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Summary

Plywood-to-framing-member joints with good strength were obtained at the
Forest Products Laboratory by applying a high-frequency (HF) stray field
to heat the glue line for 1 minute. Casein, urea, resorcinol, and phenol
resin glues were used with 1/4-, 3/8-, and 5/8-inch Douglas-fir plywood
and 3/4- and 1-5/8-inch Douglas-fir framing members. The fact that the
glue joints between plywood and framing members were stronger than the
glue joints of the plywood demonstrated that HF stray-field heating can
be applied to the gluing of plywood sheets to framing members of prefab-
ricated structural units.

Introduction

To meet the trend in modern housing toward the use of prefabricated com-
ponents for walls, floors, and ceilings, prefabricators of such units
face the problem of speeding gluing operations in their plants.

Floor space is an important consideration to these manufacturers in a
plant making prefabricated structural units. As a rule, the parts are
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bulky, and it is desirable to have them move through the plant as rapidly
as possible to make the most efficient use of the floor space available.
Rapid movement of the parts, however, is slowed by gluing operations at
room temperatures, which require 4 to 8 hours in clamps.

Although elevated temperatures hasten the setting of the glue and hot
presses or strip heaters may be used to attain them, the setting time of
the glue joints, dependent on the conduction of heat through the face
plies, would probably require from 6 to 10 minutes. To speed operations,
plywood can also be attached to framing members of the prefabricated units
by nailing instead of gluing, but this method is objectionable because
dirt tends to collect over the nail heads and they are prone to rust.

Recent experiments at the Forest Products Laboratory have shown that more
rapid setting of the glue lines may be obtained by means of a HF field
applied by what has become known as the stray-field method, whereby the
glue between the plywood and framing member is heated by an electric field
about two electrodes placed against the plywood but on the side farthest
from the glue line (fig. 1).

In these experiments, joint strengths greater than that of plywood were
obtained after 1 minute of HF heating. These quick results are explained
by the facts that stray-field heating is comparatively rapid because the
glue acts as a conductor of HF current and heats at a rate proportional
to the square of the current, and that selective heating of the glue oc-
curs because it is a much better conductor of HF current than other mate-
rials near or between the electrodes. Plywood between the electrodes will
absorb some heat, but the glue will be set before the plywood becomes hot.
Low-cost presses may be made of wood to apply this method of heating.

Material

Wood

Wood typical of prefabricated wall construction was selected for the
Laboratory experiments. Both plywood and framing members were Douglas-fir.
All plywood faces were 3 by 26 inches in area with thicknesses of 1/4,
3/8, and 5/8 inch. The face grain was parallel to the 26-inch dimension.
Framing members 3/4 inch and 1-5/8 inches thick were 2 inches wide and
26.5 inches long. The framing members were surfaced on four sides with
the side to be glued carefully jointed. The natural surface of the ply-
wood received no special treatment for gluing. The average moisture-
content values were 6.5 percent for plywood and 16.5 percent for framing
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members. The moisture content of the framing members was higher than
would be recommended for use in prefabricated construction.

Glue

One casein and three synthetic resin glues, including urea-, resorcinol-,
and phenol-formaldehyde, were used. Each glue was mixed according to the
manufacturer's recommendations. It was applied to the framing member
only by means of a 1-inch brush.

Apparatus 

Mechanical 

A cross section of the press showing the relative positions of the press
parts, the guides to hold the framing member and plywood in place, and
the electrodes is shown in figure 2. A pressure of approximately 150
pounds per square inch was applied by means of the pressure pad, which
was inflated with water.

Electrical

HF electrical energy was supplied by a generator operating on a frequency
of 13 megacycles per second. _The electrodes were 3/8-inch copper tubing
placed as shown in figures 1 and 2. They extended beyond the plywood on
which they rested. Peak voltages between the electrodes were measured
with a vacuum-tube voltmeter. Power input to the vacuum-tube plates was
taken as the product of plate current and plate voltage. Approximately
half the input power was delivered to the glue line because the plate
and output circuit efficiencies were about 50 percent.

Procedure

Each framing member was weighed before and after it was spread with glue
to obtain the amount of glue used. After the glue dried for 3 minutes in
air, the plywood was placed in contact with the glue on the framing mem-
ber. Pressure was applied at the end of a 5-minute closed assembly period.
The HF heating began 1 minute later and continued for 1 minute. HF volt-
age and pressure were removed, and the specimen was taken from the press.
The completed piece is shown in the sketch of figure 3.
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Two joints of each thickness of framing member and plywood were made with
each glue. One of each pair was broken within an hour after removal from
the press. The other was conditioned for 1 week in the 88° F., 65 percent
relative-humidity room before breaking. The conditions under which the
tests were made are listed in the following tabulation:

Heating time 	
Frequency of BF voltage 	
Approximate power into glue line:

3/4-inch framing member 	
1-5/8-inch framing member 	

Pressure 	

Assembly time:
Open 	
Closed 	

Under pressure before heating 	
Glue spread:
Average for all joints 	

Average by glues:
Casein 	
Urea 	
Resorcinol 	
Phenol 	

1 minute
13 megacycles

1.4 kilowatts
1.8 kilowatts
150 pounds per square

inch

3 minutes
5 minutes
1 minute

54 lb./1,000 sq. ft.

52 lb./1,000 sq. ft.
51.5 lb./1,000 sq. ft.
51.2 lb./1,000 sq. ft.
61.3 lb./1,000 sq. ft.

The heavier spread of the phenolic glue was necessary to obtain a satis-
factory bond in a 1-minute heating period. Joints with a thinner spread
opened easily when first removed from the press.

The glue joints were broken apart with a wood chisel, which was inserted
in the 2-inch end zone containing no glue. The quality of the glue joint
was determined by the amount of wood failure, which is listed in table 1.

Figures 4, 5, 6, and 7 are typical of broken joints with casein, urea, re-
sorcinol, and phenol glues, respectively.

Results and Discussion

Preliminary work revealed that glue in open core joints of the plywood
could be burned rather easily. In the manufacture of Douglas-fir plywood
it is common practice to lay up the core plies without jointing the edges.
Consequently, edges of adjacent pieces may make contact at some points and
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be separated as much as one-fourth inch at others. During the pressing
operation, squeeze-out of glue has an opportunity to accumulate in such
openings. Glue thus collected may not set so rapidly as that in a normal
glue line, and it may remain somewhat under-cured at the end of the
pressing period.

The energy absorbed by a glue from an HF electric field decreases as the
glue cures. In a partly cured state, glue like that in open plywood core
joints may heat enough to burn when in a strong BF field (fig. 8). Phe-
nolic resins are much more prone to burn than other synthetic resin glues.
Glue in the 1/4-inch plywood burned more readily than in the 3/8-inch and
5/8-inch plywood. Glue in the 1/4-inch plywood was darker than that in
the 3/8-inch and 5/8-inch pieces. After immersion in boiling water for 2
hours the thicker plywood opened easily with a screw driver, while the
1/4-inch sample showed no change. It was concluded that a phenolic glue
had been used in the 1/4-inch plywood, and a glue with low water resist-
ance in the 3/8-inch and 5/8-inch plywood.

Burns, such as those shown in figure 4, necessitate the discontinuance of
heating because a carbonized path is a better conductor of HF current than
the glue line, which it therefore robs of energy available for heat. Ac-
celerated heating of the carbonized path in this manner could in time cause
self-sustained combustion to begin. A poor joint usually results even if
the piece does not burn openly. The applied voltage must be low enough to
avoid the possibility of such burns in plywood.

A series of experiments established the safe operating voltages listed in
table 2. They were 7,500, 11,500, and 12,500 volts for the 1/4-inch,
3/8-inch, and 5/8-inch plywood, respectively, with 1-5/8-inch framing .mem-
bers; and 7,500, 7,500, and 11,500 volts for 1/4-inch, 3/8-inch, and 5/8-
inch plywood, respectively, with 3/4-inch framing members.

Table 2 shows three exceptions to these established safe operating volt-
ages. When using the resorcinol glue with 1/4-inch plywood and 1-5/8-
inch framing member, however, 10,000 volts were not necessary, as indi-

cated in table 2, because later tests showed that equally good joints
could be made with 7,500 volts. The phenolic resin, however, did require
a higher voltage than the other glues for attaching 1/4-inch plywood to
1-5/8-inch framing member and 5/8-inch plywood to 3/4-inch framing member.
This was not surprising because the temperature reached at the end of 1
minute of heating with the voltages used for other glues was approximately
215° F. At this temperature the casein, urea, and resorcinol glues would
gain strength quickly, but phenols require either more time or higher tem-
perature. Since it was planned that each joint should be made in 1 minute,
higher voltages were necessary.
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Not only was the higher voltage required, but, as previously noted, a

heavier spread was needed to Obtain good joints in 1 minute. The addition-
al glue probably contributed to rapid heating and a higher final tempera-
ture than could be attained with less glue. With the heavier spread and
higher voltage on the two sizes mentioned in the previous paragraph, satis-
factory joints were obtained in 1 minute.

There was no apparent difference in wood failure between the set of glue
joints broken within 1 hour from the time it was removed from the press
and the duplicate set broken after 1 week of storage in the 80° F., 65 per-
cent relative-humidity room (table 1). The lowest wood failure, 60 per-
cent, occurred between 5/8-inch plywood and 1-5/8-inch framing member with
resorcinol glue. Although 60 percent is low compared with the other values,
the joint was amply strong for prefabricated wall construction.

The fact that all joints made with the urea resin showed 100 percent wood
failure, probably has no significance in view of the high wood failure
throughout all the samples.

The adhesive in such glue lines can be cured either in whole or in part.
Complete glue lines can be cured either by heating the entire panel with a
panel-size electrode on each side or with strips or rods placed to cause a

stray field through the glue. The former method has been found_ desirable
for relatively small and thin assemblies, and the latter for larger
assemblies.

Some types of panels used in prefabricated construction can be made satis-
factorily by setting short lengths of glue line separated by small por-
tions of unheated glue. The glue that is cured under pressure will then
act as a clamp on the unheated glue as it sets at room temperature and pro-
duce a strong joint.

All three of these methods are in current use for assembling panels, and
all seem to produce satisfactory results. Panels vary in size up to 4- by

8-foot wall sections, and curing times range from about 1 to 5 minutes.
The power requirements of currently operating installations do not exceed
15 kilowatts.

Conclusions 

High-frequency dielectric heating was applied successfully to the gluing
of plywood to framing members by use of the stray-field method.- Joint
strengths greater than that of the plywood were obtained by 1 minute of
HF heating. Casein, urea, resorcinol, and phenol resins were all satis-
factory, but the spread of phenol resin should be somewhat greater than
the other glues. Power requirements would not be excessive for 4- by 8-

foot panels.
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Table 1.--Percentage of wood failure in plywood-

to-framing-member glue joints 

	Glue	 : Framing : When :	 Wood failure
: member : brokenl : 	

: 1/4-inch : 3/8-inch : 5/8-inch
plywood : plywood : plywood

	

: Inches :	 : Percent : Percent : Percent

:	 •

	

.	 1	 100	 :	 100	 :	 100

	

1-5/8 :	 2	 95	 :	 100	 95
	Casein	 : 	 :

:	 .	 1	 100	 :	 98	 :	 100
:	 3/4	 :	 2	 95	 :	 100	 :	 85

	

:	 1	 100	 :	 100	 :	 100

	

: 1-5/8 :	 2	 100	 :	 100	 :	 100
Urea	 : 	 : 

1	 100	 100	 :	 100
3/4	 :	 2	 100	 100	 :	 100

1	 100	 100	 :	 6o

	

: 1-5/8 :	 2	 100	 100	 :	 95
Resorcinol : 	

1	 100	 100	 :	 98
:	 3/4	 :	 2	 100	 100	 :	 95

• •	 1	 :	 2

	

—95	 :	 100	 :	 100.	 . •

	1-5/8 :	 2	 .	 95	 :	 100	 :	 95
Phenol

1	 100	 :	 100	 :	 100
2	 95	 :	 100	 :	 100

1–1. Broken within 1 hour after removal from press.
2. Broken after conditioning 1 week in 80° F., 65 percent

relative-humidity room.

gPressure was 80 pounds per square inch while being heated.
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Table 2.--Peak voltages between electrodes for heating differ-

ent glues in joints of plywood to frame member

	

Thickness :	 Glue	 Peak voltage in --
of	 •

	

framing :	 : 1/4-inch : 3/8-inch : 5/8-inch
member	 : plywood : plywood : plywood

Inches :	 Volts	 :	 Volts	 Volts 

: Casein	 7,500	 :	 11,500	 •. 12,500
:	 ..	 :
: Urea	 :	 7,500	 :	 11,500	 12,500

1-5/8	 :	 :	 :
: Resorcinol :	 10,000	 :	 11,500	 12,500

: Phenol	 :	 8,500	 •. 11,500	 12,500

•

: Casein	 :	 7,500	 :	 7,500	 •. 11,500
.	 ..	 .

: Urea	 7,500	 7,500	 11,500
3/4	 •.	 .

: Resorcinol :	 7,500	 7,500	 11,500
•

.

: Phenol	 :	 7,500	 7,500	 :	 12,500
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PUBLICATION LISTS ISSUED BY THE FOREST PRODUCTS LABORATORY

The following lists of publications based on research at the Forest
Products Laboratory (Madison 5, Wis.) are obtainable on request:

Boxing and Crating

Building Construction Subjects

Chemistry of Wood and Derived Products

Fungus Defects in Forest Products

Furniture Manufacturers, Woodworkers, and
Teachers of Wood Shop Practice

Glue and Plywood

Logging, Manufacture, and Utilization of
Timber, Lumber, and Other Wood Products

Mechanical Properties and Structural Uses
of Wood and Wood Products

Pulp and Paper

Seasoning of Wood

Structure and Identification of Wood

Wood Finishing Subjects

Wood Preservation

Since Forest Products Laboratory publications are so varied in sub-
ject no single big list is issued. Instead a list is made up for each
Laboratory division as shown above. Twice a year, a list is made up showing
new reports for the previous 6 months. This is the only item sent regularly
to the Laboratory's mailing list. Anyone who has asked for and received the
proper subject lists and who has had his name placed on the mailing list can
keep up to date on Forest Products Laboratory publications. There is no
charge for single copies of any of the reports.
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