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The  p r e s e n t  i n v e n t i o n   r e l a t e s   t o  y i e l d a b l e   s u p p o r t  

e l e m e n t s ,   p a r t i c u l a r l y   f o r   use   i n  t u n n e l   r o o f   s u p p o r t s .  

In  deep  u n d e r g r o u n d   w o r k i n g s   s u c h   as  c o a l   m i n e s   r o a d w a y  

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

as  w e l l   as  fo r   v e n t i l a t i o n   p u r p o s e s .   These   r o a d w a y s   a r e  

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

a l o n g   them  w i th   a  c o v e r i n g   b e t w e e n   the   a r c h e s   to  make  t h e  

r o a d w a y   s t a b l e   and  s a f e .   H o w e v e r ,   p a r t i c u l a r l y   where   a 

c o a l   s e a m  i s   b e i n g   e x t r a c t e d ,   t h e   s t r a t a - a r e   l i a b l e   to  move  

and  r e d u c e   t he   t u n n e l   h e i g h t   by  at  l e a s t   h a l f   t he   t h i c k n e s s  

of  t h e   seam  e x t r a c t e d .   Due  to  t h e   g r e a t   p r e s s u r e s   i n v o l v e d  

i t   i s   not   p r a c t i c a l   to  r e s i s t   t h i s   movemen t   and  the   a r c h  

s u p p o r t s   become  b u c k l e d   and  d i s t o r t e d   so  t h a t   i t   is   n e c e s s a r y  
to  r e p l a c e   them  c o m p l e t e l y   at   a  s u b s t a n t i a l   c o s t   and  i n c o n -  

v e n i e n c e .  

An  a t t e m p t   to  d e a l   w i t h   t h i s   p r o b l e m   has   been   t o  m a k e  

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

t h e s e   b e i n g   c a p a b l e   of  s l i d i n g   a g a i n s t   one  a n o t h e r   when  t h e  

l o a d   p r e s s u r e   a p p r o a c h e s   t h a t   at  which   t he   a r c h   would  p e r m a n -  

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

s l i d e   d e p e n d s   on  t h e   f r i c t i o n   b e t w e e n   them  and  s i n c e   t h i s  

d e p e n d s   on  t he   t i g h t n e s s   of  t he   c l a m p i n g   i t   i s   d i f f i c u l t   t o  

s e t   e x a c t l y .   I t   a l s o   v a r i e s   w h i l e   t he   s e c t i o n s   a re   s l i d i n g  

a g a i n s t   one  a n o t h e r   due  to  t h e   c o a r s e   s t i c k - s l i p   c h a r a c t e r i s -  

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

A  more  c o n t r o l l e d   c o n s t r u c t i o n   of  t h e   s u p p o r t s   can  be  

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

e x t r e m e l y   e x p e n s i v e .  

It  has  a l s o   been   p r o p o s e d   to  use  a  y i e l d a b l e   s u p p o r t  

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

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

c o m p r i s i n g   a  h o l l o w   t u b u l a r   h o u s i n g   c l o s e d   at  one  end  a n d .  

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

p a r a l l e l   to  t h a t   of  t he   g i r d e r ,   and  m a t e r i a l   d i s p o s e d   in  t h e  

h o u s i n g   and  p o s i t i o n e d   a g a i n s t   t he   one  end  so  as  to  r e s i s t  

r e l a t i v e   a x i a l   m o v e m e n t   of  t he   g i r d e r   and  h o u s i n g   t o w a r d s   o n e  



a n o t h e r .   H o w e v e r ,   s u c h   e l e m e n t s   have   no t   g i v e n   a  s u f f i c i e n t l y  

c o n t r o l l e r  l e v e l   o f   l o a d   on  t h e   a r c h   a t   wh ich   y i e l d i n g   o c c u r s ,  
due  m a i n l y   to  t h e  t y p e s   of  m a t e r i a l   u s e d   to  r e s i s t   t h e   m o v e -  

m e 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   t he   m a t e r i a l   i s   a  

b l o c k   of  c o m p o s i t e   m a t e r i a l   c o m p r i s i n g   a  f i r s t   c o m p o n e n t  

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

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

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

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

r e l a t i v e   a x i a l   m o v e m e n t   of  t h e  g i r d e r   and  h o u s i n g .   T h i s  

m a t e r i a l   g i v e s   a  c o n t r o l l e d   y i e l d   in   a  s i n g l e   and  i n e x p e n -  

s i v e   m a n n e r .  

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

w i th   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  o f  

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   i n  

w h i c h : -  

F ig .   1  shows   an  a r c h e d   r o a d w a y   s u p p o r t   i n c o r p o r a t i n g  

y i e l d a b l e   s u p p o r t   e l e m e n t s   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 ;  

F i g .  2   i s   an  e n l a r g e d   s e c t i o n   t a k e n   on  t he   l i n e   I I - I I  

in   F i g . 1 ;  

F i g .   3  shows   an  e n l a r g e d   s e c t i o n a l   e l e v a t i o n   of   p a r t   o f  

F ig .   1  b e f o r e   and  a f t e r   a  l o a d   i s   a p p l i e d ;  

F i g .  4   i s   a  c o r r e s p o n d i n g   v i e w   to  t h a t   to  F i g .   3 

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

R e f e r r i n g   to  F i g s .   1  a n d   2,  an  a r c h e d   r o a d w a y   s u p p o r t  

f o r   use  in   u n d e r g r o u n d   w o r k i n g s   s u c h   as  c o a l   m i n e s   c o m -  

p r i s e s   two  or  more  l e n g t h s   of  H - s e c t i o n   s t e e l   g i r d e r   b o l t e d  

t o g e t h e r   to   form  an  a r c h   1.  The  t op   of  t he   a r c h   f i t s  s n u g l y  

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

s u p p o r t e d   by  a  y i e l d a b l e   s u p p o r t   e l e m e n t   2.  - 

Each  y i e l d a b l e   s u p p o r t   e l e m e n t   2,  as  s e e n   in  F i g .   3 ,  

c o n s i s t s   of  a  h o l l o w   s t e e l  t u b e   3  i n t o   which   t he   b o t t o m  

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

c l o s e d   a t   t h e   b o t t o m   and  c o n t a i n s   a  b l o c k   4  of  s o l i d  

m a t e r i a l   s u p p o r t i n g   a  s q u a r e   s t e e l   p l a t e   5  w h i c h   i s   a  c l o s e  



s l i d i n g  f i t   i n s i d e   t h e   t u b e   3  and  c a r r i e s   t he   l o w e r   end  o f  

t h e   a r c h   l e g .  

The  m a t e r i a l   of  t h e   b l o c k   4  i s   a  foamed  m a t e r i a l   k n o w n  

as  a u t o c l a v e d   a e r a t e d   c o n c r e t e   which   c o n s i s t s  o f   c o n c r e t e  

wi th   s m a l l   a i r   p o c k e t s   d i s t r i b u t e d   t h r o u g h o u t   i t s   v o l u m e .  

This   m a t e r i a l   has   t h e   p r o p e r t y   of  p r o g r e s s i v e l y   c o l l a p s i n g  

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

c o n t r o l   of  t he   s i z e ,   d i s t r i b u t i o n   and  f r e q u e n c y   of  t h e   a i r  

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

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

The  b l o c k   4  i s   s e l e c t e d   to  have   a  c o m p r e s s i v e   s t r e n g t h  

br  y i e l d   p r e s s u r e   j u s t   b e l o w   t h e   p r e s s u r e   t h a t   would   b e  

e x e r t e d   on  i t   b y - t h e   p l a t e   5  i f   t h e   l o a d   on  t he   a r c h   w e r e  

s u f f i c i e n t   t o  c a u s e   p e r m a n e n t   b u c k l i n g   or  d e f o r m a t i o n .  

This  c a u s e s   t he   b l o c k   to  s t a r t   to  c o l l a p s e   b e f o r e   t h e  

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

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

d r o p s   a g a i n .   As  t h e   b l o c k   4  c o l l a p s e s   i t   i s   c o m p r e s s e d   b y  

the   mov ing   p l a t e - 5   and  a  l i m i t   to  t h e   s t r a t a   m o v e m e n t   w h i c h  

can  be  a c c o m m o d a t e d   i s   s e t   by  t h e   amoun t   of  c o m p r e s s i o n  

which  the   b l o c k   w i l l   a l l o w .   F i g u r e   3  shows  t h e   b l o c k  

b e f o r e   c o m p r e s s i o n   ( 3 a )   and  at  i t s   maximum  c o m p r e s s i o n   ( 3 b )  

where   a l l   t h e   a i r   p o c k e t s   have   been   e l i m i n a t e d .   B e t w e e n  

t h e s e   two  p o s i t i o n s  t h e   c o m p r e s s i v e   s t r e n g t h   r e m a i n s   s u b s -  

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

s t e a d y   r e d u c t i o n   in   t h e   a r c h   h e i g h t   as  the   s t r a t a   c l o s e s .  

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

shown  in  F i g u r e   3b  a  new  b l o c k   must   be  p u t  i n t o   t h e   y i e l d -  

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

t u n n e l   h e i g h t e n e d .  

In  an  a l t e r n a t i v e   c o n s t r u c t i o n   shown  in  F i g .   4  t h e  

l o w e r   end  of  t h e   a r c h   l e g   r e s t s  d i r e c t l y   on  the   b l o c k   4 ,  

w i t h o u t   any  i n t e r v e n i n g   p l a t e .   S i n c e   the   l eg   has   an  H- 

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

t h a t   the   c o m p r e s s i v e   s t r e n g t h   of  t he   b l o c k   must   be  i n c r e a s e d  

i f   i t   i s   to  c o l l a p s e   at  t h e   same  l o a d   on  the   a r c h ,   but   i t  

a l s o   a l l o w s   t he   d e b r i s   6  f r o m  t h e   b l o c k ,   as  i t   c o l l a p s e s ,  

to  o c c u p y   t h e   s p a c e   b e t w e e n   t h e   l e g   and  the   t u b e   3.  T h e  



vo lume   o c c u p i e d   by  t h e   d e b r i s   i s   l e s s   t h a n   t h a t   of   t h e  

c o r r e s p o n d i n g   p i e c e   of   t h e   b l o c k   s i n c e  t h e   a i r   p o c k e t s   h a v e  

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

s e l e c t e d   so  t h a t   t h e   v o l u m e   of  d e b r i s   can  be  a c c o m m o d a t e d   i n  

t h e   gap  s u r r o u n d i n g   t h e   l e g ,  w i t h o u t   p a c k i n g .   Th i s   g i v e s   a 

g r e a t e r   l e n g t h   of  t r a v e l   f o r   t h e   l e g  t h a n   in  t he   e m b o d i m e n t  

shown  in   F i g u r e  3   and  so  can   cope   w i t h   a  g r e a t e r   s t r a t a  

movemen t   b e f o r e   r e q u i r i n g   r e p l a c e m e n t . .  

The  p r e f e r r e d   m a t e r i a l   f o r  t h e   b l o c k  4   i s   a u t o c l a v e d  

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

f rom  3 .5   x  1 0 6 N m - 2   f o r  a   d e n s i t y   o f  7 5 0  k g   m - 3  t o   1 .8  x 
1 0 6 N m - 2  f o r   a  d e n s i t y   of  400  kg  m-3,   t h e   d e n s i t y   b e i n g  

d e t e r m i n e d   by  t h e   p r o p o r t i o n   of  a i r   p o c k e t s   in  t he   m a t e r i a l .  

Th is   is   a  minimum  s t r e n g t h   s i n c e  i t   i s   u s u a l l y  g r e a t e r   w h e n  

c o n f i n e d   in  a  t u b e   and  a c t e d   on  u n i - a x i a l l y .   T h e   a r c h   l e g  

s e c t i o n   can  v a r y   in   s i z e   u s u a l l y   b e t w e e n   0 . 0 7 5  m   and  0 . 1 2   m 

s q u a r e ,   g i v i n g   t h e   c o n s t r u c t i o n   in   F i g u r e   3  a   s e l e c t a b l e  

l o a d   of  b e t w e e n   a p p r o x i m a t e l y   5 0  x   103  N  and  10  x  103N  a t  

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

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

and  d i s t o r t i o n   of   t h e   a r c h e s   and  t h e   r e q u i r e d   v a l u e   c a n  

t h u s   be  s l e c t e d   f rom  t he   p a r t i c u l a r   a r c h   and  p a r t i c u l a r  

s i t u a t i o n   e n v i s a g e d .  

The  b l o c k   must   a c c o m m o d a t e   a  maximum  movemen t   of  a p p r o x -  

i m a t e l y   0.3m  to  1 . 2 m  i n   c o a l   m i n e s   w h e r e   t h e  s t r a t a   c o n t r a c t -  

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

e x t r a c t e d .   In  t h e   c o n s t r u c t i o n   of  F i g . , 3   t h i s   m o v e m e n t   i s  

d e t e r m i n e d   by  t he   i n i t i a l   h e i g h t   of  t h e   b l o c k   and  t h e   p r o -  

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

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

It  i s   p o s s i b l e   to   r e d u c e   t h e   l o a d   at   which  t h e   y i e l d a b l e  

e l e m e n t   c o l l a p s e s   or  to  make  t h e   l o a d   c h a n g e   w i th   t h e   a m o u n t  

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

by  u s i n g   a  b l o c k   of  a  r e d u c e d   c r o s s - s e c t i o n a l   a r e a   e . g .   a n  

H - s e c t i o n   b l o c k ,   or  one  whose  c r o s s - s e c t i o n a l   a r e a   c h a n g e s  

a l o n g   i t s  l e n g t h .   I n  a   p r e f e r r e d   a r r a n g e m e n t   s l o t s   o f  

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

of  t he   b l o c k   to  e s t a b l i s h   t h e  r e q u i r e d   y i e l d  c h a r a c t e r i s t i c s .  



The  a b o v e   d e s c r i b e d   m a t e r i a l   f o r   t h e   b l o c k   may  b e  

r e p l a c e d   by  any  o t h e r   f o a m e d   m a t e r i a l   h a v i n g   t h e - r e q u i r e d  

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

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

as  p o l y s t y r e n e .  

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

s u p p o r t e d   by  one  end  of   a  s u p p o r t   g i r d e r   and  t h e r e   i s   l i a b l e  

to  be  m o v e m e n t   of  t he   s u r f a c e   and  s u p p o r t   g i r d e r   t o w a r d s   o n e  
a n o t h e r .   In  p a r t i c u l a r   i t   c o u l d   be  u s e d   in   an  i n v e r t e d  

p o s i t i o n   c o m p a r e d   to  t h a t   shown  in  t h e   d r a w i n g s ,   f o r   e x a m p l e  
b E t w e e n   a  v e r t i c a l   r o o f   s u p p o r t   g i r d e r   and  e i t h e r   t h e  

t u n n e l   r o o f   i t s e l f   or  a  f u r t h e r   s u p p o r t - g i r d e r .  



1.  A  y i e l d a b l e   s u p p o r t   e l e m e n t   p o s i t i o n a b l e   b e t w e e n   a  

s u r f a c e   and  one  e n d  o f   a  s u p p o r t   g i r d e r   s u p p o r t i n g   s a i d  

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

h o u s i n g   ( 3 )  c l o s e d   a t   one  end  and  c a p a b l e   of  s u r r o u n d i n g  

t h e   s u p p o r t   g i r d e r   w i t h   i t s   a x i s   p a r a l l e l   t'o  t h a t   of  t h e  

g i r d e r ,   and   m a t e r i a l   (4)   d i s p o s e d   in   t h e   h o u s i n g   (3)  a n d  

p o s i t i o n e d   a g a i n s t   t h e   one  end  s o  a s   to  r e s i s t   r e l a t i v e  

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

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

c o m p o s i t e   m a t e r i a l   c o m p r i s i n g   a  f i r s t   c o m p o n e n t   m a t e r i a l  

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

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

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

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

t he   r e l a t i v e   a x i a l   m o v e m e n t   of  t he   g i r d e r   and  h o u s i n g .  

2.  A  y i e l d a b l e   s u p p o r t   e l e m e n t   a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   t h e   b l o c k  o f   c o m p o s i t e   m a t e r i a l   (4)   i s - p o s i t i o n e d  

b e t w e e n   t h e   s a i d   one  end  of  t h e   h o u s i n g   and  a  p i s t o n   m e a n s  

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

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

3.  A  y i e l d a b l e   s u p p o r t   e l e m e n t  a c c o r d i n g   to  c l a i m   1 ,  

w h e r e i n   t h e   b o r e   of  t he   h o u s i n g   has  a  s u b s t a n t i a l l y   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 a t   of  t h e   g i r d e r ,   t h e   end  o f  

t h e   g i r d e r   i s   r e c e i v e d   d i r e c t l y   by  t h e   b l o c k   of   c o m p o s i t e  

m a t e r i a l ,  a n d   t h e   p r o p o r t i o n   of  t h e   s e c o n d - c o m p o n e n t  

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

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

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

s u r r o u n d i n g   t he   g i r d e r .  

4.  A  y i e l d a b l e   s u p p o r t   e l e m e n t   a c c o r d i n g   to  a n y  p r e c e d i n g  

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

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

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

t h e   c o n c r e t e   in   s m a l l   p o c k e t s .  

5.  A  y i e l d a b l e   s u p p o r t   e l e m e n t   a c c o r d i n g   to  any  p r e c e d i n g  

c l a i m   w h e r e i n   t he   b l o c k   of  c o m p o s i t e   m a t e r i a l   has  a  c r o s s -  

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