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RATE OF SETTING OF COLD-SETTING, UREA-RESIN GLUE JOINTS

By H. W. EICKNER, Engineer

Forest Products Laboratory? Forest Service
U. S. Department of Agriculture

This study was made to determine the rate of increase in the shear strength of
joints made with cold-setting, urea-resin glues. Its results offer a guide
in determining the minimum time that joints made with this type of glue should
remain under pressure, and how long they should be conditioned after removal
from the press, before being subjected to stresses, to obtain maximum strength
of the joints. These results can be compared to similar work which has been
done previously with animal and casein glues.2

Method of Procedure

Selection of Wood

In making this rate-of-setting study, sugar maple and Sitka spruce lumber and
1/16-inch yellow birch veneer were selected to demonstrate the effects of
species and thickness of material on the rate of setting.

The minimum specific gravity  of the material used was 0.62 for the sugar maple,
and 0.32 for the Sitka spruce. A small portion of the material was discarded
because of rapid growth, sharply sloped grain, and bird's eye, but a degree of
leniency was allowed in making these discards.

The plies of birch veneer used in the faces of the plywood were carefully
selected to avoid cross grain that might cause them to fail in tension while
being tested. It was necessary to use veneer cut from several logs, and for
this reason the quality of the material varied slightly.

The stock was allowed to reach approximate equilibrium conditions in a room
where the relative humidity.was 65 percent at 80° F. The wood thus attained a
moisture content between 11 and 12 percent.

-Report originally issued August 18, 1942.

Maintained at Madison, Wis., in cooperation with the University of Wisconsin.
3–Truax, T. R., "The Gluing of Wood," U. S. Dept. Agr. Bul. No. 1500.
1-4-Specific gravity used throughout this report is based on oven-dry weight and

volume at approximately 12 percent moisture content.
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Just before gluing, the sugar maple and Sitka spruce blocks were surfaced and
cut to a size of 7/8 by 2-1/2 by 12 inches, and the yellow birch veneer was
cut into pieces 5 by 12 inches in size. The blocks were weighed and those of
approximately equal weight were paired. Two joints each of sugar maple and
Sitka spruce were glued for each test period shown in table 2. For each species,
blocks were selected to give each set about the same average specific gravity
(Sitka spruce 0.36-0.37, sugar maple 0.64-0.65) as that for all the material
glued. The average specific gravity of the blocks glued for each conditions,
therefore, was about the same, and variations in test results due to differences
in specific gravity were thereby reduced.

Glues end Gluing

Three commercial cold-setting urea-resin glues were used. They varied slightly
in their composition and characteristics, as indicated in table 1.

Each glue was mixed as directed by the manufacturer, and spread on the blocks
and veneer by a mechanical spreader which was adjusted to give a spread of 20
to 25 grams per square foot. Gluing was done at two room-temperature conditions,
75° F. and 90° F. with both wood and glue at approximately room temperature.

An assembly period (time between spreading and pressing) of 10 minutes was
allowed before applying a pressure of 150 pounds per square inch. In order to
obtain comparative data on the effect of different pressure periods and periods
of aging after removal from the press, the joints were pressed and aged for the
various periods indicated in table 2.

Testing

Three panels (three plies of 1/16-inch yellow birch) and two block joints of
each species were glued for each condition of temperature, pressure period, and
aging time. In some instances, duplicate runs were made and, if the values were
similar, they were averaged with the original results 4 The panels and blocks
were cut into shear specimens of conventional design–I- One-half of the plywood
specimens were tested dry and the remainder after soaking for 48 hours in water
at room temperature. All the shear blocks were tested dry. In each average
plywood test value, therefore, at least 15 specimens are included and in each
average block shear value at least 10 specimens are included.

Results and Discussion

Effect of Pressure Period and Aging on Block Joint Shear Strength

The results of the block shear tests on Sitka spruce and sugar maple glued with
the three cold-setting, urea-resin glues are summarized in tables 3 and 4 and

Described in U. S. Dept. Agr. Bull. No. 1500 and in Army, Navy, and Federal
glue specifications.
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figures 1, 2, 3, and 4. The average strength for the joints produced with the
three glues is shown on the graphs as a heavy line.

The rate of increase in the joint shear strength of the Sitka spruce blocks
during the first 24 hours under pressure is shown in table 3 and figures 1 and
2. The strength of joints glued at 75° F. was low during the first hour, and
there was no wood failure. At 2 hours, there was some wood failure and an
average shear strength of about 570 pounds per square inch. This rate of in-
crease in strength continued (figure 1) during the first 4 hours and then be-
came slower until the seventh hour, when the average shear strength was about
1,260 pounds per square inch and the wood failure uniformly high. The average
joint shear strength increased but little for pressing periods of longer than
7 hours because the average shear strength of the joints was then very close
that of the wood.

When gluing at 90° F., the average shear strength at the end of 2 hours was
nearly 780 pounds per square inch (table 3). During the next 2 hours there was
a further increase in strength to about 1,190 pounds per square inch and more
than 95 percent wood failure. The average maximum strength at 90° F. was some-
what lower than that at 75° F., but since the wood failures are well above 90

percent in all but the early tests, it is improbable that the difference is
significant.

Table 3 also shows the strength of the Sitka spruce joints which had been under
pressure for various periods of time and then allowed to condition 14 days be-
fore testing. Joints which were pressed 1 hour at 90° F. or 2 hours at 75° F.,
followed by 14 days of conditioning, had an average wood failure of greater
than 90 percent. This indicates that a pressure period of at least 2 hours,
followed by conditioning, would be the minimum that could be recommended for the
gluing of Sitka spruce with cold-setting, urea-resin glues at normal room
temperatures.

In table 4 is shown the strength at various intervals throughout the conditioning
period of Sitka spruce joints under pressure for 2 and 16 hours. The joints
which were pressed only 2 hours showed a great increase in strength during the
first day of conditioning, and attained the approximate strength of the wood
during that period. No consistent increase in shear strength is shown by the
Sitka spruce data after the first day of aging.

In table 3 and figures 3 and 4 is shown the rate of increase in joint shear
strength of the sugar maple blocks during the first 24 hours under pressure. At
75° F., a 2-hour pressing time was required to obtain an average shear strength
of about 400 pounds per square inch. There was a consistent increase in strength
to about 3,000 pounds per square inch at the end of the 24-hour pressing period
for two of the glues. The joints made with glue No. 3 did not average as

strong after 24 hours as they did at 16 hours, but this reversal is not con-
firmed by other data. Wood failure occurred in the joints after 7 hours pressing,

at which time the average shear strength for the 3 glues was about 1,750 pounds

per square inch.
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When gluing at 90° F., the increase in joint strength was more rapid than at
75° F., and during the first 4 hours of the pressing period an average strength
of about 2,360 pounds per square inch was obtained. The shear strength in-
creased to nearly 3,100 pounds per square inch at 16 hours pressing time. As
this joint strength is approximately equal to the strength of the wood, no
significant increase in strength was obtained for the longer pressing period.

The effect of aging the joints for 14 days is shown in table 3. At 75° F., 2

hours pressing time followed by 14 days of conditioning produced joints with
wood failure of 75 percent or more, with the exception of the joints made with
glue No. 3, which required 4 hours at 75° F. At 90° F., 75 percent wood failure
or better was produced when using two of the glues with 1 hour of pressure
followed by the conditioning period. The joints made with the other glue gained
strength slowly during the shorter pressing periods.

Table 4 shows the effect of the conditioning period on the shear strength of
maple joints under pressure for 2 and 16 hours. The joints glued at 75° F.

showed a great increase in strength during the first day of conditioning and
some additional increase during the second day. The joints glued at 90° F.

gained nearly all of their strength during the first day of conditioning.

The joints made with the slowest setting glue, when pressed for 2 hours at 75° F.,
did not reach the strength of a good joint even after 14 days of conditioning.
There was a gradual increase in the strength of these joints during the aging
period. When these joints were pressed for 16 hours, or at the higher tempera-
ture, their strengths were equal to those obtained with the other glues.

Comparison of Glues and Species 

The sugar maple joints glued with glue No. 3 had lower strength than those
glued with the other two glues during the first two hours at 75° F. or one hour
at 90° F., but after this period the rate of setting was similar to that ob-
tained with the other two glues. In the gluing of Sitka spruce, and of sugar
maple after the initial period of lag, the rate of setting of these glue joints
was slightly faster than that of those glued with the other two glues.

The joints of both species increased in strength at approximately the same rate
until most of the -wood strength of the Sitka spruce had been reached. The
sugar maple joints then continued to gain strength while the Sitka spruce joints
acquired very little additional.

Comparison of the Rate of Setting of Urea-resin, 
Animal, and Casein Glue Joints 

The data in table 5 show that the rate at which the resin glue joints gained
their strength at 75° F. was only slightly different from the results that
were previously obtainedl with animal and casein glue joints at 70° F. In the
gluing of maple, the casein and animal glue joints had a faster rate of setting
between the first and fourth hour of the pressure period, but after the fourth
hour the resin glue joints gained their strength at a faster rate, and joints
of equal strength were obtained at the end of 8 hours pressing time.

Report No. 1422	 -4-



Effect of Pressure Period and Aging on the Strength of Plywood
Glued with Cold-setting, Urea-resin Glues 

The results of the wet and dry joint tests on the yellow birch plywood specimens
are summarized in tables 6 and 7 end figures 5 and 6.

When gluing at 75° F. (table 6) a pressure period of 1 hour gave low dry-test
values with no wood failure. From then on, the increase was steady until the
seventh hour, when wood failure occurred in the joints and the average dry test
was about 430 pounds per square inch. The average dry strength then increased
slowly to about 460 pounds per square inch at about 9 hours (figure 5) and re-
mained fairly constant for the remainder of the 24-hour pressing period. The
average wood failure showed a gradual increase throughout the 24 hours.

The wet strengths at 75° F. developed more slowly and at 24 hours averaged only
313 pounds per square inch. The joints made with glues Nos. 1 and•, averaged
a little over 350 pounds at 24 hours, which was satisfactory; but the joints
made with glue No. 2 reached only 236 pounds, with 1 percent wood failure, in
the 24-hour period.

The rate of setting was much faster at 90° F., and wood failure was obtained in
some of the joints tested after 1 hour of pressing. At this temperature the
average dry shear strength for the 3 glues was over 400 pounds per square inch
after 1 hour. The average strength increased slowly thereafter to about 490
pounds per square inch at 7 hours and did not change significantly during the
remainder of the 24-hour pressing period.

Increasing the gluing temperature to 90° F. effected a greater improvement in
the rate of increase of the wet strength than it did on that of the dry strength.
The average wet strength was nearly 400 pounds per square inch at 7 hours pres-
sing, and reached a strength approximately equal to the dry strength at 16 hours.

Table 6 also shows the results of aging the joints for 14 days after removal
from the press. Joints made with glues Nos. 1 and 2, pressed 2 hours at 75° F.
or 1 hour at 90° F., and aged for 14 days, were sufficiently well glued to have
more than 80 percent of wood failure in the wet end dry tests, with the exception
of the panels glued with glue No. 2, which were pressed only 1 hour at 90° F.
These panels required a pressing period of 2 hours to attain more than 80 per-
cent of wood failure.

The change of joint strength:during the conditioning period of plywood joints
which have been pressed for 2 hours and 16 hours is shown in table 7. Most of
the dry strength was obtained during the first day of conditioning. The dry
strengths remained fairly constant for the remainder of the conditioning period
with the exception of the joints made with glue No. 3. These joints appeared
in general to become somewhat weaker and to have lower wood failure with the
longer aging periods. The wet strengths were slower in developing, and joints
made with one of the glues at 75° F. did not reach maximum wet strength until
the second day of conditioning.
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Summary

Joints of sugar maple lumber made with cold-setting, urea-resin glues reached
their average maximum strength after a pressing period of 24 hours at 75° F.
or 16 hours at 90° F. The average maximum strength of the joints made on
Sitka spruce lumber was obtained after a pressing period of 7 hours at 75° F.
or 4 hours at 90° F. The yellow birch plywood required a pressure period of 7
hours at 90° F. and less than 16 hours at 75° F. to obtain its maximum dry
strength. These results showed that increasing the temperature greatly de-
creased the time that the joints required in the press. The thickness of the
section being glued had very little effect on the rate of setting when all the
material was heated to the pressing temperature before gluing.

Much of the strength was gained during the early part of the pressure period.
When the material was glued at 75° F., more than one-half of the final strength
was obtained for the Sitka spruce joints in 3 hours, for the birch plywood in
4 hours, and for the sugar maple joints in 6 hours. Where maximum speed of
production is important, pressing times of 1 to 2 hours at 90° F. or 2 to 4
hours at 75° F., with the longer periods being used with the higher density
species or in heavier constructions, will produce well glued joints if the
joints are then allowed to condition adequately before being made before using
them as the glue used and conditioning of the material will affect this lower
limit. Most of the strength of the joints was obtained during the first day
of the conditioning period.

The vet strength of the plywood increased at a much slower rate than did the
dry strength. A conditioning period of 2 days was needed to obtain the average
maximum wet strength when gluing at 75° F.; at 90° F., this strength was ob-
tained during the first 24 hours.

The three urea-resin glues used produced joints which had a generally similar
rate of setting, although there were some "local" variations. The joints pro-
duced with glue No. 3 on the sugar maple blocks were slower in developing their
initial strength, and when a glue of this composition is used on sugar maple
the joint should be in the press for at least 4 hours. The plywood joints glued
with this glue were weaker than those glued with the two other glues, and the
joint strengths decreased slightly in the 14 days of aging.

The species (Sitka spruce, sugar maple, and yellow birch plywood) had no effect
on the rate of setting with two of the three urea-resin glues used. The joints
made with the other glue on maple gained very little strength during the first
hour under pressure, but after this period the rate of setting was slightly
faster than those of the other glues. This glue also showed slightly faster
setting on the yellow birch plywood and Sitka spruce lumber.

The rate of increase in the strength of urea-resin glue joints at 75° F. was
found to vary slightly from the results previously obtained with animal and
casein glue joints at 70° F. At 70° F., the urea-resin joints would gain their
strength at a slower rate.
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Table 1.--Characteristics of the urea-resin glues studied

Glue No. : Filler : pH of glue mix : Working life
at 75° F.

Glue 1.1- : Insoluble :	 Over 2.5

Glue 2	 : Soluble	 :	 Over 2.5

Glue 3	 : Unextended: Under 2.5

5.0 hours

4.0 hours

1.5 hours

1
-Glue 1 is the only one of the three glues used in this

study which will pass all of the requirements of Army-
Navy Specification AN-G-S for cold-setting resin glues,
dated April 25, 1942.

Table 2.--Pressing and aging schedule 

	

Pressure:	 Age of joint at time of testi

	

period : 	
:Tested upon: 1 day : 2 days : 4 days : 7 days : 14 days

	

: removal :	 .	 .	 :	 •.

	

: from press:	 •. :	 •. *.

	30 min. :	 X	 :	 :	 :	 :	 X

	

1 hr. :	 X	 :	 :	 :	 :	 X

	

2 hrs. :	 X	 :	 X	 X	 :	 X	 :	 X	 :	 X

	

4 hrs. :	 X	 :	 :	 :	 :	 X

	

7 hrs. :	 X	 :	 :	 :	 X

	

16 hrs. :	 X	 •	 X	 X	 :	 X	 :	 X	 :	 X

	

24 hrs. :	 X	 :	 :	 :	 X

1
Joint age includes time in the press.
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Table 5.--Average rate of setting of glued
sugar maple joints 

Pressure : Urea-resin at 75° F. 1 : Casein and animal at
period :	 ,	 70° F.2

Hours :

Approximate shear
strength

Lb. per sq. in.

:
:

Approximate shear
strength

Lb. per sq. in.

1 : 100 390

2 : 400 920

3 : 1,100 1,580

7 1,750 : 1,890

8 1,92o : 1,920

-Data from average curve, figure 3.
2
–Data from U. S. Dept. Agr. Bull. No. 1500.
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FIG. 6
EFFECT OF PRESSURE PERIOD ON THE SHEAR STRENGTH

OF 3 PLY l6 	 BIRCH PLYWOOD
GLUED WITH COLD-SETTING, UREA-RESIN GLUES

GLUING TEMPERATURE-90°F.
• 4-43..35



SUBJECT LISTS OF PUBLICATIONS ISSUED BY THE

FOREST PRODUCTS LABORATORY 

The following are obtainable free on request from the Director, Forest
Products Laboratory, Madison 5, Wisconsin:

List of publications on
Box and Crate Construction
and Packaging Data

List of publications on
Chemistry of Wood and
Derived Products

List of publications on
Fungus Defects in Forest
Products and Decay in Trees

List of publications on
Glue, Glued Products,
and Veneer

List of publications on
Growth, Structure, and
Identification of Wood

List of publications on
Mechanical Properties and
Structural Uses of Wood
and Wood Products

Partial list of publications for
Architects, Builders,
Engineers, and Retail
Lumbermen

List of publications on
Fire Protection

List of publications on
Logging, Milling, and
Utilization of Timber
Products

List of publications on
Pulp and Paper

List of publications on
Seasoning of Wood

List of publications on
Structural Sandwich, Plastic
Laminates, and Wood-Base
Aircraft Components

List of publications on
Wood Finishing

List of publications on
Wood Preservation

Partial list of publications for
Furniture Manufacturers,
Woodworkers and Teachers of
Woodshop Practice

Note: Since Forest Products Laboratory publications are so varied in
subject no single list is issued. Instead a list is made up
for each Laboratory division. Twice a year, December 31 and
June 30, a list is made up showing new reports for the previous
six months. This is the only item sent regularly to the Labora-
tory'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. Each subject list carries descriptions of all
other subject lists.
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