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©  Long  wafer  waferboard  panels. 
@  A  waferboard  panel  is  made  from  long  wafers  to  have 
the  same  strength  properties  as  plywood.  The  panel  com- 
prises  at  least  three  layers  of  wood  wafers  having  an  initial 
aggregate  specific  gravity,  less  than  about  0.6  oven  dry 
weight  with  volume  at  12%  moisture  content,  the  panel 
having  face  layers  on  outside  surfaces  and  at  least  one  core 
layer.  The  wafers  in  the  face  layers  have  a  mean  orientation 
not  greater  than  about  10  degrees,  and  lengths  of  at  least 
about  15  cm,  preferably  30  cm.  Average  widths  of  the  wafers 
in  the  face  layers  are  in  the  range  of  about  0.75  to  5.0  cm  and 
the  panel  has  an  oven  dry  wood  density  in  the  range  of  about 
430  to  720  Kgms.  per  cu  metre  with  an  MOR  to  density  ratio 
of  at  least  about  50  and  an  MOE  (M)  to  density  ratio  of  at  least 

*jj  about  17. 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   w a f e r b o a r d   p a n e l s  

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

h a v i n g   s t r e n g t h   and   s t i f f n e s s   p r o p e r t i e s   e q u i v a l e n t   t o  

p l y w o o d .  

I f   w a f e r b o a r d   p a n e l s   can   be  u s e d   in  p l a c e   o f  

p l y w o o d ,   t h e r e   a r e   s u b s t a n t i a l   a d v a n t a g e s .  

P l y w o o d   is  m a d e   f r o m   v e n e e r   s h e e t s   w h i c h   a r e  

s l i c e d   or  p e e l e d   f r o m   l o g s   and   t h i s   r e q u i r e s   a  r e a s o n a b l y  

h i g h   g r a d e   of  l o g s .   W a f e r s   a r e   c u t   on  a  w a f e r i z e r   f r o m  

l o w e r   g r a d e   l o g s   and   h a v e   a  h i g h e r   wood  y i e l d   t h a n   in  t h e  

p r e p a r a t i o n   of  v e n e e r .   C a p i t a l   c o s t s   a r e   l e s s   f o r  

w a f e r b o a r d   p l a n t s   t h a n   f o r   p l y w o o d   p l a n t s ,   and   w a f e r b o a r d  

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

of  m a k i n g   p l y w o o d .   H o w e v e r ,   w a f e r b o a r d s   h a v e   a  m a j o r  

d i s a d v a n t a g e   r e l a t i v e   to   p l y w o o d s ,   n a m e l y   t h e y   h a v e   a  l o w  

s t r e n g t h   to  d e n s i t y   r a t i o .   C o m p a r i n g   s t r e n g t h   to   d e n s i t y  

r a t i o s ,   b o t h   m o d u l u s   of  r u p t u r e   to   d e n s i t y   r a t i o   a n d  

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

w a f e r b o a r d   t h a n   f o r   p l y w o o d .  

C o n s t r u c t i o n   g r a d e   S o u t h e r n   p i n e   p l y w o o d   (CDX)  h a s  

an  a v e r a g e   m o d u l u s   of  r u p t u r e   (MOR)  of  a b o u t   4 1 , 3 7 0  

KPa  a n d   a  m o d u l u s   of  e l a s t i c i t y   (MOE)  of  a b o u t   1 3 , 7 9 0  

(M)  KPa  at   a  d e n s i t y   of  592   Kgms  p e r   cu  m e t r e   to   g i v e   a n  

M O R / D e n s i t y   r a t i o   of  70  and   an  M O E ( M ) / D e n s i t y   of  2 3 .  

D o u g l a s   f i r   5 - p l y   CDX  s h e a t h i n g   h a s   an  M O R / D e n s i t y   r a t i o  

of  54  and  an  M O E ( M ) / D e n s i t y   r a t i o   of  1 9 .  

N o n - o r i e n t e d   w a f e r b o a r d   m a d e   f r o m   38  mm  l o n g  

w a f e r s   and  a  r e s i n   c o n t e n t   of  2.3%  h a s   an  MOR  of  a b o u t  

1 8 , 6 1 5   KPa  and  an  MOE  of  a b o u t   3 4 5 0   (M)  KPa  at   a  d e n s i t y  

of  664  Kgms  p e r   cu  m e t r e   to   g i v e   an  M O R / D e n s i t y   r a t i o   o f  

28  and   an  M O E ( M ) / D e n s i t y   r a t i o   of  5.  As  can   be  s e e n   t h e  

M O R / D e n s i t y   r a t i o   of  w a f e r b o a r d   is  u n d e r   one   h a l f   t h a t   o f  

p l y w o o d .  

A  m a c h i n e   o r i e n t e d   s t r a n d b o a r d   m a d e   w i t h   75  mm 



l o n g   w a f e r s   and   h i g h e r   r e s i n   c o n t e n t s   can   i n c r e a s e   t h e  

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

h a l f   t h a t   of  p l y w o o d .  

T h e   s t r e n g t h   p r o p e r t i e s   of  w a f e r b o a r d   c a n   b e  

i n c r e a s e d   by   i n c r e a s i n g   d e n s i t y ,   or  i n c r e a s i n g   r e s i n  

c o n t e n t ,   h o w e v e r ,   i n c r e a s e d   d e n s i t y   r a i s e s   wood  c o s t   a n d  

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

c a u s e s   g r e a t e r   t h i c k n e s s   s w e l l   when   we t   and   r e d u c e s  

p r o d u c t i v i t y   w h e n   p l a n t   i s   wood  p r o c e s s i n g   l i m i t e d .   I f  

t h e   r e s i n   c o n t e n t   is   i n c r e a s e d   s a y   f r o m   3%  to  6%,  t h e  

m a n u f a c t u r i n g   c o s t s   i n c r e a s e   by  a b o u t   1 5 % .  

In  t h e   p a s t ,   p a n e l   b o a r d s   s u c h   as  p a r t i c l e   b o a r d ,  

f i b e r b o a r d ,   w a f e r b o a r d ,   f l a k e b o a r d ,   o r i e n t e d   s t r a n d   b o a r d  

(O.S.B. )   h a v e   g e n e r a l l y   b e e n   m a d e   w i t h   w a f e r s   or  f l a k e s  

h a v i n g   l e n g t h s   n o t   m o r e   t h a n   100   mm.  H.  D a l e   T u r n e r ,   i n  

an  a r t i c l e   e n t i t l e d   " E F F E C T   OF  P A R T I C L E   S IZE  AND  SHAPE  ON 

STRENGTH  AND  DIMENSIONAL  S T A B I L I T Y   OF  RESIN  BONDED  WOOD 

P A R T I C L E   P A N E L S " ,   p u b l i s h e d   O c t o b e r   1 9 5 4   in  t h e   J o u r n a l  

of  F . R . P . S . ,   d e s c r i b e s   t e s t s   c a r r i e d   o u t   on  w a f e r s   h a v i n g  

l e n g t h s   up  t o   7.5  cm  a n d   c o n c l u d e d   t h a t   4  cm  was  t h e   m o s t  

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

w a f e r b o a r d   or   s t r a n d   b o a r d .   In  an  a r t i c l e   e n t i t l e d   " T H E  

E F F E C T   OF  FLAKE  GEOMETRY  ON  MECHANICAL  P R O P E R T I E S   OF 

EASTERN  SPRUCE  F L A K E - T Y P E   P A R T I C L E   BOARD",  by  C r a i g   A. 

S c h u l e r   a n d   R o b e r t   A.  K e l l y ,   p u b l i s h e d   in  F o r e s t   P r o d u c t s  

J o u r n a l   of  J u n e   1 9 7 6 ,   t e s t s   w e r e   c a r r i e d   o u t   on  f l a k e  

l e n g t h s   of  2.5  and   7.5  cms   and   t h e   a r t i c l e   c o n c l u d e s   t h a t  

f l a k e   l e n g t h   is  a  s i g n i f i c a n t   f a c t o r   f o r   m o d u l u s   o f  

e l a s t i c i t y ,   (MOE)  m o d u l u s   of  r i g i d i t y   (MOR)  and   i n t e r n a l  

b o n d   ( IB) .   The   a r t i c l e   d o e s   n o t   s u g g e s t   f l a k e   l e n g t h s  

h i g h e r   t h a n   7.5  c m .  

T.M.  M a l o n e y   in  "MODERN  P A R T I C L E   BOARD  AND  DRY 

PROCESS  F I B E R B O A R D   M A N U F A C T U R I N G " ,   p u b l i s h e d   in  1 9 7 7   b y  

M i l l e r   F r e e m a n   P u b l i c a t i o n s ,   c o n c l u d e s   t h a t   10  cm  is   t h e  



m a x i m u m   f l a k e   l e n g t h   t h a t   s h o u l d   be  u s e d   in  t h e  

p r e p a r a t i o n   of  f l a k e b o a r d s   (pg.  1 9 4 ) .  

Long  wood  s t r a n d s   of  up  to  60  cm  and  l o n g e r   a r e  

w e l l   s u i t e d   f o r   u s e   in  s t r u c t u r a l   l u m b e r   p r o d u c t s .   O n e  

e x a m p l e   of  a  s t r u c t u r a l   l u m b e r   p r o d u c t   is  B a r n e s ,   U .S .  

P a t e n t   No.  4 , 0 6 1 , 8 1 9 ,   p u b l i s h e d   D e c e m b e r   6,  1 9 7 7   w h i c h  

was  r e - i s s u e d   as  Re  3 0 , 6 3 6   on  J u n e   2,  1 9 8 1 .   T h i s   p a t e n t  

c l e a r l y   s h o w s   t h a t   l o n g   wood  s t r a n d s   h a v i n g   l e n g t h s   of  a t  

l e a s t   30  cm  may  be  u s e d   to   p r o d u c e   a  d i s c r e t e   d i m e n s i o n a l  

s t r u c t u r a l   l u m b e r   p r o d u c t .   W a f e r b o a r d   p a n e l s ,   h o w e v e r ,  

a r e   g e n e r a l l y ,   m a d e   in  l a y e r s   h a v i n g   w a f e r s   in  d i f f e r e n t  

o r i e n t a t i o n s   and   do  n o t   g e n e r a l l y   h a v e   t h e   s t r e n g t h  

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

F u r t h e r m o r e ,   w a f e r s   or   f l a k e s   a r e   g e n e r a l l y   m a d e   of  a  

t h i n n e r   m a t e r i a l   t h a n   s t r a n d s   u s e d   in  s t r u c t u r a l   l u m b e r  

p r o d u c t s   in  o r d e r   t o   h a v e   l a y e r s   of  f l a k e s   or  w a f e r s   t o  

f o r m   a  p a n e l .  

In  t h e   p a s t ,   i t   h a s   n o t   b e e n   c o n s i d e r e d   f e a s i b l e  

t o   u s e   t h e   s t r u c t u r a l   l u m b e r   t e c h n o l o g y   f o r   t h e  

m a n u f a c t u r e   of  w a f e r b o a r d s .   For   e x a m p l e ,   e v e n   t h o u g h   t h e  

u s e   of  s t r a n d s   o v e r   30  cm  l o n g   h a s   b e e n   k n o w n   s i n c e   a t  

l e a s t   as  e a r l y   as  1 9 7 7 ,   r e l a t i n g   to   t h e   m a n u f a c t u r e   o f  

s t r u c t u r a l   l u m b e r   p r o d u c t s ,   an  a r t i c l e   p u b l i s h e d   b y  

K.  W a l t e r  ,   J.  K i e s e r   and   T.  W h i t e ,   e n t i t l e d   " E F F E C T   OF 

CHIP  SIZE  ON  SOME  STRENGTH  PROPERTIES   OF  ORIENTED  S T R A N D  

BOARD  ( O S B ) , ( p a g e s   183   to   188)   p u b l i s h e d   in  1 9 7 9   in  H o l z  

A l s   R o h - U n d   W e r k s t o f f ,   d i s c l o s e s   t h a t   c h i p   l e n g t h s  

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

l e n g t h s   d i s c l o s e d   r e l a t e   to   30,  50  and   80  mm,  and   n o  

s u g g e s t i o n   is  m a d e   f o r   l e n g t h s   g r e a t e r   t h a n   t h e s e .  

In  a  p a p e r   by  T o m o h i s a   I k e d a   and  T o m i o   T a k e m u r a ,  

e n t i t l e d   " E F F E C T   OF  CHIP  LENGTH  ON  CREEP  P R O P E R T I E S   OF 

P A R T I C L E B O A R D " ,   ( p a g e s   332  to   337)   p u b l i s h e d   on  May  2 5 ,  

1 9 7 9   in  M o k u z a i   G a k k a i s h i ,   t e s t s   w e r e   c a r r i e d   o u t   o n  



w a f e r   l e n g t h s   up  to   80  mm  l o n g ,   b u t   i t   was  c o n c l u d e d   t h a t  

t h e r e   was   no  b e n e f i t   to   be  g a i n e d   f o r   w a f e r   l e n g t h s  

b e y o n d   40  mm  in  l e n g t h .  

In  t h e   p r o c e e d i n g s   of  t h e   1 4 t h   W a s h i n g t o n   S t a t e  

U n i v e r s i t y   I n t e r n a t i o n a l   S y m p o s i u m   on  P a r t i c l e b o a r d ,  

w h i c h   w e r e   p u b l i s h e d   in  A p r i l   1 9 8 0 ,   t h e   c o n s e n s u s   in  t h e  

p u b l i s h e d   p a p e r s   was   t h a t   t h e r e   w e r e   no  a d v a n t a g e s   i n  

i n c r e a s i n g   w a f e r   l e n g t h .   P.  V a j d a ,   in  h i s   p a p e r   e n t i t l e d  

"WAFERBOARD  vs  O R I E N T E D   STRUCTURAL  BOARD",  ( A p r i l   1 9 8 0 ) ,  

on  p a g e   25  s t a t e s   " I n c r e a s i n g   f l a k e   or  w a f e r   s i z e   to   7 . 5  

cm  or  p o s s i b l y   10  cm  as  p r o p o s e d   by  s o m e ,   w i l l   a l s o  

i m p r o v e   MOR  and   MOE,  b u t   a l s o   to  a  l i m i t e d   d e g r e e .  

M o r e o v e r ,   i n c r e a s i n g   l e n g t h   a n d   w i d t h   r e s u l t s   i n  

i n c r e a s e d   d i f f i c u l t i e s   in   t h e   f l a k i n g ,   c o n v e y i n g ,  

b i n n i n g ,   b l e n d i n g   a n d   f o r m i n g   o p e r a t i o n s ,   and   a l s o  

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

a s s u m e d   as  p r o v e n   t e c h n o l o g y .  

J.A.  F y i e ,   D.J.  H e n c k e l   and   T.E.  P e t e r s ,   in  t h e i r  

p a p e r   e n t i t l e d ,   " E L E C T R O - S T A T I C   O R I E N T A T I O N   F O R  

EFFICIENCY  AND  ENGINEERING  COMPOSITION  PANEL  P R O P E R T I E S " ,  

( A p r i l   1 9 8 0 ) ,   t a l k s   a b o u t   s h o r t e r   f l a k e   l e n g t h s   on  p a g e  

2 7 7 .   "We  h a v e   m a d e   s i n g l e   l a y e r   f l a k e b o a r d s   f r o m   b o t h   4 0  

mm  and   70  mm  f l a k e s   and   f o u n d   o n l y   a  t h i r t e e n   p e r c e n t  

d e c r e a s e   in  MOE  f o r   t h e   s h o r t e r   f l a k e   g e o m e t r y .   T h e  

d e c r e a s e   is  t o l e r a b l e   and   t h e   s h o r t e r   f l a k e   may  l e a d   t o  

f e w e r   h a n d l i n g ,   b l e n d i n g   and   c o n v e y i n g   p r o b l e m s . . . "  .  

R.T.  L e i t n e r   and   h i s   p a p e r   e n t i t l e d ,   " S T R U C T U R A L  

BOARD:  A  3 - L A Y E R   A L T E R N A T I V E   TO  WAFERBOARD  AND  O S B "  

( A p r i l   1 9 8 0 ) ,   s t a t e s   on  p a g e   34  t h a t   " L o n g   w a f e r s   a r e  

c o s t l y   and   d i f f i c u l t   to   p r o d u c e " .   He  c o n c l u d e s   on  t h e  

n e x t   p a g e   t h a t   " l i t t l e   i m p r o v e m e n t   c o u l d   be  e x p e c t e d   b y  

i n c r e a s i n g   f l a k e   l e n g t h   much   a b o v e   2.5  c m " .  

F r o m   t h e s e   r e p o r t s ,   i t   is  c l e a r   t h a t   t h o s e   s k i l l e d  

in  t h e   a r t   of  p r o d u c i n g   w a f e r b o a r d s ,   o r i e n t e d   s t r a n d  



b o a r d s   and  o t h e r   t y p e s   of  p a n e l   b o a r d s ,   h a v e   n e v e r  

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

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

w a f e r b o a r d s .  

As  can   be  s e e n   f r o m   t h e s e   a r t i c l e s   d e s c r i b e d   a b o v e  

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

t h a t   t h e r e   was  no  a d v a n t a g e   in  i n c r e a s i n g   w a f e r   l e n g t h s  

o v e r   a b o u t   100  mm.  No  o n e  h a s   p r e v i o u s l y   c o n s i d e r e d   t h a t  

a  w a f e r b o a r d   p r o d u c t   c o u l d   be  made   w i t h   l o n g   w a f e r s   o r  

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

of  t h e   wood  a t   or  a p p r o a c h i n g   n o r m a l   wood  d e n s i t y .  

F u r t h e r m o r e ,   w h i l e   i t   is  c o n s i d e r e d   by  t h o s e  

s k i l l e d   in  t h e   a r t   of  w a f e r b o a r d   t e c h n o l o g y ,   t h a t   t h e  

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

r e s i n   c o a t i n g   l o n g   w a f e r s   w o u l d   be  t o o   d i f f i c u l t   o r  

c o s t l y   to   r e s o l v e .   T h i s   h a s   b e e n   f o u n d   i n c o r r e c t .   I t  

h a s   now  b e e n   f o u n d   t h a t   by  i n c r e a s i n g   w a f e r   l e n g t h s   t o  

o v e r   15  cm,  and   p r e f e r a b l y   o v e r   30  cm,  t h e   w a f e r s   h a v i n g  

an  i n i t i a l   a g g r e g a t e   s p e c i f i c   g r a v i t y   of  l e s s   t h a n   0 . 6  

o v e n   d r y   w e i g h t   w i t h   v o l u m e   at  12%  m o i s t u r e   c o n t e n t ,   a n d  

u s i n g   s u c h   w a f e r s   in  t h e   f a c e   l a y e r s   of  a  m u l t i p l e   l a y e r  

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

t h i c k n e s s ,   a n d / o r   s u f f i c i e n t   r e s i n   c o n t e n t   t o   p r e v e n t  

h o r i z o n t a l   s h e a r   f a i l u r e   in  t h e   c o r e   l a y e r ,   a  wood  p a n e l  

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

s t r e n g t h / d e n s i t y   r a t i o s   as  an  e q u i v a l e n t   p l y w o o d .  

Long  w a f e r s   can   be  p r o p e r l y   c o a t e d   w i t h   r e s i n   i n  

e i t h e r   p o w d e r   or  l i q u i d   f o r m .   One  e x a m p l e   of  a n  

a p p a r a t u s   to   b l e n d   l o n g   wood  w a f e r s   w i t h   a  l i q u i d   r e s i n  

is  d i s c l o s e d   in  o u r   c o - p e n d i n g   a p p l i c a t i o n ,   U.S.  S e r i a l  

N u m b e r   4 4 1 , 9 2 5   f i l e d   N o v e m b e r   15,   1 9 8 2 .   I t   h a s   a l s o   b e e n  

f o u n d   t h a t   l o n g   w a f e r s   can   be  l a i d   in  a  mat  o f  

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

f o r m i n g   s u c h   a  mat  is  s h o w n   in  o u r   c o - p e n d i n g   a p p l i c a t i o n  

U.S.  S e r i a l   N u m b e r   4 2 0 , 0 8 4   f i l e d   S e p t e m b e r   20,  1 9 8 2 .   T h e  



a p p a r a t u s   s p r e a d s   t h e   wood  w a f e r s   in  a  u n i f o r m   m a n n e r   t o  

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

w a f e r s   may  be   l a i d   in  an  o r i e n t e d   p a t t e r n   or  in  a  r a n d o m  

p a t t e r n .  

T h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   a  w a f e r b o a r d   p a n e l  

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

t h r e e   l a y e r s   of  wood   w a f e r s   h a v i n g   an  i n i t i a l   a g g r e g a t e  

s p e c i f i c   g r a v i t y   l e s s   t h a n   a b o u t   0.6  o v e n   d r y   w e i g h t ,  

w i t h   v o l u m e   a t   12%  m o i s t u r e   c o n t e n t ,  t h e   p a n e l   h a v i n g  

f a c e   l a y e r s   on  o u t s i d e   s u r f a c e s   and   a t   l e a s t   one   c o r e  

l a y e r ,   t h e   w a f e r s   in  t h e   f a c e   l a y e r s   h a v i n g   a  m e a n  

o r i e n t a t i o n   in  t h e   r a n g e   of  a b o u t   2  to   10  d e g r e e s ,   t h e  

w a f e r s   in  t h e   f a c e   l a y e r s   h a v i n g   l e n g t h s   of  a t   l e a s t  

a b o u t   15  cm,  a n d   p r e f e r a b l y   a t   l e a s t   a b o u t   30  cm,  a v e r a g e  
w i d t h s   in  t h e   r a n g e   of  a b o u t   0 .75   to   5.0  cm  and  a v e r a g e  
t h i c k n e s s   in  t h e   r a n g e   of  a b o u t   0 . 0 2 5   t o   0 . 1 2 5   cm  w i t h   a  .  

p r e f e r r e d   r a n g e   of  a b o u t   0 . 05   to   0 . 0 7 5   cm  f o r   w a f e r s   i n  

t h e   f a c e   l a y e r s   and   a b o u t   0 . 0 7 5   t o   0 . 1 2 5   cm  f o r   w a f e r s   i n  

t h e   c o r e   l a y e r s ,   t h e   p a n e l   h a v i n g   an  o v e n   d r y   w o o d  

d e n s i t y   in  t h e   r a n g e   of  a b o u t   430  t o   720   Kgms  p e r   cu  m. 
w i t h   an  MOR  to   d e n s i t y   r a t i o   of  a t   l e a s t   a b o u t   5'0  and  a n  

MOE  (M)  to   d e n s i t y   r a t i o   of  a t   l e a s t   a b o u t   17.   In  o t h e r  

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

r a n g e   of  a b o u t   1  1 / 2   to   8%,  p r e f e r a b l y   2  t o   3%,  b a s e d   o n  

t h e   o v e n   d r y   w e i g h t   of  t h e   wood  w a f e r s   f o r   t h e   f a c e  

l a y e r s   a n d   c o r e   l a y e r s .  

In  a n o t h e r   e m b o d i m e n t ,   t h e   p a n e l   h a v i n g   an  MOR 

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

l a y e r s   f o r   an  o v e n   d r y   wood  d e n s i t y   in  t h e   r a n g e   of  a b o u t  

430  to   720   Kgms   p e r   cu  m.  w i t h i n   t h e   b o u n d a r y   of  A,  B,  C 

and   D  in  F IG .   1,  and   an  MOE  p a r a l l e l   to   t h e   o r i e n t a t i o n  

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

E,  F,  G  a n d   H  in  FIG.   2 .  

In  f u r t h e r   e m b o d i m e n t s   of  t h e   i n v e n t i o n ,   t h e   p a n e l  



h a s   f a c e   l a y e r s   r e p r e s e n t i n g   a  r a n g e   of  a b o u t   3 0 - 6 0 %   o f  

t o t a l   t h i c k n e s s   of  t h e   p a n e l .   Dry   MOR  and   d r y   MOE  of  t h e  

p a n e l   in  t h e   d i r e c t i o n   p e r p e n d i c u l a r   to   t h e   o r i e n t a t i o n  

of  t h e   w a f e r s ,   is  n o t   l e s s   t h a n   a b o u t   20%  of  t h e   d r y   MOR 

and  d r y   MOE  of  t h e   p a n e l   p a r a l l e l   to   t h e   o r i e n t a t i o n   o f  

t h e   w a f e r s .   In  s t i l l   f u r t h e r   e m b o d i m e n t s ,   t h e   c o r e   l a y e r  

h a s   a  r a n d o m   o r i e n t a t i o n   of  w a f e r s   or  a  c r o s s   o r i e n t a t i o n  

of  w a f e r s .  

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

w a f e r s   has   a  t h i c k n e s s   g r e a t e r   t h a n   t h r e e   w a f e r s .  

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

i n v e n t i o n :  

FIG.  1  is  a  g r a p h   c o m p a r i n g   MOR  a g a i n s t   d e n s i t y  

f o r   w a f e r b o a r d   p a n e l s   made   f r o m   l o n g   w a f e r s   v a r y i n g   f r o m  

15  cm  t o   60  cm  in  l e n g t h ;  

FIG.   2  is  a  g r a p h   c o m p a r i n g   MOE  a g a i n s t   d e n s i t y  

f o r   w a f e r b o a r d   p a n e l s   m a d e   f r o m   l o n g   w a f e r s   v a r y i n g   f r o m  

15  cm  to   60  cm  in  l e n g t h ;  

FIG.   3  is  a   g r a p h   c o m p a r i n g   MOR  a g a i n s t   w a f e r  

l e n g t h   f o r   l o n g   w a f e r b o a r d   p a n e l s   of  t h e   p r e s e n t  

i n v e n t i o n   at   a  d e n s i t y   of  561  k g m s   p e r   cu  m .  ;  

FIG.   4  is  a  g r a p h   c o m p a r i n g   MOE  a g a i n s t   w a f e r  

l e n g t h   f o r   l o n g   w a f e r b o a r d   p a n e l s   of  t h e   p r e s e n t  

i n v e n t i o n   a t   a  d e n s i t y   of  561  Kgms  p e r   cu  m .  ;  

FIG.   5  is   a  g r a p h   c o m p a r i n g   m e a n   w a f e r   l e n g t h s  

a g a i n s t   M O E / D e n s i t y   r a t i o   f o r   l o n g   w a f e r b o a r d   p a n e l s   o f  

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

T h e   t e r m   " w a f e r s "   u s e d   t h r o u g h o u t   t h e  

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

t e r m s   s o m e t i m e s   u s e d   in  d i f f e r e n t   c o u n t r i e s .   W a f e r s   m a y  
be  m a d e   on  c o n v e n t i o n a l   w a f e r i z e r s   w h i c h   c u t s   w a f e r s   t o  

t h e   d e s i r e d   s h a p e ,   or  w a f e r s   may  be  c u t   or  s l i t   f r o m  

v e n e e r .   In  t h e   p r e s e n t   i n v e n t i o n   t h e   w a f e r s   a r e   m a d e  

h a v i n g   a  l e n g t h   g r e a t e r   t h a n   15  cm,  p r e f e r a b l y   g r e a t e r  



t h a n   30  cm,  up  to   60  cm  or   m o r e .   G r e a t e r   l e n g t h s   may  b e  

u s e d   b u t   t h e r e   a p p e a r s   t o   be  l i t t l e   i m p r o v e m e n t   i n  

s t r e n g t h   p r o p e r t i e s   o v e r   t h i s   f i g u r e .   T h i c k n e s s e s   of  t h e  

w a f e r s   may  v a r y   f r o m   a b o u t   0 . 0 2 5   to   0 . 1 2 5   cm  and  w i d t h  

s h o u l d   be  in  t h e   r a n g e   f r o m   a b o u t   0 .75  to   5 .00   cm.  I t   i s  

p r e f e r r e d   t h a t   t h e   a v e r a g e   w a f e r   t h i c k n e s s   in  t h e   f a c e  

l a y e r s   is  in  t h e   r a n g e   of  a b o u t   0 .05   to   0 . 0 7 5   cm  and   i n  

t h e   c o r e   l a y e r s   in  t h e   r a n g e   of  a b o u t   0 . 0 7 5   to   0 . 1 2 5   c m .  

T h e   t y p e   o f   w o o d   u s e d   in  N o r t h   A m e r i c a ,  

p a r t i c u l a r l y   in  t h e   W e s t   C o a s t   i s   g e n e r a l l y   a  m i x t u r e   o f  

d i f f e r e n t   t y p e s   of  h a r d w o o d s   and   s o f t w o o d s   h a v i n g   a n  

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

v o l u m e   at   12%  m o i s t u r e   c o n t e n t ,   of  l e s s   t h a n   a b o u t   0 . 6 .  

T h e r e   a r e   many   t y p e s   of  wood  u s e d   f o r   w a f e r s ,   b o t h  

h a r d w o o d   a n d   s o f t w o o d .   A s p e n ,   f o r   i n s t a n c e ,   i s   a  

h a r d w o o d   h a v i n g   a  s p e c i f i c   g r a v i t y   in  t h e   r a n g e   of  a b o u t  

. 3 5  -   . 39 .   An  e x a m p l e   of  a  s o f t w o o d   is  a  B a l s a m   f i r .  

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

wax  and   r e s i n   p r i o r   t o   b e i n g   f o r m e d   i n t o   a  mat   o f  

w a f e r s .   S l a c k   wax  is  a  p r e p a r e d   wax  g e n e r a l l y   b l e n d e d  

w i t h   t h e   w a f e r s   to   i m p r o v e   w a t e r   p r o o f   p r o p e r t i e s   of  t h e  

e n d   p r o d u c t ,   and   p r e f e r a b l y   p o w d e r e d   p h e n o l - f o r m a l d e h y d e  

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

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

a l s o   f e a s i b l e   to   s p r a y   l i q u i d   r e s i n   o n t o   t h e   w a f e r s .   A n  

e x a m p l e   of  s u c h   a  b l e n d i n g   s y s t e m   is   s h o w n   in  c o - p e n d i n g  

a p p l i c a t i o n   U.S.  S e r i a l   N u m b e r   4 4 1 , 9 2 5   w h i c h   d e s c r i b e s   a  

m u l t i p l e   s t a g e   b l e n d i n g   of  wood   w a f e r s   w i t h   a  l i q u i d  

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

p r e f e r a b l y   in  t h e   r a n g e   of  a b o u t   1  1 /2   to   8%  b a s e d   on  t h e  

o v e n   d r y   w e i g h t   of  t h e   wood   w a f e r s   f o r   b o t h   f a c e   l a y e r s  

and   c o r e   l a y e r s .  

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



a r e   g e n e r a l l y   l a i d   in  at   l e a s t   t h r e e   s e p a r a t e   m a t s   o n e  

on  t o p   of  a n o t h e r   b e f o r e   p r o c e e d i n g   to   a  p r e s s   w h e r e   t h e  

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

to  c u r e   t h e   r e s i n .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   f a c e  

l a y e r s   of  a  w a f e r b o a r d   p a n e l   g e n e r a l l y   r e p r e s e n t   a b o u t  

3 0  -   60%  of  t h e   t o t a l   t h i c k n e s s   of  t h e   p a n e l .   The   c o r e  

l a y e r ,   or  c o r e   l a y e r s ,   r e p r e s e n t   t h e   r e m a i n i n g   p a n e l  

t h i c k n e s s .   As  t h e   w a f e r s   a r e   l a i d   in  t h e   f i r s t   l a y e r ,  

t h e   l o n g   w a f e r s   a r e   l a i d   in  a  o r i e n t e d   f a s h i o n   s u c h   t h a t  

t h e   mean   o r i e n t a t i o n   of  t h e   w a f e r s   l a i d   in  t h e   mat   a r e   a t  

an  a n g l e   g r e a t e r   t h a n   z e r o   d e g r e e s ,   b u t   n o t   m o r e   t h a n  

a b o u t   10  d e g r e e s   f r o m   t h e   d i r e c t i o n   of  o r i e n t a t i o n .   I f  

t h e   o r i e n t a t i o n   a n g l e   i n c r e a s e s   much   b e y o n d   a b o u t   1 0  

d e g r e e s ,   t h e n   t h e   s t r e n g t h   in   t h e   d i r e c t i o n   o f  

o r i e n t a t i o n   of  t h e   p a n e l   is  r e d u c e d .   A l t e r n a t i v e l y ,   i f  

t h e   mean   o r i e n t a t i o n   of  t h e   w a f e r s   r e s u l t s   in  t o o   s m a l l  

an  a n g l e ,   t h a t   is   to   s a y   b e l o w   a b o u t   2  d e g r e e s ,   t h e n   t h e  

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

t h e   d i r e c t i o n   of  o r i e n t a t i o n   is   r e d u c e d .   I t   h a s   b e e n  

f o u n d   t h a t   an  a n g l e   of  o r i e n t a t i o n   a r o u n d   10  d e g r e e s  

p r o v e s   s a t i s f a c t o r y ,   and   i t   is  p r e f e r r e d   t h a t   t h e   p r o d u c t  

h a v e   a  s t r e n g t h   and   s t i f f n e s s   in  t h e   p e r p e n d i c u l a r  

d i r e c t i o n   to   t h e   d i r e c t i o n   of  o r i e n t a t i o n   of  a b o u t   20%  o f  

t h e   d i r e c t i o n   p a r a l l e l   to   t h e   o r i e n t a t i o n .  

The  c o r e   l a y e r   or  c o r e   l a y e r s   may  be  r a n d o m  

o r i e n t e d   or  c r o s s   o r i e n t e d .   The   t e r m   " c r o s s   o r i e n t e d "  

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

d i r e c t i o n   w h i c h   is   a p p r o x i m a t e l y   90  d e g r e e s   t o   t h e  

d i r e c t i o n   of  o r i e n t a t i o n   of  t h e   w a f e r s   in  t h e   f a c e  

l a y e r s .   In  s o m e   e m b o d i m e n t s   a  m i x t u r e   of  b o t h   r a n d o m   a n d  

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

r e q u i r e m e n t s   of  t h e   w a f e r b o a r d   p a n e l .   In  t h e   c a s e   o r  

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

s a m e   t h i c k n e s s   or  as  l o n g   as  t h o s e   in  t h e   f a c e   l a y e r s .  



A f t e r   t h e   l a y e r s   h a v e   b e e n   l a i d   in  m a t s   one   on  t o p   o f  

a n o t h e r ,   t h e   m u l t i - l a y e r e d   m a t   a d v a n c e s   to   a  p r e s s   w h e r e  

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

t e m p e r a t u r e   of  s l i g h t l y   a b o v e   200  d e g r e e s   C e l s i u s   f o r   a t  

l e a s t   f o u r   m i n u t e s .   T h e   p r e s s   i s   a  s t a n d a r d   u n i t   w e l l  

k n o w n   in  t h e   m a n u f a c t u r e   of  w a f e r b o a r d   p a n e l s .  

I t   h a s   g e n e r a l l y   b e e n   f o u n d   t h a t   t h e   r e s i n   c o n t e n t  

is   a t   l e a s t   a b o u t   1.5%  b a s e d   on  t h e   o v e n   d r y   w e i g h t   o f  

t h e   wood  w a f e r s .   In  a  p r e f e r r e d   e m b o d i m e n t ,   t h e   r e s i n  

c o n t e n t   f o r   b o t h   f a c e   a n d   c o r e   l a y e r s   is  in  t h e   r a n g e   o f  

a b o u t   2  to   3%  b a s e d   on  t h e   o v e n   d r y   w e i g h t   of  t h e   w o o d  

w a f e r s .   In  one   e m b o d i m e n t ,   4%  p h e n o l - f o r m a l d e h y d e   r e s i n  

was   u s e d   in  t h e   f a c e   l a y e r s   w i t h   3%  o n l y   in  t h e   c o r e  

l a y e r .   The   wax  c o n t e n t   was   2%  b a s e d   on  t h e   o v e n   d r y  

w e i g h t   of  t h e   wood   w a f e r s .  





C o m p a r i s o n s   of  s t r e n g t h   to   d e n s i t y   r a t i o s   a r e  

i l l u s t r a t e d   in  TABLE  I.  As  can   be  s e e n ,   t h e   MOR  t o  

d e n s i t y   r a t i o   and   MOE  to   d e n s i t y   r a t i o   i s   f a r   l o w e r   f o r  

n o r m a l   w a f e r b o a r d   t h a n   f o r   p l y w o o d .   O r i e n t e d   s t r a n d   b o a r d  

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

p l y w o o d .   O r i e n t e d   s t r a n d   b o a r d   h a s   i m p r o v e d   p r o p e r t i e s ,  

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

F I G S .   1  a n d   2  i l l u s t r a t e   t h e   s t r e n g t h   p r o p e r t i e s  

f o r   l o n g   w a f e r   w a f e r b o a r d   f o r   v a r y i n g   d e n s i t i e s   m a d e  

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

of  w a f e r s .   Oven   d r y   wood  d e n s i t i e s   f r o m   430  to   720  K g m s  

p e r   cu  m.  c o v e r   t h e   r a n g e   of  d e n s i t i e s   f o r   t h e   l o n g   w a f e r  

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

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

12%  m o i s t u r e   c o n t e n t   of  b e l o w   0 .6 .   The   r a t i o s   of  MOR  t o  

d e n s i t y   w i t h i n   t h e   b o u n d a r y   l i n e s   A,  B,  C  and   D  of  FIG.   1 

a r e   at   l e a s t   75.   The   r a t i o s   of  MOE  (M)  to   d e n s i t y   w i t h i n  

t h e   b o u n d a r y   l i n e s   E,  F,  G  and   H  of  FIG.   2  a r e   at   l e a s t  

1 7 .  

EXAMPLE  I :  

W a f e r b o a r d   s a m p l e s   w e r e   m a d e   by  s l i t t i n g   w a f e r s  

f r o m   v e n e e r   s t r i p s   c u t   f r o m   A s p e n   w i t h   an  i n i t i a l  

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

12%  m o i s t u r e   c o n t e n t   of  a p p r o x i m a t e l y   0 . 3 8 .   The   w a f e r s  

in  t h e   f a c e   l a y e r s   w e r e   0 .05   cm  t h i c k   and   w e r e   c u t   t o  

7 . 5 ,   15,   30  and   60  cm  l e n g t h s .   The   c o r e   w a f e r s   w e r e   0 . 1 0  

cm  t h i c k .   The   f a c e   l a y e r s   w e r e   o r i e n t e d   w i t h   a  m e a n  

o r i e n t a t i o n   n o t   g r e a t e r   t h a n   10  d e g r e e s   and  t h e   c o r e  

l a y e r   was  c r o s s   o r i e n t e d .   5%  p h e n o l - f o r m a l d e h y d e   r e s i n  

was   u s e d   in  t h e   p a n e l s   w h o s e   o v e r a l l   t h i c k n e s s   was  1 . 2 5  

cm.  The   p a n e l s   c o m p r i s e   t h r e e   p l i e s .   F I G S .   3  and   4 

i l l u s t r a t e   t h e   e f f e c t   of  s t r a n d   l e n g t h   on  MOR  and  o n  

MOE.  As  can   be  s e e n   in  t h e   F I G S .   a b o v e   a  30  cm  w a f e r  



l e n g t h ,   t h e   c u r v e   c o m m e n c e s   to   l e v e l   o u t .   T h e r e   i s  

b e l i e v e d   to   be  no  r e a l   i m p r o v e m e n t   in  s t r e n g t h   p r o p e r t i e s  

b e y o n d   60  cm  l o n g   w a f e r s .  

EXAMPLE  I I :  

W a f e r b o a r d   s a m p l e s   w e r e   made   f r o m   w a f e r s   c u t   on  a  

c o m m e r c i a l   w a f e r i z e r   f o r   n o m i n a l   w a f e r   l e n g t h s   of  3,  7 . 5 ,  

1 1 . 4 ,   15  a n d   30  cm.  A c t u a l   w a f e r   l e n g t h s   v a r i e d  

s u b s t a n t i a l l y   b e l o w   t h e   n o m i n a l   l e n g t h ,   b u t   had   a  m e a n  

v a l u e   of  up  to  a b o u t   20%  b e l o w   t h e   n o m i n a l .   The   wood  w a s  

A s p e n ,   s i m i l a r   to   t h e   t y p e   of  wood  u s e d   in  EXAMPLE  I .  

The  t h i c k n e s s   of  t h e   c o r e   w a f e r s   was  0 . 0 5   cm,  t h e   s a m e  

t h i c k n e s s   as  t h e   w a f e r s   in  t h e   f a c e   l a y e r s .  





As  can   be  s e e n   in  TABLE  I I ,   t h e   w a f e r b o a r d   m a d e  

f r o m   n o m i n a l   11 .4   cm  l o n g   w a f e r s   had  an  M O R / D e n s i t y   r a t i o  

a b o v e   50  and  an  M O E ( M ) / D e n s i t y   r a t i o   of  a b o u t   12.  T h e  

w a f e r b o a r d   m a d e   f r o m   n o m i n a l   30  cm  l o n g   w a f e r s   had  a n  

M O R / D e n s i t y   r a t i o   of  1 0 8 ,  a n d   an  M O E / D e n s i t y   r a t i o   of  1 9 .  

FIG.   5  i l l u s t r a t e s   t h e   c o m p a r i s o n   b e t w e e n   t h e   m e a n  

w a f e r   l e n g t h s   a g a i n s t   M O R / D e n s i t y   r a t i o   f o r   a  w a f e r b o a r d  

h a v i n g   a  w a f e r   t h i c k n e s s   of  a b o u t   0 . 0 5   cm  in  b o t h   c o r e  

l a y e r   and   f a c e   l a y e r s .   As  can   be  s e e n ,   a  mean   w a f e r  

l e n g t h   of  16 .5   cm  was   r e q u i r e d   to   a t t a i n   a  r a t i o   of  17  i n  

t h i s   t e s t .  

V a r i o u s   c h a n g e s   may  be  m a d e   to   t h e   w a f e r b o a r d  

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

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

is  l i m i t e d   o n l y   by  t h e   f o l l o w i n g   c l a i m s .  



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

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

w a f e r s ,   h a v i n g   an  i n i t i a l   a g g r e g a t e   s p e c i f i c   g r a v i t y   l e s s  

t h a n   a b o u t   0.6  o v e n   d r y   w e i g h t   w i t h   v o l u m e   a t   1 2 %  

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

s u r f a c e s   and   a t   l e a s t   o n e   c o r e   l a y e r ,   t h e   w a f e r s   in  t h e  

f a c e   l a y e r s   h a v i n g   a  m e a n   o r i e n t a t i o n   in  t h e   r a n g e   o f  

a b o u t   2  to   1 0   d e g r e e s ,   t h e   w a f e r s   in  t h e   f a c e   l a y e r s  

h a v i n g   l e n g t h s   of  a t   l e a s t   a b o u t   15  cm,  a v e r a g e   w i d t h s   i n  

t h e   r a n g e   of  a b o u t   0 . 7 5 , t o   5.0  cm,  and   a v e r a g e   t h i c k n e s s  

in  t h e   r a n g e   of  a b o u t   0 . 0 2 5   to   0 . 1 2 5   cm,  t h e   p a n e l   h a v i n g  

an  o v e n   d r y   wood  d e n s i t y :  i n   t h e   r a n g e   of  a b o u t   430  to  7 2 0  

K g m s .   p e r   cu  m.  w i t h   a n  M O R   to   d e n s i t y   r a t i o   of  at  l e a s t  

a b o u t   50  a n d   an  MOE  (M)  to   d e n s i t y   r a t i o   of  a t   l e a s t  

a b o u t   1 7 .  

2.  The   w a f e r b o a r d   p a n e l   a c c o r d i n g   t o   C l a i m   1  h a v i n g   a  

p h e n o l - f o r m a l d e h y d e   r e s i n   c o n t e n t   in  t h e   r a n g e   of  a b o u t   1 

1 /2   t o   8%  b a s e d   on  t h e  o v e n   d r y   w e i g h t   of  t h e   wood  w a f e r s  

f o r   t h e   f a c e   l a y e r s   and   c o r e   l a y e r s .  

3.  The   w a f e r b o a r d   p a n e l   a c c o r d i n g   t o   C l a i m   2  h a v i n g   a  

. p h e n o l - f o r m a l d e h y d e   r e s i n   c o n t e n t   in  t h e   r a n g e   of  a b o u t   2 

to  3%  b a s e d   on  t h e   o v e n   d r y   w e i g h t   of  t h e   wood   w a f e r s   f o r  

t h e   f a c e   l a y e r s   and   c o r e  l a y e r s .  

4)  The   w a f e r b o a r d   p a n e l   a c c o r d i n g   to   C l a i m   1  w h e r e i n  

t h e   a v e r a g e   t h i c k n e s s   of  t h e   w a f e r s   in  t h e   f a c e   l a y e r s   i s  

in  t h e   r a n g e   of  a b o u t   0 . 05   to   0 . 0 7 5   cm,  and   t h e   a v e r a g e  
t h i c k n e s s   of  t h e   w a f e r s   in  t h e   c o r e   l a y e r s   i s   in  t h e  

r a n g e   of  a b o u t   0 . 0 7 5   t o   0 . 1 2 5 .  

5.  The   w a f e r b o a r d   p a n e l   a c c o r d i n g   to   C l a i m   1  w h e r e i n  

t h e   w a f e r s   in  t h e   f a c e   l a y e r s   h a v e   l e n g t h s   of  a t   l e a s t  

a b o u t . 3 0   c m s .  



6.  The   w a f e r b o a r d   p a n e l   a c c o r d i n g   to   C l a i m   1  w h e r e i n  

e a c h   l a y e r   of  wood  w a f e r s   h a s   a  t h i c k n e s s   g r e a t e r   t h a n  

t h r e e   w a f e r s .  

7.  A  w a f e r b o a r d   p a n e l   w i t h   i n c r e a s e d   s t r e n g t h  

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

w a f e r s   h a v i n g   an  i n i t i a l :   a g g r e g a t e   s p e c i f i c   g r a v i t y   l e s s  

t h a n   a b o u t   0 .6 ,   o v e n   d r y   w e i g h t   w i t h   v o l u m e   a t   12% 

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

s u r f a c e s   and   at  l e a s t   o n e  c o r e   l a y e r ,   t h e   w a f e r s   in  t h e  

f a c e   l a y e r s   h a v i n g   a  mean   o r i e n t a t i o n   in  t h e   r a n g e   o f  

a b o u t   2  to   10  d e g r e e s ,   t h e   f a c e   l a y e r s   h a v i n g   w a f e r s   w i t h  

l e n g t h s   of  at   l e a s t   a b o u t   15  cm,  a v e r a g e   w i d t h s   in  t h e  

r a n g e   of  a b o u t   0 .75   to   5.0  cm  and   a v e r a g e   t h i c k n e s s   i n  

t h e   r a n g e   of  a b o u t   0 . 0 2 5   t o   0 . 1 2 5   cm,  t h e   p a n e l   h a v i n g   a n  

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

l a y e r s   f o r   an  o v e n   d r y   wood  d e n s i t y   in  t h e   r a n g e   of  a b o u t  

430  to   720   Kgms.   p e r   cu  m .  w i t h i n   t h e   b o u n d a r y   of  A,  B,  C 

and  D  in  FIG.   1,  and   an  MOE  p a r a l l e l   to   t h e   o r i e n t a t i o n  

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

E,  F,  G  and   H  in  F I G . 2 .  

8.  The   w a f e r b o a r d   p ' a n e l   a c c o r d i n g   to   C l a i m   7  h a v i n g   a  

p h e n o l - f o r m a l d e h y d e   r e s i n   c o n t e n t   in  t h e   r a n g e   of  a b o u t   1 

1/2  to   8%  b a s e d   on  t h e   o v e n   d r y   w e i g h t   of  t h e   wood   w a f e r s  

f o r   t h e   f a c e   l a y e r s   and   c o r e   l a y e r s .  

9.  The   w a f e r b o a r d   p a n e l   a c c o r d i n g   to   C l a i m   8  h a v i n g   a  

p h e n o l - f o r m a l d e h y d e   r e s i n   c o n t e n t   in  t h e   r a n g e   of  a b o u t   2 

to  3%  b a s e d   o n  t h e   o v e n   d r y   w e i g h t   of  t h e   wood   w a f e r s   f o r  

t h e   f a c e   l a y e r s   and   c o r e   l a y e r s .  

10.  The   w a f e r b o a r d   p a n e l   a c c o r d i n g   to   C l a i m   7  w h e r e i n  

t h e   a v e r a g e   t h i c k n e s s   o f  t h e   w a f e r s   in  t h e   f a c e   l a y e r s   i s  

in  t h e   r a n g e   of  a b o u t   0 .05   to   0 . 0 7 5   cm,  and   t h e   a v e r a g e  
t h i c k n e s s   of  t h e   w a f e r s   in  t h e   c o r e   l a y e r   is   in  t h e   r a n g e  
of  a b o u t   0 . 0 7 5   to   0 . 1 2 5   c m .  

11.  The   p a n e l   a c c o r d i n g   to   C l a i m   7  w h e r e i n   t h e   f a c e  



l a y e r s   a r e   a b o u t   3 0  -   60%  of  t o t a l   t h i c k n e s s   of  t h e  

p a n e l .  

12.   The  p a n e l   a c c o r d i n g   to   C l a i m   7  w h e r e i n   d r y   MOR  a n d  

d r y   MOE  of  t h e   p a n e l   in  t h e   d i r e c t i o n   p e r p e n d i c u l a r   t o  

t h e   o r i e n t a t i o n   of  t h e   w a f e r s ;   is  n o t   l e s s   t h a n   a b o u t   20% 

of   t h e   d r y   MOR  a n d   d r y   MOE  of  t h e   p a n e l   p a r a l l e l   to   t h e  

o r i e n t a t i o n   of  t h e   w a f e r s .  

13 .   The   p a n e l   a c c o r d i n g   to   C l a i m   7  w h e r e i n   a  c o r e  

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

14 .   The   p a n e l   a c c o r d i n g   to   C l a i m   7  w h e r e i n   a  c o r e  

l a y e r   h a s   a  c r o s s   o r i e n t a t i o n   of  w a f e r s .  

15 .   The   p a n e l   a c c o r d i n g   to   C l a i m   7  w h e r e i n   t h e   w a f e r s  

in   t h e   f a c e   l a y e r s   h a v e   l e n g t h s   of  a t   l e a s t   a b o u t   30  c m .  










	bibliography
	description
	claims
	drawings

