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Abstract  

The potent ia l  for  subst i tut ion 
of  s t ructural  wood composi tes  into 
sol id-sawn lumber  markets  is  pre­
sented from the technological  view­
point .  Technological  l imitat ions of  
exis t ing composi te  processes  and 
products  are  reviewed in  the con­
text  of  the present  laminated veneer  
lumber  (LVL),  f lakeboard,  and f iber /  
paper  industr ies .  The l imits  of  
mechanical  property potent ia l  are  
presented to  show that  s t rength and 
s t i f fness  may be enhanced through
innovat ive processing of  s t ructural  
wood composi tes .  The routes  for  
introduct ion of  these composi tes  are  
presented as  (1)  direct  subst i tut ion 
for  sol id-sawn lumber ,  (2)  introduc­
t ion of  new mater ia ls  and components ,
and (3)  development  of  new structural  
systems for  l ight-frame construct ion.  

Introduct ion 

Structural  lumber  subst i tutes  
are  a high-growth and high end-value 
product  in  today 's  marketplace.  New 
product  development ,  product ion faci l  

COM-PLY TM Lumber which is  made with 
veneer  faces  and a f lake or  par t ic le  
core .  This  mater ia l  represents  a 
mix of  LVL and PSL technology and 
is  current ly  under  development .

The potent ia l  for  revolut ionary
change in  the forest  products  indus­
t ry  is  great ,  largely because of  
composi te  technology.  In  the las t  
50 years ,  sol id-sawn lumber  and t imber  
construct ion has  given way to  this  
composi tes  revolut ion.  The intro­
duct ion of  glue-laminated beams in  
the 1940's  represented an ear ly  s tep
toward composi te  wood members .  Ply­
wood became a superior  replacement
for  nominal  1- inch lumber  in  
sheathing of  f loors ,  wal ls ,  and roofs  
in  the 1950's  and 1960's .  

In  the sheathing market ,  plywood
current ly  has  s t i f f  compet i t ion from 
the s t ructural  f lakeboards.  In  jois t ,
header ,  and raf ter  appl icat ions,  2-by 
or  bui l t -up sect ions from 2-by mate­

r ia l  are  now subject  to  being replaced
by bui l t -up s t ructural  components
that  use LVL. 

Direct  replacement  of  s t ruc­
tural  is  a means ofcomponents  s imple 

- gaining l ight-frame market  penetra­
i ty  announcements ,  and vigorous
standardizat ion act ivi ty  f rom several  
sources  wil l  be discussed in  this  
session demonstrat ing the vi ta l i ty
and potent ia l  for  cont inued growth
of  these composi te  products .  I have 
fur ther  divided these wood-based 
lumber  subst i tutes  into three 
categories;  
· Laminated Veneer  Lumber (LVL) which 

is  made of  paral le l - laminated 
veneers  bonded with durable  
adhesives .  This  product  is  now 
manufactured and sold commercial ly ,  

· Oriented Strand Lumber (OSL)
(2)  Paral le l  Strand Lumber (PSL) 

t ion,  but  innovat ions in  processing
and design wil l  lead toward develop­
ment  of  new structural  systems and 
mater ia ls  based on s t ructural  and 
mater ia l  opt imizat ions.  Some leaders  
in  the composi tes  f ie ld  have begun
development  of  this  generat ion of  
s t ructural  composi tes  and I wil l  use  
their  work as  examples  to  i l lustrate  
four  high-potent ia l  approaches to  
advancing composi tes  as  s t ructural  
lumber  subst i tutes .  My discussion 
of  the avenues for  growth in  com­
posi te  lumber  subst i tutes  is  organ­
ized as  fol lows:  

or  · Processing innovat ions and eff i ­
(17) ,  which is  made with wood ele- ciencies  leading to  reduced cast  
ments  that  are  smaller  than veneer  or  improved performance.
sheets ,  a l igned,  and bonded with · Subst i tut ion of  composi tes  for  
durable  adhesives .  Several  poten- sol id-sawn lumber  products .
t ia l  manufacturers  are  developing
this  product .  
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· Innovat ive designs of  components
and systems based on the engineered
propert ies  of  the composi tes .  

· Interdiscipl inary educat ion and 
t ra ining of  technologis ts ,  engi­
neers ,  scient is ts ,  and wood users .  

Processing Innovat ions 

Structural  wood composi te  proc­
essing implies  mass  product ion capa­
bi l i ty .  High-volume product ion
capabi l i ty  is  needed in  a l l  par ts  of  
the process  l ine.  Techniques for  
generat ing veneers ,  f lakes ,  s t rands,  
and f iber  are  fa i r ly  wel l  es tabl ished,  
but  other  techniques may be needed to  
produce new types of  wood elements  
(Fig.  1)  to  sat isfy s t ructural  re­
quirements  and ut i l izat ion needs.  
Innovat ions may also be appl ied to  
the mat  formation,  pressing,  or  end-
joint ing phases  of  the processing.  

Wood Elements  for  Composi tes  

The wood par t ic les  that  have 
performed well  in  randomly or iented 
s t ructural  panel  products  have t radi­
t ional ly  had length-to-thickness  
ra t ios  of  more than 150. These 
dimensions permit  the wood par t ic le
and i ts  associated bondl ine to  meet  
the shear  s t rength requirements  of  
i ts  randomly or iented neighbors  in  
the wood composi te .  For  a l igned
composi tes ,  length-to-thickness  
ra t ios  in  excess  of  200 are  required
for  eff ic ient  t ransfer  of  s t resses  
in  bondl ines  for  composi te  act ion 
(14) .  

Another  factor  to  consider ,
besides  capabi l i ty  to  carry bondl ine 
s t resses ,  is  the s ta t is t ical  var iance 
in  propert ies  of  the individual  e le­
ments .  For  example,  a composi te  made 
up of  wood elements  with coeff ic ients  
of  var ia t ion (COV) in  s t rength equal  
to  40 percent ,  such as  is  found in  
sol id  wood,  would theoret ical ly
require  a t  least  12 laminat ions to  
disperse  this  var ia t ion to  br ing the 
COV to 12 percent .  Addit ional  
laminat ions are  required to  maintain 
this  low COV when the laminat ions are  
not  inf ini te ly  long,  as  was assumed 
in  the example.  Several  s tudies  
(4 ,11)  have shown that  f lake and 
veneer  ends inf luence the s t ress  
f ie ld  of  a l igned wood composi tes  up 
to  10 laminat ion thicknesses  f rom 
the laminat ion end.  A 12-laminate  
composi te  would then require  wood 
elements  possessing a minimum length 

in  excess  of  240 thicknesses  to  avoid 
overlap of  these "stress  r isers ."  

Thus to  subst i tute  composi tes
for  1-1/2-inch-thick lumber ,  the 
a l igned wood par t ic les  should be 
1/8 inch or  less  in  thickness  ( to
minimize the number of  bondl ines  
while  s t i l l  providing a 12-laminate  
composi te  for  low COV) and over  
30 inches long ( to  prevent  overlap of  
par t ic le  ends) .  Producing elements  
with these dimensions is  a t  present
l imited to  veneer  peel ing and s l ic ing
operat ions.  Using smaller  e lements  
such as  f lakes ,  s t rands,  par t ic les ,
and f ibers  for  product ion of  
1-1/2-inch-thick mater ia l  not  only
increases  the adhesive-loading
requirements  of  the composi te  but  
a lso dictates  a fax less-ordered 
composi te  than the laminated veneer  
mater ia l  (Fig.  2) .  Absolute  
mechanical  propert ies  suffer  due to  
reduced in-plane al ignment  of  the 
wood elements ,  out-of-plane dis tor ­
t ion of  wood f ibers ,  wood f iber  
damage,  and spr ingback or  thickness  
swel l  inherent  to  compact ion of  a 
nonordered composi te .

The nonordered composi te  has  
dis t inct  advantages in  processing,
however .  Lower qual i ty  raw mater ia l  
may be used with lower labor  and wood 
costs  than a lumber  subst i tute  made 
with veneer .  As the par t ic le  s ize  
decreases  f rom veneers  to  f lakes  to  
f ibers ,  the quant i ty  of  res in  needed 
increases ,  but  greater  defect  
dispers ion reduces s t rength var iance.  
As composi te  lumber  subst i tutes  are  
developed,  each potent ia l  manu­
facturer  wil l  need to  evaluate  each 
of  the aspects  that  have been dis ­
cussed to  choose a wood element  that  
best  f i ts  the resource and techno­
logical  s i tuat ion.  

Mat  Formation 

The exploi ta t ion of  smaller­
than-veneer  wood elements  in  s t ruc­
tural  lumber  subst i tutes  wil l  depend 
on improved technology for  handl ing,
blending,  and al ignment .  Handl ing
and blending are  diff icul t  far  long
and narrow f lakes  or  veneer  s t r ips
which tend to  "jack s t raw" or  become 
entangled with each other  on large-
volume process  Lines  or iginal ly
designed for  smaller  par t ic les .
Likewise,  eff ic ient  blending tech­
niques are  needed for  large- f lake 
geometr ies  that  do not  lend them­
selves  to  veneer-type glue-spreading 
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methods.  Use of  a cheaper  wood raw 
mater ia l  than veneer  sheets  may save 
a manufactures  in  product ion expenses ,
but  i f  the saw mater ia l  requires  more 
adhesive for  adequate  performance,
the ent i re  process  may prove to  be 
uneconomical .  

An example of  the use of  smaller­
than-veneer  wood elements  is  a lumber  
subst i tute  being developed in  
Austral ia  (3) .  Logs and branches are  
run through a " scr imming" machine 
which crushes the wood into approxi­
mately 1/4- by 1/4-inch pr ismatic
sect ions that  run near ly  the length
of  the log.  These wood elements  
provide the length needed for  good
bondl ine s t ress  t ransfer  and are  
easi ly  made with the low-qual i ty  
raw mater ia l  avai lable .  

Alignment  of  veneer  sheets  is  
s imple because of  their  large s ize  
and consis tent  geometry.  Conversely,
the al ignment  of  subveneer  par t ic les
is  diff icul t  because of  their  smaller  
s ize  and the var ia t ion in  dimensions.  
Mechanical  a l ignment  using rotat ing
disks  or  osci l la t ing paral le l  plates
is  possible  for  uniformly s ized wood 
elements  possessing length-to-width 
rat ios  in  excess  of  2 ,  but  is  more 
eff ic ient  as  the rat io  increases .  A 
manufacturer  whose product  is  
discussed in  a subsequent  paper  in  
this  session uses  narrow str ips  of  
veneer  and maintains  excel lent  
mechanical  a l ignment  with length-to­
width rat ios  in  excess  of  100.  

Electrostat ic  a l ignment  offers  
the potent ia l  of  a l igning furnish 
such as  sawdust ,  s l ivers ,  f ibers ,  or  
mixtures  of  furnish types which can­
not  be mechanical ly  a l igned.  Pre­
l iminary work shows that  e lectro­
s ta t ic  a l ignment  provides  ra t ios  of  
bending s t i f fness  paral le l  (MOE II ) .  
to  bending s t i f fness  perpendicular
(MOE ̂  ) to  the panel  axis  of  up to  8 ,  
independent  of  par t ic le  s ize  (18) .
By way of  comparison,  screened and 
t ight ly  control led dimensions of  
f lake furnish can be al igned mechani­
cal ly  to  MOE rat ios  near  13 (5) .

The composi te  mater ia l ' s  mat  
formation offers  the potent ia l
for  opt imizing the placement  of  
varying grades,  qual i t ies ,  or  types
of  wood elements  within the product  
to  produce enhanced propert ies ,
This  generates  a qual i ty  prof i le  in  
the product  (Fig.  3) .  In  LVL this  
qual i ty  prof i le  may take the form of  
scarf- jointed veneers  as  the outer  
pl ies  or  high-qual i ty  mater ia l  a t  

the surfaces  with lower qual i ty  
veneers  in  the inner  pl ies  as  deter ­
mined by visual  or  ul t rasonic  grading
(20) .  For  subveneer  e lements  used in  
a composi te  lumber  subst i tute ,  the 
qual i ty  prof i l ing may exploi t  such 
par t ic le  character is t ics  as  f laking
method,  screen fract ion,  res in  con­
tent  or  other  chemical  t reatments .  
This  qual i ty  prof i l ing may extend in  
the direct ion perpendicular  to  the 
product ' s  faces ,  or  i t  may be perpen­
dicular  to  the long axis  of  the 
product  for  uses  where edgewise
strength s t i f fness  are  important .
Composi te  mater ia l  can therefore  be 
opt imized for  performance propert ies
in  a l l  three dimensions.  

Another  concept  in  mar  formation 
for  lumber  subst i tutes  is  the use of  
man-made reinforcements ,  such as  E­
or  S-glass ,  graphi te ,  or  aramid 
f ibers  (15)  Products  containing
such reinforcements  can have more 
s t rength,  s t i f fness ,  or  durabi l i ty
than could be obtained with a s imple
wood composi te ,  while  re ta ining the 
weight  and workabi l i ty  of  a wood-
based product .  The decl ining cost  
of  synthet ic  f ibers  (caused by
ris ing volumes of  product ion)  wil l  
make them viable  opt ions for  
improving composi te  performance.  

Pressing 

Compact ion and adhesive curing 
are  cr i t ical  to  high-volume/low-cost  
product ion of  subst i tutes  for  nominal  
2- inch lumber .  Hoc-platen pressing
of  composi tes  using t radi t ional  
durable  thermoset t ing resins  require  
more than 10 minutes  to  achieve resin 
cure  for  the 1-1/2-inch thickness .  
Product ion capaci ty  could be increased 
i f  press  systems or  adhesives  are  
developed which can ut i l ize  s team 
or  catalyst  inject ion pressing tech­
nology (7) ,  preheat ing of  the Lamin­
ate  or  mat  (9) ,  or  microwave-curing
techniques.  Both basic  and appl ied
research in  chis  area have high
potent ia l  for  reducing product ion 
costs  of  lumber  subst i tutes .  

A natural  par t  of  the hot-
pressing operat ion is  the formation 
of  a densi ty  prof i le  through the 
thickness  or  across  the width of  the 
product  (Fig.  4) .  Though not  mani­
pulated to  a s ignif icant  extent  in  
today 's  composi te  products ,  i t  pro­
vides  an opportuni ty  far  fur ther  
control  of  product  propert ies  a long
with f iber  a l ignment  and average 
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product  densi ty .  This  may be 
exploi ted by creat ing a densi ty  pro­
f i le  ( in  addi t ion to  any qual i ty
profi le  given to  the product)  which 
improves the f la twise or  edgewise
f lexural  propert ies  of  the composi te
without  loss  of  axial  propert ies .
This  densi ty  prof i le  may be an 
advantage in  meet ing other  needed 
performance cr i ter ia  as  wel l .  Use 
of  t russ  plates  or  bol ted connect ions 
and surfacing of  the mater ia l  are  
enhanced by the high-densi ty  faces  of  
the product -

End- joint ing 

Another  facet  of  processing
potent ia l  l ies  in  end joint ing of  
lumber  Subst i tutes  to  achieve long
mater ia l  lengths  when producing mate­
rial  in  a noncont inuous pressing
scheme.  Recent  s tudy of  end joint ing
3/4- and 1-1/2-inch LVL mater ia ls  (24)
showed that  several  types of  scarf  and 
f inger  joints  provide good tensi le  
s t rength and compare wel l  with even 
the highest  grades of  visual ly-
inspected s t ructural  lumber .  This  
process  opt ion opens the door  for  
product ion of  LVL in plywood plants
using visual ly  graded veneer .  End 
joint ing and relaminat ion of  this  
8- foot  LVL can provide a high-
s t rength lumber  subst i tute .  

Subst i tut ion of  Composi tes  for  
Sol id-Sawn Products  

The s implest  method of  gaining 
acceptance for  a new product  in  the 
marketplace is  to  emulate  an exis t ing
product ' s  form and propert ies  with an 
at tendant  reduct ion in  market  pr ice  
or  l i fe t ime cost .  Though this  may
have dictated the phi losophies  of  
ear ly  composi te  panel  market ing,
today 's  producers  of  subst i tutes  for  
s t ructural  lumber  have a product  with 
s ignif icant ly  bet ter  propert ies  than 
sol id-sawn lumber  (SSL).  The 
decl ining propert ies  of  SSL,  caused 
by ei ther  to  lower qual i t ies  of  logs 
or  intensive grading,  have fueled 
users '  desires  for  a re l iable/
consis tent  mater ia l  source.  

Product  Character izat ion 

Attainment  of  the basic  engi­
neer ing design propert ies  expected
of  lumber  is  a small  par t  of  provid­
ing a viable  lumber  subst i tute .  
Aside from meet ing the obvious axial ,  

f lexural ,  and shear  mechanical  
requirements ,  a lumber  subst i tute  
must  address  fas tener  performance,
durat ion of  load effects ,  durabi l i ty ,
s ize  effects ,  moisture  effects ,  and 
dimensional  propert ies .  Complete
character izat ion of  the product ' s
propert ies  a lso require  tes t ing
paral le l  and perpendicular  to  the 
pr imary or ientat ion direct ion for  
most  propert ies  and through the 
thickness  of  the mater ia l  for  corn­
pression,  inter laminar  tension,  and 
shear .  

As i f  the program of  tes t ing
out l ined above were not  extensive 
enough,  each user  of  the lumber  sub­
st i tute  has  quest ions relat ing to  his  
or  her  own use of  the product .  What  
data  do you have on the mater ia l ' s  
e lectr ical  and thermal  conduct ivi ty?
acoust ical  propert ies?  f i re  perform­
ance? toughness? or  f r ic t ional  
constants?  These seem to be reason­
able  quest ions unt i l  you look for  a 
basis  or  a s tandard for  comparing
the subst i tute  with SSL.  Many of  
the propert ies  we take for  granted
in SSL have not  been catalogued,  
even �or  the most  common species .

For  example,  a bui lding code 
authori ty  may quest ion the f i re  per ­
formance of  your  lumber  subst i tute .  
Two opt ions present  themselves:  
(1)  perform f i re  tes ts  on typical
assemblies  which use your  mater ia l  or  
(2)  tes t  your  mater ia l  under  s imple
loading as  a s ingle  bui lding element ,  
tes t  SSL in the same manner ,  and 
at tempt  to  ra t ional ly  re la te  the 
resul ts  to  any end assembly.  Because 
use of  SSL predates  the bui lding
codes and s tandards,  code authori t ies  
accepted i t  wi thout  the need to  
character ize  i ts  performance.  Thus,  
manufacturers  of  lumber  subst i tutes  
wil l  f ind i t  d i f f icul t  to  gain
blanket  acceptance as  a lumber  
product  for  even the most  basic  
bui lding elements  unt i l  they have 
generated data  on their  product  as  
wel l  as  the SSL i t  replaces .

The f i rs t  wave of  subst i tutes  
for  s t ructural  lumber ,  the LVL prod­
ucts ,  possess  physical  and mechanical  
propert ies  which are  qui te  s imilar  to  
those of  SSL.  As new mater ia ls  come 
into the marketplace they wil l  have 
smaller  wood elements ,  more (or  less)
adhesive,  higher  densi t ies ,  and 
possess  wider  ranges {and possibly
lower var iance)  of  mechanical  prop­
er t ies .  Performing less  l ike SSL 
than LVL, these second-generat ion 
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lumber  subst i tutes  wil l  encounter  
s t i f fer  market  res is tance than LVL 
unless  s ignif icant  pr ice  differen­
t ia ls  hasten their  acceptance.  

Mechanical  Performance Limitat ions 

Not  knowing what  form these 
lumber  subst i tutes  wil l  take in  the 
future  prompts  one to  quest ion:  What  
l imitat ions exis t  on composi te  wood 
mater ia l ' s  mechanical  performance?

To answer this ,  consider  the 
basic  wood element  of  s t ructure ,  the 
wood f iber .  Individual  f ibers  have 
ul t imate  tensi le  s t rengths  of  more 
than 200,000 lb/ in .  2 (16) .  Although
each species  has  i ts  awn character­
is t ics ,  c lear  wood (0.65 g/cc)  ten­
s i le  s t rengths  exceed 20,000 lb/ in .  2, 
only 10 percent  of  the f iber  s t rength.
Obviously,  the f iber -f iber  bonds are  
weak l inks in  the sol id  wood 
s t ructure  . 

The densi ty  of  wood composi tes
could theoret ical ly  reach 
1.4 g/cc.  This  is  approximately the 
densi ty  of  a mixture  of  80 percent
cel lulose and 20 percent  l ignin
( i .e .  no air  or  voids) .  Aligned
flakeboards have been made to  a 
densi ty  of  1 .2  g/cc and laminated 
veneers  have been densif ied to  
1 .4  g/cc.  Tensi le  s t rengths  in  excess  
of  20,000 lb/ in .  2 a re  reported for  
f lakeboards with good f lake al ignment
and densi ty  of  1 .0  g/cc (6) .  The 
highest  reported s t rengths  a te  for  
densif ied veneers  (1 .4  g/cc)  having
reached tensi le  s t rengths  of  
45,000 lb/ in .  2 (23) .  This  s t rength
value is  near ly  the upper  boundary
of  s t rength for  non-chemical ly  t reated 
wood composi tes .

St i f fness  performance l imits  may
be rat ional ized in  a manner  s imilar  
to  s t rength.  Young's  modulus for  
s ingle  wood f ibers  range from 
0.8 mil l ion lb/ in .  2 for  ear lywood
fibers  to  8 .2  mil l ion lb/ in .  2 for  
la tewood f ibers .  Clear  wood,  being 
a mixture  of  ear lywood,  la tewood,  
and air ,  typical ly  has  moduli  in  the 
range of  1 .0-2.2 mil l ion lb/ in ,  2 

(0 .65 g/cc) .  Compressed veneer  
(1 .4  g/cc)  mater ia ls  have reached 
moduli  of  4 .6  mil l ion lb/ in .  2 (23) ,
whereas  a l igned f lakeboards (1.0 g/cc)
have been reported at  4 .1  mil l ion 
lb/ in .  2 (6) .  Unti l  techniques are  
developed to  separate  ear lywood and 
la tewood,  these high-densi ty  com­
posi tes  may represent  the l imits  on 
s t i f fness  potent ia l .  

Variabi l i ty  

Strength and s t i f fness  poten­
t ia ls  for  composi tes  are  encouraging
but  do not  show the ent i re  picture .
Engineered uses  for  these mater ia ls  
require  an assessment  of  working 
s t resses .  Derivat ion of  these 
s t resses  by ei ther  the exclusion 
Limit  phi losophy or  a re l iabi l i ty-
based design procedure must  account  
for  the mater ia ls '  mechanical  prop­
er ty  var iabi l i ty  (Fig.  5) .  Recon­
st i tut ion of  wood products  offers  
the potent ia l  of  reducing var iabi l i ty
by dispers ion of  natural  wood defects .  
Reconst i tut ion also offers  the possi ­
bi l i ty  of  increasing var iabi l i ty
through poor  processing control .  
Publ ished coeff ic ients  of  var ia t ion 
show that  reducing par t ic le  s ize  used 
in  the composi te  wil l  decrease var ia­
t ion.  This  reduct ion in  var ia t ion 
has  s ignif icance when determining the 
5 percent  exclusion l imit  (assuming a 
normal  dis t r ibut ion of  the populat ion)
(Table  1) .

The opt ions
neering lumber  
dimensional .  I t  
engineered wood 
al ignment ,  and 

grade species  

avai lable  for  engi­
subst i tutes  are  mult i ­

is  apparent  that  with 
elements ,  adequate
densif icat ion,  a lmost  

any or  of  sol id-sawn 
lumber  may be effect ively replaced
by a composi te  product  with superior
basic  mechanical  propert ies .  There 
are ,  however ,  a number of  other  prop­
er t ies  to  be considered in  evaluat ing
structural  lumber  subst i tutes .  

Addit ional  Propert ies  

One of  the larger  design s t ress  
reduct ion factors  appl ied to  sol id  
wood is  the durat ion of  load (DOL)
adjustment .  Although only l imited 
work has  been done on the creep-
rupture  behavior  of  LVL and PSL,  
these s tudies  do show improved per­
formance in  t ime- to- fai lure  under  
load when compared to  SSL stressed to  
the same percentage of  design s t resses  
in  bending.  I t  i s  uncertain a t  this  
t ime how lumber  subst i tute  manufac­
turers  wil l  take advantage of  these 
reduced DOL factors .  

Another  factor  is  the durabi l i ty
and dimensional  s tabi l i ty  in  moist  or  
exter ior  environments .  This  factor  
has  t radi t ional ly  been of  concern for  
wood composi tes  and nonveneered 
products  in  par t icular .  Dimensional  
s tabi l i ty  may be of  less  concern 
through improvements  in  pressing 
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schedules ,  use of  addi t ives ,  and 
bulking of  the composi tes  by
acetylat ion (21) .  Tests  for  dura­
bi l i ty  performance present ly  used in  
panel  product  s tandards are  much 
more severe than exposures  expected
in end-use appl icat ions.  Addit ional  
s tudy of  reasonable  durabi l i ty  tes ts  
and condi t ion-of -use adjustments  are  
necessary before  t radi t ional ly
processed (nonordered)  composi tes  
can be viable  SSL subst i tutes .  

Fastener  performance and effect  
of  t reatments  are  other  arenas of  
research needs which require  explora­
t ion.  Studies  of  LVL mater ia ls  show 
that  the veneers '  la the checks reduce 
horizontal  shear  s t rength perpendi­
cular  to  the gluel ines  (12) .  This  
same phenomena reduces fastener  
performance when the fastener  is  
inser ted perpendicular  to  the glue-
l ines  (10) .  Ease of  t reat ing com­
posi te  mater ia ls  pr ior  to  the bonding
operat ion and af ter  pressing make 
def ini t ion of  t reatment  effects  par­
t icular ly  important  for  composi te
lumber  subst i tutes .  

Innovat ive Designs of  Components
and Systems 

Increased knowledge of  proces­
s ing and performance relat ionships
for  composi te  mater ia ls  a l lows mult i ­
dimensional  design of  these mater ia ls  
to  produce opt imized s t ructural  com­
ponents  or  systems.  These innova­
t ions may be in  the form of  mater ia ls  
engineer ing of  s imple geometr ic  shapes
such as  f la t  panels  or  rectangular
beams.  Another  approach could be 
opt imizing the component 's  geometry
for  a given s t ructural  need such as  
the design of  an I-beam. These corn­
ponents  could be made by secondary
processing of  current ly  avai lable  
mater ia ls  such as  plywood,  f lakeboard,  
or  LVL. The f inal  design opt ion is  
opt imizing mater ia l  and geometry with 
no constraints  on mater ia l  or  form of  
the product ,  such as  the design
approach that  appl ies  to  molded 
s t ructural  components .  

Mater ia l /Product  Engineer ing 

All  of  the concepts  for  engi­
neer ing a composi te  mater ia l  have 
been introduced in  the ear l ier  
discussion of  processing.  As a re in­
forcement  of  these concepts ,  the 
dimensions of  engineer ing the mate­
r ia l  include raw mater ia l  qual i ty  

(but  not  l imited to ,  species ,  equip­
ment  used,  geometry,  or  a nonde­
st ruct ive tes t  parameter) ,  f iber  
a l ignment ,  and densi ty .  When 
producing f la t  platen-pressed lumber  
subst i tutes  the design freedom is  
only in  the thickness  direct ion for  
LVL but  is  two-dimensional  for  sub-
veneer  composi tes  (Figs .  3 and 4) .

Two examples  of  the mater ia l  and 
product  engineer ing possibi l i t ies  for  
f la t  products  are  offered.  The f i rs t  
is  a roof-decking panel  (Fig,  6)  (8)
which has  design l imits  on f la twise 
bending def lect ion and s t rength.
Using a given high-densi ty  species ,
the designers '  goal  was a minimum 
weight  panel .  Two f lake qual i t ies  
were chosen:  high qual i ty  for  the 
panel  faces ,  lower qual i ty  in  the 
core .  Alignment  perpendicular  to  
the support  direct ions was used for  
the faces  while  the core  had no 
or ientat ion (random) for  shear  
s t rength and dimensional  s tabi l i ty .
The densi ty  prof i le  through the 
thickness  of  the panel  was effected 
by t r ia l  and error  approaches which 
led to  the choice of  the f inal  
pressing schedule .  

A second example of  f la t -panel
mater ia l /product  engineer ing is  a 
reconst i tuted jois t  product  designed
for  replacement  of  SSL 2 x 10 or  
2 x 12 members  in  f loor  systems
(Fig.  7) .  Again,  the manufactur ing
variables  were manipulated but  this  
product  contains  horizontal  var ia ­
t ions in  the mater ia l  propert ies  
to  provide the needed edgewise
bending propert ies .  

Secondary Processing 

Fabricat ion of  a s t ructural  com­
ponent  may be best  achieved by some 
secondary manufactur ing s teps  such 
as  bonding or  fas tening of  different  
mater ia ls .  The concept  of  mixing
mater ia l  types to  produce common 
structural  shapes is  readi ly  apparent
in  a number of  marketed I -beam 
(Fig.  8)  and box beam sect ions for  
f loor  jois ts .  These sect ions use SSL 
or  LVL in the f langes which require
high axial  s t rength and s t i f fness .  
Webs of  such members ,  glued to  the 
f langes,  must  possess  high shear  
s t rength and s t i f fness  which are  
a t t r ibutes  of  composi te  panel
products .  Some perceived problems
with the use of  these beams in  place
of  SSL jois ts  in  l ight-frame con­
struct ion are  the al tered dynamic 



behavior  of  the f loor  system, changes
in f i re  performance,  and the possible
long- term creep def lect ion.  These 
are  val id  quest ions which need to  be 
s tudied for  each new component
offered to  the engineer ing and 
construct ion community.

Fabricat ion processes ,  commonly
employed with SSL in t russ  manu­
facture  using bol ted connect ions or  
toothed t russ  plates ,  may be con­
sidered general ly  compatible  with 
composi te  lumber  subst i tutes .  How­
ever ,  some reduct ion in  shear  
s t rength of  LVL in the plane of  the 
veneer 's  la the checks should be 
recognized far  these uses .  Sub-
veneer  composi tes  may perform bet ter  
than LVL and SSL because of  bet ter  
spl i t t ing resis tance,  shear  s t rength,
and fracture  toughness  than SSL due 
to  the dispers ion of  wood f ibers  off  
the pr imary al ignment  axes .  

A method of  producing s t ructural  
shapes that  has  promise for  use of  
composi tes  is  that  of  panel  folding.
Machining of  deep V-grooves in  the 
panel  precedes the folding,  and 
subsequent  bonding,  a long the fold 
l ine.  These miter -folded sect ions 
have potent ia l  as  engineered s t ruc­
tural  shapes such as  channels ,  
square,  hexagonal ,  or  octagonal
columns (1) ,  wal l  or  f loor  sect ions,
and box beams.  

Molded Components 

Molding of  composi te  wood 
products  may present  the greatest
potent ia l  for  engineer ing mater ia ls  
and products .  Aside from the other  
dimensions of  composi te  processing,
molding offers  the potent ia l  for  
varying the thickness  and relat ive 
posi t ion of  the product  surface.  
Early molded par t ic leboard products  
were nonstructural  as  their  pr imary
funct ion was to  dupl icate  a complex 
geometry

Molding of  high-strength s t ruc­
tural  components  entai ls  use of  large
f lakes  and thicker  sect ions than are  
associated with t radi t ional  molded 
products .  Products  that  lend them­
selves  to  a cont inuous pressing
operat ion wil l  have f lexibi l i ty  in  
product  length and wil l  ut i l ize  the 
press  investment  bet ter  than a cycled 
press .  One-step molding of  s t ruc­
tural ly  eff ic ient  I -sect ions,  corru­
gated or  r ib-s t i f fened decking and 
sheathing,  and open-sect ion t russes  
(Fig.  9)  wil l  open doors  to  

engineered wood s t ructures  and 
s t imulate  the development  of  new 
structural  systems.

There is ,  of  course,  much more 
research which should be done to  
def ine the relat ionships  between 
processing and performance before  the 
marr iage of  mater ia l  and product
engineer ing becomes total ly  workable .  
The examples  presented show the 
creat ive f lexibi l i ty  that  wil l  be  
possible  by understanding both the 
engineer ing and processing s ides  of  
composi te  wood products  . 

Interdiscipl inary Educat ion 

Growth in  use of  s t ructural  
lumber  subst i tutes  is  possible  only
with the interact ion of  producers  and 
users  a t  a l l  levels .  Technology
transfer  (TT) systems need to  be 
placed across  widely divergent  disci ­
pl ines ,  including bui lding contractors  
and scient is ts  deal ing in  sol id  
mechanics  and polymer/adhesive
chemistry.  This  must  a lso be a hori­
zontal  information t ransfer  effor t  a t  
a l l  levels .  Sharing of  research data  
and analysis  techniques is  a par t  of  
this  horizontal  TT effor t ,  but  the 
user- to-uses  discussions of  exper­
iences  with use of  lumber  subst i tutes  
is  where new sales  and expanded uses  
begin.

Vert ical  information t ransfer  
between discipl ines  such as  forest  
products  technologis ts  engineers ,
archi tects ,  foresters ,
scient is ts ,  chemists ,  
and bui lding off ic ia ls  
and dynamic task.  As 
concepts  or  problems

be brought  before  

, 
mater ia ls  

contractors ,  
is  an ongoing 
new technology
surface,  they 

must  the appro­
priate  audience for  act ion.  An 
example of  insuff ic ient  TT occurred 
in  the aircraf t  industry in  the mid­
to- late  1930's .  Use of  nondurable  
adhesives  had been prevalent  in  
manufacture  of  a i rcraf t  components
such as  laminated spars ,  r ibs ,  and 
plywood fuselage and wing skins .  
Maintenance of  the sealants  and sur­
face f inishes  was ignored,  a i rcraf t  
were s tored outs ide under  tarpaul ins
which remained on the craf t ,  and 
predictably,  laminated members  and 
plywood skins  began to  deter iorate .  
Instead of  coming back to  the adhe­
sives  technologis ts  of  the era ,  the 
majori ty  of  the aircraf t  industry
blamed the problems on "wood" and 
turned to  the newly industr ia l ized 
metal  cal led aluminum. Had 
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suff ic ient  TT t ies  been made with 

this  industry,  the migrat ion to  the 

metal  a i rcraf t  would have been 

reduced.  The 1980's  a i rcraf t  

industry does not  have a high aware­

ness  of  wood's  mechanical  propert ies . 

We have some reeducat ing to  do.  


Structural  composi te  mater ia ls ,
a long with their  capabi l i ty  for  engi­
neered performance,  may be conceived 
as  being too complex for  designers ,
engineers ,  archi tects ,  or  mater ia ls  
specif iers  tu  analyze within a s t ruc­
tural  assembly.  Also,  the divers i ty
of  products  that  wil l  be  avai lable  
on the market  wil l  probably make a 
generic  approach to  set t ing design
propert ies  unworkable .  To s implify
the designer 's  work,  an associat ion 
that  supported s t ructural  composi te
manufacturers  could provide composi te
propert ies  on a computer ized data­
base which would be updated as  new 
products  and mil l  data  became avai l­
able .  This  system would provide
interact ive support  for  exis t ing
products  being used in  determinis t ic  
designs,  a l low quick incorporat ion of  
new mater ia ls '  propert ies  into 
rel iabi l i ty-based designs,  and may be 
an effect ive two-way medium for  f ie ld  
support  of  these mater ia ls  and the 
s t ructural  e lements  made from them. 

Summary 

The potent ia l  for  subst i tut ion 
of  s t ructural  wood composi tes  for  
sol id-sawn lumber  products  depends 
upon three factors :  economics,  
technology,  and creat ivi ty .  This  
paper  examines the technological
potent ia l  for  composi te  Lumber sub­
st i tutes .  In  view of  the advances 
made by composi tes  in  the Last  decade,  
the potent ia l  for  their  cont inued 
introduct ion looks very good.

Technological  l imitat ions of  
exis t ing composi te  processes  and 
products  are  reviewed in  the con­
text  of  the present  LVL, f lakeboard,  
and f iber /paper  industr ies .  The 
processes  of  par t ic le  generat ion;  
mat  forming �or  a l ignment ,  densi ty ,
and qual i ty  of  raw mater ia l ;  and 
pressing provide suff ic ient  opportu­
ni t ies  for  product ion of  viable  
s t ructural  lumber  subst i tutes .  
Simple replacement  of  sol id-sawn 
lumber  with these composi tes  is  
occurr ing now, but  even greater
market  potent ia l  exis ts  in  engi­
neered appl icat ions such as  I -beams 
and t russes .  Further  use of  the 
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processing opt ions of  molding wil l  
a l low more design innovat ion than 
was ewer possible  with dimensioned 
lumber .  Key to  the fur ther  
development  of  these mater ia ls  in  
s t ructural  markets  is  the cont inued 
educat ion of  wood users  and 
researchers  a t  a l l  levels  to  assure  
proper  and safe  appl icat ions.  
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Table 1.--THE EFFECT OF VARIABILITY ON THE USUAL 
BASIS FORESTABLISHING DESIGNSTRESSES, 
THE 5 PERCENT EXCLUSION LIMIT 

5 percent  Rat io  ofUlt imate  tensi le  
COV exclusion 5% ELstrength (UTS) l imit  (EL) 1 UTS 

1 , 0 0 0  l b / i n . 2 % 1 , 0 0 0  l b / i n .  2 

Clear  wood (23)  20 20 13.6 0.68 

Visual ly  graded lumber  (19)  7 40 2.2 . 31 

LVL (13)  7 18 4.6 .66 

Oriented f lakeboard (6)  7 12 4.8 .69 

MDF (22)  2 .5  8 2 .2 .88 

15 percent  exclusion l imit  = UTS - 1.6 (COV) UTS.  

Figure 1.  	 Wood elements  for  use in  sub-veneer  wood 
composi tes .  (M84 0289)  
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Figure 2.  	 Schematic  of  products  made 
by the two basic  reconst i ­
tut ion processes .
(ML84 5856)  

Figure 3.  Qual i ty  prof i le  concept
for  several  composi te
products .  (ML84 5857)  

Figure 4.  	 Densi ty  prof i le  concept  can 
be used to  control  compos­
i te  propert ies .
(ML84 5858)  

Figure 5.  Strength dis t r ibut ions for  
var ious wood mater ia ls  
assuming normali ty  . (Coe­
eff ic ient  of  var ia t ion in  
parentheses . )  (ML84 5855)  
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Figure 6.  Layered red oak s t ructural  par t ic leboard
designed for  roof  deck appl icat ions.
(M147 726) 

Figure 7.  Reconst i tuted jois t  products  with opt imized
placement  of  f iber  densi ty ,  a l ignment  and 
qual i ty  to  perform as  f loor  jois ts  for  
l ight- frame construct ion.  (M84 0482-11)  
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Figure 8.  I -beam components  having LVL f langes and 
webs of  hardboard,  f lakeboard or  plywood.  
(M84 0468)  

Figure  9 .    Molded s t ructural  t russes .  (M84 0468)  
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