n d  

s e g m e n t   fo rm  a  s e a l e d   c a v i t y ,   and  means   b e i n g   p r o v i d e d  

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

s u c t i o n   p a d .  

The  m a c h i n e   a c c o r d i n g   to   t h e   i n v e n t i o n   o v e r c o m e s  

two  ma in   p r o b l e m s   f o u n d   in  t h e   known  m a c h i n e s .   F i r s t l y ,  

in   t h e   known  m a c h i n e s   t he   f o r c e   w i t h   w h i c h   t h e   j a w s  

g r i p   t h e   s e g m e n t   mus t   be  c a r e f u l l y   c o n t r o l l e d .   I f  

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

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

f rom  t h e   j a w s .   E s p e c i a l l y   when  u s i n g   s e g m e n t s   h a v i n g   a  

b i t u m e n   c o a t i n g ,   i t   has   s o m e t i m e s   b e e n   f o u n d   i m p o s s i b l e  

t o   p i c k   up  t he   s e g m e n t s   w i t h o u t   c r u m b l i n g .   In  t h e  

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

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

s e g m e n t s   w i t h o u t   a d v e r s e   e f f e c t s .   S e c o n d l y ,   when  u s i n g  

t h e   known  m a c h i n e ,   t h e   f i n a l   p o s i t i o n   of  t h e   s e g m e n t s  

has   to   be  a d j u s t e d   a f t e r   t he   j aws   had  b e e n   r e m o v e d .   I n  

t h e   c a s e   of  t he   p r e s e n t   i n v e n t i o n ,   t h e r e   a r e   no  l i f t i n g  

j aws   a t   t h e   e d g e s   of  t h e   s e g m e n t s   to  h i n d e r   t h e   p o s i t i o n -  

i n g   of  t h e   s e g m e n t s ,   and  t h u s   t h e   s e g m e n t s   can   be  i n -  

s t a l l e d   in  one  s t a g e   in  t h e i r   p r o p e r   p o s i t i o n .  

A  s p e c i f i c   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  

w i l l   now  be  d e s c r i b e d   by  way  of  e x a m p l e   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 ,   in   w h i c h :  



F i g u r e   1  i s   a  s c h e m a t i c   v i e w   of  t h e   l i n i n g   s t a g e  

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

of  a  r i n g   of   l i n i n g   s e g m e n t s ,   l o o k i n g   in   t h e  

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

t h e   e x c a v a t o r   and  s h i e l d   s t a g e   of  t h e   m a c h i n e ;  

F i g u r e   2  i s   a  s c h e m a t i c   p l a n   v i e w   of   t h e   p i c k - u p  

head   of  t h e   m a c h i n e ,   l o o k i n g   in   t h e   d i r e c t i o n   2  i n  

F i g u r e   1 ;  

F i g u r e   3  i s   an  end  v i e w   of  p a r t   of  t h e   p i c k - u p  

h e a d ;  

F i g u r e   4  i s   a  p a r t i a l   s e c t i o n   end  v i e w   of  t h e  

p i c k - u p   h e a d   t a k e n   a l o n g   t h e   s e c t i o n   l i n e   4-4  i n  

. F i g u r e . 2 ;  

Figure   5  is  a  p a r t i a l l y   s e c t i o n e d   e l e v a t i o n   of  a  m o d i f i e d  

s u c t i o n  p a d ;  

Figure   6  is  a  plan  view  of  the  mod i f i ed   p a d ;  

Figure   7  is   a  r ea r   view  of  a  mod i f i ed   p i ck -up   head;  a n d  

Figure   8  is  a  s ec t ioned   e l e v a t i o n   of  the  modi f ied   p ick-up   h e a d .  

R e f e r r i n g   to   t h e   d r a w i n g s ,   t h e   l i n i n g   s t a g e   1 0  

of  t he   m a c h i n e   i s   u s e d   to  i n s t a l   a  r i n g   of  a r c u a t e   c a s t  

c o n c r e t e   t u n n e l   l i n i n g   s e g m e n t s .   The  r i n g   c o n s i s t s   o f  

n i n e   i d e n t i c a l   s e g m e n t s   12,  and  t h r e e  f u r t h e r   s e g m e n t s  

14,  16,  18.  The  e d g e s   20,  of  t h e   s e g m e n t s   e x t e n d   i n  

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

edge   22  e a c h   of  s e g m e n t s   14,  16  i s   t a p e r e d   to   f o r m  

h a l f - w e d g e   s e g m e n t s ,   and  b o t h   e d g e s   24  of  t h e   u p p e r  

s e g m e n t   18  a r e   c o r r e s p o n d i n g l y   t a p e r e d   to   fo rm  a  

f u l l - w e d g e   key   s e g m e n t .   The  m e t h o d   of  i n s t a l l a t i o n  

of  t he   r i n g   i s   to   p o s i t i o n   s e g m e n t   12  (1)  on  t h e   t u n n e l  

f l o o r ,   to   l i f t   s e g m e n t   12  (2)  f r o m   t h e   t u n n e l   f l o o r  



i n t o   p o s i t i o n   and  h o l d   i t   t h e r e   t e m p o r a r i l y   by  a  

h y d r a u l i c   ram,  and  s e q u e n t i a l l y   to   l i f t   i n t o   p o s i t i o n  

and  t e m p o r a r i l y   h o l d   s e g m e n t s   12  (3)  to   12  ( 9 ) ,   14  a n d  

16.  The  key  s e g m e n t   18  i s   t h e n   s l i d   l o n g i t u d i n a l l y  

i n t o   p o s i t i o n   to   l o c k   t h e   r i n g   in  p l a c e .   The  h y d r a u l i c  

r ams   t e m p o r a r i l y   h o l d i n g   s e g m e n t s   12,  14,   16  can  t h e n  

be  r e l e a s e d .  

The  l i n i n g   s t a g e   10  w h i c h   c a r r i e s   o u t   t h e  

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

26  m o u n t e d   f o r   r o t a t i o n   a b o u t   t h e   a x i s   of  t h e   t u n n e l ,  

f o r   e x a m p l e   by  g u i d e   r o l l e r s   28  m o u n t e d   on  t h e   m a c h i n e  

c h a s s i s .   The  member  26  i s   l o c a t e d   s l i g h t l y   f o r w a r d l y  

of  t h e   r i n g   of  s e g m e n t s   to  be  i n s t a l l e d .   A  m o t o r   3 0  

i s   p r o v i d e d   to  r o t a t e   t h e   a n n u l a r   member   26  as  d e s i r e d ,  

in  e i t h e r   d i r e c t i o n   f o r   e x a m p l e   by  means   of  a  p i n i o n  

32  e n g a g i n g   i n t e r n a l   t o o t h i n g   on  t he   member   26.  A 

p i c k - u p   d e v i c e   i s   m o u n t e d   on  t h e   r o t a t a b l e   member  2 6 .  

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

34,  t h e   a x i s   of  w h i c h   i s   g e n e r a l l y   c o i n c i d e n t   w i t h   t h e  

t u n n e l   a x i s .   The  p l a t e   i s   m o u n t e d   by  means   of  a  

h y d r a u l i c   ram  36  w h i c h   can   move  t h e   p l a t e   r a d i a l l y   a s  

d e n o t e d   by  t he   a r r o w   R  and  a l s o   by  means   of  a  j o i n t   38  

w h i c h   p e r m i t s   a  l i m i t e d   s m a l l   amount  of  f r e e   t i l t i n g  

m o v e m e n t   of  t he   p l a t e   34,  d e n o t e d   by  t h e   a r r o w   T .  

R e f e r r i n g   now  more  p a r t i c u l a r l y   to   F i g u r e s   2 



to   4,  two  s u c t i o n   p a d s   40  a r e   m o u n t e d   on  t h e   c o n v e x  

s i d e   of  t h e   p l a t e   34.   Each   s u c t i o n   pad  c o m p r i s e s   a  

r e c t a n g u l a r   s h e e t   42  of  r u b b e r   h a v i n g   a  p e r i p h e r a l  

f l a n g e - l i k e   l i p   44  p r o j e c t i n g   away  f rom  t h e   p l a t e   3 4 .  

The  s h e e t   42  i s   s a n d w i c h e d   b e t w e e n   t h e   p l a t e   34  and  a  

f u r t h e r   p l a t e   46,  and   t h i s   s a n d w i c h   i s   h e l d   t o g e t h e r  

by  f a s t e n e r s   e x t e n d i n g   t h e r e t h r o u g h .   E a c h  p a d   40  i s  

p r o v i d e d   w i t h   a  p o r t   48,  w h i c h   p o r t s   a r e   b o t h  

c o n n e c t e d   to   a  common  v a c u u m   p u m p .  

In  o r d e r   to   i n s t a l l   a  s e g m e n t   12,  14,   16,   t h e  

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

p i c k - u p   d e v i c e   34  w i t h   t h e   c o n c a v e   s u r f a c e   of  t h e  

s e g m e n t   u p p e r m o s t .   The  ram  36  i s   t h e n   e x t e n d e d   s o  

t h a t   t h e   l i p s   44  of  t h e   s u c t i o n   p a d s   e n g a g e   t h e   c o n c a v e  

s u r f a c e   of  t h e   s e g m e n t   and  so  t h a t   e a c h   pad  f o r m s   w i t h  

t h e   s e g m e n t   a  s e a l e d   c a v i t y .   The  c a v i t y   i s   t h e n  

e v a c u a t e d   by  o p e r a t i o n   of  t h e   vacuum  pump  so  t h a t   t h e  

s e g m e n t   i s   h e l d   a g a i n s t   t h e   s u c t i o n   p a d s .   The  ram  36  

i s   t h e n   r e t r a c t e d ,   l i f t i n g   t h e   s e g m e n t   c l e a r   of  t h e  

t u n n e l   f l o o r , a n d   t h e   m o t o r   30  i s   o p e r a t e d   to   s w i n g   t h e  

s e g m e n t   to   t h e   d e s i r e d   a n g u l a r   p o s i t i o n   a r o u n d   t h e   r i n g .  

The  ram  36  i s   t h e n   e x t e n d e d   to   i n s t a l   t h e   s e g m e n t  

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

as  d e s c r i b e d   a b o v e .   The  s u c t i o n   i s   t h e n   r e l e a s e d ;  

t h e   ram  36  i s   r e t r a c t e d   and  the   p i c k - u p   d e v i c e   i s  



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

f u r t h e r   s e g m e n t .  

A  t y p i c a l   s e g m e n t   may  w e i g h   a b o u t   3501b   ( 1 6 0 k g ) .  

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

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

s u r f a c e   of  t h e   s e g m e n t   o v e r   a  t o t a l   a r e a   of   a b o u t  

7 0 i n 2   ( 4 5 0 c m 2 ) .   When  o p e r a t i n g   a t   a  p r e s s u r e  o f  

l O l b / i n 2   ( 0 . 7 k g / c m  )   b e l o w   a t m o s p h e r i c   p r e s s u r e ,   t h e  

s u c t i o n   p a d s   can  c a u s e   a  l i f t i n g   f o r c e   of  a  l i t t l e  

u n d e r   7001b   (320kg)   to   be  a p p l i e d   to   t h e   s e g m e n t .  

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

be  a b l e   to   o v e r c o m e   t h e   w e i g h t   of  t h e   s e g m e n t   when  t h e  

m a c h i n e   i s   in  t h e   a n g u l a r   p o s i t i o n   shown  in   F i g u r e   1 ,  

b u t   a l s o   be  a b l e   to   p r e v e n t   s l i d i n g   of  t h e   s e g m e n t  

f rom  t h e   p a d s   when  t h e   member   26  has  b e e n   r o t a t e d   b y  

900  f rom  t h a t   p o s i t i o n .  

The  p i c k - u p   h e a d   may  be  m o d i f i e d ,   f o r   e x a m p l e   b y  

u s i n g   a  s i n g l e   s u c t i o n   pad   or  more  t h a n   two  s u c t i o n  

p a d s .  

R e f e r r i n g   now  to   F i g u r e s   5  and  7,  t h e r e   i s   s h o w n  

a  m o d i f i e d   s u c t i o n   pad  40,  c o m p r i s i n g   a  g e n e r a l l y   s q u a r e  

d i s h e d   r u b b e r   m o u l d i n g   50  b o n d e d   to   a  p l a n e   m e t a l  

b a c k - p l a t e .   The  s e a l i n g   l i p   44  of  t h e   m o u l d i n g   i s   w i d e r  

t h a n   t h a t   shown  in  F i g u r e   4  and  i s   f o r m e d   w i t h   a  s e r i e s  

of  f o u r   p e r i p h e r a l   g r o o v e s   52  w h i c h   i m p r o v e   t h e   s e a l  

w h i c h   can  be  o b t a i n e d .   A  vacuum  p o r t   48  i s   f o r m e d  



t h r o u g h   t h e   b a c k - p l a t e   34  and  r u b b e r   m o u l d i n g ,   a n d  

a  t h r e a d e d   h o l e   54  i s   p r o v i d e d   in  t h e   b a c k - p l a t e   34 

by  w h i c h   t h e   s u c t i o n   pad  can  be  a t t a c h e d   t o   t h e  

p i c k - u p   h e a d .  

R e f e r r i n g   now  to   F i g u r e s   7  and  8,  t h e r e   i s   s h o w n  

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

p a d s   50  as  shown  in  F i g u r e s   5  and  6.  The  p i c k - u p  

h e a d   c o m p r i s e s   u p p e r   and  l o w e r   e l o n g a t e   members   56,  58  

and  t h r e e   u p r i g h t   member s   60  w h i c h   a r e   w e l d e d   t o g e t h e r  

to   f o r m   a  f r a m e w o r k   64  of  two  s i d e - b y - s i d e   s q u a r e s  

in   w h i c h   t h e   s u c t i o n   p a d s   50  a r e   l o c a t e d .   Two  p a i r s  

of   p l a t e s   62  e x t e n d   r e a r w a r d l y   f rom  t h e   f r a m e w o r k  

to   p r o v i d e   m o u n t i n g s   f o r   t h e   s u c t i o n   p a d s   50.  A 

b e a r i n g   b l o c k   66  i s   p i v o t a l l y   m o u n t e d   b e t w e e n   e a c h  

p a i r   of   p l a t e s   62  and  a  s u p p o r t   s h a f t   68  e x t e n d i n g  

r e a r w a r d l y   f rom  e a c h   s u c t i o n   pad  50  is  s l i d a b l y   m o u n t e d  

in  a  r e s p e c t i v e   one  of  t he   b e a r i n g   b l o c k s   66.  E a c h  

s u p p o r t   s h a f t   68  i s   h e l d   c a p t i v e   in  t he   r e s p e c t i v e  

b e a r i n g   b l o c k   66  by  a  nu t   70  and  w a s h e r ,   and  a  

c o m p r e s s i o n   s p r i n g   72  i s   m o u n t e d   on  e a c h   s h a f t   68  

b e t w e e n   t h e   r e s p e c t i v e   b e a r i n g   b l o c k   66  and  t h e  

b a c k - p l a t e   34  of  t h e   r e s p e c t i v e   s u c t i o n   p a d .  

The  s p r i n g s   72  u r g e   the   s u c t i o n   p a d s   n o r m a l l y  

to   a  p o s i t i o n   to  t h e   l e f t   of  t h a t   shown  in  F i g u r e   7 

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

of  t h e   f r a m e w o r k   64  and  can  e n g a g e   t h e   c o n c r e t e   l i n i n g  



b l o c k s .   As  the   pads   a r e   b r o u g h t   i n t o   e n g a g e m e n t   w i t h  

t he   l i n i n g   b l o c k s ,   t h e   p a d s   can  r e t r a c t   i n t o   t h e  

f r a m e w o r k   to   a  p o s i t i o n   w h e r e   t h e   s e a l i n g   l i p s   a r e  

f l u s h   w i t h   t he   f r a m e w o r k   and  t h e   f r a m e w o r k   e n g a g e s  

t h e   l i n i n g   b l o c k .   F u r t h e r   p r e s s u r e   a p p l i e d   by  t h e  

p i c k - u p   head   on  t he   l i n i n g   b l o c k   is   t h e n   t r a n s m i t t e d  

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

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

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

of  t h e   p i c k - u p   head  to   t h e   c o n c r e t e   b l o c k .  



1.  A  t u n n e l l i n g   machine  having  a  t unne l   l i n i n g   (10) 

s t a g e   f o r   i n s t a l l i n g   a  r i n g   of  a r c u a t e   t u n n e l - l i n i n g  

s e g m e n t s   t o   l i n e   t h e   t u n n e l ,   t h e   t u n n e l   l i n i n g   s t a g e  

c o m p r i s i n g   an  assembly  (26)  suppor ted   for   r o t a t i o n   a b o u t  a  

l o n g i t u d i n a l   axis   of  the  machine,   and  a  p i ck -up   dev ice   (34) 

m o u n t e d   on  t h e   a s s e m b l y   f o r   p i c k i n g   up  s u c h   t u n n e l  

l i n i n g   s e g m e n t s   f rom  t h e   f l o o r   of  t h e   t u n n e l   and ,   a f t e r  

r o t a t i o n   of  t h e   a s s e m b l y   and  i n s t a l l a t i o n   of   e a c h  

segment,  r e l e a s i n g   the  segment,  c h a r a c t e r i s e d   in  t h a t   the  p i c k - u p  

device   comprises   at   l e a s t   one  suc t i on   pad  (40)  f ac ing   g e n e r a l l y  

r a d i a l l y   o u t w a r d l y   f r o m   s a i d   l o n g i t u d i n a l   a x i s   a n d  

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

t h a t   t h e   s u c t i o n   pad   and  s e g m e n t   fo rm  a  s e a l e d   c a v i t y ,  

and  means   (48)  b e i n g   p r o v i d e d   to   e v a c u a t e   t h e   c a v i t y   t o  

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

2.  A  m a c h i n e   as  c l a i m e d   in   C l a i m   I.,  w h e r e i n  

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

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

s e g m e n t .  

3.  A  m a c h i n e   as  c l a i m e d   in   C l a i m   1  or   2 ,  

w h e r e i n   t h e   or  e a c h   s u c t i o n   pad  has   a  r e s i l i e n t  



p e r i p h e r a l   l i p   (44)  to   e n g a g e   and  s e a l   a g a i n s t   t h e  

c o n c a v e   s u r f a c e   of  t h e   s e g m e n t .  

4.  A  m a c h i n e   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

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

c y l i n d r i c a l   b a c k i n g   p l a t e ,   t h e   a x i s   of   w h i c h   i s  

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

m a c h i n e ,   and  t he   or  e a c h   s u c t i o n   pad  b e i n g   m o u n t e d   o n  

t h e   b a c k i n g   p l a t e .  

5.  A  m a c h i n e   as  c l a i m e d   in  any  p r e c e d i n g   c l a i m  

w h e r e i n   t he   p i c k - u p   d e v i c e   f u r t h e r   c o m p r i s e s   a  p a r t -  

c y l i n d r i c a l   b a c k i n g   p l a t e ,   t h e   a x i s   of  w h i c h   i s  

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

m a c h i n e ,   and  the   or  e a c h   s u c t i o n   pad  b e i n g   m o u n t e d   o n  

t h e   b a c k i n g   p l a t e .  

6.  A  m a c h i n e   as  c l a i m e d   in  any  p r e c e d i n g  

c l a i m ,   w h e r e i n   t h e   p i c k - u p   d e v i c e   f u r t h e r   c o m p r i s e s   a  

f r a m e w o r k   (64)  e n c i r c l i n g   t h e   or  e a c h   s u c t i o n   p a d ,  

t h e   pad  b e i n g   a r r a n g e d   to   s t a n d   p r o u d   of  t h e  

f r a m e w o r k   and  b e i n g   m o u n t e d   ( a t   66)  so  as  to   be  a b l e  

t o   r e t r a c t   to   a  p o s i t i o n   in  w h i c h   t h e   s u c t i o n   pad  i s  

f l u s h   w i t h   t he   f r a m e w o r k .  
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