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®  Steps. 
  There  is  described  the  combination  of  a  step  for  use  with 
a  tubular  man-hole  liner  having  at  least  one  pair  of  horizon- 
tally  located  cylindrical  holes  therein.  The  step  is  substantial- 
ly  U-shaped  in  plan.  It  has  a  tread  part  and  a  pair  of  arms 
extending  from  the  thread  part  to  walls  located  respectively 
at  the  ends  of  the  arms.  A  pair  of  cylindrical  projections 
respectively  project  from  the  walls  to  engage  in  the  holes. 
The  outer  ends  of  the  projections  are  hollow  and  frusto- 
conical  plugs  are  received  within  the  hollow  ends  and  distort 
them  into  engagement  with  the  walls. 



T h i s   i n v e n t i o n   is   c o n c e r n e d   w i t h   s t e p s   of  t h e  K i n d  w h i c h  

a r e   u s e d   i n t e r   a l i a   in  man  h o l e s   to  p e r m i t   a  p e r s o n   t o  

c l i m b   e i t h e r   down  i n t o   t h e   man  h o l e   or  up  o u t   of   t h e   m a n  

h o l e .   Such  s t e p s   a r e   p r e s e n t l y   n o r m a l l y   c o m p r i s e   a  s t e e l  

t u b e   or   rod  t h a t   h a s   b e e n   b e n t   i n t o   a  " U " - s h a p e   and   t h e  

e n d s   of   t h e   a rms   a r e   f i x e d   i n t o   h o l e s   in  t h e   w a l l   o f   t h e  

man  h o l e .   T h e s e   h o l e s   a r e   n o r m a l l y   o f   g r e a t e r   c r o s s - s e c -  

t i o n a l   a r e a   t h a n   t h e   e n d s   and  c e m e n t   i s   f o r c e d   i n t o   t h e  

g a p s   a b o u t   t he   e n d s .   T h i s   p r o c e s s   is   o f t e n   c r u d e   and   a d e -  

q u a t e   s e a l i n g   i s   n o t   e f f e c t e d   so  t h a t   l e a k a g e   o f t e n   t a k e s  

p l a c e .   F u r t h e r m o r e   t h e   s t e p s   t e n d   to   work   l o o s e   and   o f t e n  

c a n n o t   be  p r o p e r l y   r e p l a c e d .  

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 e p   c o m p r i s i n g   a  f l a t   t r e a d ,   a  w a l l   a t   one  end  o f   t h e  

t r e a d ,   and  p r o j e c t i o n   m e a n s   on  t h e   s i d e   of  t h e   w a l l   r e m o t e  

from  t h e   t r e a d ,   t h e   p r o j e c t i o n   means   h a v i n g   a  h o l l o w   o u t e r  

p a r t   and  b e i n g   a d a p t e d   to   be  f i x e d   i n t o   a  m a n - h o l e   l i n e r  

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

e x p a n d   and  to   s e a l   a g a i n s t   t h e   h o l e s   in  t h e   m a n - h o l e   w a l l .  

A  s e a l a n t   i s   p r e f e r a b l y   p l a c e o   b e t w e e n   e a c h   t he   p r o j e c t i o n  

means   and  t h e   w a l l   of   t h e   h o l e .   The  p r o j e c t i o n   m e a n s   a r e  

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

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

The  t r e a d   i s   p r e f e r a b l y   g e n e r a l l y   " U " - s h a p e d   in  p l a n .   I t  

is   p r e f e r a b l y   s u p p o r t e d   by  g u s s e t   m e a n s   p r e f e r a b l y   e x t e n d -  

ing  t h e r e f r o m   p r e f e r a b l y   to   t h e   a b o v e m e n t i o n e d   w a l l   w h e r e  

t h a t   w a l l   is  p r o v i d e d .  



The  s t e p   p r e f e r a b l y   c o m p r i s e s   a  p l a s t i c s   m a t e r i a l   and  i s  

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

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  be  d e s c r i b e d   b y  

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

d r a w i n g s .  

In  t h e   d r a w i n g s : -  

F i g u r e   1  i s   a  p l a n   of  a  s t e p   of   t he   i n v e n t i o n   in  p o s i t i o n  

in  a  t u b e   f o r m i n g   p a r t   of   a  man  h o l e   l i n i n g ,  

F i g u r e   2  i s   a  s i d e   v i e w   of   t h e   s t e p ,  

F i g u r e   3  i s   an  u n d e r p l a n   o f   t h e   s t e p ,  

F i g u r e   4  i s   a  s e c t i o n a l   s i d e   v i e w   of  a  m o d i f i e d   s t e p   o f  

t h e   i n v e n t i o n ,   and  ø 

F i g u r e   5  i s   a  e n l a r g e d   s i d e   v i e w   of   a  p l u g .  

R e f e r r i n g   now  to  t he   d r a w i n g s ,   t h e r e   is  shown  a  s t e p   10  o f  

t h e   i n v e n t i o n .   The  s t e p   10  i s   a  h i g h   i m p a c t   n y l o n   m o u l d i n g  

and  c o m p r i s e s   a  h o r i z o n t a l   " U " - s h a p e d   t r e a d   12  h a v i n g   a  

t r e a d   p a r t   14  and  a  p a i r   of   a r m s   16  a t   the   end  of   w h i c h  

a r e   a  p a i r   of  t u b u l a r   p r o j e c t i o n s   18  r e s p e c t i v e l y .   T h e  

s t e p   i s   a b o u t   150  mm  w i d e   and   55mm  d e e p .   The  a rms   16  a r e  

a b o u t   42mm  wide  and  75  mm  l o n g .   The  u p p e r   s u r f a c e   20  o f  

t h e   t r e a d   p a r t   14  i s   r o u g h e n e d   by  h a v i n g   g r o o v e s   f o r m e d  

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



At  t h e   e n d s   of   t h e   a r m s   16  t h e r e   is  p r o v i d e d   r e s p e c t i v e l y  

a  p a i r   of  t r a n s v e r s e   v e r t i c a l   w a l l s   22  w h i c h   e x t e n d   f r o m  

s l i g h t l y   a b o v e   and  to   s u b s t a n t i a l l y   b e l o w   t h e   u p p e r   s u r -  

f a c e   2 0 .  

The  w i d t h   of  t h e   w a l l s   22  i s   s l i g h t l y   g r e a t e r   t h a n   t h a t   o f  

t h e   arms  16.  The  o u t e r   s u r f a c e s   22a  o f   t h e s e   w a l l s   22  l i e  

on  an  a r c   as  w i l l   be  d e s c r i b e d   b e l o w   and  t h e y   c a r r y   t h e  

p r o j e c t i o n s   1 8 .  

The  s t e p   10  i s   g e n e r a l l y   f r u s t o - t r i a n g u l a r   in  s i d e   e l e v a -  

t i o n   l e a d i n g   f rom  a b o u t   15mm  a t   i t s   o u t e r   n a r r o w   end  23  t o  

a b o u t   70mm  a t   t h e   j u n c t i o n   w i t h   t h e   w a l l s   22.   T h e  

s i d e s   24  of  t h e   s t e p   f o r m ,   as  i t   w e r e ,   r e i n f o r c i n g   g u s s e t s  

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

of   t h e   w a l l s   22.  A  g r o o v e   26,  t h a t   i s   " U " - s h a p e   in  p l a n ,  

i s   f o r m e d   in  t h e   u n d e r s u r f a c e   28  of  t h e   s t e p   10  to   r e d u c e  

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

s i d e   of  t h e   g r o o v e   p r o v i d i n g   t he   n e c e s s a r y   s t r e n g t h   to   t h e  

s t e p .  

The  p r o j e c t i o n s   18  a r e   a b o u t   40mm  in   o u t s i d e   d i a m e t e r   a n d  

a b o u t   57mm  in  mean  a x i a l   l e n g t h   i . e .   a b o u t   t he   same  d i m e n -  

s i o n   as  t h e   t h i c k n e s s   of   t h e   w a l l   of  t h e   l i n e r .   They  a r e  

p a r a l l e l   w i t h   one  a n o t h e r   and  a r e   s u b s t a n t i a l l y   s o l i d   a t  

t h e i r   j u n c t i o n   w i t h   t h e   w a l l s   22  w i t h   a  c e n t r a l   b o r e   3 0  



t e r m i n a t i n g   at  t he   end  f a c e   32  of  t h e   g r o o v e   26.  F r o m  

a b o u t   midway   a l o n g   t h e i r   l e n g t h ,   t h e s e   p r o j e c t i o n s   18  a r e  

h o l l o w .  

Used  w i t h   t h e   s t e p   as  w i l l   be  d e s c r i b e d   i s   a  p a i r   o f  

p l u g s   38  made  of  h i g h   i m p a c t   n y l o n .   E a c h   p l u g   38  has   a  

c y l i n d r i c a l   i n n e r   p a r t   38a  h a v i n g   a  d i a m e t e r   to  be  an  i n -  

t e r f e r e n c e   f i t   in  t h e   b o r e s   36  and  a  f r u s t o - c o n i c a l   o u t e r  

p a r t   38b  h a v i n g   a  s m a l l   c o r e   a n g l e   ( s e e   F i g u r e   5 ) .  

The  s t e p   10  i s   u s e d   as  one  of  a  v e r t i c a l   s e r i e s   of  s t e p s  

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

e r   34.   When  c a s t i n g   t h i s   l i n e r   34,  i n s e r t s   or  c o r e   p i e c e s  

a r e   l o c a t e d   a t   a p p r o p r i a t e   l o c a t i o n s   so  t h a t   h o l e s   36  a r e  

l e f t   w h i c h   a r e   a d a p t e d   to   r e c e i v e   t h e   p r o j e c t i o n s   1 8 .  

T h e s e   p r o j e c t i o n s   18  a r e   i n s e r t e d   i n t o   t h e   h o l e s   36,  p r e f -  

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

t h e   p r o j e c t i o n s   and  t h e   w a l l s   of  t h e   h o l e s .   The  p l u g s   38  

a r e   t h e n   h a m m e r e d   i n t o   e a c h   o f   t h e   t u b u l a r   ends   o r  

b o r e s   30  of  t h e   p r o j e c t i o n s   c a u s i n g   t h e m   to   e x p a n d   s l i g h t -  

l y   and  c o n s e q u e n t l y   to   be  jammed  i n t o   t h e   h o l e s   36  a n d  

f o r m i n g   a  s e m i - p e r m a n e n t   c o n n e c t i o n   t h e r e i n .   T h e r e a f t e r  

t h e   l i n e r   34  w i l l   be  i n s e r t e d   i n t o   t h e   a n h o l e .  

The  a r c   of  l i e   t h e   o u t e r   s u r f a c e s   22a  o f   t h e   w a l l s   22  h a s  

a  r a d i u s   t h a t   i s   t h e   same  as  t h a t   of  t h e   l i n e r   34  so  t h a t  

t h e s e   s u r f a c e s   22a  l i e   s u b s t a n t i a l l y   f l u s h   t h e r e w i t h .  

In  a  m o d i f i c a t i o n   shown  in  F i g u r e   4,  t h e   p l u g   38a  w h i c h   i s  

o t h e r w i s e   s u b s t a n t i a l l y   i d e n t i c a l   w i t h   t h e   p l u q   38,  has   a  



end  f a c e   32  t h r o u g h   the   i n t e r m e d i a r y   of   a  w a s h e r   ( n o t  

s h o w n ) .   For   t h e   r e s t ,   t h e   s t e p   i s   i d e n t i c a l   t o   t h a t  

d e s c r i b e d   a b o v e .  

A f t e r   t h e   p r o j e c t i o n s   a r e   i n s e r t e d   in  t h e   h o l e s   36  in  t h e  

l i n e r   34,  t h e   p l u g s   38a  a r e   p l i c e d   in   t h e   open  e n d s   of   t h e  

p r o j e c t i o n s   18.   The  b o l t   42  e n g a g e s   t h e   n u t   40.  On  r o t a -  

t i o n   of  t h e   b o l t   42 ,   t h e   p l u g   38a  i s   d r a w n   i n t o   t h e   p r o -  

j e c t i o n   to   e x p a n d   i t   t h e r e b y   j a m m i n g   t h e   w a l l s   of   t h e   p r o -  

j e c t i o n   a g a i n s t   t h e   s i d e s   of   t h e   h o l e s   3 6 .  

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

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

F u r t h e r   t h e   c o n n e c t i o n   b e t w e e n   t h e   p r o j e c t i o n s   18  w i t h   t h e  

p l u g s   t h e r e i n   and   t h e   l i n e r   is  f i r m   and   s e c u r e .   The  s t e p s  

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

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

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

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

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

d r a w i n g s .   For   e x a m p l e   t h e   g r o o v e   may  e x t e n d   b e l o w   t h e  

a rms   o n l y   o r   i t   may  be  o m i t t e d   i f   d e s i r e d .   The  v a r i o u s  

d i m e n s i o n s   o f   t h e   s t e p s   may  be  v a r i e d .   The  s h a p e   of   t h e  

u p p e r   p a r t s   o f   t h e   w a l l s   22  can   be  c h a n g e d .   The  s t e p   n e e d  



not   be  " U " - s h a p e d .   The  end  f a c e s   of  t h e   p r o j e c t i o n s   m a y  

be  a r c u a t e   to   l i e   f l u s h   w i t h   t h e   o u t e r   s u r f a c e   of   t h e  

l i n e r .   A  s u i t a b l y   s h a p e d   ( n o n - c i r c u l a r   s e c t i o n )   s i n g l e  

p r o j e c t i o n   may  be  p r o v i d e d .  



1.  A  s t e p   c o m p r i s i n g   a  f l a t   t r e a d ,   a  w a l l  a t  o n e  e n d  

of  t h e   t r e a d ,   and  p r o j e c t i o n   means   on  the   s i d e   of  t h e  

w a l l   r e m o t e   from  the   t r e a d ,   c h a r a c t e r i s e d   in  t h a t   t h e  

p r o j e c t i o n   means  (18)  h a s   a  h o l l o w   o u t e r   p a r t   and  b e i n g  

a d a p t e d   to  be  f i x e d   i n t o   a  m a n - h o l e   l i n e r   and  to   r e c e i v e  

p l u g   m e a n s   (38)  which   w i l l   c a u s e   t h e   p a r t   to  e x p a n d   and  t o  

s e a l   a g a i n s t   the   h o l e s   in  t h e   m a n - h o l e   w a l l . .  

2.  A  s t e p   as  c l a i m e d   in  C l a i m   1  w h e r e i n   t he   s a i d   w a l l  

of  t h e   s t e p   e x t e n d s   d o w n w a r d l y   b e l o w   the   p r o j e c t i o n   m e a n s .  

3.  A  s t e p   as  c l a i m e d   in   C l a i m   1  f u r t h e r   c o m p r i s i n g  

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

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

4.  A  s t e p   as  c l a i m e d   in  C l a i m   3  w h e r e i n   t h e   p l u g   m e a n s  

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

t h e   t r e a d   and  e n g a g e s   t h e   n u t   to   d raw  i t   i n t o   t h e   s a i d  

h o l l o w   p a r t .  



5.  A  s t e p   as  c l a i m e d   in  C l a i m   1  w h e r e i n   t h e  

g e n e r a l l y   " U " - s h a p e d   in   p l a n   h a v i n g   a  p a i r   of   arms  j o i n e d  

by  a  t r e a d   p a r t ,   a  p a i r   of  s e p a r a t e   w a l l s   r e s p e c t i v e l y   a t  

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

s a i d   p r o j e c t i o n s   r e s p e c t i v e l y   on  s a i d   w a l l s ,   and  a  g u s s e t  

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

a r m s .  

6.  A  s t e p   as  c l a i m e d   in   C l a i m   2  w h e r e i n   t h e   t r e a d   i s  

g e n e r a l l y   U - s h a p e d   in  p l a n   and   i s   s u p p o r t e d   by  g u s s e t  

m e a n s   e x t e n d i n g   on  t h e   u n d e r s i d e   t o   t h e   s a i d   w a l l .  

7.  A  s t e p   as  c l a i m e d   in   C l a i m   1  w h e r e i n   t h e   s t e p   c o m -  

p r i s e s   n y l o n .  

8.  The  c o m b i n a t i o n   o f  

( i )   a  t u b u l a r   m a n - h o l e   l i n e r   h a v i n g   a t   l e a s t   one  p a i r  

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

( i i )   a t   l e a s t   one  s t e p   t h a t   i s   s u b s t a n t i a l l y   U - s h a p e d   i r  

p l a n   and  h a v i n g  

( a )   a  t r e a d   p a r t ;  

(b)   a  p a i r   of   a rms   e x t e n d i n g   t h e r e f r o m ;  

(c )   w a l l s   l o c a t e d   r e s p e c t i v e l y   a t   t he   e n d s   o f  

t h e   a rms   e x t e n d i n g   d o w n w a r d l y   b e l o w   t h e  

t r e a d ;  

(d)   g u s s e t - l i k e   e x t e n s i o n s   b e l o w   t he   a r i s  

c o n n e c t i n g   w i t h   t h e   w a l l s ;  



(e)   a  p a i r   o f   c y l i n d r i c a l   p r o j e c t i o n s  

r e s p e c t i v e l y   on  t h e   w a l l s ,   t h e   d i a m e t e r   o f  

w h i c h   i s   s u b s t a n t i a l l y   t h e   same  as   t h e  

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

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

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

( f )   f r u s t o - c o n i c a l   p l u g   means   r e s p e c t i v e l y  

r e c e i v e d   w i t h i n   t he   h o l l o w   e n d s   o f   t h e  

p r o j e c t i o n s   and   d i s t o r t i n g   t h e m   i n t o  

e n g a g e m e n t   w i t h   t h e   w a l l s .  

9.  The  c o m b i n a t i o n   o f   C l a i m   8  w h e r e i n   t h e   s u r f a c e s   o f  

t h e   w a l l s   r e m o t e   f rom  t h e   a r m s   a r e   a r c u a t e   and  o f   s u b s t a n -  

t i a l l y   t h e   same  r a d i u s   as   t h e   p i p e   l i n e r .  
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