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SUMMARY

Although the report is directed towards the manufacture of curved 
plywood, a number of references on the bending of solid wood, especially 
thin material, are included. This was done to illustrate the similarity 
in procedures in some cases as well as the uses of the end product, and 
to allow comparison of the limiting radii of curvature between solids, 
laminates and plywood bending.

During the bending process in the manufacture of curved or bent wood 
products, breakage of stock results in loss of both material and 
production time. The radius of curvature that a given wood can tolerate 
before failure occurs is an index of its bending qualities. Since the 
data given in the tables were determined under strictly controlled 
laboratory conditions, a reasonable factor of safety should be applied in 
production operations when referring to the limiting radii shown. As 
far as possible, bending stock should be straight grained, free of knots, 
worm holes, decays, splits, checks and other defects that may cause 
premature breakage while bending. The proper resin for the product end- 
use is mandatory.

To date, information on the bending properties of Canadian wood has been 
scanty. Ebr this reason, potential manufacturers should first carry out 
preliminary tests on wood stocks to determine the safe radius at which 
they may be bent to avoid excessive breakage.

Only some highlights of the production of curved plywood have been 
provided as it is a very broad subject. Sufficient information has been 
presented, however, to indicate the variety of methods for producing 
curved plywood. Curved sections of plywood and laminated veneers, which 
may be stressed in service, and which require good dimensional stability, 
should be made by bonding. Moderate curves can be readily produced using 
solid dies and some form of heating; more extreme curves, such as 
U shapes, require more elaborate processes, such as a vacuum pressure 
system. Bending of flat plywood is a satisfactory method of producing 
simple curved sections for decorative and unstressed application; 
compound curvatures are to be avoided if at all possible.

For selecting a method of producing curved plywood the main factors to be 
considered are;

1) purpose for which the curved plywood will be used,
2) shape of curved plywood to be produced, and
3) quantity required.

These factors will determine the type of glue to be used, the most 
suitable process, the species requirements, the equipment and system 
needed, and the applicability and competitiveness of the end product 
cost.
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The literature review has identified only three manufacturers of curved 
plywood in Canada. Although it is understood that there may be a few 
more, the small number may possibly be the result of a lack of equipment 
availability in North America, the high cost of the equipment, and the 
strong hold on the market by the 13 or 15 U.S. manufacturers. Obviously, 
there is more work to be carried out in the identification of these 
parameters before considering any investment into such a venture.

The most informative report on the subject of bending laminates or flat 
plywood is the handbook prepared in 1970 by W.R. Stevens and N. Turner 
(39). The handbook contains all of their earlier work, on the bending of 
plywood, carried out in 1948 (40); it discusses the technology from every 
aspect of making bent plywood.

Of the 44 references listed, 13 are not summarized in this report. These 
articles were in general too specific to a single product, oriented 
towards preliminary research program, patents or consisted of work 
covered in part by the author (s) in a later publication. They are, 
however, cited for the interest of the reader.
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1.0 OBJECTIVE

The objective of the literature review was to provide a state-of-the-art 
report on curved plywood and foster an awareness of alternative 
manufacturing product opportunities for Canadian veneer producers.

2.0 INTRODUCTION

For many years now, there has been a growing trend toward more functional 
designs in consumer goods, the best example being furniture. Modern 
designs generally have more simple lines with pleasing, graceful curves. 
Products are lighter —  yet often stronger —  and thus make more 
efficient use of materials.

Coupled with this functional trend, there has been a tendency to use 
materials such as plastics and light metal alloys for many products 
formerly manufactured solely from wood. Products made from these 
materials are not necessarily superior to the wooden articles; 
furthermore, they usually lack the charm and aesthetic appeal of natural 
wood. Why then are these materials making such inroads into the wood 
products field? One reason is that they lend themselves more readily to 
mass production of products designed to emphasize curves rather than 
massive rectangular motifs. Fortunately, the march of science, which has 
led to plastics and light metal alloys has also provided some new tools 
and techniques for the production of curved plywood and curved laminated 
veneers that can form the basis of many modern designs.

The concave surface of a bent piece of wood is shorter than the convex 
surface; thus one of the oldest and simplest method of bending a plywood 
construction was to make a series of equally spaced saw cuts into the 
back side of the panel to be bent (Miller, 27). Later, researchers found 
that solid wood could be permanently bent when plasticized enough to take 
and retain the proper amount of compressive deformation. Because wood is 
more plastic when hot and moist than when cool and dry, exposure to heat 
and moisture (steam) became an effective plasticizing treatment. Some 
chemicals, notably urea and ammonia, are also used for plasticizing wood. 
Another technique commonly used in the industry today is cold bending 
veneers by laminating, often referred to as the molding technique.

3.0 LITERATURE REVIEW

3.1 STEAM BENDING OF WOOD

Wengert (44) writes that the plastic (capability of deforming without 
breaking) and the elastic (capability of returning to its original shape 
when the force is removed) characteristics of wood species are the most 
important points in their bending behavior. The elastic characteristics 
for various species are reported by Bodig and Goodman (5); the plasticity
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characteristics and methods to provide it are discussed later in this 
report.

Wengert continues that below the proportional limit, wood behaves 
elastically; while above, it behaves plastically. An increase in force 
results in a permanent deformation even when the force is removed; too 
much force results in failure. When wood is steamed (high moisture and 
high heat), its plastic range in compression is extended to as much as 10 
times its dry range while its tension properties are not affected. 
However, he warns that steaming time should be kept to a minimum because 
overall loss in strength occurs after the piece is dried.

Others who have reviewed steam bending include: Behm (4), Jorgensen
(16) , Koch (17) , Kollmann and Côté (18) , Kubler (19), Lemoine and Koch 
(20), Luxford and Krone (22) , Mendoza (24), Murphey and Jorgensen (28), 
Peck (30), Sharma et al (36), Stevens and Turner (39 & 40) —  considered 
the mcst complete work on the subject and Wangaard (43).

Peck (30) notes that hardwoods can be steambent more successfully than 
coniferous woods. In his list of 25 hardwoods, the following species are 
in the top 17; hackberry (best), white and red oaks, chestnut oak, black 
walnut, hickory, beech, white elm, willow, yellow birch, white ash, soft 
maple, yellow poplar and hard maple. Behm (4) presents in his article 
data on the percentage of unbroken pieces resulting from steam bending 
(Table 1). Unfortunately, neither of the above provide information on 
limiting radii of curvature, thickness and moisture content.

Stevens and Turner (39) report on the limiting radii of curvature for 145 
air dried (25-30 percent moisture content) species, hardwood and 
softwood, of 1 inch (25.4 mm) thick. Their results on species of 
interest to the Canadian industry are presented in Table 2. The data is 
presented both for supported and unsupported material.
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Table 1

Percentage of Unbroken Pieces Resulting from
Steambent Hardwoods*

Wood
Unbroken
Pieces

%
Wood

Unbroken
Pieces

%

Ash 67 Maple, soft 59

Basswood 2 Oak, chestnut 56

Beech 75 Oak, red 86

Birch, yellow 72 Oak, white 91

Cottonwood 44 Sweetgum 67

Elm 74 Walnut, black 78

Hackberry 94 Willow 73

Hickory 76 Yellow poplar 58

Maple, hard 57

* Behm, R.D. 1975.
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Table 2

Limiting Radii of Curvature for Hardwood and Softwood Species*

Species
Supported 
by a Strap 
in. (mm)

Un sup- 
ported 
in. (mm)

Species
Supported 
by a Strap 
in. (mm)

Unsup-
ported 
in.(mm)

Alder 14.0 (360) 18.0 (460) Douglas-Fir 18.0 (460) 33.0 (840)

Ash** 3.0 ( 76) 13.0 (330) Grand Fir 36.0 (910) 36.0 (910)

Beech** 1.6 ( 41) 14.5 (370) Hemlock 19.0 (480) 36.0 (910)

Birch 3.0 ( 76) 17.0 (430) Larch 14.8 (380) 24.5 (620)

Cherry 2.0 ( 51) 17.0 (430) Pine** 24.0 (610) 28.5 (720)

Elm 1.4 ( 35) 12.6 (320) Spruce** 36.5 (930) 30.5 (770)

Hickory 1.8 ( 46) 15.0 (380) W. Red Cedar 35.0 (890) 37.0 (940)

Oak,
chestnut 6.0 (150) 15.0 (380)

Oak, red 1.0 ( 25) 11.5 (290)

Oak, white 0.5 ( 13) 13.0 (330)

Poplar 32.0 (810) 26.0 (660)

Walnut 1.0 ( 25) 11.0 (280)

* Stevens , w.c . and Turner , N. 1970.
General average of various families in that species
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From Table 2, we see that other than poplar in the hardwoods and spruce 
in the softwoods, the species behave better when supported by a strap 
during bending. Also, it is obvious that hardwoods in general bend more 
easily than softwoods.

3.1.1 Plasticizing Wood

Studies have been carried out on the plasticization of wood with urea, 
anhydrous and gaseous ammonia in an attempt to improve the bending 
characteristics of wood, particularly the ease of bending and the 
springback properties.

Loughborough (21) has shown that wood treated with urea alone or together 
with formaldehyde or dimethylolurea becomes thermoplastic and can be bent 
when hot even when the moisture content is low. When the treated wood 
cools, it retains its form. It is important to note here that 
formaldehyde emission was not considered hazardous to health at the time; 
however, today's strict regulations on emission levels may have a serious 
effect on this type of treatment. Moreover, controverting Loughborough's 
findings, a study by Peck (30) has shown that urea-treated wood does not 
bend as well as steamed wood and is weaker. Peck also notes that urea- 
treated wood is more hygroscopic, and may be darker in colour than 
untreated wood.

The use of liquid (anhydrous) ammonia to plasticize wood was suggested by 
Stamm (37) and given comprehensively studied by Schuerch (34), while 
Pentoney (32) investigated some of the physical properties of wood 
treated with ammonia. Schuerch directly immersed precooled wood in an 
open vessel of chilled ammonia. Although air-dried wood was mostly used 
in his experimental work, he states that the moisture content of the wood 
is not critical. He reports that the time required to plasticize depends 
on the thickness and the permeability properties of the species. He 
sufficiently softened hardwood veneer strips of 0.062 inch (1.6 mm) thick 
by 1 inch (25.4 mm) wide by 4 inches (102 mm) long in less than 30 
minutes; slats of 0.125 inch (3.2 mm) by 4 (102 mm) by 40 inches (1016 
mm) required more than 4 hours. Schuerch found that if sufficiently 
treated and warmed towards room temperature, thin specimens became 
pliable and could be readily manipulated with gloved hands. Maximum 
plasticity is reported to last 8 to 30 minutes; wood will retain extreme 
bends after being handheld or clamped in position for a few minutes.

Wood will absorb either gaseous or liquid ammonia. Davidson (10) report 
that, when exposed to an ammonia atmosphere at 77°F (25°C) in which the 
relative vapour pressure of ammonia was about 1.0, hard maple absorbed 
ammonia in an amount equal to 30 to 40 percent of its dry weight. 
Plasticization from the gaseous treatment was about equal to that from 
immersion in liquid ammonia. In his promising system, wood is subjected 
to a vacuum for 5 or 10 minutes before the gaseous ammonia treatment.
The treatment duration depends on thickness of the material and its 
initial and target moisture content. For hard maple he tentatively
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suggests the time given in Table 3. He reports that in a room 
temperature of about 70°F (21°C), 0.125 inch (3.2 mm) thick maple strip 
were formable for half an hour if not exposed to intense sunlight. 
Davidson also reports that when the pieces were held on forms for about 
an hour, stresses in the wood relaxed, and once formed, they could be 
removed from clamps without springback.

Further information on the properties of ammonia treated wood has been 
published by Bariska et al (3) and Davidson and Baumgardt (9). U.S. 
Patent 3,282,313 has been issued on the process. Although the ammonia- 
treated processes appear to be applicable to veneer, no data specific to 
industry utilization has been found in the literature search. More 
studies on the production application of the processes are required. 
Murphey's (29) attempt to soften 0.0625 inch (1.6 mm), 0.125 inch (3.2 
mm) and 0.250 inch (6.4 mm) thick birch and hard maple with 
dimethysulfoxide (DMSO) showed promise. The 0.0625 inch veneer could be 
bent successfully to a radius of one-half inch (13 mm). Bends of 1 inch 
(25 mm) were achieved with the 0.125 inch veneer. Unfortunately, the 
research terminated with the restriction, due to health hazard, placed on 
DMSO by the Food and Drug Administration.

3.2 CURVED PLYWOOD

There are two processes used to manufacture curved plywood: one is
called laminated bending and the other plywood bending.

3.2.1 Laminated Bending

Laminated bending is often referred to as veneer bending or molded 
plywood. Murphey and Jorgensen (28) summarize the process as follows:

'Although veneer does not need to be plasticized before it is 
bent into various shapes, it will not, of course, retain these 
shapes unless becoming an integral part of some construction.
The veneer is spread with adhesive and forced into a shape 
either between curved forms or on a form by fluid pressure. It 
is held in this position until the adhesive is set and a formed 
piece of plywood is the result. The veneers are, of course, 
assembled with the grain of alternate plies at right angles to 
one another. The forcing of the veneer between the male and 
female shapes of a mold is a standard process. The molding by 
fluid pressure is usually done by using an impermeable material 
like rubber or plastic and removing the air from beneath this 
impermeable material. The air pressure on the surface of the 
cover material then provides a gluing pressure that forms the 
veneers over the desired shapes. The mcst important thing to 
remember in the molding of plywood in this manner is similar to 
that discussed relative to laminates. The adhesives used must 
be of a non-creep type so that the form will be retained once 
the adhesive is set. If an adhesive is used that creeps, the
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Table 3

Treating Time for Hard Maple *

Target Moisture Content
Thickness 
in. (mm)

Ovendry
(hours)

10 Percent 
(hours)

20 Percent 
(hours)

0.125 (3.2) 8 1 0.5

0.250 (6.4) 8 2 1

* Davidson, R.W. 1968
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product will destroy itself as the adhesive yields. Urea and 
phenol adhesives are best for this molding, preferably those 
types that set at room temperature'.

Stevens and Turner (39) summarize the advantages and disadvantages of 
laminated bending as follows:

Advantages: 1 - thick bends of small radii can be built up from thin 
laminations of any species;

2 - defects such as knots, splits and others which would 
render the wood quite unfit for solid bending may, 
within reason, be incorporated;

3 - sliced or rotary cut veneer offer enormous saving in 
timber compared to thin-sawed coirponents;

4 - long lengths may be obtained by end-jointing shorter 
pieces by scarfing or other methods without 
appreciable weakening of the cross section;

5 - laminated bends can usually be set more readily and 
made to conform better to the shape of the form than 
similar bends of solid material;

6 - no softening treatment is generally required.

Disadvantages: 1 - more technical skill and better equipment are 
usually required than for solid bending;

2 - the presence of glue may be somewhat detrimental to 
finishing machines;

3 - the glue lines when visible may be aesthetically 
unacceptable;

4 - the production of laminated bends in more than one 
plane presents greater difficulties than in solid 
bending ;

5 - the preparation, the drying and the cutting 
operations usually result in higher production 
costs.

3.2.2 Selection and Preparation of Laminations for Molding

Miles (26), Stevens and Turner (39), and Wengert (44) all agree on the 
preparation and quality requirements of the veneers; they suggest:
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- uniform thickness,
- no strength reducing defects such as crossgain, knots, shake, 
pith, surface checks, brash wood and decay,

- appropriate moisture content, and
- proper selection of glue.

Stevens and Turner (39) state that the methods used in manufacturing 
molded plywood are much the same as those employed in making flat 
plywood; any appreciable thickness variation may result in thick 
gluelines and hence poor strength properties. Miles (26) warns against 
the effect of moisture content (M.C.) on the bond quality. Although many 
researchers recommend M.C. levels higher than 10 percent for bending, he 
suggests that: 'with most resins an optimum M.C. content of 10 percent 
should be maintained but with resins setting well below the boiling point 
of water, veneers of up to 18 percent M.C. may be employed. Such 
practice is to be avoided if possible, since the rejects caused by blows 
are more likely and the quality of the gluebond is impaired'. These M.C. 
levels are not to be confused with those recommended for thin solid wood 
bending.

One of the most important factors to be considered in the selection of a 
species is the limiting radius of curvature to which not more than 5 
percent of the total number of bent pieces will fracture during the 
process. An indication of these radii for some species is presented in 
Table 4 as given by Stevens and Turner (39). Although not cultivated in 
Canada, the species selected for this report can be found in Canadian 
forests; it is surmised that our similar species would behave somewhat 
alike those given in Table 4. The values relate to good quality, 
straight-grained veneer free from all defects. Investigations have shown 
the effect of such variables as direction of annual growth, rate of 
growth, method of conversion (i.e. rotary, sliced or sawn) on the 
limiting radii of curvature to be insignificant. The selection of the 
glue depends on the end-use of the product and, of course, the moisture 
content at which the veneers are pressed. The use of ureas, modified 
ureas, melamines, phenolics and resorcinols is common in the industry.

3.2.3 Methods of Bonding Curved Laminates

In 1953, Miller (27) reported that there were two basic requirements for 
the production of curved laminates:

1) A pressure system, such as fluid pressure (bag molding), die, 
form pressure, flexible band pressure or combinations of two or 
more of these methods, to form the assembly to shape and cure 
the glue.

2) A heating system, such as steam, hot water, strip heating or 
dielectric heating, to accelerate the curing time of thermo-
setting glues.
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Table 4

Limiting Radii of Curvature for 0.125 inch (3.2 nun) Thick Veneers 
at 12 Percent Moisture Content*

Species inch
Radius

(mm)

Approx. Ratio: 
Radius/Lamination 

Thickness

Alder 7.4 188 59
Ash 4.8 122 38
Beech 5.3 135 42
Cedar, western red 8.0 203 64
Cherry 5.9 150 47
Douglas Fir 5.9 150 47
Elm, rock 3.9 99 31
Elm, white 4.3 109 34
Grand Fir 10.0 254 80
Hemlock, western 8.8 223 70
Hickory 5.8 147 46
Larch 7.0 178 55
Maple 6.4 163 51
Oak, red 4.4 112 35
Oak, chestnut 7.5 191 60
Pine 5.9 150 47
Poplar 6.3 160 50
Spruce, sitka 5.4 137 43
Sycamore 4.0 102 32
Walnut, black 6.0 152 48

* Steven, W.C. and Turner, N. 1970.
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He continues by describing the different pressure systems and follows by 
discussing the various heating methods applicable to each pressure 
systems. He suggests that the fluid pressure system using a vacuum bag, 
and its modified version using autoclaves, is slow in production and has 
comparatively high operating costs; the die pressure system is costly; 
the strip heating method is excellent for applying heat but does not lend 
itself to bonding curved plywood shapes used in furniture; and the main 
disadvantages of dielectric heating are the initial cost of the equipment 
and the unfamiliarity of the furniture industry with its use. Hence it 
is important to study the development of the pressure band system.

In their handbook dated 1970, Stevens and Turner (39) discuss in detail 
available processes of laminated bending; they cover methods such as 
using single and multiple male and female forms, metal tension bands, 
split female forms, pre-bent wooden strips and wedges, inflated flexible 
rubber hoses and metal straps, inflated bags and female molds, and 
deflated rubber bags. In addition, they cover laminated bending by the 
continuous strip method and the insert method.

3.2.4 Plywood Bending

Similar to solid wood, plywood requires some sort of plasticizing before 
bending. If hot water or steam and heat are used, the adhesive must be 
completely waterproof or else delamination will occur. Depending on the 
complexity of the bends, some restricting factors based on the thickness 
of the face plies and the orientation of the grain are involved (Murphey 
and Jorgensen (28)) .

Hurd (14) discusses the manufacturing of curved formwork sheathing. He 
writes that the radius of curvature in the bending of plywood is highly 
dependant on the thickness of the panel and even more so on the direction 
of the grain in the face and back of the panel. He suggests that a 
minimum radius of 24 inches (61 cm) is achievable from a 0.250 inch (6.4 
mm) thick panel with the grain of the face running perpendicular (in the 
width dimension) to the direction of the curve; whereas, the same panel 
with the grain running parallel (along the length dimension) to the curve 
would have a minimum radius of curvature of only 60 inches (1524 mm). He 
provides the smallest recommended radius of curvature for North American 
mill run plywood panels (Birch overlaid) as shown in Table 5.

Stevens and Turner (39) say that although shapes obtained from plywood 
bending are less rigid and less stable in conditions of changing 
atmospheric humidity, they are quite serviceable when held in shape by 
the structure of which it forms a part and usually less costly to make 
than comparable laminated bends. The factors affecting the bending of 
plywood are species, thickness of the panel, grain directions of the face 
plies, moisture content and temperature. Table 6 gives limiting radii of 
curvature for some species of 0.188 inch (4.8 mm) thick plywood bent 
under ideal conditions. Bending tests carried out on 0.156 inch (4 mm)
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Table 5

Smallest Recommended Radius for Plywood Panels Bent Dry*

Panel 
Thickness 
in. (mm)

Curved Across 
Grain 

in. (mm)

Curved
to
in.

Parallel
Grain

(mm)

0.250 ( 6.4) 24 ( 610) 60 (1520)

0.312 ( 7.9) 24 ( 610) 72 (1830)

0.375 ( 9.5) 36 ( 910) 96 (2440)

0.500 (12.7) 72 (1830) 144 (3660)

0.625 (15.9) 96 (2440) 192 (4880)

0.750 (19.0) 144 (3660) 240 (6100)

1.000 (25.4) - - - -

* Hurd, M.K. 1987.
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Table 6

Limiting Radii of Curvature for 0.188 inch (4.8 mm) Thick Plywood*

Species Limiting Radii of 
Content

Curvature at 10% Moisture 
Pressed Cold

inch mm

Birch 4 1/4 108

Beech 5 127

Sycamore 6 152

Alder 11 279

Poplar 12 305

Douglas fir 15 1/4 387

Scots pine 16 406

* Tabulated from Stevens, W.C. and Turner, N. 1970.
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thick Finnish birch panels showed that the limiting radius of 8.75 inch 
(222 mm) obtained on a cold form could be reduced to 7.5 inch (190 mm) 
when heat (350°F, 176°C) was applied to the concave face of the panel 
during the bending operation. Similar tests on much thicker panels 
showed the method to be ineffective and no worthwhile advantage resulted. 
Stevens and Turner (39) go further in the discussion of softening 
process, methods of bending, setting of plywood bends, change in shape of 
bends and the methods of bending into corners, i.e. sawkerf corners, 
blocked corners and balsa corners. In their discussion of methods of 
bending, they refer to two U.S. manufacturers of equipment:

1) Midwest Manufacturing Co., St. Louis, U.S.A., manufacturing the 
Ladon Bending Machine, and

2) Handy Manufacturing Co., Chicago, U.S.A., manufacturing the Handy 
Bending Press.

Unfortunately, a search of the 1986 U.S. Industry Directory did not 
identify the above companies; obviously they are no longer manufacturing 
this type of equipment or they have changed names. A similar search in 
the 1987 Fraser Trade Index for other manufacturers of bending equipment 
was unsuccessful.

4.0 CURVED PLYWOOD STANDARDS

In the U.S.A., curved plywood is governed by two specific standards; 
these are given in:

1) Fabrication of Plywood Curved Panel. Plywood Fabrication 
Specification CP-8. Published by the American Plywood Association. 
1974.

2) Design of Plywood Curved Panels. Plywood Design Specification 
Supplement 1. Published by the American Plywood Association. 1974.

The literature search did not identify such standards for the Canadian 
industry.

5.0 SUCCESS STORIES

Carman (7) wrote a report on the Davidson Plyforms, Inc. of Grand Rapids, 
MI. In 1980, this company had just completed a $1.3 million turnkey 
operation under a licensing agreement with Fritz Becker KG, Brakel, 
Germany. In his article, Carman briefly discusses the equipment, which 
consisted of a three-way press applying 500 psi, a four-opening press for 
small single radius or simple curves, a larger single-opening press for 
larger parts and an eight-opening press with removable tools for the 
production of flat plywood. He compared rejects from the old RF 
operation with the new European technology. The firm was using
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upholstered grade hardwood veneers (mostly gum and poplar with some 
cherry and walnut) pressed into plywood for the RF division and innerplys 
of hard maple, oak and birch with face veneers of oak and walnut for the 
German process.

Charles (8) wrote on the Curveply Wood Products Co. in Orono, Ontario.
In 1981, orders led production by eight to nine weeks and the sales 
volume was approaching $10 million. At the time, the firm was 
manufacturing 1/4 inch seats and backs for stack chairs and was expanding 
into furniture. The innerplys were of birch, hard and soft maple, 
basswood, ash and oak; the faces were walnut, oak, ash, mahogany, cherry 
and elm.

McKay (23) reported on the Brunswick Balke Collender Co., of Marion, VA 
where he was the products engineer. In his article, the entire process 
for the manufacture of molded school chair seats and back panels is 
covered, including strict purchase specifications, receiving inspection, 
storage and conditioning, flattening face stock by radio frequency heat, 
presanding, molding, shaping, edge sanding, face polishing and finishing. 
Solutions are given for specific problems in maintaining quality during 
production. The molded panels in production consisted of five plies of 
1/16 inch veneer. The faces, backs and crossbands were of hard maple and 
^irch and the cores of sweet gum. Other acceptable species consisted of 
sugar and black maple, and yellow and sweet birch. Unfortunately, the 
current situation of this firm could not be verified.

Pennington (31) covers the success of the Currier Piano Company in 
Marion, N.C. He discusses the performance requirements, the veneer 
selection, the adhesives, the problems and the curing.

6.0 MANUFACTURERS OF CURVED PLYWOOD

6.1 CANADIAN MANUFACTURERS

The 1987 Fraser's Trade Index identifies only three current Canadian 
manufacturers :

1) Curvply Wood Products 
P.0. Box 90
Orono, Ontario 
LOB 1M0 
(416)-983-9171

2) Seatco Corp.
9015 Meilleur Street 
Montreal, Quebec 
H2N 2A3 
(514)-382-4750
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3) Silvaplex Ltd.
P.O. Box 389 
Gravenhurst, Ontario 
POC 1G0 
(705)-687-3425

6. 2 U.S. MANUFACTURERS

The 1987 Membership Directory of the Hardwood Plywood Manufacturers 
Association (HPMA) lists thirteen current operations:

1) Birchwood Manufacturing Co.,
38 E. Messenger St.
Rice Lake, WI 54868 
(715)-234-8181

2) Bradford Veneer & Panel Co., Inc.
Bradford, VT 05033
(802)-222-5241

3) Calley & Currier Co., Inc.
P.O. Box P
Patten, ME 04765 
(207)-528-2201

4) Davidson Plyforms, Inc.
5505, SE 33rd St.
Grand Rapids, MI 49508 
(616)-956-0033

5) Eggers Industries 
P.O. Box 88
Two Rivers, WI 54241 
(414) -793-1351

6) EHV-Weidmann Industries, Inc.
Memorial Drive, P.O. Box 278 
St. Johnsburg, VT 05819 
(802)-748-8106

7) Formply Products, Inc.
Webster St., P.O. Box 193 
South Boston, VA 24592 
(919)-483-1478

8) Hasty Plywood Co.
P.O. Box 417 
Maxton, NC 28364 
(919)-844-5267
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9) Ply-Curves, Inc.
1615 NW Monroe Ave.
Grand Rapids, MI 49505 
(616)-363-4806

10) Plyforms, Inc.
P.O. Box 1081, Station A 
Bay City, MI 48706 
(517)-686-5681

11) Southern Laminating Co.
1601 Clancy St.
Memphis, TN 38101 
(901)-942-4631

12) Warvel Product, Inc.
160 West Park St.
Gillett, WI 54124 
(414)-855-2194

13) Weber Veneer & Plywood Corp.
Foot E. Maurer St., P.O. Box 89 
Shawano. WI 54166
(715)-526-3165

In addition to the above, the following two firms are listed in the 1986 
U.S. Industrial Directory:

1) May Ltd., Gordon S.
P.O. Box 838
Highland Park, IL 60035
(312)-829-8400

2) Wisconsin Laminates Inc.
602 Hickory St.
Pewaukee, WI 53072 
(414)-691-1520
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