
'ADCS' II tETWE2S1 IIIICSNESS

AJ MICIVYICA o CIDEPTIES CF

StY PAL GLASS-7AUPIC-19AS:
IPLASAC IAM"NATIS

May 1962

O. 1885

This Report is One of a Series
Issued in Cooperation with the
ANC-17 PANEL ON PLASTICS MP FILIGNT VEHICLES
of the Departments of the
AIR MIKE, NAVY, AND COMMERCE



• RELATIONSHIP BETWEEN THICKNESS AND MECHANICAL PROPERTIES

OF SEVERAL GLASS-FABRIC-BASE PLASTIC LAMINATES

By

KENNETH E. KIMBALL, Engineer

2
Forest Products Laboratory, Forest Service

U.S. Department of Agriculture

Summary

Nine laminates of various thicknesses, fabricated from CTL-91LD phenolic resin
and reinforced with 181-A1100 glass fabric, were evaluated in tension, com-
pression ; and flexure. The laminates covered the thickness range of 0.017 to
1.453 inches.

Results indicate that strength in tension, elevated-temperature compression,
and flexure reached a maximum or nearly maximum value for laminates at about
1/8-inch thickness; below 1/8 inch, strength decreases gradually at first, and
then abruptly with decreases in laminate thickness. A slight increase in
tensile strength for thicknesses above 1/8 inch was noted, but decreases were
found in the other tests. The normal compressive strength value was shown to
be at a maximum between thicknesses of about 1/4 and 1/2 inch with gradual,
then abrupt, decreases in strength noted as the thickness decreased. Gradual
decreases in strength were also noted as the thickness of the laminate was
increased above about 1/2 inch.

Previous reports gave mathematical expressions for calculating the relation-
ships of mechanical properties to laminate thickness; these expressions did
not prove satisfactory in this analysis, except for tensile strength.

Correlation of all of the Laboratory-conducted studies on thickness showed a
gradual decrease in strength below the 1/8-inch thickness; this dropoff became
greater as the laminate thickness decreased. Above the 1/8-inch thickness
some tests showed gradual increases while others showed gradual decreases as
the laminate thickness was increased.

1
–This progress report is one of a series (ANC-17, Item 57-3) prepared and

distributed by the Forest Products Laboratory under U.S. Air Force Contract
33(616)61-06 and Bureau of Naval Weapons Order 19-61-8041-WEPS. Trade names
have been given at the October 6, 1955, request of Wright Air Development
Center. Results reported here are preliminary and may be revised as addi-
tional data become available.

4laintained at Madison, Wis., in cooperation with the University of Wisconsin.
Report No. 1885



•To common empirical mathematical relationship between mechanical properties
and thickness was found that will adequately apply to all types of laminates;
each type of laminate and property should be considered individually.

Introduction

The mechanical properties of glass-fabric-base plastic laminates are generally
evaluated by testing material 1/8 or 1/4 inch thick. Data available from
previous investigations (1,2,6,7,8)1 indicate that the mechanical properties
of different resin laminates do not always follow a common pattern of increasing
or decreasing strength values at the same levels of thickness.

A knowledge of the effect of thickness on the strength properties of a laminate
is necessary in order to set standardized design values for thicknesses outside
the usual test range of 1/8 to 1/4 inch. The previous investigations, although
not in complete agreement, sometimes show a marked effect of thickness on
strength for laminates that are either thicker or thinner than those commonly
tested for evaluation of mechanical properties, as well as showing differences
for the various types of laminates.

This series of tests was designed to evaluate the thickness effect on the
mechanical properties of a typical phenolic resin laminate reinforced with
181-A1100 glass fabric. A special effort was made to produce laminates of
different thicknesses from the same type and batch of resin and with the same
resin content, specific gravity, and curing conditions so that the effect of
these variables on the strength properties would be minimized. The test pro-
cedures were planned to correspond with those that were used during the
evaluation of the effect of thickness on the epoxy and silicone laminates
described in a previous report (7).

Description of Material

Fabrication of Panels

Nine laminates of different thicknesses, 0.017 to 1.453 inches, were fabricated
from 181-A1100 glass fabric preimpregnated with CTL-91LD phenolic resin. The
fabric was impregnated by U.S. Polyermic Chemicals at their Stamford Plant.
Four rolls of the impregnated fabric were sent to CTL, Division of Studebaker-
Packard Corporation, for fabrication. The supplier reported that the thickness
and weave of the fabric in these rolls were comparable. The resin content of
the impregnated fabric in the rolls varied by 1.7 percent: . roll "A" had a
resin content of 35.2 percent; "B," 54.9 percent; "C," 54.4 percent; and "D,"
36.1 percent. Laminates from roll "D" were originally planned for use in
another study (3); however, specimens from a laminate that was fabricated from
this roll were later added to this series of tests.

Ahaderlined numbers in parentheses refer to literature cited at the end of
this report.
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At the fabricators, each roll of preimpregnated fabric was cut into sheets
approximately 40 inches square; sheets were stacked in separate piles in the
order in which they were cut from the rolls. The sheets that were used to make
up the different panels could then be selected so that they were from various
portions of the treated roll. The 2-, 3-, 4-, 7-, 10-, and 14-ply panels were
fabricated from sheets selected at random from roll "A," while the 30- and 78-
ply panels were fabricated from sheets selected at random from rolls "D" and
"B," respectively. The 187-ply panel was fabricated with 50 randomly selected
sheets from roll "A" on each side and 87 randomly selected sheets from roll
"C" in the center portion. In all of the layups the warp was parallel and the
plies were laid back to back and face to face. After the dry layup of a panel
was completed, it was put between sheets of 600 PT cellophane, which served as
a parting film for the panel. The edges of the cellophane were rolled to form
a sealed container for the layups before curing.

The dry layups in their cellophane bags were placed between preheated stainless
steel cauls 3/16 inch thick. These cauls, which were 48 inches square, were
cushioned both top and bottom from the press beds by six layers of chipboard.
During curing, the temperature of the cauls was maintained at 260° to 270° F.
by manual control of steam lines in the press beds. Temperatures of the cauls
were checked with iron-constantan thermocouples and a potentiometer. Press
pressure was held at 200 pounds per square inch by automatic control during
the respective curing periods for the different panels.

An iron-constantan thermocouple was embedded near the center plies of the
187-ply laminate during layup so that the temperature rise in this zone, , due
to exothermic reaction during curing, could be determined. It was found that
this rise was only 10° F. over the caul temperatures maintained.

After curing, the panels were removed from the hot press and cooled in air to
room temperature. The panels were later postcured, trimmed to 36 inches square,
and sent to the Forest Products Laboratory where specimens were prepared and
tested.

General fabrication information and the physical properties of the different
panels are presented in table 1.

Physical Properties,

The panels were carefully measured for thickness on a grid pattern that gave
49 locations for measurement. These measurements were taken after normal
conditioning, which was considered in this study to be exposure for at least
2 weeks at 73° F. and 50 percent relative humidity. Average thickness values
for each panel are shown in table 1.

At the same time, the surface area and weight of the panels were obtained. With
this information, the overall specific gravity was calculated by:
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0.061 X wei ht of sandl grams
Specific gravity = Volume of panel cubic inches

Specific gravity values for the panels are shown in table 1.

The resin content percent of each of the laminates was determined by the ignition
method described in Federal Specification L-P-406b, Method 7061 (4). Five
specimens for resin content determinations were cut when the other test speci-
mens were prepared. The average resin content percentages for the different
panels are shown in table 1.

Barcol hardness values were also taken on each of the panels and are presented
in table 1.

Mechanical Tests 

Mechanical tests in tension, compression, and flexure were used to evaluate the
relationship between thickness and mechanical properties of these phenolic
laminates. No attempt was made to conduct an entire series of tests at all
levels of thickness.

Tension Tests

The tension tests were conducted as specified in Method 1011 of Federal Speci
fication L-P-406b using the Type 2 specimens 00. Five specimens from each
laminate 1/8 inch or less in thickness were loaded to failure in the testing
machine at a constant rate of head movement of 0.05 inch per minute. The same
procedures were used for the four tension specimens tested for control values
of the 30-ply laminate (3). All of the tension tests were made after normal
conditioning. Only maximum tensile stress values were determined.

Compression Tests 

Compressive strength was evaluated at both normal and elevated temperature
conditions on five specimens from each laminate.

The specimens from the panels of 30 plies and less were 3/4 inch wide at the
ends and necked down to a net section 1/2 inch wide and 1-1/2 inches long with
an arc of 2-inch radius in the transition portion. The specimen lengths,
parallel to the warp, were 2-7/8 inches plus one or two times the laminate
thickness. The dumbbell-shaped specimens were supported from buckling by a
jig of the type described in Federal Specification L-P-406b, Method 1021.1 M.
A typical specimen and the supporting jig are shown in figure 1. The specimens
were loaded to failure in a testing machine that was equipped with spherical
heads. Load was applied at a constant head movement of 0.025 inch per minute.
Only maximum loads were obtained on all specimens. On the 14-ply specimens,
load deformation measurements were also taken over a gage length of 1 inch by
means of a Marten's mirror compressometer.
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The specimens from the 78- and 187-ply laminates were cut so that the width
and the thickness of the laminate were equal. The parallel-to-the-warp length
of these specimens was four times the thickness. The ends were ground square
and perpendicular to the sides to provide flat parallel , bearing surfaces. The
specimens were loaded as short unsupported columns in a testing machine with
spherical heads. Load was applied at a constant head movement of 0.025 inch
per minute to failure. Only maximum loads were obtained on these specimens.

The compression tests at elevated temperature conditions were conducted in a
manner similar to that outlined for the normal condition. The laminate speci-
mens up to and including the 14-ply material were put in the jig and set up
for testing in an oven controlled at 500° F. After 1/2-hour exposure at 5000
F., they were loaded to failure while still in the oven at 500 0 F. It was
found that a longer heating period was necessary for the thicker laminates to
insure that the center of the specimen was at 500° F. for 1/2 hour before
loading. Therefore, the 30-ply specimens were heated for 35 minutes, the 78-
ply for 50 minutes, and the 187-ply for 90 minutes in an oven at 500° F. Testing
was conducted in this 500° F. environment.

Flexure Tests

Flexural properties for five specimens of each laminate of 10 or more plies,
except the 30-ply material, were obtained after normal conditioning. Specimens
were tested over a span equal to about 17 times the thickness of the laminate.
Two-point loading was used with the load points separated by a distance equal
to approximately twice the depth of the specimen. The diameter of the loading
heads was 1/4 inch for the 10- and 14-ply laminates and 1 inch for the 78- and
187-ply laminates. Loads were applied at a constant rate of strain in the outer
fibers of about 0.004 inch per minute. Load-deflection data were read for each
specimen on a dial gage that was capable of indicating changes of 0.001 inch.

The flexure specimens for the 10- and 14-ply laminates were 4 inches long in
the warp direction and 1 inch wide. This length permitted an approximate
1-inch overhang on each end. The specimens from the two thicker laminates were
finished so that they were square in cross section. The lengths were 17 times
the thickness plus an inch overhang on each end. The specimens were tested
flatwise so that the upper and lower faces were the outer plies of the panel.

Figure 2 illustrates the test setup used for the 10- and 14-ply laminates, and
figure 3 shows a comparable setup for the thicker laminates.

Presentation of Data

Tables 2, 3, and 4 present the values of tensile, compressive, and flexural
properties of the various thicknesses of glass-fabric-base phenolic laminates
in this study. The thickness effect' is shown graphically in figures 4, 5, 6,
and 7.
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In previous evaluations of the effect of thickness on the strength properties
of plastic laminates, mathematical formulas were set up and used to fit empirical
curves to the data (1,2,7). The different formulas and methods of calculating
the values for the empirical curves were tried with the data obtained during this
study. Empirical curves based on the mathematical method described by Boller
(1), and also presented in Military Handbook 17 (5), fit the data of this study
more closely than do the curves drawn by the methods described by Youngs (7).
Figures 4, 5, 6, and 7 show the curves computed when the methods described by
Boller (1) were used. As can be seen from these computed curves, the one for
tension appeared to be the only one to fit the data in a reasonable manner.
It is felt that this curve as well as the others might have been more reliable
and fitted the data better if more tests had been made at each level of thick-
ness and at more thicknesses of material.

Since the previously reported mathematical methods (1,2 ).2,7) did not result in
curves that satisfied the present data, smooth curves were drawn through the
scatter points to present more acceptable curves. Both computed and smooth
curves are shown in figures 4, 5, 6, and 7. The smooth curves will be used in
the discussion to show the effect of thickness on all of the mechanical tests
except/the tension tests, where the computed curve obtained by using Boller's
(1) method, was acceptable.

A comparison of the effect of thickness on the strength properties of several
types of glass-fabric reinforced plastic laminates is presented in figures 8,

9, and 10. These comparative curves show the percentage of strength at various
levels of thicknesses based on 1/8-inch-thick control values. The values used

*in determining the percentages at different levels of thickness for the laminates
of the other studies were calculated by the mathematical equations presented
in the previous reports (1,2,5,7). The tension percentage values for the
laminates in this study were computed by the method used by Boller (1). The
compression and flexure percentage values were computed, from values taken from
the smooth curves shown on figures 5 and 7.

Discussion

In general, it is felt that the laminates of this study were reasonably well
matched in specific gravity, resin content, Barcol hardness, and curing condi-
tions, and therefore thickness was the principal factor affecting the strength
properties. Table 1 indicates that the specific gravity for the 2- and 4-ply
laminates is less than that for the other laminates. These calculated specific
gravity values are probably in error because slight surface irregularities may
appreciably affect measurements of panel thickness. It is believed that more
reliable values of specific gravity would have been obtained for the thinner
laminates if immersion techniques had been used.

The results of the tension, compression, and flexure tests are shown in tables
2, 3, and 4 and figures 4, 5, 6, and 7. As was expected from the previous
studies, there was a scatter of values at each thickness as well as an over-
lapping of values between thicknesses.
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• In comparing the data from this and the other tests on the effect of thickness on
strength properties, the strength of the 1/8-inch (14-ply) material was taken
to be the base or 100 percent value. This thickness was selected as the base
since it is the thickness usually evaluated for qualification purposes.

Tension

Table 2 and figure 4 show the tensile strength values in pounds per square inch
for the laminates of different thicknesses. After a review of these data the
following can be noted: With the 1/8-inch-thick laminate considered as the
base, the computed curve shows that there was only a slight increase in strength
when the laminate thickness was increased to 1/4 inch. When the laminate
thickness was decreased from the 1/8-inch level, strength values were reduced
slowly as the number of plies were reduced, but as the laminate became thinner,
the reduction in strength per ply removed became greater. This reduction in
strength was not a straight-line relationship between thickness and tensile
strength. When the thickness of the laminate was 0.06 inch, the loss of tensile
strength was about 3 percent, but when it was 0.02 inch, the loss was about
15 percent of the control value (fig. 8).

Compression

The results of the compression tests at normal and elevated temperature condi-
tions are presented in table 3 and figures 5 and 6. The curves that were drawn
as smooth curves through the scattered points were considered to fit the data
in figures 5 and 6 better than those based on mathematical formulations. When
the strength value of the 1/8-inch-thick laminate was selected from the smooth
curves as the standard or base strength, the following can be noted about each
condition of test:

The decrease in strength under normal conditions of test is quite rapid as the
thickness of the laminate is decreased below the 1/8-inch level; an increase
in strength is shown when the thickness is increased. Figures 5 and 9 show
these effects of laminate thickness on compressive strength. These changes in
compressive strength below the 1/8-inch level of thickness form nearly a
straight-line relationship, with an average loss of strength of about 2-1/2
percent per ply between the 14-ply and 4-ply thicknesses. Above the 1/8-inch
thickness, the figures show an average gain in strength of about 1-1/4 percent
per ply up to the 1/4-inch level of thickness. Above 1/4-inch thickness, there
is a further increase in strength with increasing thickness until a peak is
reached at about the 1/2-inch level. At this point the strength gradually
decreases with increasing thickness.

The relationship between thickness and compressive strength when the laminates
are tested at elevated temperatures is, in general, the same as for the laminates
tested after normal conditioning (fig. 6). The main difference is that the
peak strength of the elevated temperature test thicknesses is at about the
1/8-inch thickness level. The same pattern of marked losses in strength occurs
as the thickness is reduced, with a gradual loss in strength when the thickness
is increased as was 'shown in the normal conditioned test specimens. The thin

Report No. 1885	 -7-



laminates retained a greater percentage of strength at 500° F. than under normal
conditions; however, the thick laminates retained a higher percentage of strength
under normal temperatures than when tested at elevated temperatures.

Flexure

Only four thicknesses were tested for flexural strength so the results presented
in table 4 and figure 7 are somewhat limited with regard to the effect of
thickness on the flexural strength of these laminates. The computed curve shown
on figure 7, which was drawn using the mathematical formulas explained in a
previous report (1), did not appear to satisfy the data nearly as well as the
smooth curve that was drawn through the few scattered test points. Therefore,
the comments that follow will be based on the smooth curve.

The limited data indicate that flexural strength decreases very rapidly as the
thickness of the laminate is reduced below the 1/8-inch-thicknes s level. The

peak strength appears to be at a thickness slightly more than 1/8 inch; as the
thickness of the laminate is increased above this level, flexural strength tends
to decrease gradually.

Modulus  of Elasticity 

The effect of thickness on the modulus of elasticity values was not thoroughly
covered in this study. Modulus data were only taken at the 1/8-inch-thickness
level during the compression tests and at the four levels of thickness tested
for flexural strength (tables 3 and 4). From this scant amount of data, definite
conclusions cannot be made; however, the limited data from the flexure tests
tend to substantiate the conclusion reached in a previous study (7). This
conclusion was that the modulus of elasticity is less sensitive than strength
to differences in laminate thickness.

Correlation with Previous Laboratory Studies

To obtain a clearer picture of the effect of thickness on the mechanical
properties of various glass-reinforced plastic laminates, a presentation of the
results of several studies (1,2,7) is in order. To show these comparisons,
figures 8, 9, and 10 have been drawn. These three figures show, percentagewise,
the effects of thickness on the tensile, compressive, and flexural strengths of
different laminates. The percentages of strength shown at the different levels
of thickness were calculated from values from either the computed or smooth
curves that were presented for the laminate in the appropriate reports. The
I/8-inch thickness was selected as the 100 percent strength level in each
instance.

In reviewing these curves, it should be remembered that earlier investigators
used two different mathematical methods to establish empirical curves and that
all but one of the curves in this current study 'were smooth ones that seemed
to fit the data best. Hence, it can be expected that an overall comparison
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•

will show considerable variation in the shape of the curves. Furthermore, the
laminates that have been evaluated represent different types and combinations
of resin, fabric, and finish, and no direct conclusion can be drawn as to the
effect of any one of these factors on strength.

There is a definite trend for the strength properties to decrease as the thick-
ness decreases below 1/8 inch except for the tension tests reported on the
Scotchply 1002 and DC 2106 laminates. The drop in strength in most instances
is minor until a thickness of approximately 0.06 inch is reached. Below 0.06
inch, the rate of strength loss was increased quite rapidly as the thickness
decreased. As the thickness of the laminate was increased slightly above
1/8 inch, about half of the materials showed slight increases and the other
half slight decreases in strength. In all observed properties, however,
continued increases in thickness ultimately resulted in decreasing strength.
Some of these apparent variations in effects were due to the methods employed
in calculating the empirical curves and others to different resins, fabrics,
and finishes on the laminates and the fabrication conditions used.

The method of calculation (7) used for the tension curves of Scotchply 1002
and DC 2106 laminates gave values that showed an increase in strength of about
5 percent as the thickness was decreased from 1/8 to 0.06 inch, then a steep
dropoff as the thickness decreased further.

A review of the overall data of the normal conditioned laminates indicates the
following:

(1) A reduction in thickness from 1/8 to 0.02 inch resulted in a 5 to 25 percent
loss in tensile strength and about a 10 to 50 percent loss in compressive
strength (figs. 8 and 9). Data on flexural strength of thin laminates are
limited, but losses of less than 10 percent are indicated for laminates 0.08
inch thick.

(2) An increase in thickness from 1/8 to about 1-1/2 inches generally resulted
in a loss of compressive and flexural strength. The maximum loss observed was
about 20 percent; however, one laminate showed an increase of about 20 percent
in compressive strength. The maximum thickness that had been evaluated in
tension in any of these studies was about 1/4 inch and strength at that thick-
ness was about the same as strength at the I/8-inch thickness.

Conclusions

On the basis of tension, compression, and flexure tests of the phenolic laminate
investigated in this study and of glass-fabric-base plastic laminates of other
studies, the following general conclusions may be drawn as to the effect of
laminate thickness on mechanical properties:

1. The phenolic laminates in this study showed maximum or nearly maximum tensile,
elevated-temperature compressive, and flexural strength values in the 1/8-inch-
thickness range. The compressive strength value under normal conditions was
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•shown to be at about 1/4- to 1/2-inch-thickness levels. A decrease in strength
values, gradual then steep, was noted as the laminate thickness decreased. A
9light increase in strength above the 1/8-inch-thickness level was noted in
tension with decreases noted after the maximum strength was reached in the other
tests.

2. The suggested mathematical expressions in previous reports for calculating
the relationships of mechanical properties to laminate thickness did not prove
satisfactory in this analysis, except in the case of tensile strength.

3. The correlation of the data of this study and previously reported studies
showed that, in general, there was a gradual, then greater, decrease in strength
properties as the laminate thickness decreased below 1/8 inch, irregardless of
the type of laminate. This was true for all but two laminates tested in tension
in a previous study. Above a thickness of 1/8 inch, the strength properties
gradually increased in about half of the laminates tested and decreased in the
other half.

4. The correlation of data from the thickness studies further indicated that
each type of laminate may react differently at various thicknesses because of
the materials used and fabrication procedures. Therefore, no common empirical
relationship between mechanical properties and thickness was considered adequate
to satisfy all of these conditions, and each type of laminate should be considered
individually.
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: Resin :Specific: Bar-
:content,2 :gravityl: col

Postcure cycle

•Table 1. --General fabrication  information and physical properties
reinforced with

1 1-A1100 glass fabric
36- by 36-inch CTL-91LD laminates

1Cure– :
: cycle :

: thick-: of	 : for-- : for-- • for--

	

panel	

-FFL : Panel :Plies : time : 250° F. : 300° F. : 350° F.	 :hard

No. : ness :glass	

: ness

	

.	 :fabric:

	

:	 .	 .

	

.	 :	 .	 •	 :	 :	 .

In.	 :	 : Hr.	 -	 Hr.	 ..	 Hr.	 Hr.	 :Percent : •  
720 : 0.017 :	 2 :	 3/4 :	 4	 :	 4	 :	 4	 : 28.0 : 1.83 : 74

721 : .024 :	 3 :	 5/4 :	 5-3/4 :	 5-3/4 :	 5-3/4 : 29.6 : 1.99 : 80

722 : .034 :	 4 :	 3/4 :	 7-3/4 :	 7-3/4 :	 7-3/4 : 31.1 : 1.82 : 85

723 : .056 :	 7 :	 3/4 : 11-1/2 : 11-1/2 : '11-1/2 : 28.7 : 1.97 : 83

724 : .080 : 10 :	 3/4 : 17-1/4 : 17-1/4 : 17-1/4 : 29.0 : 1.96 : 82

725 : .116 : 14 :	 3/4 : 24	 : 24	 : 24	 : 28.7 : 1.94 : 83

	

L.1115 :	 .236 : 30 : 1-1/2 : 48	 : 48	 : 148	 : 26.8 : 1.96 : 84

726 : .600 : 78 : 3	 : 120	 : 120	 : 120	 : 26.3 : 1.98 : 83

6	 : 250	 .. 250	 : 250	 : 27.5 : 1.98 : 83

Panel description

727 : 1.453 : 187

1
–Time under 200 pounds per square inch at 260° to 270° F.
2
–Resin content values are averages of 5 specimens from each panel. Values

determined by the burnoff test.
3
–.Specific gravity values are calculated from weight and measurements of large

panel.

Data taken from U.S. Forest Products Laboratory Report No. 1884 (6).
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• •

•

Table 2. --Effect of thickness on tensile

strengths of reinforced
phenolic resin laminates

•
Panel description : Tensile : Ratio of average

: strength : tensile strength 
Thickness : Number of : 	 : to average con-

of plies trot strength—
specimens :

	

In.	 •	 :	 P•s.i•	 • Percent

	

.........	 ....................

	

0 . 017	 :	 2	 :	 46,000	 :•. ......... ... ••••

	

.017	 :	 2	 :	 46,500	 :•... ........ .• ...

	

.017	 :	 2	 : 48,900 •

	

.017	 :	 2	 : 46,800 •

	

.017	 2	 : 50,400 •	

	

.017	 •.	 2	 : 47,700 :	 84

	

.026	 •	 3	 .	 47„500	 • ... ..... .. .....•

	

.026	 :	 3	 : 52,000 •	

	

•026	 :	 3	 : 49,100 : 	 	 •	 . ► .

	

•026	 :	 3	 :	 47,700	 :..	 ..... ......

	

.026	 :	 3	 :	 51,600	 :.. ....... .. . ...

	

.026	 3	 : 49,600 :	 87

	

4	 .•	 50,400	 • .... ....... . ..... .
	4 	 : 47,500 :. ..

	

4	 : 47,600 : •

	

4	 : 51,600 •

	

4	 46,300	 : . • ..... .•

	

4	 : 48,700 :	 86

	

7	 :	 57,600	 : . ..... Os. 00•000owe

::gc,o),(0)	 : ..... ...7
7

	

7	 :	 56,400	 : . .. .... . .. . ..... .

	

7	 :	 55,500	 •	  .... ....... ...•
	7 	 : 56, 500 :	 99

	

10	 55,000 •	
• 10	 :	 53,400	 :.....•.. ....	 ••••
:	 lo	 : 54,600
• 10	 : 55,600 : ..
••	 10	 :	 56,000	 : ....	 . .........

lo	 : 54,900 :	 97•

(Sheet 1 of 2)

•

•

•o35
► 035
.035
.035
•034
.035

.057

.057

.057

.057
•o56
•057

.086

.o86

.o86

..o86

.o86
•086

•

•

•

•

• • •
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Table 2.--Effect of thickness on tensile

strength1– of reinforced 

phenolic resin laminates--Continued 

Panel description : Tensile : Ratio of average
: strength : tensile strength

: to average con-
. : trol strength2

Thickness : Number of
of ••	 plies

specimens   
• • 

In.:.	 : P.s.i.	 :	 Percent

	

0.117	 :	 14	 58,200 	
58, It.00	

•

	

.117	 :	 14	 :	 : .... . .. 	

	

.117	 :	 14	 : 56,500 • 

	

.117	 :	 14	 :	 57,800	 : ...... .......... . .

	

.117	 :	 14	 :
5563 : 830o0o : . 

0 	 WO ...... se

	

.117	 :	 14	 :	 :	 100

	

.236	 :	 30	 :	 59,400	 : . • ......... .4100 se *

	

.233	 :	 30	 :	 58,000	 : ... .0. ........ .

	.239	 :	 30	 : 56,500

	

.236	 :	 30	 : 58,800 •.
58,200	

.. ......... ...

	

.236	 :	 30	 :	 102

••

11'ests made parallel to warp and after normal condi-
tioning.

EThe 14-ply laminate considered as the control
laminate.

(Sheet 2 of 2)
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Panel	 •
description	 :---

Normal conditions :Elevated temperature conditions2
• 
•

•	 • • • •	 • •	 •	 • •	 • •

•	 • ••• • •• •• • •• ••

••• ........ •• ••

•	 • • • • • •	 • •	 • • •	 • •	 •

• • • • • • • • • • • • • •	 ••••

:•••••••••••

.... • • • • • • ••• • • • • •

: • .... • • • • • • • • • • • • • • •

: • • • • • • • • • • • • • • • • • •

:••••••••••••	 •	 •••••

• 89

•o58
	

7 • 38, 600
.o58
	

7 • 54,200
.o58
	

7 • 47,900
.058
	

7
	

52,200
.058
	

7 44: 52,400
•o58
	

7
	

49,100

.04 :	 4 •. 54,800
•034 :	 4 : 50,800
.036 :	 4 : 50,500
.036 :	 4 : 50,100
.035 :	 4 : 53,70o
.035 :	 4 : 52,00o

29,000
28,700
30,300
29,400
30,300
29,600

29,000
31,600
35,400
32,700
24,900
30,700

•

•
•

• • • • • • •

• • • • • • • • • ▪ • •	 •	 •

: . ... • ••••••• • •

...........

• • • • • • • • • • • • • • • •

•
• ......... .• •

• 82	 •

ot • • • • •	 • • •••••:

•• • ••••n • 4:: .... • • • •

:•• ..	 . • • •••

• ••••••••• ....... ••

• •
	  ••••

78

:•
•
•

Table --Effect of thickness on compressive strength
of reinforced phenolic resin laminates

	:Compressive:Ratio of average:Cornpressive: Ratio of average
Thickness:Number: strength : compressive 	 : strength :compressive strength

of	 : of :	 • strength to	 •.	 : to average control
specimens:plies :	 • average control:	 :	 strength

strength 	 ..
•

In.	 P.s.i. •
• Percent P.s.i. Percent 

0.017
.017
.017
.017
017

•017

	

2 : 39,900	 •..	 ..... . . ...... :	 25,400
:	 2 : 41,200	 • 	 • 23,500
• 2 : 32,900	 •	 • 23,500
:	 2	 :	 27,900	 :..	 ..... : 23,200
:	 2	 :	 38,200	 :4101140•460•41 4,0• .... :	 20,100	 :..

2 •. 36,000	 :	 57	 23,100

•• • 	 •••••••••••••••••

• ••

..... • • • • •• •••• •

•	 • • • •	 • • • • •

•	 • •	 • • • •••••	 • •

•	 •• • ••• • • •• •• • •

69

: • • • •

........

: • • • • •

•026
•026
.026
•027
.026
.026

••

3
••	 3

3
3
3
3•

•
•

•
• 50,000

51,200
45, 000
42,700
43,50o
46,5oo

•• • • • • • • • • • • • • • • • •	 28,400
..........	 27,800

:• •	 26,200• • • • • • •	 • ....
.... 	 ....... :	 21,800

:• • • • • • • • • ..... • • : 	 24,100	 :• •

	

74	 25,700

:• ••••••••• •• •• •• •• • •

••••••••••••••••

• ••••••••••

•••••••••••••••

77

•.• • •• •• ••• •• •• ••	 • ••

• •

0.8400 ....... :

..• 	 • • • • ••	 .... • • • • :
• • •	 .... • • • • • . •

• •

88

.o84 : lo
•o84 : lo
.o85	 lo :
o85	 lo :
.o86 : 10 •

.o85 : lo

53,500
55,000
58,600
54, 900
56, boo
55,700

32,800
30,40o

	

27,9oo
	

:•• ••• ••••••	 •••••

	

31 ,60o	 :•••••. • • • • • • • • • • • • •

	

31 ,60o	 •..... • •• •• •••••••

30,900

(Sheet 1 of 2)

:•••••	 •••••••••••••

:•• ••• ••••••••
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23 ,700	 : • .. .. ........ .... ...

	

23 ,800	 :....................

	

24,100	 :.... ..... .................

	

22,1400	 '...............

	

22 ,200	 :• .................. .
23,200 • 70

Table --Effect of thickness on compressive strengthl
of reinforced phenolic resin laminates--Continued

.	 :
Panel	 .	 Normal conditions	 :Elevated temperature conditions:2.

:
:Compressive:Ratio of average:Compressive : Ratio of average

Thickness:Number: strength : compressive	 : strength :compressive strength

of	 : of :	 : strength to	 •. : to average control

specimens:plies :	 : average control:	 :	 strengths
strengths	 •. :

:	 :	 • 	

In.	 :	 :	 P.s.i.	 •. Percent	 : P.s.i.	 :	 Percent 

4	 58, 	 32, 800 :

	

-o.116	 :	 lit	 :	 •.......... .......::
:

	

52,600	
.. ..... . ............

• .116	 :	 14	 :	 61,300	 :...... ...... ... .
:

.
:	 32,100	

..... ...............

	

.116 : 14 : 60,700	 :... . ..	 . ... .	 ..	 . . .
14 34	 :

	

,800	
.... ................

.116 :	 .. 69,800	 :... ..... .. ..	 :
:	 54,000	

..... ................ 000

	

.116	 :	 14	 :	 65,400	 :... ......40. . . * .	 41.0000...............

	

.116 : 14 : 63,200	 :	 loo	 : 33,300	 :	 100

• 78,800	 : 52,200	 ...

	

.231	 •	 30	 : ... .............

	

.232	 : 30	 . 75,400	 :0***	 . . ow :	 31,200	
...........	

..
*

.
*

.
W

..	
.

4,..............•
.	 ......

	

.232 : 30 . 77,200	 :....	 : 31,800	 :.	 . . . . 4. . 4. . . . . •	 ........ ..........

.232 : 30 •. 77,500	 :...... ....... ... :	 31,600	 : ..... ..... ..........

	

.231	 :	 30	 :	 8o,6o0	 : .... ... .... .. .4— :	 32,700	 :.. ..................

	

.232 : 30 : 77,900 	:	 121	 : 31,900	 :	 92

,

	

.6o3	 :	 78	 :	 81,800	 :.. •
•	

• • • • • • • • • • • • :	 28,200	 0000 • 0O.

	

.602	 :	 78	 83,200	 : • • • • • • • a • • 00 • • 0 • : 	 27,200	
:. ..... ......
:....................

	

.600	 :	 78	 :	 71,600	 :...... • • • • • • • • • • a• 29,400	 :..... . . ..	 .....

	

•600	 :	 78	 :	 81,200	 : • • • • • • • 0 • a • • • • • :• 28,300	 :..	
• • • • • •

• ...... • • • • • • • • • 4 •

	

.597	 :	 78	 •	 75,700	 :................:	 29,700

	

28,600	

:....................

	

.600 : 78 : 78,700	 •• 124	 :	 :	 86

description

	

1.459	 : 187	 :	 78,400	 :. ..... ...... 4.. ..:

	

1 .450	 : 187	 :	 72,100	 : ........... o. * w .

	

1 .450 : 187	 75, 400	 : ..... **Woo...,

	

1 .448	 : 187	 :	 75,400	 : .. ........ . .....

	

1.445	 : 187	 :	 70,500	 : ...........****.

	1.450 : 187 : 74,40o 	:	 118	 :

1—All tests were made parallel to the warp of the fabric.
2—The elevated temperature conditions constituted testing the specimens at 500°

F. after soaking at 500° F. for 1/2 hour.

—The 14-ply laminate considered as the control laminate.

1—Panel 725 modulus of elasticity and proportional limit average values were
4,130,000 p.s.i. and 35,900 p.sei. respectively when tested under normal
conditions and 3,260,000 p.s.i. and 24,200 p.s.i. when tested at elevated
temperature conditions.
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• Table 4.--Effect of thickness on the flexural propertie4
of reinforced phenolic resin laminates

Panel description:Modulus of:Proportional:Modulus : Ratio of average
	  :elasticity:	 limit	 : of	 : modulus of rupture,
Thickness:Number :	 : rupture: to average controiE

of	 : of
	

0

specimens: plies :

: P.s.i. :In.	 :	 : 1  000...) 	:	 P.s.i.   Percent

	

:	 :	 p.s.i.	 :

	

0.085 :	 10 :	 4,160 :	 6,,4o0	 : 74,800 :_••004OOOOO 000000000

•.086 :	 10	 4,210 :	 51,100	 : 72,000 :..
65,600	

0000000000000000000

.084

085 :

:	

10

lo :

:	

4220 :

	

48400	

: 75,900 :. ........,.	
.

.........
.084 :	 lo :.	

3,730
4,200 :	 58,10o	 : 78,400 :•

:: 7r7: 820 :000 : 
..................

.,	 :	 ,0
4,100	

...................
.085 :	 10 :	 :	 57,700	 93

.116 :	 14 :	 4,340 :	 38,800

.116 :	 14 :	 L4,510 :	 38,600

.116 :	 14	 =	 )1-,710 :	 35,000

.116 :	 14 :	 4,330 :	 38,800

.116 :	 14 :	 4,280 :	 42,600

.116 :	 14 :	 4,430 :	 38,800

.605 :	 78 :	 4,480 :	 27,700

.6o3 :	 78 :	 4,580 :	 26,10o

.603 :	 78 :	 4,700 :	 28,00o

.600 :	 78 :	 4,530 :	 28,20o

.601 :	 78 :	 4,5oo :	 28,10o

.602 :	 78 :	 4,560 :	 27,600

: 83,500 ; ....................
83 ,400 .••••••••••••••••••••

: 82,800 : ...	 000000000000

: 78,600 : . 00000000001000000000

82 ,300 :. ....................
82,100
	

100

: 76,500 :•0•0••••••••••••••••

: 78,200 :. 0000000 ••sto .000000

:. 79,400 :0 0000.00.000460•00-000

: 77,100 : • 000

•
000000000w0000.00

76,700 :,	 ......•••••••••••••••••••
: 77,00o :	 95

1.447
1.447
1.447
1.452
1.454
1.449

	

: 187 :	 4,400 :	 40,90o
•

	

187 :	 4,590 :	 23,600

	

: 187 :	 4 ,53° :	 26,900
187 .

	

.	 4,520 :	 29,900

	

: 187 :	 4,490 :	 28,700

	

187 :	 4,510 :	 30,000

: 69,800 :_ • • ••• • ••• • •• ••• • • • • •
: 70,900 :..•••••••••••••••••••
: 70,300 :• • • • • • • • • • • • • • • • • 	 •
: 69,100 :

69

 ,400 :••••••••••••••••••••

,90o	
••

69:	
:•••••••••••••••	 •• •

85

1
-All tests were made with span parallel to the warp of the fabric.
P-The 14-ply laminate considered as the control laminate.
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Figure 1. --Typical necked-down compression specimen and
jig used to support such specimens during test.



Figure 2. --Flexure test setup for a specimen from a 14-ply laminate.



Figure 3. --Flexure test setup for a specimen from a 78-ply laminate.

















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 sub-
ject, 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 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. Each subject list
carries descriptions of all other subject lists.
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