
19 

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets ©  Publication  number  :  0  6 7 4   059   A 1  

EUROPEAN  PATENT  A P P L I C A T I O N  

©  Application  number:  95301871.0 

(22)  Date  of  filing  :  21.03.95 

©  int.  ci.6  :  E04C  3/28,  E04C  3/36,  
E04B  5 /02  

©  Priority  :  25.03.94  GB  9405982  @  Inventor  :  Peshkam,  Vahigh 
27  Speedwell  Close, 
Merrow  Park 

(43)  Date  of  publication  of  application  :  Guildford,  Surrey,  GU4  7HE  (GB) 
27.09.95  Bulletin  95/39 

@  Representative  :  Leeming,  John  Gerard 
@  Designated  Contracting  States  :  J.A.  Kemp  &  Co., 

BE  DE  DK  ES  FR  GB  IT  SE  14  South  Square, 
Gray's  Inn 

^   London  WC1R  5LX  (GB) 
©  Applicant  :  LG  MOUCHEL  &  PARTNERS 

LIMITED 
West  Hall, 
Parvis  Road 
West  Byfleet,  Surrey  KT14  6EZ  (GB) 

If) 
o  

(54)  Reinforced  structural  member. 

©  An  elongate  structural  member  comprising  a 
structural  outer  shell  (1,3,5,6)  and  at  least  one 
arcuate  reinforcing  member  (4)  within,  for  use 
in  structural,  semi-structural  or  cladding  appli- 
cations  to  carry  floor  loading,  walkway  loading, 
wheeled  loading,  pressure  loading  in  buildings, 
bridges  and  other  loading  carrying  appli- 
cations. 
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The  present  invention  relates  to  a  reinforced 
structural  member  for  use  in  applications  where  load 
carrying  capability  is  required,  for  example  structural, 
semi-structural  and  cladding  applications  to  carry 
floor  loading,  walkway  loading,  wheeled  loading, 
pressure  loading  in  buildings,  bridges  etc. 

Traditionally  solid  members  have  been  used  in 
the  above  applications.  Recently  sectioned  members 
have  been  proposed  but  these  are  mainly  box-section 
members  such  as  those  described  in  WO  91/06421. 

According  to  the  present  invention  there  is  provid- 
ed  an  elongate  structural  member  comprising  of  an 
outer  shell  substantially  rectangular  lateral  cross  sec- 
tion  and  at  least  one  substantially  laminar  arcuate  re- 
inforcing  member  within  the  outer  shell, 

said  at  least  one  reinforcing  member  being  arc- 
uate  in  a  plane  perpendicular  to  the  axis  of  said  struc- 
tural  member,  extending  between  positions  near  op- 
posite  edges  of  one  part  of  the  outer  shell  and,  in  its 
mid  section,  approaching  near  the  opposite  face. 

The  present  invention  provides  a  member  which 
has  improved  strength  characteristics  by  efficiently 
transmitting  loads  to  the  bottom  corners  or  intermedi- 
ate  points  across  the  section,  while  providing  stiff- 
ness  in  the  longitudinal  direction,  preventing  local 
buckling  of  the  wide  upper  flange  and  resistance  to  in- 
plane  loading. 

It  is  envisaged  that  the  space  between  the  arc- 
uate  member  and  the  load  bearing  surface  opposing 
the  arcuate  surface  may  be  filled  with  a  foam  material 
and/or  may  have  rib  members  extending  between 
them. 

Both  the  outer  shell  and  the  arcuate  member  may 
be  constructed  by  either  moulding  or  pultruding  them 
from  fibre  reinforced  composite  materials.  This  pro- 
vides  the  member  with  the  strength  required  whilst  re- 
taining  a  lightweight  construction. 

When  load  is  applied  to  the  load  bearing  surface, 
it  is  passed  through  the  arch  to  the  base  of  the  struc- 
tural  member  where  it  is  transmitted  to  the  supports 
at  suitable  points  along  the  length  of  the  member.  In 
order  to  prevent  the  ends  of  the  arch  from  splaying 
outwards  they  are  restrained  in  one  of  two  ways.  Eith- 
er,  a  planar  sheet  of  a  similar  material  to  the  rest  of 
the  outer  shell  is  used  to  restrain  the  ends  of  the  arch 
and  also  forms  the  base  of  the  structural  member  or 
tension  members  such  as  wires  or  strips  are  provided 
spaced  along  the  length  of  the  structural  member 
connecting  the  opposite  sides  of  the  arch  to  hold  them 
in  position. 

It  is  also  envisaged  that  to  provide  improved  per- 
formance  especially  when  high  in-plane  forces  are 
encountered,  reverse  arching  may  be  used.  In  such 
instances  the  structural  member  would  contain  two 
intersecting  arcuate  members,  one  hogging  and  one 
sagging.  This  also  allows  the  member  to  be  used  eith- 
er  way  up,  avoiding  the  need  to  check  which  way  up 
the  arcuate  member  is  within  the  outer  member  when 

positioning  the  member. 
If  the  structural  members  are  to  be  used  in  com- 

bination,  connecting  portions  may  be  provided  to  al- 
low  attachment  of  the  units  to  each  other  to  form 

5  floors,  decks,  roofs,  walls,  beams  and  columns  of 
buildings,  bridges  and  other  forms  of  structure. 

If  the  structural  members  are  to  be  suspended  in 
use  then  hanger  portions  may  be  provided  to  allow  at- 
tachment  to  the  hanging  means. 

10  The  present  invention  will  be  further  described 
hereinafter  with  reference  to  the  following  description 
of  exemplary  embodiments  and  the  accompanying 
drawings,  in  which: 

Figure  1  shows  an  example  of  the  basic  conf  ig- 
15  uration  with  the  foam  filled  spandrels; 

Figure  2  shows  the  basic  configuration  with  the 
reinforcing  ribs  provided  between  the  arch  and 
the  load  bearing  surface; 
Figure  3  shows  the  embodiment  of  Figure  2  with 

20  hanger  and  connection  portions  for  hanging  and 
connecting  the  members  in  use; 
Figure  4  shows  a  further  embodiment  with  two  in- 
tersecting  arches; 
Figures  5  and  6  show  two  embodiments  with  two 

25  intersecting  arches  having  the  different  connec- 
tion  portions. 
Figure  7  shows  a  detailed  view  of  the  connection 
of  two  members  using  the  first  type  of  connection 
member. 

30  Figure  8  shows  a  detailed  view  of  the  connection 
of  three  members  using  a  T-shaped  configuration 
of  the  first  type  of  connection  member. 
Figures  9A-D  shows  for  possible  modes  of  con- 
nection  using  four  different  configurations  of  a 

35  the  first  type  of  connection  member. 
Figure  10  shows  a  detailed  view  of  the  connec- 
tion  of  members  using  a  second  type  of  connec- 
tion  member. 
Figure  11  shows  a  detailed  view  of  the  connection 

40  of  three  members  using  the  second  type  of  con- 
nection  member  and  using  an  inter-connect 
piece. 
Figures  12A-D  shows  four  possible  modes  of 
connection  using  the  second  type  of  connection 

45  means. 
Figure  13  shows  a  member  according  to  the  pres- 
ent  invention  formed  in  two-parts  and  bonded  via 
a  bonding  member. 
Figure  14  shows  a  multi-cellular  embodiment  of 

so  the  present  invention. 
In  the  figures,  like  parts  are  indicated  by  like  ref- 

erence  numerals. 
Figure  1  shows  the  basic  configuration  of  a  first 

embodiment  of  the  present  invention.  The  structural 
55  member  comprises  an  outer  member  consisting  of  the 

load  bearing  surface  1,  two  side  faces  5  and  6,  a 
fourth  face  3,  and  an  arcuate  member  4.  Load  applied 
to  the  structural  member  is  passed  through  the  load 
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bearing  surface  1  to  the  upper  surface  of  the  arcuate 
member  4.  The  load  is  supported  by  the  strength  of 
the  arch  and  is  passed  to  the  ends  4a.  As  load  is  ap- 
plied  to  the  arch  there  is  a  tendency  for  the  ends  4a 
to  splay  out  unless  they  are  restrained.  This  is  ach- 
ieved  by  the  fourth  face  3  which  in  use  provides  a  ten- 
sioning  force  for  holding  the  ends  of  the  arch  together 
and  hence  holding  the  arch  in  shape. 

The  space  2  defined  between  the  convex  surface 
8  and  the  inside  of  the  load  bearing  surface  is  filled 
with  a  foam  material  to  help  to  distribute  the  load 
evenly  to  the  arcuate  member. 

The  arcuate  member4  may  be  formed  as  a  single 
unit  with  the  outer  member  (1  ,3,5,6)  or  formed  sepa- 
rately  and  inserted  into  the  outer  member  subse- 
quently.  Reinforcements  9  may  also  be  used  in  the 
corners  of  the  outer  member  to  increase  the  overall 
stiffness  and  strength  of  the  structural  member.  The 
reinforcement  may  be  formed  as  part  of  the  outer 
shell,  part  of  the  arcuate  member  or  formed  as  a  sep- 
arate  entity  to  be  inserted  into  the  outer  member.  The 
outer  shell  and  arcuate  member  may  have  a  laminat- 
ed  structure  or  be  formed  in  a  single  piece. 

The  structural  member  may  also  be  constructed 
with  or  without  a  foam  filling  in  the  space  2  by  using 
reinforcing  ribs  21  to  distribute  the  load  more  evenly 
onto  the  arcuate  member,  as  shown  in  figure  2.  The 
ribs  may  extend  parallel  to  the  axis  of  the  structural 
member  and  perpendicular  to  the  load  bearing  sur- 
face  as  in  figure  2.  However  it  is  envisaged  that  there 
may  be  alternative  ways  of  arranging  the  ribs,  for  ex- 
ample  a  fan  like  arrangement  where  the  ribs  are  par- 
allel  to  the  axis  of  the  structural  member  and  perpen- 
dicular  to  a  tangent  at  the  point  of  intersection  with  the 
arcuate  member. 

The  structural  members  may  also  be  used  by 
resting  them  on  supports  or  by  hanging  them  from  a 
hanging  means  such  as  wires.  To  this  end  the  struc- 
tural  members  may  be  provided  with  hanging  portions 
31  and  32  as  shown  in  figure  3  to  allow  attachment  to 
such  a  hanging  means. 

Figure  5  shows  an  alternative  construction  of  the 
present  invention  comprising  two  arcuate  members 
which  intersect  each  other.  The  second  arcuate  mem- 
ber  51  is  curved  in  the  opposite  sense  to  the  other  arc- 
uate  member  4.  Extra  ribs  21  and  52  may  be  included 
similarly  to  the  ribs  21  shown  in  figure  2.  As  with  pre- 
vious  embodiments  the  spaces  between  the  ribs  may 
be  filled  with  a  foam  material.  Alternatively  some  or 
all  of  the  ribs  may  be  excluded  completely  whilst  still 
using  the  foam  filler  as  in  the  configuration  shown  for 
a  single  arch  in  figure  1. 

In  use  the  structural  member  may  be  used  with 
several  similar  members  adjacent  to  it  to  form  a  floor 
or  deck  and  so  on.  They  may  also  be  configured  with 
adjacent  members  perpendicular  or  at  inclined  an- 
gles.  To  accommodate  this,  connection  portions  41- 
44  as  shown  in  figures  5  &  6  may  be  included  to  fa- 

cilitate  connection  to  adjacent  structural  members  or 
to  inter-connect  members  as  described  below. 

Figure  7  shows  an  example  of  two  of  the  mem- 
bers  shown  in  Figure  5  connected  together  by  con- 

5  nection  members  71  .  The  connection  members  have 
outstanding  portions  74  which  are  shaped  to  engage 
the  recess  portions  41  provided  on  the  structural 
member.  The  two  members  to  be  connected  are 
bonded  together  along  their  abutting  surfaces  72  and 

10  to  the  connection  members  along  interfaces  75  and 
76.  It  is  also  envisaged  that  the  connecting  members 
will  be  connected  to  each  other  via  a  web  portion  (not 
shown)  which  runs  between  the  edges  of  the  mem- 
bers  1.  Then  in  order  to  join  members,  the  two  mem- 

15  bers  are  slid  into  each  side  of  the  connecting  member 
until  the  outstanding  portions  74  engage  the  recess 
portions  41  such  that  the  edge  faces  of  the  members 
abut  against  the  web  portion.  In  such  a  construction 
the  edges  of  the  members  are  bonded  to  the  web  por- 

20  tion  as  opposed  to  each  other,  as  in  the  previous  con- 
struction.  In  order  to  increase  the  strength  of  the  joint 
a  bolt  may  be  passed  through  the  connection  mem- 
bers  and  the  structural  members  to  clamp  the  parts 
together.  The  possible  positions  of  the  bolts  are  indi- 

25  cated  by  dashed  lines  73  in  Figure  7. 
Figure  8  shows  an  example  of  a  connection  mem- 

ber  for  connecting  three  structural  numbers  of  the 
type  shown  in  Figure  5.  Again  each  of  the  three  struc- 
tural  members  is  inserted  into  the  D-shaped  connec- 

30  tion  member  to  which  they  are  subsequently  bonded 
along  the  member's  edge  83  and  upper  and  lower  82 
surfaces. 

Figures  9A  to  9D  illustrate  the  various  forms  of 
connection  member  usable  with  the  first  connection 

35  system.  This  includes  the  cross  junction  of  Figure  9A, 
corner  junction  of  Figure  9B,  T-junction  of  Figure  9C 
and  a  series  junction  of  Figure  9D. 

As  shown  in  Figure  10,  a  connection  method  for 
the  embodiments  shown  in  Figure  6  comprises  under- 

go  cut  recesses  43,  44  into  which  is  inserted  a  connec- 
tion  member  100  having  overhanging  portions  102 
adapted  to  engage  the  recess  portions  43,  44  to  retain 
the  connection  member  in  the  slot.  By  inserting  the 
similarly  overhanging  portion  on  the  opposite  side  of 

45  the  connecting  member  to  the  undercut  recess  slot  of 
another  member  it  is  possible  to  hold  two  members  to- 
gether.  When  the  two  members  to  be  connected  are 
engaged  with  the  connecting  member,  their  edge 
faces  come  into  abutting  contact.  The  contacting  sur- 

50  faces  1  01  and  1  03  are  then  bonded  to  provide  a  per- 
manent  connection. 

It  is  possible  to  connect  the  structural  members 
in  a  T-junction  format  using  an  interconnect  member 
110  having  undercut  slots  111  similar  to  those  on  the 

55  structural  members  1  to  engage  with  the  connecting 
members  100.  Figure  11  shows  a  typical  construction 
of  a  T-junction  using  the  connection  members  100 
and  the  interconnect  member  110. 

3 
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Again  use  of  such  an  interface  memberallows  va- 
rious  different  configurations  for  joining  the  members 
(1)  together.  These  are  shown  in  Figures  12Ato  12D 
corresponding  to  Figures  9Ato  9D. 

The  structural  members  according  the  present 
invention  may  be  constructed  in  a  number  of  different 
ways.  For  example  the  Figure  1  construction  has  the 
outer  shell  and  the  arcuate  member  constructed  sep- 
arately,  the  arcuate  member  then  being  inserted  into 
the  outer  shell  on  construction.  Alternatively  the 
members  may  be  formed  in  a  single  stage  by  mould- 
ing  or  pultruding  them  from  fibre  reinforced  compo- 
site  materials.  Another  method  of  construction  is 
shown  in  Figure  13  where  the  structural  member  is 
formed  in  two  halves  130,  131  which  are  then  either 
bonded  together  directly  or,  as  shown  in  Figure  13 
bonded  via  a  bonding  member  132.  The  bonding 
member  having  a  web  portion  135  against  which  the 
edges  of  the  halves  of  the  structural  member  130, 
131  are  abutted,  and  flange  members  1  33  which  also 
abut  against  the  inside  1  36  and  outside  1  34  surfaces 
of  the  halves  130,  131  of  the  structural  member.  The 
two  halves  and  the  bonding  members  are  then  bond- 
ed  together  at  these  contact  surfaces  to  form  the 
structural  member. 

A  further  embodiment  of  the  present  invention  is 
shown  in  figure  14.  This  figure  shows  a  multicellular 
structural  member  comprising  two  arcuate  members 
64  within  a  single  outer  member  although  it  is  envis- 
aged  that  three  or  more  arcuate  members  may  be 
used.  The  arcuate  members  may  be  separated  by  rib 
members  61  as  shown  in  figure  6.  Again  the  spaces 
62  may  be  filled  with  a  foam  material  and/or  have  rib 
members  21  to  distribute  the  load. 

Claims 

1  .  An  elongate  structural  member  comprising  of  an 
outer  shell  of  substantially  rectangular  lateral 
cross  section  and  at  least  one  substantially  lam- 
inar  arcuate  reinforcing  member  within  the  outer 
shell, 

said  at  least  one  reinforcing  member  being 
arcuate  in  a  plane  perpendicular  to  the  axis  of 
said  structural  member,  extending  between  pos- 
itions  near  opposite  edges  of  one  face  of  the  outer 
shell  and,  in  its  mid  section,  approaching  nearthe 
opposite  face. 

2.  A  member  according  to  claim  1  wherein  said  re- 
inforcing  member  extends  along  substantially  the 
entire  length  of  said  structural  member. 

3.  A  member  according  to  any  one  of  the  preceding 
claims  comprising  two  arcuate  members  con- 
tained  within  the  outer  shell  such  that  the  arcuate 
members  curve  in  opposite  senses. 

4.  A  member  according  to  claim  3  wherein  the  two 
arcuate  members  intersect  one  another. 

5.  A  member  according  to  any  one  of  the  preceding 
5  claims  comprising  at  least  one  rib  member  ex- 

tending  between  the  convex  surface  of  the  or  an 
arcuate  member  and  the  opposite  surface  of  the 
outer  shell. 

10  6.  A  member  according  to  any  one  of  the  preceding 
claims  comprising  foam  material  in  at  least  one 
space  formed  between  the  surface  of  the  or  an 
arcuate  member  and  the  outer  shell. 

15  7.  A  member  according  to  any  one  of  the  preceding 
claims  wherein  the  outer  shell  is  moulded  or  pul- 
truded  from  a  fibre  reinforced  composite  materi- 
al. 

20  8.  A  member  according  to  any  one  of  the  preceding 
claims  wherein  the  or  an  arcuate  member  is 
moulded  or  pultruded  from  a  fibre  reinforced 
composite  material. 

25  9.  A  member  according  to  any  one  of  the  preceding 
claims  wherein  the  outer  shell  and  the  arcuate 
member  are  moulded  or  pultruded  in  an  integral 
piece. 

30  10.  A  member  according  to  any  one  of  claims  1  to  8 
wherein  the  outer  shell  and  the  arcuate  member 
are  moulded  or  pultruded  in  two  sections  and 
bonded  together. 

35  11.  A  member  according  to  claim  10  wherein  the  two 
sections  are  bonded  together  via  a  bonding  mem- 
ber. 

12.  A  member  according  to  any  one  of  the  preceding 
40  claims  wherein  the  outer  shell  comprises  at  least 

one  connection  portion  to  allow  connection  to  at 
least  one  other  member  either  directly  or  via  a 
connection  member. 

45  13.  A  member  according  to  claim  12  wherein  said 
connection  portion  comprises  at  least  one  engag- 
ing  recess  on  one  of  said  long  sides. 

14.  A  member  according  to  claim  12  or  13  wherein 
so  said  connection  portion  comprises  at  least  one 

undercut  recessed  portion  on  one  of  said  short 
sides. 

15.  An  elongate  structural  member  according  to  any 
55  one  of  the  preceding  claims  wherein  the  outer 

member  comprises  at  least  one  hanger  portion 
for  hanging  the  elongate  structural  memberf  rom. 

40 

4 



7  EP  0  674  059  A1  8 

16.  A  composite  elongate  structural  member  com- 
prising  two  members  according  to  any  one  of  the 
previous  claims  such  that  a  short  side  of  one  of 
the  members  forms  a  short  side  of  the  other. 

5 
17.  A  member  according  to  any  one  of  the  preceding 

claims  wherein  said  at  least  one  reinforcing  mem- 
ber  is  laminated. 

18.  A  connection  member  for  use  with  a  member  ac-  10 
cording  to  claim  13,  said  connection  means  being 
generally  laminar  and  having  projecting  portions 
to  engage  said  engaging  recess  on  said  engaging 
member. 

15 
19.  A  connection  member  for  use  with  a  member  ac- 

cording  to  claim  14,  said  connection  means  hav- 
ing  overhanging  portions  for  engaging  said  re- 
cess  portions  on  said  member. 

20 
20.  A  structure  comprising  at  least  one  elongate 

structural  member  according  to  any  one  of  claims 
1  to  16. 

25 
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