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(§7)  Prestressed  composite  structural  elements,  such  as  co- 
lumns  and  beams  comprise  an  open  hollow  member  which  is 
defined  by  enclosing  walls  which  walls  have  internal  and  exter- 
nal  side  means,  a  first  shear  stress  being  applied  to  the  said 
external  side  means  and  a  filler  material  in  said  elements  hav- 
ing  an  opposing  shear  pre-stress. 
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  Prestressed  composite  structural  elements,  such  as  co- 
lumns  and  beams  comprise  an  open  hollow  member  which  is 
defined  by  enclosing  walls  which  walls  have  internal  and  exter- 
nal  side  means,  a  first  shear  stress  being  applied  to  the  said 
external  side  means  and  a  filler  material  in  said  elements  hav- 
ing  an  opposing  shear  pre-stress. 



The  p r e s e n t   i n v e n t i o n   is  concerned  in  genera l   w i t h  

s t r u c t u r a l   e lements   and  more  p a r t i c u l a r l y   with  p r e s t r e s s e d   c o m p o s i t e  

s t r u c t u r a l   e l e m e n t s .  

S t r u c t u r a l   e n g i n e e r s   have  shown  t ha t   composi te   m a t e r i a l  

can  inc lude   the  b e n e f i c i a l   c h a r a c t e r i s t i c s   of  each  of  the  m a t e r i a l s  

of  which  the  composi te   is  f a b r i c a t e d .   Thus,  for  example,   r e i n f o r c e d  

c o n c r e t e   beams  p rov ide   t h e  c o m p r e s s i o n   c h a r a c t e r i s t i c s   of  c o n c r e t e  

and  the  t e n s i l e   c h a r a c t e r i s t i c s   of  s t e e l .  

It  is  known  t h a t   the  c h a r a c t e r i s t i c s   of  the  composi te   s t e e l  

and  c o n c r e t e   s t r u c t u r a l   e lement   are  improved  by  p r e s t r e s s i n g   t h e  

m e t a l l i c   rods  which  are  i nc luded   in  c o n c r e t e   beams.  The  p r e s t r e s s i n g  

for  example  puts   a  p r e - t e n s i l e   s t r e s s   on  the  m e t a l l i c   rod  t h a t   is  p u t  

in to   the  c o n c r e t e   beam  which  in  turn  p laces   a  compress ive   s t r e s s   on 

the  c o n c r e t e .   This  r e a c t i o n a r y   s t r e s s   on  the  c o n c r e t e   improves  among 

o the r   t h i n g s   the  Po issons   r a t i o   of  the  composi te   e l e m e n t s .  

Engineers   and  s c i e n t i s t s   are  c o n t i n u o u s l y   s e a r c h i n g   f o r  

new  and  improved  c o m p o s i t e s .   One  of  the  problems  with  p r e s e n t  d a y  

beams  is  t ha t   while   they  are  ex t remely   r e s i s t i v e   to  t e n s i l e   and  com- 

p r e s s i v e   s t r e s s e s   they  tend  to  buckle  under  c e r t a i n   adverse   c o n d i t i o n s .  



Thus  i t   is  long  been  a  problen   to  f ind  a  beam  tha t   is  more  r e s i s -  

t a n t   to  buckl ing   than  the  p r e s e n t l y   a v a i l a b l e   composi te   s t r u c t u r e s .  

Acco rd ing ly   i t   is  an  ob j ec t   of  the  p r e sen t   i n v e n t i o n   t o  

p rov ide   new  and  improved  composi te   s t r u c t u r a l   e lements   in  which  t h e  

a b o v e - r e f e r r e d   to  d i s a d v a n t a g e s   are  s u b s t a n t i a l l y   reduced  or  o v e r -  

come.  According  to  the  p r e s e n t   i n v e n t i o n   a  composite   s t r u c t u r a l  

e lement   is  p rov ided ;   said  element  c o m p r i s i n g :  

an  open  hollow  s t r u c t u r e ,  

said  s t r u c t u r e   def ined   by  wall  m e a n s ,  

said  wall  means  having  i n t e r n a l   side  means  and  e x t e r n a l  

side  m e a n s ,  

a  f i r s t   shear   s t r e s s   app l i ed   to  said  ex te rna l   s i d e s ,   and 

a  f i l l e r   m a t e r i a l   in  said  s t r u c t u r e   having  an  o p p o s i n g  

shear   p r e - s t r e s s .  

A  f u r t h e r  f e a t u r e   of  the  p r e s e n t   i nven t ion   p rov ides   a 

method  of  f a b r i c a t i n g   such  a  s t r u c t u r e .   The  method  comprises   t h e  

s teps   o f :  

forming  a  hallow  s t r u c t u r e ,  

p l ac ing   the  hollow  s t r u c t u r e   under  a  f i r s t   p r e s s u r e ,  

i n s e r t i n g   a  s e t t a b l e   f i l l e r   under  a  second  p r e s s u r e   i n t o  

said  hollow  s t r u c t u r e ,   and 

s u b s t a n t i a l l y   m a i n t a i n i n g   said  p r e s s u r e   while  said  f i l l e r  

s e t s .  

Yet  ano the r   f e a t u r e   of  the  i n v e n t i o n   provides   a  p e r i p h e r y  

s t r e s s   composi te   s t r u c t u r a l   e l e m e n t .  

Yet  ano the r   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n   p rov ides   f o r  



the  e x t e r n a l   wal l s   of  the  s t r u c t u r e   being  m e t a l l i c   while   said  s e t -  

t a b l e   f i l l e r   being  c o n c r e t e .  

Yet  a n o t h e r   f e a t u r e   of  the  i n v e n t i o n   p rov ides   for   a  s a n d -  

wich  c o n s t r u c t i o n   of  said  p e r i p h e r a l   s t r e s s   composi te   wherein  p r e -  

s t r e s s e d   m e t a l l i c   rod  means  is  i n s e r t e d   wi th in   said  compos i te   e l e m e n t  

and  wherein  said  wal ls   of  said  s t r u c t u r e   are  m e t a l l i c   and  said  f i l -  

l a b l e   m a t e r i a l   is  c o n c r e t e ,   said  wal ls   being  p e r i p h e r a l l y   p r e s t r e s s e d  

while  said  c o n c r e t e   is  a lso  p r e s t r e s s e d .   To  ob ta in   the  a b o v e - d e s -  

c r i b e d  s o u g h t - f o r   r e s u l t s   the  f i l l e r   i n j e c t i o n   p r e s s u r e   must  be  a  

f u n c t i o n   of  such  t h i n g s   as  t h e :  

a)  p r o f i l e   c r o s s - s e c t i o n   of  the  e l e m e n t ;  

b)  t h i c k n e s s   of  the  metal  w a l l ;  

c)  l eng th   of  the  e lement ;   and 

d)  i n j e c t i o n   p r e s s u r e   v a r i a t i o n   with  t i m e  -   from  zero  t o  

f i n a l  n o m i n a l   p r e s s u r e .  

Yet  ano the r   f e a t u r e   p rov ides   for   a  p e r f o r a t e d   o u t e r   w a l l  

th rough  which  the  f i l l e r   can  ex t rude   and  s o l i d i f y   as  d e n d r i t e s  

a t t a c h e d   to  the  ou te r   wall  of  the  e lement .   The  inner   pa r t   of  t h e  

e lement   is  f a b r i c a t e d   as  are  the  p r e v i o u s l y   shown  e l e m e n t s .  

The  o p e r a t i o n   and  the  u t i l i z a t i o n   of  the  p r e s e n t   i n v e n -  

t ion   will   be  more  f u l l y   a p p a r e n t   from  the  d e s c r i p t i o n   of  a  p r e f e r r e d  

embodiment  taken  in  c o n j u n c t i o n   with  the  fo l lowing   d rawings ,   in  w h i c h :  

Fig.  1  is  a  p i c t o r i a l   showing  of  an  embodiment  of  t h e  

composi te   s t r u c t u r a l   e l e m e n t ;  

Fig.  2  is  a  c r o s s - s e c t i o n   of  ano the r   embodiment  of  t h e  

composi te   s t r u c t u r a l   e lement   which  i nc ludes   rod  means ;  



Fig.  3  is  a  c r o s s - s e c t i o n   of  ano ther   embodiment  of  t h e  

compos i te   s t r u c t u r a l   e lement   i nc lud ing   l i n e r   means  between  the  f i l l e r  

and  the  s h e l l ;  

Fig.  4  is  a  c r o s s - s e c t i o n   of  an  embodiment  of  the  c o m p o s i t e  

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

Fig.   5  is  a  p i c t o r i a l   showing  of  one  method  of  f a b r i c a t -  

ing  the  compos i te   s t r u c t u r a l   e l e m e n t s :  

Fig.  6  is  a  p i c t o r i a l   showing  of  y e t  a n o t h e r   embodiment  

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

Fig.  7  is  a  p i c t o r i a l   showing  of  a  composi te   e l e m e n t  

having  a  genera l   "T"  s h a p e .  

The  composi te   s t r u c t u r a l   element  g e n e r a l l y   shown  in  p i c -  

t o r i a l   form  in  Fig.  1  is  shown  as  a  r e c t a n g u l a r   beam  11.  The  beam 

is  comprised  of  a  walled  hollow  s t r u c t u r e   having  a  s e t t a b l e   f i l l e r  

m a t e r i a l   12  t h e r e i n .   The  walled  s t r u c t u r e   is  shown  as  having  t o p  

wall  13,  bottom  wall  14,  s ide  wall  16  and  o p p o s i t e   side  wall  17 .  

The  wal ls   p r e f e r a b l y   are  of  s t ee l   and  the  s e t t a b l e   m a t e r i a l  i s  

p r e f e r a b l y   of  c o n c r e t e .   However  o the r   composi te   m a t e r i a l s   a r e  

wi th in   the  scope  of  the  i nven t iono   In  a d d i t i o n   i t   must  be  n o t e d  

t h a t   while  the  r e c t a n g u l a r   block  is  shown  a  c y l i n d r i c a l   or  o t h e r  

shaped  composi te   s t r u c t u r a l   element  is  also  wi thin   the  scope  o f  

t h i s   i n v e n t i o n .  

The  c r o s s - s e c t i o n   showing  of  Fig.  2  i nc ludes   a  c e n t r a l   r od  

18  t ha t   a lso  may  be  p r e s t r e s s e d .   Here  again  while  a  r e c t a n g u l a r  

rod  18  is  shown  the  rod  as  well  as  the  s t r u c t u r e   may  be  c y l i n d r i c a l .  

In  a d d i t i o n   while  one  rod  is  shown  in  the  s t r u c t u r e   19  of  Fig.  2 ,  



more  than  one  rod  may  be  used.  The  p lacement   of  the  rod  or  r o d s  

can  a lso   vary.   The  composi te   s t r u c t u r e   may  also  use  i n t e r   a l i a  

Wirand*  c o n c r e t e ,   or  o the r   f i b e r   r e i n f o r c e d   c o n c r e t e s .  

In  19  the  f i l l e r   m a t e r i a l   is  shown  as  f i l l e r   m a t e r i a l   2 1 ,  

the  top  wall  is  wall  22,  the  bottom  wall  is  wall  23,  the  s ide  w a l l s  

are  shown  as  wa l l s   24  and  26.  It  should  be  noted  t h a t   here  a g a i n  

c y l i n d r i c a l   s t r u c t u r e ,   t r i a n g u l a r   or  o the r   shaped  s t r u c t u r e   can  

a lso   be  u s e d ,  

In  Fig,   3  the  composi te   compr ises   an  ou te r   she l l   41  p r e -  

f e r a b l y   of  me ta l .   A  l i n e r   or  l i n e r s   42  surround  the  inner   p e r i p h e r y  

of  the  s h e l l .   The  f i l l e r   is  shown  at  43.  The  f i l l e r   under  p r e s s u r e  

fo rces   the  l i n e r   on  the  inner   s ide  of  the  shel l   to  form  a  bonded 

su r f ace   between  the  shel l   and  the  f i l l e r .  T h i s   method  may  p r o t e c t  

the  ou te r   she l l   from  the  chemical  a c t i o n   of  the  f i l l e r   and  vice  v e r s a .  

Also,   the  l i ne   adds  sandwich  p r o p e r t i e s   to  the  ou te r   s t r e s s e d   s h e l l .  

There  may  be  one  o r   more  l i n e r s   made  of  a  s i m i l a r   or  d i f f e r e n t   m a t e r -  

i a l .   The  bond  between  the  l i n e r   and  the  shel l   or  the  l i n e r   and  

o the r   l i n e r s   may  b e  a c c o m p l i s h e d   by  o the r   means  as  well  as  by  means  

of  the  p r e s s u r e s   shown  in  F i g .  1 .  

Fig.  4  shows  an  i n t e r e s t i n g   v a r i a t i o n   of  the  c o m p o s i t e  

s t r u c t u r a l   e lement   45  and  the  use  t h e r e o f .   The  ou te r   shel l   i s  

shown  as  46.  There  are  a  p l u r a l i t y   of  a p e r t u r e s   47  in  the  ou t e r   s h e l l .  

The  f i l l e r   48  is  i n s e r t e d   in to   the  ou te r   shel l   under  p r e s s u r e   P I .  

The  ou te r   she l l   is  however  f i r s t   p laced  in  the  ground  49  which  e x e r t s  

*Wirand  -   Trade  name  of  the  B a t t e l l e   developed  m e t a l l i c   f i b r e   r e -  

i n f o r c e d   c o n c r e t e .  



a  p r e s s u r e   PE  on  the  e lement   45.  When  the  f i l l e r   is  s u b j e c t e d   t o  

the  p r e s s u r e   PI,  the  f i l l e r   is  forced   t h r o u g h  t h e   a p e r t u r e s   to  form 

d e n d r i t e - l i k e   r o o t s .   This  embodiment  is  e s p e c i a l l y   useful   for   a n -  

chor ing   p i e r s   in  ex t r eme ly   m o i s t ,   so f t   s o i l ,   such  as  sand  f o r  

e x a m p l e .  

I n  F i g .   5  t he re   is  a  d iagrammat ic   showing  of  a  p r e s s u r -  

ized  chamber  27  in  which  the  composi te   s t r u c t u r a l   e lement   is  f a b r i -  

c a t e d .   Means  are  provided  in  the  chamber  for  p r e s s u r i z i n g   t h e  

chamber.  More  p a r t i c u l a r l y   an  i n l e t   valve  28  leads  from  a  h i g h  

p r e s s u r e  l i n e   at  p r e s s u r e   PE.  The  high  p r e s s u r e   l i ne   is  shown  a s  

l i ne   29.  The  high  p r e s s u r e   chamber  is  shown  as  having  a  top  w a l l  

31,  a  bottom  wall  32  and  side  wal ls   33  and  34.  The  composi te   d e v i c e  

36  in  the  chamber  27  is  shown  as  c y l i n d r i c a l l y   shaped.  A  f i l l e r   37 

is  fo rced   into  the  hollow  c y l i n d r i c a l   element  36  by  a  p i s ton   38 

ac t i ng   through  p i s ton   rod  39.  The  p i s ton   a s s e t s   a  p r e s s u r e   P I  o n  

the  f i l l e r  m a t e r i a l   3 7 .  T h e   p i s ton   m a i n t a i n s   the  p r e s s u r e   on  t h e  

f i l l e r   m a t e r i a l   while  i t   is  s e t t i n g .   A d d i t i o n a l l y   the  p r e s s u r e   PE 

is  m a i n t a i n e d   in  the  chamber  27  during  the  process   of  f a b r i c a t i n g  

the  compos i te   e lement   360 

The embodiment   of  Fig.  5  demons t r a t e s   a  composi te   e l e m e n t  

56  f a b r i c a t e d   using  a  p l u r a l i t y   of  p r e s t r e s s i n g   p r e s s u r e s .   The 

compos i te   e lement   comprises   an  ou te r   shel l   s u b j e c t e d   to  a  t r a n s v e r s e  

p r e s s u r e   PE  and  a  l o n g i t u d i n a l   p r e s s u r e   F1.  The  shel l   su r rounds   a 

f i r s t   f i l l e r   f i l l e d   compartment  58  having  f i l l e r   t h e r e i n   s u b j e c t e d  

to  a  l o n g i t u d i n a l   p r e s s u r e   P2  during  the  f i l l i n g   and  s e t t i n g   p r o c e s s .  

An  inner   she l l   59  d e f i n e s   yet  ano ther   compartment  61.  The  shel l   59 

i s  p r e f e r a b l y   metal  and  s u b j e c t e d   to  a  p r e s s u r e   P3  which  may  be  e q u a l  

to ,   g r e a t e r   than  the  p r e s s u r e s   P1  and /o r   P2  or  may even  be  n e g a t i v e .  



The  inner   compartment  c o n t a i n s   a  f i l l e r   or  a  rod  at  p r e s s u r e   P4 

which  may  be  n e g a t i v e   or  less   than ,   more  than  or  equal  to  the  o t h e r  

p r e s s u r e s .  

Thus  the  composi te   e lement   u t i l i z e s   f i l l e r   m a t e r i a l   t h a t  

is  ex t r eme ly   r e s i s t a n t   under  compress ion   and  e x t e r n a l   m a t e r i a l   t h a t  

is  ex t remely   r e s i s t a n t   to  t e n s i l e   s t r e s s e s .   The  m a t e r i a l s   a r e  

j o ined   t o g e t h e r   while  p r e s s u r e   is  e x e r t e d   on  the  hollow  c o n t a i n e r  

and  on  the  f i l l e r   m a t e r i a l   in  s u b s t a n t i a l l y   normal  d i r e c t i o n s .   The 

r e s u l t a n t   composi te   is  a  s t r u c t u r a l   element  tha t   is  ex t r eme ly   r e -  

s i s t a n t   to  buckl ing   as  well  as  capable   of  w i t h s t a n d i n g   extreme  com- 

p r e s s i v e ' a n d   t e n s i l e   f o r c e s .   The  s t r u c t u r a l   element  is  f a b r i c a t e d  

by  m a i n t a i n i n g   a  shear  p r e s s u r e   on  the  hollow  s t r u c t u r e   while  m a i n -  

t a i n i n g   a  compress ive   s t r e s s   on  the  f i l l e r   as  i t   ha rdens .   In  a d d i -  

t ion   a  r e i n f o r c i n g   type  rod  or  rods  under  t e n s i l e   s t r e s s e s   may  be 

i n s e r t e d   into  the  f i l l e r   and  r e t a i n e d   the re   during  the  h a r d e n i n g  

p r o c e s s .  

The  s t r u c t u r e   may  undergo  s t r e s s   r e l e a s e   t r e a t m e n t ,   i f  

n e c e s s a r y .   The  "T"  shaped  composi te   e lement   of  Fig.  7  is  e s p e c i a l l y  

useful   for  i n t e r c o n n e c t i n g   o the r   c o m p o s i t e s .   The  e lement   of  Fig.  7 

is  also  a  composi te   as  t augh t   he r e in .   Other  coupl ing   shapes  c o u l d  

of  course  be  u s e d .  

While  the  p r i n c i p l e s  o f   the  i n v e n t i o n   have  been  d e s c r i b e d  

above  in  connec t ion   with  s p e c i f i c   a p p a r a t u s   and  a p p l i c a t i o n s ,   i t  

is  to  be  unde r s tood   tha t   t h i s   d e s c r i p t i o n   is  made  by  way  of  example  

only  and  not  as  a  l i m i t a t i o n   on  the  scope  of  the  i n v e n t i o n .  



1.  A  composi te   s t r u c t u r a l   element  c o m p r i s i n g :  

a  hollow  s t r u c t u r e ,  

said  s t r u c t u r e   de f ined   by  wall  m e a n s ,  

said  wall  means  having  i n t e r n a l   and  e x t e r n a l   s ide  m e a n s ,  

a  f i r s t   shear  s t r e s s   on  said  e x t e r n a l   s i d e s ,   and 

a  s e t t a b l e   f i l l e r   m a t e r i a l   in  said  s t r u c t u r e   having  a  com- 

p r e s s i v e   s t r e s s   t h e r e o n .  

2.  The  composi te   s t r u c t u r a l   e lement   of  Claim  1,  wherein  s a i d  

hollow  s t r u c t u r e   is  c y l i n d r i c a l   in  c r o s s - s e c t i o n .  

3.  The  composi te   s t r u c t u r a l   element  of  Claims  1  and  2,  w h e r e i n  

sa id   hollow  s t r u c t u r e   is  made  of  m e t a l l i c   m a t e r i a l   and  said  f i l l e r  

m a t e r i a l   is  c e m e n t .  

4.  The  composi te   s t r u c t u r a l   e lement   of  Claim  3,  wherein  r e i n -  

f o r c i n g   rod  means  are  l o c a t e d   wi th in   said  set   f i l l e r   m a t e r i a l .  

5.  The  composi te   s t r u c t u r a l   e lement   of  anyone  of  Claims  1 ,  3  

or  4,  whe re in   sa id   hol low  s t r u c t u r e   is  r e c t a n g u l a r   in  c r o s s - s e c t i o n .  

6.  The  composi te   s t r u c t u r a l  e l e m e n t   of  anyone  of  Claims  1  to  5. 

where in   l i n e r   means  are  i n c l u d e d   between  sa id   hol low  s t r u c t u r e   and  s a i d  

f i l l e r   m a t e r i a l .  

7.  The  composi te   s t r u c t u r a l   element  of  anyone  of  Claims  1  to  6 ,  



where in   sa id   wal l   means  compr i ses   a p e r t u r e s   t h e r e i n   e n a b l i n g   d e n d r i t e s  

to  form  r e s p o n s i v e   t o  s a i d   compress ive   s t r e s s .  

8.  The  composi te   s t r u c t u r a l  e l e m e n t   of  anyone  of  Claims  1  to  7 ,  

where in   sa id   ho l low  s t r u c t u r e   is  d i v i d e d   by a  p l u r a l i t y   of  w a l l s   i n to   s e -  

pa ra t ed   and  de f i ned   hollow  compar tments ,   f i l l e r   means  in  at  l e a s t  

some  of  said  p l u r a l i t y   of  compartments   and  a  p l u r a l i t y   of  c o m p r e s -  

sive  s t r e s s e s   on  said  compartments   and  said  wal ls   s e p a r a t i n g   s a i d  

c o m p a r t m e n t s .  

9.  The  method  of  f a b r i c a t i n g   the  composi te   s t r u c t u r a l   e l e m e n t s  

of  the  p reced ing   c l a ims ,   said  method  compr is ing   the  s teps   o f :  

forming  a  hollow  s t r u c t u r e ,  

p l ac ing   the  hollow  s t r u c t u r e   under  a  f i r s t   p r e s s u r e ,  

i n s e r t i n g   a  s e t t a b l e   f i l l e r   under  a  second  p r e s s u r e   i n t o  

said  hollow  s t r u c t u r e ,   and 

m a i n t a i n i n g   said  p r e s s u r e s   while  said  f i l l e r   s e t s .  

10.  The  method  of  Claim  9,  wherein  said  f i r s t   and  s e c o n d  

p r e s s u r e s   are  normal  to  each  o t h e r .  

11.  The  method  of  f a b r i c a t i n g   a  composi te   s t r u c t u r a l   e l e m e n t  

of  a n y o n e   of  Claims  1  to  8  a c c o r d i n g   to  c l a i m s  9   or  10,  w h e r e i n  

sa id   f i r s t   p r e s s u r e   is  equal   to  80 kg  per  sq .  cm.   and  w h e r e i n  
sa id   second  p r e s s u r e   is  equal  to  100  kg  per  sq.  c m .  

12.  The  method  of  Claim  9,  wherein  said  f i r s t   p r e s s u r e   i s  

a p p l i e d   normal  to  t h e  s i d e s ,   top  and  bottom  of  said  hollow  s t r u c t u r e  

and  wherein  sa id   s e c o n d  p r e s s u r e   is  a p p l i e d   normal  to  the  c r o s s -  



s e c t i o n   of  the  opening  of  said  open  hollow  s t r u c t u r e .  

13.  The  method  of  f a b r i c a t i n g   the  composi te   s t r u c t u r a l   e l e m e n t  

of  anyone  of  Claims  9  t o  1 2 ,   where in   sa id   open  hol low  s t r u c t u r e   i s  

f a b r i c a t e d   f r o m  s t e e l   and  sa id   f i l l e r   m a t e r i a l   is   c o n c r e t e .  

14.  The  composi te   s t r u c t u r a l   e lement   of  anyone  of  Claims  1  to  8 ,  

where in   s a id   e l ement   is  c h a r a c t e r i z e d   to  couple   t o g e t h e r   o t h e r   c o m p o s i t e  

s t r u c t u r a l   e l e m e n t s .  
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