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@>  Mole. 

©  A  ground  boring  tool  known  as  a  mole  is  fitted  within  its 
conical  head  (1)  with  a  pneumatic-powered  rotatory  vibrator 
(8)  which  generates  severe  radial  vibrations.  As  a  result  the 
progress  of  the  mole  through  resistant  ground  is  speeded  or 
made  possible.  The  mole  also  may  be  used  for  upgrading  exist- 
ing  ducts  with  or  without  the  destruction  of  an  existing  lining 
to  such  ducts.  For  destruction  of  existing  linings  elongate 
ridges  (16)  may  be  positioned  on  the  surface  of  the  cone. 
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T h i s   i n v e n t i o n   r e l a t e s   t o   m o l e s ,   w h i c h   a r e  

t o o l s   f o r   f o r m i n g ,   c l e a r i n g   o r   e n l a r g i n g   b o r e s   in   t h e  

g r o u n d .  

The  n e e d   f o r   r e n e w a l   and   u p r a t i n g   of  p i p e l i n e s  

f o r   s e r v i c e s   s u c h   as  g a s ,   w a t e r   and   s e w a g e   has   r e c e n t l y  

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

w i t h i n   t h e   e x i s t i n g   p i p e l i n e   p a s s a g e   w i t h . t h e   new  l i n i n g  

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

i m p e r m e a b l e   or   more   r e s i s t a n t   t o   d i s r u p t i o n .   For   u p -  

r a t i n g ,   i n c r e a s e   in   t h e   d i a m e t e r   of   t h e   p i p e l i n e   may  b e  

i n v o l v e d   and   f o r   t h i s   p u r p o s e   a  t o o l   may  be  p a s s e d   a l o n g  

t h e   p i p e l i n e   w h i c h   b r e a k s   up  t h e   o l d   l i n i n g   s u c h   as  t h e  

o l d   c a s t   i r o n   or   e a r t h e n w a r e   p i p e s   and   i n c r e a s e s   t h e  

b o r e .   The  new  p i p e   may  be  d r a w n   i n   b e h i n d   t h e   t o o l   s o  

t h a t   u n d e r   g o o d   c o n d i t i o n s   new  i n s t a l l a t i o n   of  an  u p -  

r a t e d   p i p e l i n e   may  be  c o m p l e t e d   in   a  s i n g l e   p a s s .  

H o w e v e r   i t   may  be  i n s e r t e d   a t   a  l a t e r   d a t e .   S i m i l a r  

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

t h e n   s e r v i c e   d u c t s   may  t h e n   be  p u s h e d   or  p u l l e d   t h r o u g h  

t h e   h o l e s .  

P r o b l e m s   a r i s e   h o w e v e r   b e c a u s e   t h e   r a t e   o f  

p r o g r e s s   of  t h e   t o o l   t h r o u g h   t h e   g r o u n d ,   t h e   o l d   p i p e -  

l i n e   or   t h e   s e w e r   may  be  t o o   s l o w   and  t h e   r e s i s t a n c e  

o f f e r e d   to   i t s   p r o g r e s s   may  r e s u l t   in   f r e q u e n t   b r e a k -  

d o w n s .  

The  p r e s e n t   i n v e n t i o n   c o n c e r n s   a  mole   w h i c h  

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



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

w h i c h   i s   a l s o   u s e f u l   t o   p e n e t r a t e   w h e r e   no  p r e v i o u s   d u c t  

e x i s t e d ;   t h a t   i s ,   i t   can   be  u s e d   t o  p e n e t r a t e   t h e   g r o u n d  

to   f o r m   a  new  p i p e l i n e   b o r e   or  even   to   fo rm  v e r t i c a l   o r  

i n c l i n e d   b o r e s .  

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

t o   be  d r a w n   or   p u s h e d   i n t o   or   t h r o u g h   t h e   g r o u n d   ( e i t h e r  

t h r o u g h   s o l i d   g r o u n d   or   t h r o u g h   an  e x i s t i n g   d u c t   in  t h e  

g r o u n d ) .   I t   h a s   a  c o n i c a l l y   d i v e r g e n t   l e a d i n g   p a r t   w h i c h  

h a s   a  r o t a r y   v i b r a t o r   m o u n t e d   w i t h i n   i t .  

S u c h   v i b r a t o r s   a r e   known  p e r   se  and  a r e  

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

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

t h e   c r e a t i o n   of   o u t - o f - b a l a n c e   f o r c e s   in   t h e   r a d i a l   p l a n e .  

They  a r e   c o n v e n t i o n a l l y   u s e d   f o r   e x a m p l e   in   s c r e e n i n g  

( s i e v i n g )   c o n v e y o r s ,   r o a d   r o l l e r s   and  to   d i s l o d g e   l o a d s  

f r o m   t i p p i n g   v e h i c l e s .   They   may  be  m e c h a n i c a l l y ,   e l e c -  

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

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

v i b r a t o r   i s   p r e f e r r e d .  

I n   one   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e   r e a r  

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

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

b o d y   of  a  v i b r a t o r   t o o l   i s   p u s h   f i t t e d   and   i s   t h e n   a x i a l l y  

r e t a i n e d   by  f i t t i n g   a  r e m o v a b l e   p l a t e   b e h i n d   i t .   M o t i v e  

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

f r o m   b e h i n d   t h e   t o o l   ( t h a t   i s   t o   s ay   t h r o u g h   t h e   p a s s a g e -  

way  w h i c h   i t   h a s   o p e n e d   up  as  i t   p r o g r e s s e s ) ,   or  f r o m  

t h e   f r o n t .  



F o r w a r d   m o t i o n   of  t h e   t o o l   may  be  c a u s e d   e i t h e r  

by  a  ram  b e h i n d   i t   or   more   u s u a l l y   f r o m   a  rod  or  c a b l e  

d r a w n   in  f r o n t   of   i t .  

A  cone   a n g l e   of  i n c l i n a t i o n   of  1 0 - 2 0 ° ,   m o r e  

p r e f e r a b l y   a b o u t   15°  i s   f o u n d   t o   be  s u i t a b l e ,   a l t h o u g h  

o t h e r   g r e a t e r   a n g l e s   may  be  u s e d .  

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

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

f r e q u e n c y   may  r a n g e   w i d e l y   a c c o r d i n g   t o   t h e   g r o u n d  

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

w h i c h   i s   t o   be  b r o k e n   up  (when  r e n e w a l   i s   i n v o l v e d ) .  

F o r   e x a m p l e ,   c e n t r i f u g a l   f o r c e   of  b e t w e e n   5  kNs  and  6 0  

kNs  may  be  d e v e l o p e d   w i t h   v i b r a t i o n   a m p l i t u d e s   b e t w e e n  

1  mm  and  a b o u t   7  mm  a t   v i b r a t i o n   f r e q u e n c i e s   of  b e t w e e n  

9 , 0 0 0   and   1 5 , 0 0 0   p e r   m i n u t e .  

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

s i t u a t i o n   w i l l   l a r g e l y   be  as  a  r e s u l t   of   e x p e r i e n c e   i f  

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

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

w h i c h   may  n e e d   t o   be  b o r n e   in   mind   a r e   t h e   p r o p u l s i v e  

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

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

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

t h e   u p r a t i n g   of  a  p i p e l i n e )   and  t h e   o p t i m i s a t i o n   of  t h e  

r a t e   of  p r o g r e s s .  

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

d r a w i n g s   w h e r e i n :  



F i g u r e   1  i s   a  d i a m e t r i c a l   s e c t i o n   t h r o u g h   t h e  

h e a d   of  t h e   m o l e  

F i g u r e   2  i s   a  d i a m e t r i c a l   s e c t i o n   t h r o u g h   t h e  

h e a d   of   a  m o d i f i e d   m o l e ;   a n d  

F i g u r e   3  i s   a  p a r t   s e c t i o n   t h r o u g h   t h e   m o d i f i e d  

m o l e .  

A  s t e e l   c o n e   1  h a s   an  a x i a l   v o i d   t h r o u g h   i t s  

c e n t r e ,   t h e   l e a d i n g   end   of  w h i c h   2  i s   e n l a r g e d   t o  

r e c e i v e   t h e   t a i l   end  of   a  t r a c t i o n   r o d   3  c o u p l e d   to   t h e  

c o n e   by  a  p i n   4 .  

At  t h e   r e a r   end   of  t h e   v o i d   t h e r e   i s   an  e n l a r g e -  

m e n t   5  a  c i r c u m f e r e n t i a l   w a l l   of  w h i c h   has   a  l a n d   6 

w h i c h   i s   a  p u s h - f i t   o n t o   t h e   o u t e r   s u r f a c e   of  t h e   b o d y   7 

of  a  r o t a r y   v i b r a t o r   8.  At  i t s   a x i a l l y   l e a d i n g   end  t h e  

v i b r a t o r   8  f i t s   s n u g l y   a g a i n s t   b l o c k s   9  on  an  a x i a l   w a l l  

of  t h e   e n l a r g e m e n t s   and   a t   i t s   o t h e r   a x i a l   end  s i m i l a r  

b l o c k s   10  a r e   h e l d   a g a i n s t   t h e   r e a r   end   o f  t h e   v i b r a t o r  

by  an  a n n u l a r   r e t a i n i n g   p l a t e   11  h e l d   t o   a  r e a r   f a c e   o f  

t h e   c o n e   by  b o l t s   12.   At  i t s   t r a i l i n g   end  t h e   t o o l   h a s  

a  c y l i n d r i c a l   w a l l   12  t h e   r e a r   end  of   w h i c h   may  be  u s e d  

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

t h e   h o l e   in   t h e   g r o u n d   f o r m e d ,   e n l a r g e d   or   c l e a r e d   b y  

t h e   t o o l .  

The  v i b r a t o r   8  i s   of  a  t y p e   known  p e r   se  w i t h  

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

A i r   a t   a p p r o p r i a t e   p r e s s u r e   i s   f ed   t o   t h e   m o t o r   t h r o u g h  

p i p e l i n e   15  w h i c h   f o l l o w s   t h e   t o o l   a l o n g   t h e   b o r e   w h i c h  

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



s u r f a c e .  

More  s p e c i f i c a l l y   a  V i b t e c   VE120  v i b r a t o r  

p r o v i d e d   w i t h   a i r   a t   140  cfm  ( c u b i c   f e e t   p e r   m i n u t e ) - a t  

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

1.  The  mo le   was  p u l l e d   by  a  r o d   d r a w n   by  a  P e t e r s e n   h y d -  

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

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

a t t a c h e d   by  a  p i n   4  and   t h e n   d r a w n   b a c k .   The  p o w e r  

p a c k   of   t h e   r o d d i n g   u n i t   was  o p e r a t e d   a t   v a r i o u s   p r e s s -  

u r e s   w i t h   and  w i t h o u t   t h e   v i b r a t o r   in   o p e r a t i o n .   T h e  

c o n e   was  250  mm  d i a m e t e r ,   w i t h   a  c o n e   a n g l e   of  1 5 ° .  

The  c o n e   was  t e s t e d   t h r o u g h   a  bed  of   b l u e   c l a y  

a t   a  d e p t h   b e l o w   t h e   s u r f a c e   of  a p p r o x i m a t e l y   1 .5   m e t r e s .  

At  41  b a r   p r e s s u r e   in   t h e   p o w e r   p a c k   of   t h e   r o d d i n g  

u n i t   t h e   c o n e   w o u l d   n o t   move  b u t   when   t h e   v i b r a t o r  

was  o p e r a t e d   i t   made  s t e a d y   t h o u g h   s l o w   p r o g r e s s .   W h e n  

t h e   p o w e r   p a c k   was  o p e r a t e d   a t   5_4  b a r   p r e s s u r e   t h e   c o n e  

moved   s l o w l y ,   b u t   u se   of   t h e   v i b r a t o r   was  f o u n d   t o   d o u b l e  

i t s   s p e e d   of   p r o g r e s s .   T h i s   was  a  v e r y   s e v e r e   t e s t  b e i n g  

i n   s o l i d   damp  c l a y .   F o r   t h e s e   c o n d i t i o n s   l a r g e r   v i b r a t i n g  

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

u s e d   i t   was  a b o u t   1 . 5   mm)  w o u l d   be  p r e f e r r e d ,   p r o v i d e d  

f o r   e x a m p l e   by  a  V i b t e c   V E 4 5 0 0 .  

In  c l e a r i n g   o u t   or  u p r a t i n g   an  e x i s t i n g   d u c t  

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

i t i o n s   t h e   f i r s t - d e s c r i b e d   v i b r a t o r   - s h o u l d   be  a d e q u a t e .  

I m p r o v e d   p e r f o r m a n c e   may  be  o b t a i n e d   by  t h e  

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



c o n e   1 ' .   One  s u c h   s h a p e   i s   a  k n i f e - e d g e   r i d g e   16  a s  

shown  in  F i g u r e s   2  and  3.  T h e s e   k n i f e - e d g e s   ( s t r e s s  

r a i s e r s )   of   w h i c h   o n e ,   two  or  more   may  be  p r o v i d e d ,  

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

a r e   v e r y   e f f e c t i v e   e s p e c i a l l y   i n   b r e a k i n g   m a t e r i a l s  

s u c h   as  c a s t - i r o n   and  v i t r e o u s   c l a y .  

A  m o l e   e m b o d y i n g   t h e   i n v e n t i o n   may  be  u s e d  

b e h i n d   a n o t h e r   b u t   c o n v e n t i o n a l   m o l e   e . g .   as   a  r o u n d i n g  

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

m o l e   some  o f   w h i c h   do  n o t   l e a v e   a  c i r c u l a r - s e c t i o n  

p a s s a g e   b e h i n d   t h e m .  



1.  A  m o l e   w i t h   a  c o n i c a l   h e a d   (1)  c h a r a c t e r i z e d  

t h a t  a   r o t a t o r y   v i b r a t o r   (8)  i s   a r r a n g e d   t o   g e n e r a t e  

r a d i a l   v i b r a t i o n   of  t h e   h e a d   ( 1 ) .  

2.  A  m o l e   a c c o r d i n g   t o   c l a i m   1  w h e r e i n   t h e   v i b r a t o r  

(8)   i s   a  u n i t   f i t t e d   i n s i d e   a  h o u s i n g   (5)  f o r m e d   w i t h i n  

t h e   h e a d ,   a  c a s i n g   (7)  of   t h e   v i b r a t o r   a b u t t i n g   r a d i a l l y  

on  a  l a n d   (6)  i n   t h e   h o u s i n g   ( 5 ) .  

3.  A  m o l e   a c c o r d i n g   t o   c l a i m   1  o r   c l a i m   2  w h e r e i n  

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

4.  A  m o l e   a c c o r d i n g   t o   a n y  o n e   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   one   or   more   r i d g e s   ( 1 6 )   a r e   a r r a n g e d  

i n   a x i a l   p l a n e ( s )   a l o n g   t h e   s u r f a c e   of   t h e   h e a d   ( 1 ) .  

5.  A  m o l e   a c c o r d i n g   t o   a n y  o n e   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   t h e   c o n e   a n g l e   of   t h e   c o n e   i s   f r o m  

10  t o   2 0 ° .  
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