
often prefer lumber produced from species with high
strength and stiffness, attractive appearance, and
good machining properties. Lower grades of hard-
wood factory lumber are sometimes used to manu-
facture pallets. Pallets are support structures used to
ship numerous manufactured products. Rough (un-
dressed)-dry hardwood factory lumber often ranges
from 25 to 50mm thick and may be almost any
width 100mm or greater. Lengths are usually from
2.4 to 4.9m.

Softwood shop lumber is often used to manufac-
ture furniture or millwork for wood doors and
windows. As with hardwood factory lumber, soft-
wood furniture and millwork lumber are often sawn
into clear parts. Therefore, the size and proportion of
clear-lumber area are important to the grade. Soft-
wood furniture and millwork producers often prefer
species with low density and good machining proper-
ties (e.g., Ponderosa pine and radiata pine (Pinus
radiata)). Dry-dressed softwood shop lumber is
usually 19 or 29mm thick and 100–300mm wide.
Lengths often range from 2.4 to 6.1m.

All types of lumber are graded by experienced
sawmill employees who follow grade standards
established by grade agencies. These grade standards
specify the size, spacing, and/or volume of defects
for each size and grade of lumber. Softwood struc-
tural lumber and softwood appearance lumber are
stamped showing the grade, moisture content, super-
vising grade agency, and sawmill number. Super-
vising grade agencies provide training to sawmill
graders, and inspect random packages of lumber for
conformance to grade standards. They may also
settle grade disputes between the sawmill and lumber
customers. Hardwood factory lumber and softwood
shop lumber usually do not carry a grade stamp.
Rather, whole packages of lumber containing the
same grade, species, and size are packaged and sold
to experienced manufacturers of furniture, millwork,
windows, doors, and other products.

Following grading, lumber is packaged and
shipped to customers via truck, rail, barge, or ship.
If lumber is to be transported over long distances and
there is a chance that dry-lumber packages will
encounter rain, the packages may be wrapped with a
water-resistant covering. In other cases, packages are
simply banded with steel bands and shipped without
a covering.

See also: Solid Wood Processing: Drying; Machining;
Protection of Wood against Biodeterioration. Solid Wood
Products: Construction; Logs, Poles, Piles, Sleepers
(Crossties); Structural Use of Wood. Wood Formation
and Properties: Biological Deterioration of Wood; For-
mation and Structure of Wood.
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Introduction

The material in this article is adapted from the Forest
Products Laboratory Wood Handbook, which is
especially concerned with use of wood as an
engineering material in the USA. However, the use
of wood in log or timber form is common worldwide
and the same principles apply. Such applications
were among the first uses of wood by primitive
people, because the material was available and could
be used without further processing, except to cut to
size. It was used to make homes, buildings of many
types, and fortifications, as well as weapons and
means of transport. The concepts developed through
experience were carried on and improved over
thousands of years, appearing today in homes, barns,
bridges, and other structures of many kinds. Use of
timber as sleepers (crossties) made possible the
development of railroads in many parts of the world
and continues as a major element in transportation
systems. Poles for electric power transmission lines
have developed with the industry and provide
essential structures as electricity is generated and
distributed to the far corners of the world.

Wood in the form of timbers and poles for
construction has been an essential element in the
development of civilization and continues in that role
today.
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Material Requirements

Round timber and tie material requirements vary
with intended use. Most uses involve exposure to
harsh environments. Thus, in addition to availabi-
lity, form, and weight, durability is an important
consideration for the use of round timbers and
ties. Availability reflects the economic feasibility of
procuring members of the required size and grade.
Form or physical appearance refers to visual char-
acteristics, such as straightness and occurrence of
knots and spiral grain. Weight affects shipping and
handling costs and is a function of volume, moisture
content, and wood density. Durability is directly
related to expected service life and is a function of
treatability and natural decay resistance. Finally,
regardless of the application, any structural member
must be strong enough to resist imposed loads with a
reasonable factor of safety. Material specifications
available for most applications of round timbers and
ties contain guidelines for evaluating these factors.

Availability

Material evaluation begins with an assessment of
availability. For some applications, local species of
timber may be readily available in an acceptable
form and quality. However, this is not normally the
case. Pole producers and tie mills are scattered
throughout heavily forested regions. Their products
are shipped to users throughout North America.

Most structural applications of poles require
timbers that are relatively straight and free of large
knots. Poles used to support electric utility distribu-
tion and transmission lines (Figure 1) range in length
from 6 to 38m (20–125 ft) and from 0.13 to 0.76m
(5–30 in.) in diameter, 1.8m (6 ft) from the butt.
Poles used to support local area distribution lines are
normally o15m (o50 ft) long and are predomi-
nantly southern pine.

Hardwood species can be used for poles when the
trees are of suitable size and form; their use is
limited, however, by their weight, by their excessive
checking, and because of the lack of experience in
preservative treatment of hardwoods. Thus, most
poles are softwoods.

The southern pine lumber group (principally
loblolly (Pinus taeda), longleaf (P. palustris), short-
leaf (P. echinata), and slash (P. elliottii)) accounts for
roughly 80% of poles treated in the USA. Three
traits of these pines account for their extensive use:
(1) thick and easily treated sapwood; (2) favorable
strength properties and form; and (3) availability in
popular pole sizes. In longer lengths, southern pine
poles are in limited supply, so Douglas fir, and to

some extent western red cedar, Ponderosa pine, and
western larch, are used to meet requirements for
15-m (50-ft) and longer transmission poles.

Douglas-fir (Pseudotsuga menziesii) is used
throughout the USA for transmission poles and is
used in the Pacific Coast region for distribution and
building poles. Because the heartwood of Douglas fir
is resistant to preservative penetration and has
limited decay and termite resistance, serviceable
poles need a well-treated shell of sapwood that is
free of checking. To minimize checking after treat-
ment, poles should be adequately seasoned or
conditioned before treatment. With these precau-
tions, the poles should compare favorably with
treated southern pine poles in serviceability.

A small percentage of the poles treated in the USA
are of western redcedar (Thuja plicata), mostly
produced in British Columbia. The number of poles
of this species used without treatment is not known
but is considered to be small. Used primarily for
utility lines in the northern and western USA, well-
treated redcedar poles have a service life that
compares favorably with poles made from other

Figure 1 Round timber poles form the major structural element

in these transmission structures. Courtesy of Koppers Co.
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species and could be used effectively in pole-type
buildings.

Lodgepole pine (Pinus contorta) is also used in
small quantities for treated poles. This species is used
for both utility lines and for pole-type buildings. It
has a good service record when well treated. Special
attention is necessary, however, to obtain poles with
sufficient sapwood thickness to ensure adequate
penetration of preservative, because the heartwood
is not usually penetrated and is not decay-resistant.
The poles must also be well seasoned prior to treat-
ment to avoid checking and exposure of unpene-
trated heartwood to attack by decay fungi.

Western larch (Larix occidentalis) poles produced
in Montana and Idaho came into use after World
War II because of their favorable size, shape, and
strength properties. Western larch requires full-
length preservative treatment for use in most areas
and, as in the case of lodgepole pine poles, must be
selected for adequate sapwood thickness and must be
well seasoned prior to treatment. Other species
occasionally used for poles are listed in the American
National Standards Institute (ANSI) O5.1 standard.
These minor species make up a very small portion of
pole production and are used locally.

Glued-laminated, or glulam, poles are also avail-
able for use where special sizes or shapes are
required. The ANSI standard O5.2 provides guide-
lines for specifying these poles.

Material available for timber piles is more
restricted than that for poles. Most timber piles used
in the eastern half of the USA are southern pine,
while those used in western USA are coast Douglas
fir. Oak, red pine, and cedar piles are also referenced
in timber pile literature but are not as widely used as
southern pine and Douglas fir.

Round timbers have been used in a variety of
structures, including bridges, log cabins, and pole
buildings. Log stringer bridges (Figure 2) are gene-

rally designed for a limited life on logging roads
intended to provide access to remote areas. In
Alaska, where logs may exceed 1m (3 ft) in diameter,
bridge spans may exceed 9m (30 ft). Building poles,
on the other hand, are preservative-treated logs in the
0.15–0.25-m (6–10-in.) diameter range. These poles
rarely exceed 9m (30 ft) in length. Although poles
sold for this application are predominantly southern
pine, there is potential for competition from local
species in this category. Finally, log cabin logs
normally range from 0.2 to 0.25m (8–10 in.) in
diameter, and the availability of logs in this size range
is not often a problem. However, because logs are not
normally preservative-treated for this application,
those species that offer moderate to high natural
decay resistance, such as western red cedar, are pre-
ferred. Pole buildings, which incorporate round
timbers as vertical columns and cantilever supports,
require preservative-treated wood. Preservative-trea-
ted poles for this use may not be readily available.

The most important availability consideration for
railroad crossties is quantity. Ties are produced from
most native species of timber that yield log lengths
42.4m (8 ft) with diameters 40.18m (7 in.). The
American Railway Engineering Association (AREA)
lists 26 US species that may be used for ties. Thus,
the tie market provides a use for many low-grade
hardwood and softwood logs.

Form

Natural growth properties of trees play an important
role in their use as structural round timbers. Three
important form considerations are cross-sectional
dimensions, straightness, and the presence of surface
characteristics such as knots.

Standards for poles and piles have been written
with the assumption that trees have a round cross-
section with a circumference that decreases linearly
with height. Thus, the shape of a pole or pile is often
assumed to be that of the frustum of a cone. Actual
measurements of tree shape indicate that taper is
rarely linear and often varies with location along the
height of the tree. Guidelines to account for the effect
of taper on the location of the critical section above
the groundline are given in ANSI O5.1. The standard
also tabulates pole dimensions for up to 15 size
classes of 11 major pole species.

Taper also affects construction detailing of pole
buildings. Where siding or other exterior covering is
applied, poles are generally set with the taper to the
interior side of the structures to provide a vertical
exterior surface (Figure 3).

Another common practice is to modify round poles
by slabbing to provide a continuous flat face. The

Figure 2 Logs are used to construct logging bridges in remote

forest areas.
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slabbed face permits more secure attachment of
sheathing and framing members and facilitates the
alignment and setting of intermediate wall and
corner poles. The slabbing consists of a minimum
cut to provide a single continuous flat face from the
groundline to the top of intermediate wall poles and
two continuous flat faces at right angles to one
another from the groundline to the top of corner
poles. However, preservative penetration is generally
limited to the sapwood of most species; therefore
slabbing, particularly in the groundline area of poles
with thin sapwood, may result in somewhat less
protection than that of an unslabbed pole. All cutting
and sawing should be confined to that portion of the
pole above the groundline and should be performed
before treatment.

The American Society for Testing and Materials
(ASTM) D25 standard provides tables of pile sizes
for either friction piles or end-bearing piles. Friction
piles rely on skin friction rather than tip area for
support, whereas end-bearing piles resist compressive
force at the tip. For this reason, a friction pile is
specified by butt circumference and may have a
smaller tip than an end-bearing pile. Conversely, end-
bearing piles are specified by tip area and butt
circumference is minimized.

Straightness of poles or piles is determined by two
form properties: sweep and crook. Sweep is a
measure of bow or gradual deviation from a straight
line joining the ends of the pole or pile. Crook is an
abrupt change in direction of the centroidal axis.
Limits on these two properties are specified in both
ANSI O5.1 and ASTM D25.

Logs used in construction are generally specified to
meet the same criteria for straightness and knots as

poles and piles (ASTM D25). For log stringer
bridges, the log selection criteria may vary with the
experience of the person doing the selection but
straightness, spiral grain, wind shake, and knots are
limiting criteria. Although no consensus standard is
available for specifying and designing log stringers,
the Design Guide for Native Log Stringer Bridges
was prepared by the US Department of Agriculture
Forest Service.

Logs used for log cabins come in a wide variety of
cross-sectional shapes (Figure 4). Commercial cabin
logs are usually milled so that their shape is uniform
along their length. The ASTM D3957 standard, a
guide for establishing stress grades for building logs,
recommends stress grading on the basis of the largest
rectangular section that can be inscribed totally within
the log section. The standard also provides commen-
tary on the effects of knots and slope of grain.

Railroad ties are commonly shaped to a fairly
uniform section along their length. The AREA
publishes specifications for the sizes, which include
seven size classes ranging from 0.13� 0.13m (5� 5
in.) to 0.18� 0.25m (7� 10 in.). These tie classes
may be ordered in any of three standard lengths:
2.4m (8 ft), 2.6m (8.5 ft), or 2.7m (9 ft).

Tables for round timber volume are given in the
American Wood Preservers Association (AWPA)
standard F3. The volume of a round timber differs
little whether it is green or dry. Drying of round tim-
bers causes checks to open, but there is little reduc-
tion of the gross diameter of the pole.

Wood density also differs with species, age, and
growing conditions. It will even vary along the height
of a single tree. Average values, tabulated by species,
are normally expressed as specific gravity (SG),
which is density expressed as a ratio of the density
of water (see Wood Formation and Properties:
Physical Properties of Wood). For commercial species
grown in the USA, SG varies from 0.32 to 0.65. If
you know the green volume of a round timber and
its SG, its dry weight is a product of its SG, its
volume, and the unit weight of water (1000 kgm� 3

(62.4 lb ft� 3)). Wood moisture content can also be
highly variable. A pole cut in the spring when sap is

Figure 4 Construction logs can be formed in a variety of

shapes for log homes. Vertical surfaces may be varied for

aesthetic purposes, while the horizontal surfaces generally reflect

structural and thermal considerations.

Figure 3 Poles provide economical foundation and wall

systems for agricultural and storage buildings.
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flowing may have a moisture content (MC) exceed-
ing 100% (the weight of the water it contains may
exceed the weight of the dry wood substance). If you
know the MC of the timber, multiply the dry weight
by (1þMC/100) to get the wet weight.

Finally, in estimating the weight of a treated wood
product such as a pole, pile, or tie, you must take
into account the weight of the preservative. By
knowing the volume, the preservative weight can be
approximated by multiplying volume by the recom-
mended preservative retention.

Durability

For most applications of round timbers and ties,
durability is primarily a question of decay resistance.
Some species are noted for their natural decay
resistance; however, even these may require preser-
vative treatment, depending upon the environmental
conditions under which the material is used and the
required service life. For some applications, natural
decay resistance is sufficient. This is the case for
temporary piles, marine piles in fresh water entirely
below the permanent water level, and construction
logs used in building construction. Any wood
members used in ground contact should be pres-
sure-treated, and the first two or three logs above a
concrete foundation should be brush-treated with a
preservative-sealer.

Federal Specification TT-W-571 (US Federal Supply
Service (USFSS)) covers the inspection and treatment
requirements for various wood products, including
poles, piles, and ties. This specification refers to the
AWPA standards C1 and C3 for pressure treatment,
C2 and C6 for treatment of ties, C8 for full-length
thermal (hot and cold) treatment of western red cedar
poles, C10 for full-length thermal (hot and cold)
treatment of lodgepole pine poles, and C23 for
pressure treatment of construction poles. The AREA
specifications for crossties and switch ties also cover
preservative treatment. Inspection and treatment of
poles in service has been effective in prolonging the
useful life of untreated poles and those with
inadequate preservative penetration or retention.

Service conditions for round timbers and ties vary
from mild for construction logs to severe for cross-
ties. Construction logs used in log homes may last
indefinitely if kept dry and properly protected from
insects. Most railroad ties, on the other hand, are
continually in ground contact and are subject to
mechanical damage.

The life of poles can vary within wide limits,
depending upon properties of the pole, preservative
treatments, service conditions, and maintenance prac-
tices. In distribution or transmission line supports,

however, service life is often limited by obsolescence
of the line rather than the physical life of the pole.

It is common to report the average life of untreated
or treated poles based on observations over a period
of years. These average life values are useful as a
rough guide to the service life to be expected from a
group of poles, but it should be kept in mind that,
within a given group, 60% of the poles will have
failed before reaching an age equal to the average life.

Early or premature failure of treated poles can
generally be attributed to one or more of three
factors: (1) poor penetration and distribution of
preservative; (2) an inadequate retention of preser-
vative; or (3) use of a substandard preservative.
Properly treated poles can last 35 years or longer.

Western red cedar is one species with a naturally
decay-resistant heartwood. If used without treat-
ment, however, the average life is somewhat less than
20 years.

The expected life of a pile is also determined by
treatment and use. Wood that remains completely
submerged in water does not decay although bacteria
may cause some degradation; therefore, decay resis-
tance is not necessary in all piles, but it is necessary in
any part of the pile that may extend above the
permanent water level. When piles that support the
foundations of bridges or buildings are to be cut off
above the permanent water level, they should be
treated to conform to recognized specifications
such as Federal Specification TT-W-571 and AWPA
standards C1 and C3. The untreated surfaces ex-
posed at the cut-offs should also be given protection
by thoroughly brushing the cut surface with coal-tar
creosote. A coat of pitch, asphalt, or similar material
may then be applied over the creosote and a
protective sheet material, such as metal, roofing felt,
or saturated fabric, should be fitted over the pile cut-
off in accordance with AWPA standard M4. Correct
application and maintenance of these materials are
critical in maintaining the integrity of piles.

Piles driven into earth that is not constantly wet
are subject to about the same service conditions as
apply to poles but are generally required to last
longer. Preservative retention requirements for piles
are therefore greater than for poles. Piles used in salt
water are subject to destruction by marine borers,
even though they do not decay below the waterline.
The most effective practical protection against
marine borers has been a treatment first with a
waterborne preservative, followed by seasoning with
a creosote treatment. Other preservative treatments
of marine piles are covered in Federal Specification
TT-W-571 and AWPA standard C3.

The life of ties in service depends on their ability to
resist decay and mechanical destruction. Under
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sufficiently light traffic, heartwood ties of naturally
durable wood, even if of low strength, may give 10 or
15 years of average service without preservative
treatment; under heavy traffic without adequate
mechanical protection, the same ties might fail in
2 or 3 years. Advances in preservatives and treatment
processes, coupled with increasing loads, are shifting
the primary cause of tie failure from decay to
mechanical damage. Well-treated ties, properly de-
signed to carry intended loads, should last 25–40
years on average. Records on life of treated and
untreated ties are occasionally published in the
annual proceedings of AREA and AWPA.

Strength Properties

Allowable strength properties of round timbers have
been developed and published in several standards. In
most cases, published values are based on the strength
of small clear test samples. Allowable stresses are
derived by adjusting small clear values for effects of
growth characteristics, conditioning, shape, and load
conditions, as discussed in applicable standards. In
addition, published values for some species of poles
and piles reflect the results of full-sized tests.

Most poles are used as structural members in
support structures for distribution and transmission
lines. For this application, poles may be designed as
single-member or guyed cantilevers or as structural
members of a more complex structure. Specifications
for wood poles used in single-pole structures have
been published by ANSI in standard O5.1. Guide-
lines for the design of pole structures are given in the
ANSI National Electric Safety Code (NESC) (ANSI
C2). The ANSI O5.1 standard gives values for fiber
stress in bending for species commonly used as
transmission or distribution poles. These values
represent the near-ultimate fiber stress for poles used
as cantilever beams. For most species, these values
are based partly on full-sized pole tests and include
adjustments for moisture content and pretreatment
conditioning. The values in ANSI O5.1 are compa-
tible with the ultimate strength design philosophy of
the NESC, but they are not compatible with the
working stress design philosophy of the National
Design Specification (NDS). Reliability-based design
techniques have been developed for the design of
distribution–transmission line systems. This ap-
proach requires a strong database on the perfor-
mance of pole structures. Supporting information for
these design procedures is available in a series of
reports published by the Electric Power Research
Institute (EPRI).

Bearing loads on piles are sustained by earth
friction along their surface (skin friction), by bearing

of the tip on a solid stratum, or by a combination of
these two methods. Wood piles, because of their
tapered form, are particularly efficient in supporting
loads by skin friction. Bearing values that depend
upon friction are related to the stability of the soil
and generally do not approach the ultimate strength
of the pile. Where wood piles sustain foundation
loads by bearing of the tip on a solid stratum, loads
may be limited by the compressive strength of the
wood parallel to the grain. If a large proportion of
the length of a pile extends above ground, its bearing
value may be limited by its strength as a long
column. Side loads may also be applied to piles
extending above ground. In such instances, however,
bracing is often used to reduce the unsupported
column length or to resist the side loads. The most
critical loads on piles often occur during driving.
Under hard driving conditions, piles that are too dry
(o18% moisture content at a 51-mm (2-in.) depth)
have literally exploded under the force of the driving
hammers. Steel banding is recommended to increase
resistance to splitting, and driving the piles into
predrilled holes reduces driving stresses. The reduc-
tion in strength of a wood column resulting from
crooks, eccentric loading, or any other condition that
will result in combined bending and compression is
not as great as would be predicted with the NDS
interaction equations. This does not imply that
crooks and eccentricity should be without restriction,
but it should relieve anxiety as to the influence of
crooks, such as those found in piles. There are several
ways to determine the bearing capacity of piles.
Engineering formulae can estimate bearing values
from the penetration under blows of known energy
from the driving hammer. Some engineers prefer to
estimate bearing capacity from experience or ob-
servation of the behavior of pile foundations under
similar conditions or from the results of static-load
tests. Working stresses for piles are governed by
building code requirements and by recommendations
of ASTM D2899. This standard gives recommenda-
tions for adjusting small clear strength values listed
in ASTM D2555 for use in the design of full-sized
piles. In addition to adjustments for properties
inherent to the full-sized pile, the ASTM D2899
standard also provides recommendations for adjust-
ing allowable stresses for the effects of pretreatment
conditioning. Design stresses for timber piles are
tabulated in the NDS for wood construction. The
NDS values include adjustments for the effects of
moisture content, load duration, and preservative
treatment. Recommendations are also given to adjust
for lateral support conditions and factors of safety.

Design values for round timbers used as structural
members in pole or log buildings may be determined
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following standards published by ASTM and the
American Society of Agricultural Engineers (ASAE).
The ASTM standard refers pole designers to the same
standard used to derive design stresses for timber
piles (D2899). The ASAE standard (EP388), which
governed the derivation of construction poles for
agricultural building applications, is being revised.
The future revision will be designated EP560 and will
only deal with round wood poles. Derivation of
design stresses for construction logs used in log
homes is covered in ASTM D3957, which provides a
method of establishing stress grades for structural
members of any of the more common log configura-
tions. Manufacturers can use this standard to
develop grading specifications and derive engineering
design stresses for their construction logs.

Railroad cross and switch ties have historically
been overdesigned from the standpoint of rail loads.
Tie service life was largely limited by deterioration
rather than mechanical damage. However, because of
advances in decay-inhibiting treatment and increased
axle loads, adequate structural design is becoming
more important in increasing railroad tie service life.
Rail loads induce stresses in bending and shear as
well as in compression perpendicular to the grain in
railroad ties. The AREA manual gives recommended
limits on ballast bearing pressure and allowable
stresses for crossties. This information may be used
by the designer to determine adequate tie size and
spacing to avoid premature failure due to mechanical
damage. SG and compressive strength parallel to the
grain are also important properties to consider in
evaluating crosstie material. These properties indi-
cate the resistance of the wood to both pull-out and
lateral thrust of spikes.

See also: Solid Wood Products: Lumber Production,
Properties and Uses. Wood Formation and Properties:
Formation and Structure of Wood; Physical Properties of
Wood.
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Introduction

Wood-based composites consist of wood elements,
such as veneer, fibers, particles, or strands, which are
bonded together to collectively perform some func-
tion. These wood elements may be bonded with
natural adhesives (such as starch or protein from plant
or animal sources) or synthetic adhesives (usually
derived from petroleum). The classification of wood-
based composites is inexact, but may be grouped as
panels or composite lumber. The panels may be further
divided into veneer (such as plywood) or particu-
late (such as particleboard) composites. Another
means of categorizing the wood-based composites
is by function, i.e., structural (building components)
and nonstructural (furniture and cabinet applications).
Examples of commercially available wood-based

composites are shown in Figure 1. While endless
combinations of wood elements, and indeed wood and
other materials, could be used to produce a vast array
of products, this article will focus on the major wood-
based composites produced commercially.

History

The event of the first composite produced from
wood is probably unknown. The simple act of
adhesively bonding together two or more pieces of
wood is a composite manufacturing process. Paper
is a composite of wood fibers, which utilizes the
natural lignocellulosic compounds present in wood
to bond the fibers. The Chinese, during the early
second century, are believed to have produced
the first paper from wood pulp. The ancient
Egyptians, prior to 1400 BC, developed the art of
bonding wood veneers for decorative articles.
A type of wood fiberboard was patented in the
USA by Lyman in 1858. This was followed by a
high-density version of fiberboard, known today as
hardboard, which was called Masonite by its
inventor William Mason in 1924. Structural ply-
wood was introduced to the USA in 1905 by the
Portland Manufacturing Company in Oregon.
Particleboard had its origin in Germany, with early
references to Ernst Hubbard in 1887. The first
commercial manufacturing facility for particle-
board is thought to be one opened in Bremen,
Germany in 1941. The growth of the modern
wood-based composites industry was made possible
with the development of synthetic adhesives during
the 1930s. Thermosetting adhesives, such as urea-
formaldehyde and phenol-formaldehyde, greatly
accelerated the manufacturing process, improved
performance, and reduced costs. The latter part of
the twentieth century saw the development of
structural lumber composites, including laminated
veneer lumber, parallel strand lumber, and lami-
nated strand lumber.

Manufacture of wood-based composites is now a
worldwide industry. Table 1 shows the world
production of wood composite panels and laminated
veneer lumber in 2001. Production has increased
each year since the introduction of these products.
Structural plywood, oriented strand board, and
structural lumber composites are primarily North
American products, due to preference for wood for
building construction in this region. Europe and
Japan are minor but growing producers and con-
sumers of these products. The nonstructural panels
are produced throughout the world, and find many
applications in furniture, cabinets, and some building
construction.

Figure 1 Examples of commercially available wood-based

composites. (A) Laminated veneer lumber (LVL); (B) laminated

strand lumber (LSL); (C) parallel strand lumber (PSL); (D)

nonstructural plywood; (E) medium density fiberboard (MDF);

(F) particleboard; (G) oriented strand board (OSB); (H) structural

plywood.
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