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Concrete  panels  and  relative  means  for  their  anchoring  to  earth,  for  forming  a  facing  wall  of  variable  planimetric  course  and 
allowing  settlement  of  the  panels  in  the  facing  wall  surface,  and  the  facing  wall  thus  obtained. 
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@  The  panels  are  constituted  by  two  T-shaped  integrally 
formed  flat  elements  (2,  3),  superposed  in  mutually  trans- 
lated  relationship  along  one  of  the  diagonal  geometrical 
axes  (X-X)  of  the  ideal  quadrangular  perimeter  which  cir- 
cumscribes  them,  in  such  a  manner  as  to  form  perimetral 
support  zones  (4,  4',  5,  5')  for  other  panels. 

The  upper  part  of  each  element  comprises,  in  proximity 
to  the  upper  and  lower  side  ends,  oblong  seats  (6)  for  housing 
pins  for  connecting  the  panels  (1)  together. 

By  suitably  increasing  the  height  of  the  stem  of  the  T 
relative  to  the  height  of  its  transverse  bar,  a  facing  wall  is 
obtained  which  can  assume  a  variable  planimetric  course, 
while  at  the  same  time  providing  considerable  facility  for  the 
settling  of  the  panels  in  the  surface  of  the  facing  wall  itself. 

The  earth  anchoring  means  comprise  anchoring  ele- 
ments  (10)  constituted  by  pluralities  of  threads  of  glass  fila- 
ments  which  form  a  warp  (14)  on  which  there  is  woven  and 
resin-bonded  a  weft  (15)  of  glass  and/or  polyester  filaments, 
and  connection  elements  on  the  panels  for  their  fixing  to  the 
anchoring  elements  (10). 
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  The  panels  are  constituted  by  two  T-shaped  integrally 
formed  flat  elements  (2,  3),  superposed  in  mutually  trans- 
lated  relationship  along  one  of  the  diagonal  geometrical 
axes  (X-X)  of  the  ideal  quadrangular  perimeter  which  cir- 
cumscribes  them,  in  such  a  manner  as  to  form  perimetral 
support  zones  (4,  4',  5,  5')  for  other  panels. 

The  upper  part  of  each  element  comprises,  in  proximity 
to  the  upper  and  lower  side  ends,  oblong  seats  (6)  for  housing 
pins  for  connecting  the  panels  (1)  together. 

By  suitably  increasing  the  height  of  the  stem  of  the  T 
relative  to  the  height  of  its  transverse  bar,  a  facing  wall  is 
obtained  which  can  assume  a  variable  planimetric  course, 
while  at the  same  time  providing  considerable  facility  for  the 
settling  of  the  panels  in  the  surface  of  the  facing  wall  itself. 

The  earth  anchoring  means  comprise  anchoring  ele- 
ments  (10)  constituted  by  pluralities  of  threads  of  glass  fila- 
ments  which  form  a  warp  (14)  on  which  there  is  woven  and 
resin-bonded  a  weft  (15)  of  glass  and/or  polyester  filaments, 
and  connection  elements  on  the  panels  for  their  fixing  to  the 
anchoring  elements  (10). 



The  present   i n v e n t i o n   r e l a t e s   to  conc re te   panels  and  the  r e l a t i v e  

means  for  t h e i r   anchor ing  to  e a r t h ,   for  forming  a  fac ing   wall  o f  

v a r i a b l e   p l a n i m e t r i c   course  and  a l lowing  s e t t l e m e n t   of  the  p a n e l s  

i n - the   facing  wall  s u r f a c e ,   and  the  fac ing  wall  thus  o b t a i n e d .  

The  r e t a i n i n g   of  i ncohe ren t   or  n o n - i n c o h e r e n t   ea r th   masses  was 

formerly  e f f e c t e d   using  masonry  s t r u c t u r e s .   In  i t s   most  s i m p l e  

concep t ion ,   the  masonry  fac ing  wall  is  of  the  " g r a v i t y "   type,   and 

wi ths t ands   the  o v e r t u r n i n g   t h r u s t s   of  the  ear th   mass  by  v i r t u e   o f  

i t s   own  weight ,   r e s u l t i n g   in  r a t h e r   massive  s t r u c t u r e s .   In  c o n t r a s t ,  

r e s i s t a n c e   to  t r a n s l a t o r y   movement  is  provided  by  f r i c t i o n   be tween  

the  founda t ion   and  the  ground  on  which  it   l i e s .   This  type  o f  

s t r u c t u r e   g e n e r a l l y   r e q u i r e s   excava t ion   work,  which  can  be  c o s t l y ,  

in  seeking  a  r e s i s t a n t   s u b s t r a t e   for  forming  the  f o u n d a t i o n ,   and 

is  g e n e r a l l y   unable  to  w i ths t and   subs idence   which  d i f f e r s   from  p o i n t  

to  p o i n t .  

Reinforced  conc re te   technology  subsequen t ly   enabled  the  problem  t o  

be  conf ron ted   d i f f e r e n t l y   by  means  of  l e d g e - t y p e   walls   in  which  a 

r e l a t i v e l y   thin  base  p la t form  acts   as  the  founda t ion   su r face   f o r  

the  masonry  work.  This  type  of  s t r u c t u r e   enables   the  weight  o f  

the  p ress ing   ea r th   mass  ac t ing   on  the  upstream  part   of  said  b a s e  

p la t form  to  be  u t i l i s e d ,   in  order  that   the  r e s u l t a n t   of  the  o v e r -  

tu rn ing   mass  forces   acts  wi th in   the  i n t e r i o r   of  the  f o u n d a t i o n ,   t h u s  

giving  i t   s t a b i l i t y .   R e s i s t a n c e   to  s l i d i n g   is  again  provided  by 

f r i c t i o n   between  the  base  p la t form  and  i t s   suppor t i ng   g round .  

The  search  for  new  c o n s t r u c t i o n a l   methods  in  the  f i e l d   under  exami -  

na t ion   has  been  d i r e c t e d   towards  the  fo l lowing   o b j e c t s :  

-  o b t a i n i n g   fac ing  walls  in  which  the  volume  of  the  m a t e r i a l s   u sed  



i n c r e a s e s   only  l i n e a r l y   with  the  height   of  the  facing  wall  i t s e l f ;  

-  o b t a i n i n g   facing  walls  r e q u i r i n g   minimum  bulk  in  the  f o u n d a t i o n  

zone,  if  only  during  the  c o n s t r u c t i o n a l   s t age ,   and  r e q u i r i n g   t h e  

minimum  quan t i t y   of  excava t ion   work,  which  is  always  cos t ly   and 

sometimes  d a n g e r o u s ;  

-  o b t a i n i n g   facing  walls  which  adapt  to  non-uniform  s e t t l i n g  

without   the  loss  of  s t r u c t u r a l   and  a e s t h e t i c   c h a r a c t e r i s t i c s ;  

-  o b t a i n i n g   fac ing  walls  which  r equ i r e   an  i n c r e a s i n g l y   l e s s e r   u s e  

of  formwork  and/or   fa lsework  for  t h e i r   c o n s t r u c t i o n ,   so  as  to  r e d u c e  

t h e i r   c o n s t r u c t i o n   t i m e .  

Within  th is   v i ewpo in t ,   i t   is  normal  to  form  s t r u c t u r e s   ( g e n e r a l l y  

bank  r e t a i n i n g   wal ls )   c o n s t i t u t e d   by  facing  walls  connected  t o  

anchoring  elements  buried  in  the  rear   ea r th .   These  anchor ing  e l e m e n t s  

are  formed  in  accordance  with  two  d i f f e r e n t   s y s t e m s .  

In  the  case  of  ea r th   masses  which  a l ready  ex i s t   on  s i t e   and  form 

the  banking,  t i e s   are  conven i en t l y   disposed  in  bores  d r i l l e d   in  t h e  

mass  to  be  r e t a i n e d .  

In  the  case  of  a r t i f i c i a l   embankments  or  d e p o s i t s   g e n e r a l l y ,   e i t h e r  

the  a f o r e s a i d   method  is  used,  or  r e i n f o r c e m e n t s   of  var ious   k i n d s  

are  more  or  less  r e g u l a r l y   i n t e r c a l a t e d   into  the  ear th   as  i t   i s  

depos i t ed   and  compacted,  to  u t i l i s e   the  f r i c t i o n   forces   exer ted   by 

the  ove r ly ing   ear th   mass.  F i n a l l y ,   t i e s   can  be  used  connected  t o  

a  pass ive   anchor ing  te rminal   which  opposes  any  a t tempt   at  i t s  

e x t r a c t i o n   by  mob i l i s i ng   the  pass ive   r e s i s t a n c e   of  the  e a r t h .  

Examples  of  methods  for  secur ing   a  fac ing  wall  by  f r i c t i o n   means 

buried  in  the  ea r th   inc lude   the  sometimes  used  method  of  c o n n e c t i n g  

the  fac ing   wall  to  h o r i z o n t a l   concre te   e lements   embedded  in  t h e  

rear   ea r th .   In  th i s   r e s p e c t ,   another   widespread  method  is  to  form 

the  r e t a i n i n g   facing  wall  by  means  of  p r e f a b r i c a t e d   panels  of  v a r i o u s  



shapes  anchored  to  the  rear   ea r th   in  one  o f  t h e   a f o r e s a i d   ways ,  

as  for  example  desc r ibed   in  the  p u b l i c a t i o n   "La  meccanica  del  t e r r e n o  

a p p l i c a t a   a l l e   c o s t r u z i o n i   s t r a d a l i " ,   by  Giuseppe  T e s o r i e r e ,  

publ i shed   by  Denaro,  Palermo,  1959,  Figure  236,  page  334.  T h i s  

p u b l i c a t i o n   shows  a  facing  wall  of  modular  p r e f a b r i c a t e d   c o n c r e t e  

panels  anchored  to  the  ea r th   mass  to  be  r e t a i n e d .  

A  f u r t h e r   c o n s t r u c t i o n a l   method  is  to  r e t a i n   ear th   masses,   such  

as  those  under  d i s c u s s i o n ,   by  means  of  metal  or  conc re t e   p a n e l s  

anchored  to  a r t i f i c i a l l y   la id  rear   ear th   by  means  of  smooth  or  non -  

smooth  metal  bands  of  ga lvan i sed   s t e e l   or  other   me ta l s ,   s u i t a b l y  

fixed  to  said  p a n e l s .  

Although  such  a  method  is  c u r r e n t l y   widespread ,   i t   has  d rawbacks  

and  d e f i c i e n c i e s   a t t r i b u t a b l e   both  to  the  panels  and  to  the  a n c h o r i n g  

elements  u s e d .  

The  geomet r i ca l   c o n f i g u r a t i o n s   of  c u r r e n t l y   known  panels  used  i n  

the  c o n s t r u c t i o n   of  facing  walls   of  the  desc r ibed   type  are  many 
and  va r i ed .   Some  of  these  panels  have  s p e c i f i c   c h a r a c t e r i s t i c s   f o r  

ob t a in ing   determined  r e s u l t s   and/or   e f f e c t s ,   whereas  o thers   have  

s p e c i f i c   c h a r a c t e r i s t i c s   for  o b t a i n i n g   r e s u l t s   and/or  e f f e c t s   which  

are  d i f f e r e n t   from  the  p reced ing ,   but  of  which  some  can  be  common. 

However,  no  known  panel  combines  in  i t s e l f   wi thout   d i s t i n c t i o n   t h e  

c h a r a c t e r i s t i c s   r equ i r ed   for  o b t a i n i n g   a l l   the  a f o r e s a i d   r e s u l t s  

and/or  e f f e c t s   by  v i r t u e   p a r t i c u l a r l y   of  a  shape  and  c o n f i g u r a t i o n  

which  wi thout   using  s p e c i a l   devices   enables   a  fac ing  wall  to  be 

c o n s t r u c t e d   with  a  v a r i a b l e   p l a n i m e t r i c   course  which  is  not  l i m i t e d  

in  terms  of  rad ius   of  c u r v a t u r e ,   which  can  be  c o n s t r u c t e d   e i t h e r  

in  s u c c e s s i v e   h o r i z o n t a l   rows  or  in  only  one  row,  with  the  f a c i l i t y  

for  e r e c t i n g   the  panels  e i t h e r   from  above  or  from  the  side  w i t h o u t  

the  need  for  f a l sework ,   and  f i n a l l y   with  the  a b i l i t y   to  a b s o r b  

poss ib l e   d i f f e r e n t i a l   s e t t l i n g   of  a  fac ing  wall  wi thout   the  need 

to  cut  the  fac ing  wall  over  i t s   e n t i r e   height   and  i n s e r t   s u i t a b l e  

j o i n t s   into  the  s t r u c t u r e ,   and  to  absorb  s u b s t a n t i a l   and/or   v a r i a b l e  

subs idence   of  the  suppor t ing   ground  along  the  facing  w a l l .  



In  p a r t i c u l a r ,   in  the  known  a r t ,   for  forming  accen tua t ed   a n g l e s ,  

a  s u i t a b l e   v e r t i c a l   connec t ion   element  is  i n s e r t e d   between  the  two 

facing  wall  p a r t s ,   which  are  cut  over  t he i r   e n t i r e   he igh t .   T h i s  

device  a c c e n t u a t e s   the  drawback  of  having  to  renounce  many  p a n e l  

c h a r a c t e r i s t i c s   ( a b u t t i n g   s u r f a c e s ,   geome t r i ca l   shape  e t c . )   when 

the  poin ts   of  p l a n i m e t r i c   v a r i a t i o n   in  the  fac ing   wal l ,   which 

n e c e s s i t a t e   said  device ,   are  close  t o g e t h e r .   In  th i s   r e s p e c t ,   where  

a  p l a n i m e t r i c   v a r i a t i o n   with  90°  angles  in  c lose  succes s ion   i s  

r e q u i r e d ,   for  example  a  panel  fol lowed  by  the  absence  of  a  p a n e l ,  

the  advantages   of  the  shaped  panels  might  in  fact   not  be  u t i l i s e d .  

The  metal  anchor  elements  employed  in  the  method  h e r e t o f o r e   d e s c r i b e d  

cannot  always  be  used.  In  th i s   r e s p e c t ,   there   are  chemical  and 

phys ica l   ear th   c o n d i t i o n s   or  ranges  of  chemical  and  phys ica l   parame-  

te rs   such  as  r e s i s t i v i t y ,   pH,  conten t   of  C l   S 0 4  ,   N03 ,  NO2 
and  other   ions ,   which  make  t h e i r   use  i m p o s s i b l e .   Metal  elements  can  

in  fact   be  sub j ec t ed   to  var ious   types  of  c o r r o s i o n ,   and  it   s h o u l d  

be  noted  that   in  the  p resen t   case  " s t r e s s "   c o r r o s i o n   occurs ,   t h i s  

being  an  extremely  i n s i d i o u s   type  of  l o c a l i s e d   c o r r o s i o n ,   which  

develops  with  the  format ion  of  cracks  in  the  metal  and  occurs  by 

the  combined  ac t ion   of  mechanical   s t r e s s   and  a  s p e c i f i c   c o r r o s i v e  

medium  of  mild  c o r r o s i v e   ac t ion   and  such  t ha t ,   in  the  absence  o f  

the  s t a t e   of  s t r e s s ,   would  have  been  able  to  give  r i s e   to  s l i g h t  

ac t ion   of  a t t a ck   with  d i f f e r e n t   morphology.  S t ress   c o r r o s i o n   i s  

an  extremely  widespread  phenomenon  which  a f f e c t s   a  wide  range  o f  

metal  m a t e r i a l s   such  as  f e r r i t e   s t e e l s ,   s t a i n l e s s   s t e e l s ,   l i g h t  

a l l o y s ,   copper  a l loys   and  t i t a n i u m   a l loys   e t c . ,   under  the  ac t ion   o f  

environments   of  var ious   kinds  such  as  h a l i d e s ,   n i t r a t e s ,   s u l p h i d e s ,  

c a u s t i c   or  s l i g h t l y   acid  s o l u t i o n s   and  organic   s o l v e n t s ,   at  v a r i o u s  

t empera tu re s   and  i nc lud ing   in  the  vapour  s t a t e .   Cons ider ing   t h e  

v a r i e t y   of  c o n d i t i o n s   under  which  cases  of  s t r e s s   c o r r o s i o n   have  

been  observed,   i t   is  not  p o s s i b l e   in  the  p resen t   s t a t e   of  r e s e a r c h  

to  formula te   genera l   ru les   which  p r e d i c t   the  degree  of  s u s c e p t i b i l i t y  

of  the  ma te r i a l   to  s t r e s s   c o r r o s i o n   or  the  aggress ive   power  of  a  

s o l u t i o n ,   because  th i s   type  of  c o r r o s i o n   i n t e r v e n e s   only  when 

s t r i c t l y   s p e c i f i c   c o n d i t i o n s   occur.   Thus  an  even  s l i g h t   v a r i a t i o n  



in  one  of  the  system  parameters   would  sometimes  be  s u f f i c i e n t   t o  

complete ly   change  the  morphology  of  the  a t t a c k   towards  less   i n s i d i o u s  

forms.  The  r e s u l t   is  that   i t   is  not  p o s s i b l e   to  speak  of  m e t a l s  

which  are  immune  from  s t r e s s   c o r r o s i o n   or  of  promoter  e n v i r o n m e n t s .  

It  is  only  p o s s i b l e   to  fo rmula te   a  c e r t a i n   number  of  ru l e s   of  g e n e r a l  

c h a r a c t e r   which  can  assume  merely  the  s i g n i f i c a n c e   of  o r i e n t a t i n g  

towards  the  choice  of  m a t e r i a l s   and  t h e i r   use  ( "Cor ros ione   e  P r o t e -  

zione  dei  M e t a l l i " ,   G.  B i a n c h i  -   F.  Mazza,  publ i shed   by  Masson 

I t a l i a ,   1980) .  

From  the  a f o r e g o i n g ,   i t   is  apparent   that   the  phys ica l   and  c h e m i c a l  

c h a r a c t e r i s t i c s   of  ear th   can  s u f f e r   c o n s i d e r a b l e   v a r i a t i o n   in  t i m e ,  

which  can  p r e j u d i c e   the  r e l i a b i l i t y   of  anchor ing  elements  c o n s t r u c t e d  

in  accordance  with  the  said  a r t .   A  f u r t h e r   consequence  is  that   t h e  

use  of  such  metal  anchor ing  elements   is  f i r s t l y   l im i t ed   in  t h a t  

from  a  study  of  the  chemical  and  phys ica l   c h a r a c t e r i s t i c s   of  t h e  

ea r th ,   t h e i r   l i f e   must  be  r e l a t e d   to  c o r r o s i o n   (which  reduces  t h e  

useful   c r o s s - s e c t i o n   of  the  anchor ing  e l emen t ) .   It  is  also  f u r t h e r  

l imi ted   (and  because  of  th is   such  anchor ing  elements  must  be  s u b j e c t e d  

to  pe r iod ic   check)  in  that   i t   is  necessa ry   to  v e r i f y   tha t   the  a c t u a l  

c o r r o s i o n   con t inues   to  cor respond  in  time  to  the  assumed  c o r r o s i o n .  

The  problem  both  of  knowing  whether  the  chemical  and  phys ica l   e a r t h  

c o n d i t i o n s   vary  with  time  and  of  how  to  remedy  th i s   remains  in  a l l  

cases  unsolved,   Fur thermore ,   the  c u r r e n t l y   used  metal  s t r i p   a n c h o r i n g  

elements  cannot  be  e a s i l y   adapted  to  the  ear th   p a r t i c l e   s i ze ,   and 

of fe r   a  c o e f f i c i e n t   of  f r i c t i o n   between  the  anchor ing  element  and 

the  ear th   which,  a l though  i nc rea sed   over  smooth  s t r i p s   by  means  o f  

s u i t a b l e   p r o j e c t i o n s ,   acts   only  in  the  d i r e c t i o n   ( m o n o d i r e c t i o n )  

or thogonal   to  the  p r o j e c t i o n s   provided  on  said  s t r i p s .  

An  objec t   of  the  i n v e n t i o n   is  t h e r e f o r e   to  provide  an  ea r th   r e t a i n i n g  

s t r u c t u r e ,   or  facing  wal l ,   which  can  take  a  v a r i a b l e   p l a n i m e t r i c  

course  such  as  to  be  able  to  c o n s t r u c t   c o n f i g u r a t i o n s   which  a r e  

not  l imi t ed   in  terms  of  rad ius   of  c u r v a t u r e ;   which  can  be  c o n s t r u c t e d  

e i t h e r   in  the  form  of  s u c c e s s i v e   h o r i z o n t a l   rows  or  in  a  s ing le   row,  



by  changing  the  dimensions  but  not  the  shape  of  the  pane l s ,   and 

with  the  f a c i l i t y   for  e r e c t i n g   them  e i t h e r   from  above  or  from  t h e  

s ide ,   without   the  need  for  fa l sework   for  the  conc re te   pane l s ;   and 

such  as  to  be  able  to  absorb  both  any  d i f f e r e n t i a l   s e t t l i n g   of  one 

part   of  the  facing  wall  with  r e spec t   to  an  ad jacen t   part   w i t h o u t  

the  need  for  c u t t i n g   the  facing  wall  over  i t s   e n t i r e   he ight   and 

i n s e r t i n g   s u i t a b l e   j o i n t s   into  t h e  s t r u c t u r e ,  a n d   s u b s t a n t i a l   a n d / o r  

v a r i a b l e   subs idence   in  the  support   ground  along  the  fac ing  wall  by 

v i r t u e   of  the  panels  themselves   being  able  t o  a d j u s t   h o r i z o n t a l l y ,  

v e r t i c a l l y   and  r o t a t a b l y   in  the  su r face   of  said  fac ing  wal l ;   and 

again  such  as  to  be  secured  by  an  anchor ing  element  which  is  n o t  

a f f e c t e d   by  q u a n t i t a t i v e   or  q u a l i t a t i v e   v a r i a t i o n s   in  the  p h y s i c a l  

and  chemical  c h a r a c t e r i s t i c s   of  the  ear th   with  time;  and  f i n a l l y  

such  as  to  be  formable  wi th in   a  wide  range  of  ear th   p a r t i c l e   s i z e  

and  with  a  high  m u l t i - d i r e c t i o n a l   c o e f f i c i e n t   of  f r i c t i o n .  

A  f u r t h e r   ob jec t   of  the  i n v e n t i o n   is  consequen t ly   to  provide  c o n c r e t e  

pane ls ,   the  shape  and  c o n f i g u r a t i o n   of  which  enable  the  v e r t i c a l  

j o i n t s   of  the  e rec ted   panels  to  permit  r o t a t i o n   both  about  a  v e r t i c a l  

axis  and  about  an  i n c l i n e d   axis  lying  wi th in   the  su r face   of  the  f a c i n g  

w a l l .  

A  f u r t h e r   ob jec t   of  the  i n v e n t i o n   is  to  provide  anchor ing  e l e m e n t s  

which  are  not  sub jec t   to  c o r r o s i o n ,   have  a  c o n s i d e r a b l e   l i f e   and 

t h e r e f o r e   do  not  r e q u i r e   pe r iod i c   checking,   are  able  to  t o l e r a t e   a 

c o n s i d e r a b l e   range  of  p a r t i c l e   s ize   of  the  ea r th   in  which  they  a r e  

embedded,  and  f i n a l l y   provide  a  high  m u l t i - d i r e c t i o n a l   c o e f f i c i e n t  

of  f r i c t i o n   between  the  anchoring  element  and  the  e a r t h .  

These  ob j ec t s   are  a t t a i n e d   according   to  the  i n v e n t i o n   by  a  r e i n f o r c e d  

or  n o n - r e i n f o r c e d   concre te   panel  c o n s t i t u t e d   by  two  T - s h a p e d ,  

i n t e g r a l l y   formed  superposed  f l a t   elements  which  are  in  t r a n s l a t e d  

r e l a t i o n s h i p   to  each  other   along  one  of  the  d iagonal   g e o m e t r i c a l  

axes  of  the  ideal   quadrangu la r   pe r ime te r   which  c i r c u m s c r i b e s   them, 

and  which  at  each  side  of  the  panel  comprise  support   zones  which 

c o n s t i t u t e   the  a b u t t i n g   su r f ace   for  an  ove r ly ing   or  u n d e r l y i n g  



ad jacen t   panel ,   said  panel  being  secured  to  the  ea r th   by  a n c h o r i n g  

elements  each  formed  in  the  manner  of  woven  f ab r i c   of  which  t h e  

warp  is  c o n s t i t u t e d   by  a  p l u r a l i t y   of  th reads   of  extended  l e n g t h  

or thogonal   or  non -o r thogona l   to  the  panel ,   and  of  which  the  w e f t  

is  c o n s t i t u t e d   by  at  l e a s t   one  thread  d isposed  o r t h o g o n a l l y   to  t h e  

warp,  said  warp  th reads   being  c o n s t r u c t e d   of  g lass   f i l a m e n t s   bonded 

toge the r   by  r e s in   and  on  which  a  weft  of  g lass   or  mixed  g l a s s -  

p o l y e s t e r   f i l a m e n t s   is  woven  and  then  r e s in -bonded   in  such  a  manner 

as  to  form  compact  u n i t s .  

The  sub jec t   mat ter   of  the  i n v e n t i o n   is  de sc r ibed   in  g r e a t e r   d e t a i l  

h e r e i n a f t e r   with  r e f e r e n c e   to  p r e f e r r e d   embodiments  shown  by  way 
of  n o n - l i m i t i n g   example  on  the  accompanying  drawings ,   in  which :  

Figure  1  is  a  p e r s p e c t i v e   d iagrammatic   view  of  some  panels  of  t h e  

i n v e n t i o n   e r e c t e d ;  

Figure  2  is  a  f ront   view  of  a  fac ing  wall  ob ta ined   from  the  p a n e l s  

of  the  i n v e n t i o n ;  

Figure  3  is  a  c r o s s - s e c t i o n   on  the  l ine   I - I   of  the  fac ing   w a l l  o f  

Figure  2 ;  

Figure  4  is  a  d e t a i l   of  two  pinned  panels  d isposed  at  9 0 ° ;  

Figure  5  is  a  d iagrammat ic   view  from  below  of  a  po r t ion   of  f a c i n g  

wall  of  varying  p l a n i m e t r i c   course  in  which  the  panels  are  r o t a t e d  

through  an  angle  of  up  to  90° ;  

Figure  6  is  a  f ron t   view  of  a  fac ing  wall  ob ta ined   from  a  s i n g l e  

row  of  T-shaped  panels  of  the  i n v e n t i o n   having  d i f f e r e n t   but  comple -  

mentary  p r o p o r t i o n s ;  

Figure  7  is  a  p e r s p e c t i v e   view  of  the  f ront   su r face   of  a  f u r t h e r  

embodiment  of  a  panel  according  to  the  i n v e n t i o n ;  



Figure  8  shows  an  embodiment  of  a  connec t ion   element  for  c o n n e c t i n g  

the  panels  to  the  ear th   anchoring  elements   according  t o  t h e   i n v e n t i o n ,  

and  which  is  pa r t l y   embedded  in  the  p a n e l ;  

Figures   9  and  10  show  f u r t h e r   embodiments  of  the  elements  f o r  

connec t ing   the  panels  to  the  anchor ing  e l e m e n t s ;  

Figure  11  is  a  p e r s p e c t i v e   rear   view  of  a  panel  according   to  t h e  

i n v e n t i o n   provided  with  the  connec t ion   elements  of  Figures   8,  9 

or  10; 

Figure  12  is  a  d e t a i l e d   view  of  the  te rminal   par ts   of  a  c o n n e c t i o n  

element  in  accordance  with  Figures   8,  9  or  10,  with  the  r e i n f o r c e d  

head  of  an  anchor ing  element  i n s e r t e d   and  locked  t h e r e b e t w e e n ;  

Figure  13  shows  some  embodiments  of  the  weave  of  the  weft  on  t h e  

warp,  and  of  the  r e i n f o r c e d   heads  of  the  anchor ing  and/or   c o n n e c t i o n  

elements  according   to  t h e ' i n v e n t i o n ;  

Figures   14  and  15  are  views  of  p a r t i c u l a r   embodiments  of  the  a n c h o r i n g  

elements  according   to  the  i n v e n t i o n ;  

Figure  16  is  a  v e r t i c a l   s e c t i o n a l   d iagrammatic   view  of  a  fac ing   w a l l  

c o n s t r u c t e d   with  the  panels  according  to  the  i n v e n t i o n ,   and  of  t h e  

ear th   which  is  r e t a i n e d   thereby  and  in  which  anchoring  e l e m e n t s  

according   to  the  i n v e n t i o n   for  said  panels  are  embedded. 

Figure  I  shows  T-shaped  panels  according  to  the  i n v e n t i o n ,   s u i t a b l y  

e r e c t e d .   More  p a r t i c u l a r l y ,   the  r e i n f o r c e d   or  n o n - r e i n f o r c e d  

concre te   panel  I  of  the  i n v e n t i o n   is  c o n s t i t u t e d   by  two  T - shaped  

i n t e g r a l l y   formed  f l a t   elements  2  and  3  which  are  superposed  i n  

mutual ly   t r a n s l a t e d   r e l a t i o n s h i p   along  the  d iagonal   g e o m e t r i c a l  

axis  X-X  of  the  ideal   quadrangu la r   pe r ime te r   which  c i r c u m s c r i b e s  

them,  and  have  t h e i r   p r o j e c t i n g   p e r i m e t r a l   edges  4,  4'  o u t w a r d l y  

beve l l ed   in  such  a  manner  as  to  form  p e r i m e t r a l   support   zones  f o r  

other   pane ls ,   said  zones  being  shaped  s u b s t a n t i a l l y   as  a  step  formed 



by  two  p a r a l l e l   s u r f a c e s   5,  5'  and  by  an  i n t e r m e d i a t e   i n c l i n e d  

sur face   c o n s t i t u t e d   by  said  outwardly  beve l l ed   p r o j e c t i n g   p e r i m e t r a l  

edges  4 ,  4 ' .   The  corners   of  the  outer   su r f aces   are  s u i t a b l y  

chamfered  in  order  to  f a c i l i t a t e   r o t a t i o n   between  ad jacen t   p a n e l s .  

The  upper  part   of  each  element  2  and  3  which  forms  the  t r a n s v e r s e  

bar  of  the  T  compr i ses ,   in  proximi ty   to  i t s   upper  and  lower  s i d e  

ends,  bl ind  sea t s   for  housing  with  s u b s t a n t i a l   play  pins  6 ' ,   f o r  

example  of  g a l v a n i s e d   s t e e l ,   for  connec t ing   the  panels  t o g e t h e r .  

This  s u b s t a n t i a l   play  gives  the  fac ing  wall  a  c e r t a i n   degree  o f  

h o r i z o n t a l   d e f o r m a b i l i t y .   The  geome t r i ca l   T  shape  of  the  p a n e l  

according  to  the  i n v e n t i o n   enables   the  r e l a t i v e   fac ing  wall  t o  

adapt  to  curved  cou r ses ,   in  that   the  panel  " l i p s "   form  at  a  c o n s t a n t  

spacing  an  " a r t i c u l a t i o n "   over  the  e n t i r e   height   of  the  fac ing  w a l l ,  

whereas  the  support   zones,  de termined  by  the  s t aggered   c o n f i g u r a t i o n  

of  the  two  f l a t   elements  of  the  panel ,   allow  both  e r e c t i o n   w i t h o u t  

f a l sework ,   and  mutual  c o l l a b o r a t i o n   between  pane ls ,   the  p o s i t i o n i n g  

of  which  is  also  f a c i l i t a t e d   by  the  j o i n t   provided  by  the  v e r t i c a l  

p i n s .  

Figures  2  and  3  show  a  f ront   view  of  a  fac ing  wall  c o n s t r u c t e d   w i t h  

panels  according   to  the  i n v e n t i o n ,   and  a  s e c t i o n   t h e r e t h r o u g h  

r e s p e c t i v e l y .  

The  panels  of  the  i n v e n t i o n   can  also  adapt  to  extremely  a c c e n t u a t e d  

c u r v a t u r e s ,   and  indeed  a  fac ing  wall  can  be  formed  with  a  l i m i t i n g  

c o n f i g u r a t i o n   forming  a  broken  l ine   with  90°  ang les ,   while  s t i l l  

p rovid ing   c o n t i n u i t y   of  the  facing  wall  i t s e l f .  

The  r o t a t i o n   which  enables   th i s   is  f a c i l i t a t e d   by  the  play  be tween  

the  pins  and  sea ts   and  by  the  i n c l i n a t i o n   of  the  s u r f a c e s   4,  4 '  

which  jo in   t o g e t h e r   the  p a r a l l e l   s u r f a c e s   5,  5'  of  the  support   zone .  

Moreover,  in  order  for  the  panels  to  p roper ly   ad jo in   each  o t h e r  

(a l lowing  for  t o l e r a n c e s )   along  the  e n t i r e   h inging  axis  when  i n  



p o s i t i o n s   between  0°  and  90°,  the  panel  l ip  must  be  d imens ioned  

as  a  func t ion   of  the  depth  of  the  zone  of  r o t a t i o n ,   as  shown  by 

way  of  n o n - l i m i t i n g   example  in  Figure  4,  in  which  the  l ips   of  each  

f l a t   element  2  and  3  have  a  depth  less   than  or  equal  to  one  h a l f  

the  panel  t h i c k n e s s .  

The  arrangement  of  the  sea ts   6  in  each  f l a t   element  2,  3  e n a b l e s  

the  pins  to  be  d isposed  for  r o t a t i n g   the  panels  in  one  or  o t h e r  

of  said  f l a t   elements  so  as  to  obta in   optimum  a d a p t a t i o n   of  t h e  

facing  wall  to  i t s   p l a n i m e t r i c   c o u r s e .  

Figure  5  is  a  d iagrammatic   view  from  below  of  a  po r t i on   of  f a c i n g  

wall  obta ined  from  the  panels  of  the  i n v e n t i o n ,   which  takes  a 

v a r i a b l e   p l a n i m e t r i c   course  with  the  panels  being  r o t a t e d   t h r o u g h  

angles  of  up  to  9 0 ° .  

S u i t a b l e   rubber  j o i n t s   can  be  i n s e r t e d   e i t h e r   v e r t i c a l l y   or  h o r i -  

z o n t a l l y   in  o rder ,   i n t e r   a l i a ,   to  improve  the  r e t e n t i o n   of  t h e  

ear th   to  the  rear   of  said  pane ls .   The  panel  t h i c k n e s s   and  i t s  

p o s s i b l e   r e i n f o r c e m e n t   vary  as  a  f unc t i on   of  the  he ight   of  t h e  

fac ing  wall  to  be  c o n s t r u c t e d   and/or  of  the  loads  ac t ing   on  t h e  

embankment.  The  other   geomet r i ca l   d imens ions ,   namely  he igh t   and 

width,   can  vary  to  give  a r c h i t e c t u r a l   value  to  the  fac ing   w a l l ,  

based  on  the  p a n e l / f a c i n g   wall  d imensional   r a t i o .   The  outer   f a c e  

of  the  panel  is  normally  smooth,  but  d i f f e r e n t   forms  can  be  e a s i l y  

obta ined   where  r e q u i r e d ,   by  modifying  the  base  of  the  moulds.  F i n a l l y ,  

each  panel  is  provided  with  hooks  for  i t s   t r a n s p o r t a t i o n   and 

e r e c t i o n .   In  a d d i t i o n ,   panels  without   lower  suppor t   zones  

for  forming  the  f i r s t   row,  panels  cut  to  d i f f e r e n t   he igh t s   for  t h e  

top  of  the  facing  wa l l s ,   for  edges  or  other   r equ i r emen t s   of  t h e  

geomet r i ca l   c o n f i g u r a t i o n   of  the  fac ing  wall  to  be  c o n s t r u c t e d ,  

and  T-shaped  panels  with  d i f f e r e n t   but  complementary  d i m e n s i o n s  

for  forming  a  facing  wall  c o n s t i t u t e d   by  a  s ing le   row  of  p a n e l s ,  

as  shown  in  Figure  6,  can  also  be  p r o v i d e d .  

Figures   7  and  11  show  a  f u r t h e r   embodiment  of  the  r e i n f o r c e d   o r  



n o n - r e i n f o r c e d   conc re te   panel  l'  according   to  the  i n v e n t i o n ,   c o n s t i -  

tuted  by  two  T-shaped  f l a t   elements  2  and  3,  of  which  the  t r a n s v e r s e  

bar  is  of  smal le r   he ight   than  the  stem,  measured  from  the  lower  

l imit   of  the  bar,  they  being  superposed  in  mutual ly   t r a n s l a t e d  

r e l a t i o n s h i p   along  the  d iagonal   geomet r i ca l   axis  X-X  of  the  i d e a l  

quadrangula r   pe r ime te r   which  c i r c u m s c r i b e s   them,  t h e i r   p r o j e c t i n g  

p e r i m e t r a l   edges  4,  4'  being  outwardly  beve l l ed   so  as  to  form 

p e r i m e t r a l   support   zones  for  other   pane l s ,   these  zones  being  shaped  

s u b s t a n t i a l l y   as  a  step  formed  from  two  p a r a l l e l   s u r f a c e s   5,  5 '  

and  an  i n t e r m e d i a t e   i n c l i n e d   su r f ace   c o n s t i t u t e d   by  the  o u t w a r d l y  

beve l led   p r o j e c t i n g   p e r i m e t r a l   edges  4,  4 ' .   The  corners   of  t h e  

outer  s u r f a c e s   are  s u i t a b l y   chamfered  to  f a c i l i t a t e   r o t a t i o n   be tween  

ad jacen t   panels   about  the  connec t ion   p i n .  

The  upper  part   of  each  f l a t   element  2  and  3  forming  the  t r a n s v e r s e  

bar  of  the  T  compr i ses ,   in  p roximi ty   to  i t s   upper  and  lower  s i d e  

ends,  bl ind  sea ts   6  of  r e c t a n g u l a r   or  s lo t   shape  d isposed  with  t h e i r  

l a rger   dimension  p a r a l l e l   to  the  plane  of  the  panel  1 ' ,   and  d e s i g n e d  

to  house  pins  for  connec t ing   the  panels  t o g e t h e r .  

The  i n c r e a s e   in  he igh t   of  the  stem  of  the  T  with  r e s p e c t   to  t h e  

height   of  i t s   t r a n s v e r s e   bar  allows  a  panel  to  undergo  i t s   v e r t i c a l  

t r a n s l a t o r y   ad jus tment   movement  with  r e spec t   to  the  ad jacen t   p a n e l s ,  

whereas  the  e longa ted   shape  of  the  sea ts   6  for  the  pins  allows  t h e  

h o r i z o n t a l   t r a n s l a t o r y   movement  for  the  co r r e spond ing   a d j u s t m e n t  

of  the  panels   in  th i s   d i r e c t i o n .   Taken  o v e r a l l ,   these  two  movements 

also  allow  a  panel  to  r o t a t e   with  r e spec t   to  i t s   ad j acen t   p a n e l s  

in  the  plane  of  the  fac ing  w a l l .  

Moreover,  the  r e c t a n g u l a r   or  s lo t   shape  of  the  pin  sea ts   6  and 

t h e i r   ar rangement   l imi t   the  movement  of  the  pins  in  a  d i r e c t i o n  

or thogona l   to  the  pane l s ,   so  tha t   any  o f f s e t t i n g   of  a  panel  r e l a t i v e  

to  i t s   ad jacen t   panels  is  prevented   or  l i m i t e d ,   so  p rov id ing   t h e  

f a c i l i t y   for  mutual  c o l l a b o r a t i o n   between  said  p a n e l s .  

F i n a l l y ,   the  fact   that   the  f l a t   element  2  l i e s   in  d i a g o n a l l y  



t r a n s l a t e d   r e l a t i o n s h i p   to  the  f l a t   element  3  enables   the  p r o j e c t i n g  

p e r i m e t r a l   edges  4,  4'  of  the  panels  of  the  i n v e n t i o n   to  a lways  

l ie   superposed  aga ins t   those  of  the  ad jacen t   p a n e l s .  

On  that   panel  side  which  faces  the  embankment,  the  panels  1,  I'  o f  

the  i nven t ion   comprise  connec t ion   elements  for  connec t ing   s a i d  

panels  to  the  ear th   anchoring  e lements ,   said  connec t ion   e l e m e n t s  

p r o j e c t i n g   from  the  rear   su r face   of  the  panel .   In  s p e c i f i c   c a s e s ,  
for  example  in  the  case  of  fac ing  walls   lying  below  the  water  t a b l e  

( e s p e c i a l l y   in  the  case  of  sea  wa te r ) ,   the  connec t ion   e l e m e n t s  

i n s t e a d   of  p r o j e c t i n g   can  be  d isposed  in  a  cav i ty   provided  in  t h e  

t h i c k n e s s   of  said  panel ,   which  is  then  sealed  with  cement  m o r t a r  

a f t e r   the  anchoring  elements  have  been  i n s e r t e d .  

With  r e f e r e n c e   to  Figure  8,  according  to  the  p resen t   i n v e n t i o n   t h e  

connec t ion   element  7  for  connec t ing   the  panel  1,  1'  to  the  a n c h o r i n g  

elements  is  c o n s t i t u t e d   by  a  s t r i p   of  c o r r o s i o n - r e s i s t a n t   m e t a l ,  

for  example  ga lvan i sed   s t e e l ,   or  p r e f e r a b l y   by  a  r i b b o n - l i k e   e l emen t  

in  the  form  of  th reads   of  r e s i n - b o n d e d ,   p r e t e n s i o n e d ,   p a r a l l e l  

con t inous   glass   f i l a m e n t s ,   which  form  a  warp  on  which  a  weft  o f  

mixed  g l a s s - p o l y e s t e r   f i l amen t s   is  woven  and  r e s i n - b o n d e d ,   a s  

desc r ibed   in  g r e a t e r   d e t a i l   h e r e i n a f t e r   with  r e f e r e n c e   to  t h e  

anchoring  e l e m e n t s .  

This  r i b b o n - l i k e   element  is  s u b s t a n t i a l l y   c o l l a r - s h a p e d ,   i t s   h o r i -  

zontal   ends  8,  pos s ib ly   r e i n f o r c e d ,   being  superposed  and  s u i t a b l y  

spaced  apar t   for  the  i n s e r t i o n   of  the  head  9  of  the  anchor ing  e l emen t  

10,  and  compris ing  a l igned  holes  for  r e c e i v i n g   a  pin  11,  screw  o r  

the  l ike   for  f i x ing   said  head  9  to  the  connec t ion   element  7  by  way 
of  a  hole  provided  in  said  head  9.  

As  shown  in  the  f i g u r e ,   the  c e n t r a l   v e r t i c a l   part   of  the  c o n n e c t i o n  

element  7  is  embedded  in  the  conc re te   of  the  panel  1,  l'  so  as  t o  

p resen t   the  g r e a t e s t   p o s s i b l e   su r face   p e r p e n d i c u l a r   to  the  d i r e c t i o n  

of  the  t e n s i l e   s t r e s s e s   and  thus  the  g r e a t e s t   p o s s i b l e   r e s i s t a n c e  

to  w i t h d r a w a l .  



The  arrangement   of  the  connec t ion   element  7  thus  enables   t h e  

anchoring  element  10  to  be  p o s i t i o n e d   not  only  p e r p e n d i c u l a r l y   t o  

the  panel  1,  1 ' ,   but  also  in  other   p o s i t i o n s   in  the  s u b s t a n t i a l l y  

h o r i z o n t a l   plane  p e r p e n d i c u l a r   to  said  panel ,   without  any  t o r s i o n a l  

and  shear ing   s t r e s s e s   a r i s i n g   in  the  anchor ing  element  10  a n d / o r  

s t r e s s   c o n c e n t r a t i o n s   which  urge  the  concre te   to  s e p a r a t e   in  t h e  

zone  in  which  the  connec t ion   element  7  is  embedded. 

Thus,  the  r e s u l t   is  f i r s t l y   the  absence  of  s t r e s s   c o n c e n t r a t i o n s  

in  the  concre te   in  proximi ty   to  the  connec t ion   element  7,  and  which 

are  always  damaging  in  that   they  are  c o n c e n t r a t e d   in  small  a r e a s  

and  in  impor tan t   zones  such  as  the  zones  of  con tac t   between  t h e  

connec t ion   element  7  and  panel  1,  1 ' .  

Secondly,  the  connec t ion   element  7  is  s t r e s s e d   in  such  a  manner 

as  to  ob ta in   maximum  p r o f i t   from  i t s   s t r e n g t h   c h a r a c t e r i s t i c s  

without  the  drawback  of  u n d e s i r a b l e   s t r e s s e s   such  as  shea r ing   and 

t o r s i o n a l   s t r e s s e s   a r i s i n g .  

F i n a l l y ,   by  v i r t u e   of  being  formed  in  a  s ing le   shaped  p iece ,   s a i d  

connec t ion   element  7  enables   the  holes  in  i t s   h o r i z o n t a l   ends  8 

to  be  a l i gned ,   so  ensur ing   s t r e s s   u n i f o r m i t y   between  the  c o n n e c t i o n  

element  7  and  anchor ing  element  10.  

Figure  9  shows  a  d i f f e r e n t   embodiment  of  the  connec t ion   e l e m e n t  

according  to  the  i n v e n t i o n ,   c o n s t i t u t e d   by  two  C-shaped  r i b b o n - l i k e  

elements  of  the  type  h e r e t o f o r e   d e s c r i b e d ,   t h e i r   c e n t r a l   par ts   b e i n g  

embedded  v e r t i c a l l y   in  the  concre te   to  form  an  angle  with  each  

other  and  with  the  panel  s u r f a c e ,   such  that   the  h o r i z o n t a l   ends  8 

p r o j e c t i n g   from  said  panel  form  t r i a n g l e s ,   and  the  holes  13  p r o v i d e d  

in  said  ends  are  a l igned  and  s u i t a b l y   spaced  a p a r t .  

A  f u r t h e r   embodiment  of  the  connec t ion   element  is  shown  in  F i g u r e  

10,  in  which  it  can  be  seen  that   the  r i b b o n - l i k e   element  is  g i v e n  

a  t r i a n g u l a r   shape  by  being  folded  about  a  shaped  round  metal  b a r .  

I ts   free  superimposed  and  s u i t a b l y   s p a c e d - a p a r t   ends,  which  a r e  



poss ib ly   r e i n f o r c e d ,   p r o j e c t   from  the  panel ,   whereas  i t s   r e m a i n i n g  

part  is  designed  to  be  embedded  in  the  c o n c r e t e .  

Both  the  connec t ion   element  of  Figure  9  and  the  connec t ion   e l e m e n t  

of  Figure  10  enable  the  anchoring  element  10  to  be  p o s i t i o n e d   n o t  

only  p e r p e n d i c u l a r   to  the  panel  1,  1 ' ,   but  also  in  other   p o s i t i o n s  

in  the  s u b s t a n t i a l l y   h o r i z o n t a l   plane  p e r p e n d i c u l a r   to  said  p a n e l .  

Figure  11  shows  a  panel  1,  l'  provided  with  the  connec t ion   e l e m e n t s  

of  Figures   8,  9 or  10 ,  whereas   Figure  12  shows  a  d e t a i l   of  s a i d  

connec t ion   elements  with  the  r e i n f o r c e d   head  of  an  anchor ing  e l e m e n t  

10  i n s e r t e d .  

In  Figures   9  and  11,  the  connec t ion   poin ts   are  shown  as  four  i n  

number  by  way  of  example  only,  and  it   is  apparent   that   th i s   number 

can  vary  in  r e l a t i o n   to  the  f i x ing   r equ i r emen t s   and  the  t e n s i l e  

s t r e s s   which  the  panel  t r a n s f e r s   to  the  f ix ing   e l e m e n t s .  

Figure  13  shows  some  embodiments  of  the  anchor ing  element  10  and 

r e l a t i v e   r e i n f o r c e d   head  9,  i n d i c a t e d   by  a,  b,  c  and  d .  

Each  anchoring  element  10  is  formed  in  the  manner  of  a  woven  f a b r i c ,  

of  which  the  warp  14  is  c o n s t i t u t e d   by  a  p l u r a l i t y   of  th reads   formed 

from  assembl ies   of  g lass   f i l amen t s   of  extended  length  e i t h e r   o r t h o -  

gonal  or  non-o r thogona l   to  the  panel ,   and  of  which  the  weft  15  i s  

c o n s t i t u t e d   by  th reads   formed  from  assembl ies   of  g lass   f i l a m e n t s  

and  d isposed  t r a n s v e r s e l y   to  the  warp  14.  Thus  both  the  warp  14 

and  weft  15  are  formed  from  g lass   f i l amen t s   and  bonded  t o g e t h e r   w i t h  

r e s in   so  as  to  form  compact  u n i t s .   Each  anchor ing  element  10  i s  

provided  at  one  end  with  a  hole  13  to  enable  i t   to  be  coupled  t o  

the  panel  1,  1 ' .  

The  anchoring  element  10  formed  in  th i s   manner  has,  as  i t s   b a s i c  

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

between  ear th   and  ear th   wi th in   the  mesh  a p e r t u r e s ,   and  a  h i g h  

c o e f f i c i e n t   of  f r i c t i o n   between  the  anchor ing  element  and  the  e a r t h  



toge ther   with  m o b i l i s a t i o n   of  the  pass ive   r e s i s t a n c e   of  the  e a r t h  

at  the  weft ,   wi thout   p r e s e n t i n g   the  phenomenon  which  a r i s e s   i n  

the  s o - c a l l e d   " r e i n f o r c e d   p l a s t i c s " ,   ie  the  s l i d i n g   of  one  s t r i p  

layer  r e l a t i v e   to  the  o ther .   The  weft,   r i g id   with  the  warp  by 

f r i c t i o n ,   performs  a  p a r a l l e l   f unc t ion   to  the  bonding  func t ion   o f  

the  r e s i n s ,   so  that   any  decay  of  these  l a t t e r   in  the  long  t e r m ,  

when  the  ear th   g ranu les   have  s e t t l e d   into  a  s t a b l e   c o n f i g u r a t i o n ,  

does  not  change  the  t e n s i l e   s t r e n g t h   of  the  anchor ing  e l e m e n t .  

The  behaviour   constancy  ( l i f e )   of  the  g lass   f i l amen t s   means  t h a t  

there  are  no  p r o b l e m a t i c a l   v a r i a b l e s   in  p r e d i c t i n g   the  s t r e n g t h  

f a l l - o f f   with  time,  as  for  example  in  the  case  of  me ta l s ,   due  t o  

poss ib ly   i r r e g u l a r   or  c o n c e n t r a t e d   c o r r o s i o n   phenomena  ( p i t t i n g ,  

s t r e s s   c o r r o s i o n ) .   This  mer i t ,   t o g e t h e r   with  the  cons t an t   m e c h a n i c a l  

c h a r a c t e r i s t i c s   ( t e n s i l e   s t r e n g t h )   of  the  g l a s s ,   allows  e x a c t  

q u a n t i f y i n g   of  the  s a f e ty   c o e f f i c i e n t s   on  which  the  design  c a l c u l a -  

t ions   are  b a s e d .  

An  undoubted  advantage  of  the  anchor ing  element  accord ing   to  t h e  

i n v e n t i o n   formed  in  the  manner  of  a  weave  of  r e s in -bonded   g l a s s  

f i l amen t s   is  also  the  n o n - c o r r o s i o n   t he reo f   even  when  the  c h e m i c a l  

and  phys ica l   c h a r a c t e r i s t i c s   of  the  ear th   vary,  thus  making  p e r i o d i c  

checks  u n n e c e s s a r y .  

According  to  a  f u r t h e r   p r e f e r r e d   embodiment  of  the  i n v e n t i o n ,   s a i d  

anchoring  elements   10  are  c o n s t i t u t e d   by  p l u r a l i t i e s   of  t h r e a d s  

of  r e s i n - b o n d e d ,   p r e t e n s i o n e d ,   p a r a l l e l ,   con t inuous   g lass   f i l a m e n t s  

forming  the  warp  14,  on  which  the  weft  15  of  mixed  g l a s s - p o l y e s t e r  

f i l amen t s   is  woven  and  then  r e s i n - b o n d e d .  

The  p r e t e n s i o n i n g   o p e r a t i o n   f ixes   the  p a r a l l e l i s m   of  the  c o n t i n u o u s  

glass   f i l a m e n t s ,   so  that   the  t e n s i l e   s t r e s s e s   to  which  the  a n c h o r i n g  

element  is  s u b j e c t e d   are  d i s t r i b u t e d   uni formly  over  the  i n d i v i d u a l  

glass   f i l amen t s   c o n s t i t u t i n g   each  thread  of  the  warp  14,  t h i s  

uniform  s t r e s s   d i s t r i b u t i o n   enab l ing   not  only  an  obvious ly   optimum 

ma te r i a l   y ie ld   to  be  ob t a ined ,   but  also  a  c e r t a i n   d e f i n i t i o n   of  t h e  



t o t a l   s t r e n g t h ,   and  thus  of  the  design  sa fe ty   c o e f f i c i e n t s .  

Another  arrangement   of  the  th reads   forming  the  warp  14  is  o b t a i n e d  

by  l o n g i t u d i n a l l y   winding  one  or  more  th reads   of  g lass   a n d / o r  

p o l y e s t e r   f i l a m e n t s   in  any  pa t t en ,   for  example  h e l i c a l l y ,   over  t h e  

th reads   formed  from  r e s i n - b o n d e d ,   p r e t e n s i o n e d ,   p a r a l l e l   c o n t i n u o u s  

f i l a m e n t s .   The  weft  15  in  the  form  of  th reads   of  g lass   a n d / o r  

p o l y e s t e r   f i l a m e n t s   is  then  woven  on  the  th reads   thus  ob t a ined ,   and 

the  e n t i r e   assembly  is  r e s i n - b o n d e d .  

The  weaving  is  c a r r i e d   out  such  that   the  weft  15  connects   t o g e t h e r  

the  var ious   th reads   of  the  warp  14,  while  at  the  same  time  l e a v i n g  

voids  which  allow  c o p e n e t r a t i o n   of  the  ear th   g r a n u l e s ,   to  r e s u l t  

in  a  high  c o e f f i c i e n t   of  f r i c t i o n   between  the  anchoring  e l e m e n t  

and  the  e a r t h .  

Moreover,  the  p a r t i c u l a r   weave  of  the  weft  15  on  the  warp  14,  a s  

shown  in  Figure  13,  with  the  weft  15  wound  h e l i c a l l y   c o n t i n u o u s l y  

or  in  po r t i ons   or  in  some  other  manner  t he reon ,   gives  the  a n c h o r i n g  

element  10  thus  obta ined  a  f u r t h e r   i n c r e a s e   in  a d h e r e n c e .  

The  mixed  use  of  g lass   and  p o l y e s t e r   f i l a m e n t s   for  the  weft  15  g i v e s  

the  anchoring  elements  a  t r a n s v e r s e   f l e x i b i l i t y ,   with  the  c o n s e q u e n t  

f a c i l i t y   for  b e t t e r   a d a p t a t i o n   to  the  e a r t h .  

Said  anchoring  elements  10  also  enable  the  f r i c t i o n   of  the  i n d i v i d u a l  

th reads   of  the  warp  14  to  be  u t i l i s e d ,   and  provide  a  c o n s i d e r a b l e  

c o n t r i b u t i o n   to  the  weft /warp  s t r e n g t h   by  t r a n s f e r r i n g   s t r e s s e s ,  

and  which  can  in  no  way  be  done  by  the  r e s i n s .  

Again  with  r e f e r e n c e   to  Figure  13,  the  head  9  of  the  a n c h o r i n g  

element  10  is  provided  with  a  hole  13  about  which  the  th reads   o f  

the  warp  14  of  the  anchor ing  element  10  pass  without   i n t e r r u p t i o n .  

Several   l eve l s   of  superposed  and/or  c r i s s - c r o s s e d   and  r e s i n - b o n d e d  

f i l a m e n t s   are  also  provided ,   so  as  to  be  able  to  absorb  the  s t r e s s e s  

c o n c e n t r a t e d   about  said  connec t ion   hole  13.  These  r e s i n s ,   which  



also  allow  s t r e s s   d i s t r i b u t i o n ,   can  poss ib ly   be  mixed  with  sand  o r  

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

The  ends  8  of  the  elements  7  for  connec t ing   the  panels  to  the  a n c h o -  

ring  elements  10  can  comprise  heads  s u b s t a n t i a l l y   equal  to  the  head 

9  of  said  anchor ing  elements  10. 

The  anchor ing  element  according  to  the  i n v e n t i o n   is  g e n e r a l l y   o f  

e longated   plane  form,  but  it   is  apparent   that   i t   can  assume  any 
other  s u i t a b l e   form.  By  way  of  example,  Figures   14  and  15  show 

f u r t h e r   c o n f i g u r a t i o n s   of  the  anchor ing  element  according   to  t h e  

i n v e n t i o n .  

In  p a r t i c u l a r ,   Figure  14  shows  an  anchoring  element  10  in  which  a 

f i r s t   e longa ted   part  16,  c a r ry ing   at  i t s   free  end  a  holed  and 

r e i n f o r c e d   head  9,  t e r m i n a t e s   in  a  p s e u d o c i r c u l a r   part  17,  whereas  

Figure  15  shows  an  anchor ing  element  10  s u b s t a n t i a l l y   of  V  s h a p e  

compris ing  holed  and  r e i n f o r c e d   heads  9  at  i t s   two  free  e n d s .  

Figure  16  is  a  d iagrammatic   side  s e c t i o n a l   view  showing  the  p a n e l s  

1,  1'  according   to  the  i n v e n t i o n   when  they  have  been  e rec ted   and 

anchored  to  the  ea r th   T  by  means  of  the  anchor ing  elements  10  a c c o r -  

ding  to  the  i n v e n t i o n .   The  panels  are  f i t t e d   t o g e t h e r   along  t h e  

support  zones  4 , 4 ' ,   5,  5 ' ,   which,  as  shown  in  the  f i g u r e ,   are  formed 

by  p a r a l l e l   s u r f a c e s   5,  5'  jo ined   t oge the r   by  i n t e r m e d i a t e   i n c l i n e d  

sur faces   4,  4 ' .   The  f igure   also  shows  the  ends  8  of  the  c o n n e c t i o n  

elements  7,  into  which  the  heads  9  of  the  anchor ing  elements  10 

have  been  i n s e r t e d   and  l o c k e d .  

The  procedure  for  c o n s t r u c t i n g   a  facing  wall  according  to  the  i n v e n -  

tion  is  as  f o l l o w s :  

-  the  su r face   on  which  the  facing  wall  and  rear  embankment  a r e  

to  lie  is  prepared  by  removing  a  layer   of  e a r t h ;  

-  a  kerb  C  of  small  dimensions  is  formed  in  order  to  obta in   a 



level   laying  su r face   for  forming  the  f i r s t   row  of  p a n e l s ;  

-  the  f i r s t   row  of  panels  is  la id   with  temporary  means,  and  a 

f i r s t   layer   of  s e l e c t e d   ma te r i a l   s u i t a b l e   for  embankment  f o r m a t i o n  

is  s p r e a d ;  

-  said  layer   is  compacted  and  the  necessa ry   anchor ing  e l e m e n t s  

10  are  l a i d ;  

-  a  compacted  layer   of  ea r th   T  is  formed  on  top  of  said  a n c h o r i n g  

elements  10;  

-  a  second  row  of  panels  is  la id  by  f i t t i n g   them  on  to  the  p r e c e d i n g ;  

-  the  necessa ry   anchoring  elements  10  are  la id   at  th is   level   and 

a  layer   of  ear th   T  is  spread  and  compac ted .  

This  procedure  is  r epea ted   un t i l   the  r equ i red   height   is  r e a c h e d .  



1.  A  conc re te   panel  for  c o n s t i t u t i n g   a  fac ing  wall  of  v a r i a b l e  

p l a n i m e t r i c   course ,   c h a r a c t e r i s e d   by  being  c o n s t i t u t e d   by  two  T - shaped  

i n t e g r a l l y   formed  f l a t   elements  (2,  3)  which  are  superposed  i n  

t r a n s l a t e d   r e l a t i o n s h i p   to  each  other   along  the  d iagonal   g e o m e t r i c a l  

axis  (X-X)  of  the  idea l   quadrangu la r   pe r ime te r   which  c i r c u m s c r i b e s  

them,  in  such  a  manner  as  to  form  p e r i m e t r a l   support   zones  (4,  4 ' ,  

5,  5')  for  other   pane l s ,   said  zones  being  shaped  s u b s t a n t i a l l y   as  

a  step  compris ing  two  p a r a l l e l   s u r f a c e s   (5,  5')  and  an  i n c l i n e d  

i n t e r m e d i a t e   su r f ace   c o n s t i t u t e d   by  said  p r o j e c t i n g   p e r i m e t r a l   edges  

(4,  4 ' ) ,   which  are  outwardly  b e v e l l e d ,   the  upper  part   of  each  f l a t  

element  (2,  3)  which  forms  the  t r a n s v e r s e   bar  of  the  T  c o m p r i s i n g ,  

in  proximity   to  the  upper  and  lower  side  edges,  bl ind  sea ts   d e s i g n e d  

to  house  pins  (6 ' )   for  connec t ing   the  panels  t o g e t h e r   in  an  a r t i c u l a t e d  

manner,  the  outer   su r f aces   of  said  f l a t   elements  (2,  3)  h a v i n g  

chamfered  e d g e s .  

2.  A  panel  as  claimed  in  claim  1,  c h a r a c t e r i s e d   in  that   s a i d  

f l a t   elements  (2,  3)  are  shaped  in  the  form  of  a  T  with  i t s   t r a n s v e r s e  

bar  having  a  height   less  than  that   of  the  stem  measured  from  t h e  

lower  l imi t   of  the  bar,   and  said  blind  sea ts   (6)  designed  to  house  

pins  (6 ' )   for  connec t ing   the  panels  t oge the r   in  an  a r t i c u l a t e d   manner 

are  of  r e c t a n g u l a r ,   s lo t   or  s i m i l a r   shape,  and  are  d isposed  w i t h  

the i r   major  dimension  p a r a l l e l   to  the  plane  of  the  panel  so  as  t o  

allow  v e r t i c a l ,   h o r i z o n t a l   and,  in  p a r t i c u l a r ,   r o t a t i o n a l   a d j u s t m e n t  

of  ad jacen t   panels  forming  a  facing  wal l ,   in  the  plane  of  the  f a c i n g  

wall  i t s e l f .  

3.  A  panel  as  claimed  in  claim  I  or  2,  c h a r a c t e r i s e d   by  c o m p r i -  

sing  connec t ion   elements  (7)  for  i t s   connec t ion   to  anchoring  e l e m e n t s  

(10),  said  connec t ion   elements  (7)  being  each  c o n s t i t u t e d   by  a  s t r i p  

of  c o r r o s i o n - r e s i s t a n t   metal  or,  p r e f e r a b l y ,   a  r i b b o n - l i k e   e l e m e n t  

of  th reads   of  r e s in -bonded   p r e t e n s i o n e d ,   p a r a l l e l   cont inuous   g l a s s  

f i l amen t s   forming  a  warp  (14)  on  which  there   is  woven  and  r e s i n -  

bonded  a  weft  (15)  of  mixed  glass   and  p o l y e s t e r   f i l a m e n t s ,   s a i d  



connec t ion   elements  (7)  being  s u b s t a n t i a l l y   c o l l a r - s h a p e d   with  t h e i r  

v e r t i c a l   c e n t r a l   part   embedded  h o r i z o n t a l l y   in  the  conc re te   so  a s  

to  ob ta in   the  g r e a t e s t   p o s s i b l e   r e s i s t a n c e   to  w i thd rawa l ,   and  h a v i n g  

poss ib ly   r e i n f o r c e d   h o r i z o n t a l   ends  (8)  p r o j e c t i n g   from  the  p a n e l  

su r face   and  superposed  and  s u i t a b l y   spaced  apar t   for  the  i n s e r t i o n  

of  a  head  (9)  of  anchoring  elements   (10),   and  provided  with  a l i g n e d  

holes  (13)  for  r e c e i v i n g   pins  (11),   screws  or  the  l ike   for  l o c k i n g  

said  head  (9),   said  connec t ion   elements   (7)  also  a l lowing  a n c h o r i n g  

elements   (10)  to  be  p o s i t i o n e d   not  only  p e r p e n d i c u l a r   to  the  p a n e l  

(1,  1 ' ) ,   but  also  in  other   p o s i t i o n s   in  the  s u b s t a n t i a l l y   h o r i z o n t a l  

plane  p e r p e n d i c u l a r   to  said  panel  (1,  1')  to  prevent   s t r e s s   c o n c e n -  

t r a t i o n s   in  the  concre te   in  p roximi ty   to  said  connec t ion   e l e m e n t  

( 7 ) .  

4.  A  panel  as  claimed  in  claim  1  or  2,  c h a r a c t e r i s e d   by  c o m p r i -  

sing  connec t ion   elements  (7 ' )   for  i t s   connec t ion   to  anchor ing  e l e m e n t s  

(10),   c o n s t i t u t e d   by  two  r i b b o n - l i k e   elements  of  r e s i n - b o n d e d ,  

p r e t e n s i o n e d ,   p a r a l l e l   cont inuous   glass   f i l a m e n t s   forming  a  warp 

(14)  on  which  there  is  woven  and  r e s in -bonded   a  weft  (15)  of  mixed 

glass   and  p o l y e s t e r   f i l a m e n t s ,   and  being  C-shaped  with  t he i r   c e n t r a l  

par ts   v e r t i c a l l y   embedded  in  the  conc re te   to  form  an  angle  w i t h  

each  other   and  with  the  su r face   of  the  panel  (1,  1')  such  that   t h e  

ends  (8)  p r o j e c t i n g   h o r i z o n t a l l y   from  said  panel  (1,  1')  and  p r o v i d e d  

with  holes  (13)  for  t h e i r   connec t ion   and  locking  to  heads  (9)  o f  

anchoring  elements  (10)  by  means  of  pins  (11)  screws  or  the  l i k e ,  

are  superposed  such  that   the  holes  (13)  are  a l igned  so  as  to  a l l o w  

the  anchoring  elements  (10)  to  be  p o s i t i o n e d   not  only  p e r p e n d i c u l a r  

to  the  panel  (1,  I ' ) ,   but  also  in  other   p o s i t i o n s   in  the  s u b s t a n t i a l l y  

h o r i z o n t a l   plane  p e r p e n d i c u l a r   to  sai  panel  (1,  1 ' ) .  

5.  A  panel  as  claimed  in  claim  1  or  2,  c h a r a c t e r i s e d   by  c o m p r i -  

sing  connec t ion   elements  (7")  for  i t s   connec t ion   to  anchor ing  e l e m e n t s  

(10),   said  connec t ion   elements  (7")  being  each  c o n s t i t u t e d   by  a  s t r i p  

of  c o r r o s i o n - r e s i s t a n t   metal  or,  p r e f e r a b l y ,   a  r i b b o n - l i k e   e l e m e n t  

of  th reads   of  r e s i n - b o n d e d ,   p r e t e n s i o n e d ,   p a r a l l e l   cont inuous   g l a s s  

f i l amen t s   forming  a  warp  (14)  on  which  there  is  woven  and  r e s i n -  



bonded  a  weft  (15)  of  mixed  glass   and  p o l y e s t e r   f i l a m e n t s ,   s a i d  

connec t ion   elements  (7")  being  of  t r i a n g u l a r   shape  obta ined  by 

being  folded  about  a  shaped  metal  rod,  the  poss ib ly   r e i n f o r c e d  

h o r i z o n t a l   free  ends  of  the  r i b b o n - l i k e   element  being  designed  t o  

p ro jec t   from  the  panel  s u i t a b l y   spaced  apart   for  the  i n s e r t i o n   o f  

a  head  (9)  of  anchor ing  elements  (10)  and  being  provided  with  a l i g n e d  

holes  (13)  for  r e ce iv ing   pins  (11),   screws  or  the  l ike   for  l o c k i n g  

said  head  (9),   said  connec t ion   elements  (7")  a l lowing  the  a n c h o r i n g  

elements  (10)  to  be  p o s i t i o n e d   not  only  p e r p e n d i c u l a r   to  the  p a n e l  

(I,  1')  but  also  in  other   p o s i t i o n s   in  the  s u b s t a n t i a l l y   h o r i z o n t a l  

plane  p e r p e n d i c u l a r   to  said  panel  (1,  1 ' ) .  

6.  An  anchor ing  element  for  the  panels  claimed  in  the  p r e c e d i n g  

claims,   c h a r a c t e r i s e d   by  being  formed  in  the  manner  of  a  woven 

f a b r i c ,   of  which  the  warp  (14)  is  c o n s t i t u t e d   by  a  p l u r a l i t y   o f  

threads   formed  from  assembl ies   of  g lass   f i l amen t s   of  extended  l e n g t h ,  

and  of  which  the  weft  (15)  is  c o n s t i t u t e d   by  th reads   formed  from 

assembl ies   of  g lass   f i l a m e n t s ,   d isposed  t r a n s v e r s e l y   to  the  w e f t  

(14),  and  t r e a t e d   with  r e s in   in  order  to  form  a  compact  u n i t .  

7.  An  anchor ing  element  for  the  panels  claimed  in  claims  I 

to  5,  c h a r a c t e r i s e d   by  being  c o n s t i t u t e d   by  a  p l u r a l i t y   of  r e s i n -  

bonded,  p r e t e n s i o n e d ,   p a r a l l e l   cont inuous   glass   f i l a m e n t s   fo rming  

a  warp  (14),  on  which  there   is  woven  and  r e s in -bonded   a  weft  (15)  

of  mixed  glass   and  p o l y e s t e r   f i l a m e n t s   for  connec t ing   t o g e t h e r   t h e  

threads   of  the  warp  ( 1 4 ) .  

8.  An  anchor ing  element  as  claimed  in  claim  7,  c h a r a c t e r i s e d  

by  being  ob ta ined   by  l o n g i t u d i n a l l y   winding  in  any  p a t t e r n ,   f o r  

example  h e l i c a l ,   over  the  p red i sposed   th reads   formed  from  r e s i n -  

bonded,  p r e t e n s i o n e d ,   p a r a l l e l   cont inuous   glass   f i l a m e n t s ,   one  o r  

more  th reads   of  glass   and/or  p o l y e s t e r   f i l a m e n t s ,   on  which  t h e r e  

is  woven  and  r e s in -bonded   a  weft  (15)  of  th reads   of  g lass   a n d / o r  

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

9.  An  anchor ing  element  as  claimed  in  claims  6  to  8,  c h a r a c t e -  



r i sed   by  compris ing  a  f i r s t   e longa ted   part  (16)  t e r m i n a t i n g   in  a 

p s e u d o c i r c u l a r   part   ( 1 7 ) .  

10.  An  anchoring  element  as  claimed  in  claims  6  to  8,  c h a r a c t e -  

r i sed   by  being  of  s u b s t a n t i a l l y   V-shape  compris ing  holed,   r e i n f o r c e d  

heads  (9)  at  i t s   two  free  e n d s .  

11.  A  head  (9)  for  the  anchoring  element  (10)  claimed  in  c l a i m s  

6  to  11  or  for  the  connec t ion   element  claimed  in  claims  3  to  5 ,  

c h a r a c t e r i s e d   by  being  provided  with  a  hole  (13)  about  which  t h e r e  

pass  without   i n t e r r u p t i o n   the  th reads   of  the  warp  (14)  of  t h e  

anchoring  element  (10)  or  of  the  connec t ion   element  (7,  7 ' ,   7 " ) ,  

and  by  being  formed  from  severa l   l eve l s   of  superposed  and/or   c r i s s -  

crossed  glass   f i l a m e n t s ,   r e s in -bonded   with  the  p o s s i b l e   a d d i t i o n  

of  sand  or  i n e r t   m a t e r i a l s ,   so  as  to  absorb  the  c o n c e n t r a t e d   s t r e s s e s  

about  said  hole  ( 1 3 ) .  

12.  A  fac ing  wall  of  v a r i a b l e   p l a n i m e t r i c   course  and  with  t h e  

f a c i l i t y   for  the  s e t t l i n g   of  the  panels  (1,  1')  in  the  su r f ace   o f  

said  facing  wal l ,   c h a r a c t e r i s e d   by  being  c o n s t i t u t e d   by  the  p a n e l s  

(1,  1')  as  claimed  in  claim  1  or  2,  which  are  provided  with  t h e  

connec t ion   elements   (7,  7 ' ,   7")  as  claimed  in  any  one  of  claims  3 

to  5  and  as  claimed  in  claim  11,  and  are  anchored  to  the  ea r th   by 

means  of  the  anchor ing  elements   (10)  as  claimed  in  any  one  of  c l a i m s  

6  to  10  and  as  claimed  in  claim  11.  
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