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Summary

This report presents the results of tension, compression., and flexure
tests of 11 laminates fabricated from Scotchply1002 epoxy resinand rein-
forced with 181-Volan A glass fabric, and 8 laminates fabricated from
DC 2106 silicone resin and reinforced with 181-112 glass fabric. All
panels were parallel laminated by dry layup of preimpregnated fabric.
Epoxy laminates covered the thickness range of 0.02 to 1.5 inches and
silicone laminates covered the thickness range of 0.02 to 0.8 inch.

Results indicate that strength in tension, compression, andflexure is
greatest for laminate thicknesses of 1/16 to 1/8 inch; strength decreases
abruptly with decreases in laminate thickness below that level and de-
creases gradually with increases in laminate thickness above that level.
Modulus of elasticity may be affected in the same manner but appears to
be much less sensitive to laminate thickness than is strength.

Tests of epoxy and silicone laminates show relatively similar relation-
ships to laminate thickness, indicating that the effect of thickness may
be independent of type of resin.

-This progress report is one of a series (ANC-17, Item 57-3) prepared
and distributed by the Forest Products Laboratory under U. S. Navy
Bureau of Aeronautics Order No. NAer 01974 and U. S. Air Force
Contract No. DO 33(616)58-1. Results here reported are preliminary
and may be revised as additional data become available.

?Maintained
  

 at Madison, Wis. , in cooperation with the University of
Wisconsin.

Report No. 1873



Introduction

Mechanical properties of glass-fabric-base plastic laminates are gen-
erally evaluated by testing material 1/8 to 1/4 inch thick. Previously
available data from several investigations (1,- 2, 8,9)1 indicate that
the tensile, compressive, bearing, andflexural properties of such lami-
nates decrease markedly when the thickness is reduced below about
1/16 inch. Data from an earlier investigation (7) indicate that the
flexural properties of such reinforced laminates decrease slightly with
increasing thickness between 1/16 and 1/2 inch at constant span-depth
ratio. On the other hand, data from a limited study of silicone lami-
nates (3) indicate that such laminates increase in flexural strength
with decreasing thickness below 1/8 inch.

The effect of thickness on the strength properties of glass-fabric-base
plastic laminates must be known to set standardized design values for
laminates outside the usual thickness range of 1/8 to 1/4 inch. Pre-
viously available data, though not in complete agreement, indicate a
marked effect of thickness for laminates that are either thicker or
thinner than those commonly used for evaluation of mechanical proper-
ties, as well as possible differences for different types of laminate.

The present series of tests was designed to evaluate the thickness ef-
fect on mechanical properties of epoxy and silicone laminates rein-
forced with 181 glass fabric. It is planned that the work will be ex-
tended to include tests of phenolic laminates.

Exploratory Investigations of the Effect of Thickness

As a prelude to the present series of tests, exploratory investigations
were conducted to establish the significance of the effect of thickness
and to determine whether or not further detailed investigation of it was
justified. This exploratory work consisted of: (a) Statistical analysis
of data reported earlier by Boller (2) of the thickness effect on epoxy
and phenolic laminates reinforced with 112 glass fabric and on a
phenolic laminate reinforced with chopped glass and asbestos fibers;
and (b) tests to compare the tensile, compressive, and flexural prop-
erties of an epoxy laminate 1/8 inch thick and made of 181-Volan A
glass fabric and Epon 828-CL resin with those of a 1-1/2-inch-thick
laminate of similar construction.

3–.Underlined figures in parentheses refer to Literature Cited at the end
of this report.
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This exploratory investigation indicated that tensile and compressive
strength reductions reported previously (2) for thin fabric-base epoxy
and phenolic laminates were statistically significant. However, the
effect on modulus of elasticity was appreciably less than that on
strength and was of doubtful significance.

Table 1 summarizes the results of the exploratory tests of the lami-
nates 1/8 and 1-1/2 inches thick. Compressive and flexural strength
values of the 1-1/2-inch-thick laminate were less than those of the
comparable 1/8-inch-thick laminate. Tensile strength was slightly
lower for specimens prepared from the 1-1/2-inch-thick laminate, but
that difference was not significant. In general, the differences between
the laminates were -less pronounced in partial thickness tests than in
tests of specimens of full laminate thickness. This indicated that the
difference might be partially attributable to a size effect and partially
attributable to a material effect.

It was concluded on the basis of the exploratory investigations that the
effect of thickness on laminate strength is of sufficient magnitude to
warrant further detailed investigation on epoxy laminates as well as
on fabric-base laminates made with other commonly used types of
resins.

Description of Material 

Epoxy Laminates

Eleven laminates of 10 thicknesses from 0.02 to 1-1/2 inches were
fabricated from 181-Volan A glass fabric impregnated with Scotchply 1002
epoxy resin. Fabric impregnation and laminate fabrication were done
by Minnesota Mining and Manufacturing Co. at the St. Paul, Minn. ,
laboratory of their Reinforced Plastics Division. In order to minimize
effects of variation in resin content and specific gravity between panels,
laminates were fabricated by dry layup of randomized preimpregnated
sheets of fabric. The fabric consisted of two rolls of fabric made by
a controlled process, an "A" roll and amatching "B" roll. The "B"
fabric, representative of the usual run of \manufactured material, was
used for one 1/8-inch-thick panel, the 5/8-inch-thick panel, the 1-inch-
thick panel, and part of the center plies of the 1-1/2-inch-thick panel.
The "A" fabric, representative of material manufactured to very close
tolerances of uniformity of thickness, weave, and other factors, was
used in the rest of the laminates.
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All panels were parallel laminated and were 30 inches long in the warp
direction. Panels 1/8 inch or less in thickness were 44 inches wide
(full roll width) and thicker panels were 22 inches wide.

Panels 5/8 inch or less in thickness were pressed to stops for 1/2 hour
at a platen temperature of 300° F. The 1-inch-thick panel and the
1-1/2-inch-thick panel were pressed to stops for 4 hours at a platen
temperature starting at 250° F. and gradually increasing to 300° F.
Thermocouples embedded in the center of each of these thicker panels
indicated a maximum exothermic temperature rise to 310* F. in the
1-inch panel and 315° F. in the 1-1/2-inch panel. All panels were
postcured for 16 hours at 300° F. , trimmed to size, and shipped to the
Forest Products Laboratory for preparation of test specimens.

Silicone Laminates

Eight silicone laminates of thicknesses from 0.02 to 3/4 inch were
fabricated at the Forest Products Laboratory. They were parallel lami-
nated of randomized sheets of 181-112 glass fabric that had been pre-
impregnated with DC 2 106 resin by U. S. Polymeric Corporation. They
were placed in a hot press at 347° F. and cured at a pressure of 35 to
40 pounds per square inch for 30 minutes. The panels were cooled
under pressure to about 100° F. , and later postcured for 24 hours at
480° F. The panels were 18 inches long in the warp direction and 12
inches wide.

General

Table 2 presents data on the composition and physical characteristics of
each panel used in the investigation.

After panels had been conditioned for at least 2 weeks at 73° F. and 50
percent relative humidity, they were carefully weighed and measured.
The weight and measurements of each panel were used to estimate resin
content and specific gravity. The percent resin content was calculated
from the panel weight and estimated fabric weight by the relationship:

resin content (percent) = panel weight - fabric weight x 100
panel weight

The glass fabric for the epoxy laminates was estimated to weigh 8.92
ounces per square yard on the basis of data taken during fabric manufacture.
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The fabric for the silicone laminates was estimated to weigh 8.90 ounces
per square yard, an average density for 181 glass fabric.

The resin content of each epoxy laminate was also estimated by igni-
tion of five, samples from each panel following the procedures outlined
in Method 7061 of Federal Specification L-P-406 (5). It was not possi-
ble to estimate resin content in this manner for the silicone laminates.

Slight surface irregularities may appreciably affect measurements of
panel thickness of thin laminates and therefore introduce errors into
specific gravity determinations based on measured volume. Therefore,
the specific gravity of each of the three thinnest panels of each series
was also determined by immersion of a sample approximately 1 square
foot in area from each panel. The specific gravity was then calculated
as

specific gravity - weight in air 
weight in air - weight in water

The immersion method generally yielded specific gravity values for
the thinnest laminates that were more in line with values for the thick
laminates of the same series than were values obtained by measurement
of thin laminates. Therefore, specific gravity values by immersion,
rather than measurement, are listed in table 2 for the 2-, 3-, and
4-ply laminates of each series.

Testing

Mechanical tests in tension, compression, and flexure were used to
evaluate the relationship between thickness and mechanical properties
for the epoxy and silicone laminates. No attempt was made to conduct
an entire series of tests in tension, compression, andflexure at all
levels of thickness. The design applications of the results do not war-
rant such a wide range of work. Compression tests were conducted on
material of each thickness of each type of laminate, but tension testing
was confined to material 1/8 inch or less in thickness and flexure test-
ing was confined to material made of nine or more plies of fabric.

Tension Testing

Tensile strength' of all laminates 1/8 inch or less in thickness was deter-
mined as specified in Method 1011 of Federal Specification L-P-406 (5)
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using Type 2 specimens. Five tension specimens from each such panel
were loaded to failure in a testing machine at a constant rate of head
movement of 0.05 inch per minute. Tension tests were conducted after
normal conditioning and only maximum stress was determined.

Compression Testing 

Compressive properties in the warp direction were evaluated after nor-
mal conditioning on five specimens of full laminate thickness. Speci-
mens from panels 1/4 inch or less in thickness were 3/4 inch wide at
the ends and necked down to 1/2 inch wide over a 1-1/2-inch-long net
section at midlength. Length of these specimens was 2-7/8 inches plus
one or two times the laminate thickness. Such dumbbell-shaped speci-
mens were supported in a jig as described in Federal Specification
L-P-406, Method 1021.1 (5). This type of specimen and the supporting
jig are illustrated in figure 1. Specitnens were loaded to failure at a
constant rate of head movement of 0.025 inch per minute, and the maxi-
mum load was determined. For specimens of 1/8-inch thickness, load-
deformation data were also obtained by means of a Marten' s mirror
compressometer. Full-thickness compression specimens from panels
thicker than 1/4 inch were of square cross section with a length equal
to four times the thickness. Such specimens were tested without a sup-
porting jig.

Five compression specimens of 10-ply thickness were prepared from
each epoxy laminate 1/8 inch or more in thickness by sawing to approxi-
mate size and peeling away layers of fabric adjacent to both faces. The
10-ply specimens were similar in shape to full-thickness specimens
from thin laminates and were machined and tested in the same manner.
Specimens from laminates thicker than 1/8 inch were distributed in
such a way as to sample all parts of the cross section of the laminate.

Epoxy laminates 1/8 inch thick or less were also tested in compression
as sandwich facings. Each such panel supplied the facings for five
sandwich specimens 4 inches long by 3 inches wide with a 1/2-inch-thick
core. The core material was NP-3/16-6.0 honeycomb fabricated from
112-114 glass fabric, as described in additional detail in U. S. Forest
Products Laboratory Report No. 1861 (4). Testing of sandwich speci-
mens was done as outlined for sandwich compression in Military Stand-
ard MIL-STD-401A (6) and involved material exposed to normal con-
ditioning only. Load-deformation data were obtained for' each specimen
bymeans of a Marten's mirror compressometer.
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Flexure Testing

Flexural properties of five specimens from each laminate that was nine
plies or more thick were determined after normal conditioning. Tests
were conducted at a constant span-depth ratio of 17 under two-point
loading with load points separated by a distance equal to twice the depth
of the specimen. Load was applied at a constant rate of strain in the
outer fiber of about 0.004 inch per minute. Load-deflection data were
read for each specimen on a dial capable of indicating to 0.001 inch.
Flexure specimens from panels nominally 1 inch thick or less were 1
inch wide and of a length sufficient to provide a 1-inch overhang at each
end. Specimens from the 1-1/2-inch-thick epoxy panel were square
in cross section. In each case the specimens were oriented in such a
way that the upper and lower faces of the specimen were the outer
plies of the original panel.

Figure 2 illustrates the setup used for tests of a 12-ply, 1/8-inch lami-
nate and figure 3 illustrates a comparable test setup for a 72-ply lami-
nate.

Presentation of Results

Table 3 presents average values of tensile, compressive, and flexural
properties of epoxy and silicone laminates. The thickness effect is
shown in figures 4 through 14 for maximum strength in tension, com-
pression, and flexure, and for modulus of elasticity in compression
and flexure.

An empirical equation was fitted to the data for strength and stiffness
of each type of laminate in tension, compression, and flexure where
values were obtained over a sufficient range of thicknesses and showed
sufficient trend to justify such a procedure. The equation used to de-
scribe each set of data is indicated on the figure presenting such data.
The parameters of fitted equations are listed in table 4.

For describing a hyperbolic relationship between properties and thick-
ness over the lower range of thicknesses investigated in the present
study, Boller (1) used an expression of the form

s = a - —
t

Report No. 1873	 -7-



for tensile and compressive properties and an expression of the form

s = a -
t2

for flexural properties. In each case s represents the value of the
property in question, t represents specimen thickness, and a and c
are constants, with a representing the level of the horizontal asymp-
tote that the curve approaches.

In the present investigation, however, it was observed that properties
decreased at higher levels of thickness and appeared to approach a
horizontal asymptote from above. Therefore, a term 	 K  was

b + t
introduced into the expression to take account of the descending hyperbola
at increasing thickness. In that expression t represents thickness and
K and b are constants.

Thus, tensile and compressive properties determined in the present
investigation were fitted by an expression of the form

s = a + 	

	

b + t	 t

and flexural properties by an expression of the form

K	 c
s = a + b + t 7

The principal difficulty observed in fitting expressions of this type to
the test results was due to the inability to use least squares or other
standard techniques in curve fitting. Therefore, the expressions were,
of necessity, fitted empirically by trial. Even so, it was generally
possible to fit the data reasonably well and within the limits of accuracy
justified by the test results. Further, it was felt that the empirical
nature of the expressions would not warrant more than a general indica-
tion of trends.

Because of the very low specific gravity and Barcol hardness of epoxy
panel No. 694, the nominal 1/4-inch-thick laminate, it was felt that
the consistently low property values indicated in table 3 were due more
to differences in panel composition than to thickness effects. Therefore,
values derived from tests of that panel were not included in the analysis
of relationships between properties and laminate thickness.
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Discussion

Even though some of the test series covered only a portion of the total
thickness range investigated, it is generally possible to discern a
pronounced effect of thickness on all properties except modulus of
elasticity in flexure. The observed relationships of properties to
thickness are reasonably consistent in indicating a maximum value
in the thickness range of 1/16 to 1/8 inch; an abrupt decrease in
values was evident at decreasing levels of thickness and a gradual,
less pronounced decrease was observed at increasing levels of thick-
ness. This appears to be true for both epoxy and silicone laminates,
although, as would be expected, the actual strength values for the
epoxy laminates are much greater than are those for the silicone
laminates.

The laminates less than 1/16 to 1/8 inch thick conform reasonably well
to the relationship reported for thin laminates by Boller (1, 2). The
mathematical expressions used to fit the data of that investigation were
developed on the assumption of a weak layer, which exerted a more
pronounced effect on mechanical properties as thickness was reduced.
The agreement between the trends in the data of the present investiga-
tion for thin laminates and those in the data reported by Boller indicate
a strong likelihood that the same influences were operating. However,
the fact that similar trends were observed does not prove the validity
of the weak layer theory assumed. The observed reduction of strength
properties with increasing thickness indicates that, if a weak layer
is present, it may be in the center of the laminate rather than the
faces; whereas the application of the weak layer theory to the explana-
tion of the marked strength reduction in thin laminates would call for
weak surface layers.

Comparison of the compressive strength values of full-thickness epoxy
laminates with those of 10-ply specimens from the same panels sup-
ports a hypothesis that the reduced strength values of thin laminates
may be due to a measuring effect. As a result of measuring across the
peaks of surface irregularities, this measuring effect would be evident
in an indicated thickness greater than the actual minimum thickness.
On the other hand, the more gradual strength reduction with increasing
thickness above the 1/16- to 1/8-inch level may be due to the increas-
ing influence of a weak center layer.

Such a hypothesis would assume that the outer layers, immediately ad-
jacent to the platens or cauls of the press, are the strongest layers of
the panel. Removal of those outer layers would then be expected to
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produce an immediate strength reduction. It is apparent from the data
of table 3 that such a reduction was observed in both of the 12-ply
1/8-inch-thick epoxy panels when the outer ply on each side was re-
moved to make 10-ply specimens.

There were undoubtedly other influences operating to reduce the com-
pressive strength values observed in 10-ply specimens. Among the
more significant of these were the errors in thickness measurement
due to measuring across the peaks of the surface irregularities, and
the effects of local stress concentrations that would be expected to
develop at the base of each of such surface irregularities during test,
and possible tearing or rupture of fibers during the peeling of plies.
However, the peeled specimens from all of the panels would be subject
to about the same magnitude of influence from such factors. It would
have been possible to sand or machine the surfaces to eliminate ir-
regularities, but such a process would have broken many of the surface
threads and resulted in weakness from discontinuity of the fabric
structure. Such an effect has been observed in previous comparisons
of matched sanded and unsanded laminates (1).

Tensile Properties

Tensile strength of both epoxy and silicone laminates showed about
the same relationship to thickness, even though the absolute values of
strength differed appreciably. The similarity is particularly notice-
able at thickness levels of 1/16 inch or less, as is shown in figure 14.
With both types of laminates, highest strength values were obtained
from panels about 1/16 inch thick. The tensile strength declined abruptly
as panel thickness decreased below that level. A gradual decrease
in tensile strength as panel thickness increased above 1/16 inch is
also indicated. The decrease in actual strength values of the thicker
material appears to be somewhat more abrupt in the epoxy laminates
than in the silicone laminates, but the more complete data on compres-
sive properties indicate that the decrease in thicker material is prob-
ably not as abrupt as the tensile data show at about 1/8 inch thickness.
Figure 14 indicates that the percentage reduction of strength in silicone
laminates may be somewhat greater than in epoxy laminates.

Compressive Properties 

The data on compressive properties presented in table 3 and in figures
5, 6, 7, 11, and 14 provide more complete information on the thickness
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effect in epoxy and silicone laminates than do the more limited data on
tensile and flexural properties.

A comparison of figures 5 and 11 indicates that the effect of thicknesses
of less than 1/8 inch, in reducing compressive strength of full-thick-
ness specimens, was about the same in both epoxy and silicone lami-
nates. Epoxy laminates apparently were affected more by' an increase
in thickness above 1/8 inch. However, the relative effect of increasing
thickness is not greatly different, as is shown in figure 14. The slight
difference is probably not significant and may be due largely to the
manner of fitting the general equation to the test data, an entirely
empirical operation. The scatter in the data is rather great at thick-
nesses above 1/8 inch, leaving some doubt as to the best location of
the curves in that portion of the range.

Data based on tests of 10-ply specimens removed from the epoxy lami-
nates of thicknesses of 1/8 inch and greater show so much scatter that
they indicate little other than a constant value of compressive strength
at all levels of thickness. Likewise, within the thicker laminates no
consistent trend was observed between compressive strength and depth
in the panel. As near as could be determined, compressive strength
of the entire center section of all thick panels was essentially the same.
This is in line with the very small exothermic heat buildup observed in
the midthickness of thick panels, indicating that curing conditions
were essentially the same in those panels as in the thinner panels.

Compression tests of thin epoxy panels used as sandwich facings indicated
a relationship of compressive strength to panel thickness generally
similar to that observed for the comparable material on the basis of
the standard compression tests. The difference in percentage strength
reduction between standard test specimens and sandwich facings, shown
in figure 14, is greatest at thicknesses of greater than 1/8 inch. In
this range, the relationship for sandwich facings is based entirely on a
projection of the relationship established for thinner material, and is
therefore highly uncertain.

The actual strength values of sandwich facings averaged somewhat
lower than those of standard test specimens. The difference may be
partially attributable to a combination of the restraining action of the
jig used to support the standard compression specimens and the uneven
manner of failure of the sandwich specimens. The supporting jig is
designed to minimize restraint during the test, but very likely does
bear against the aces of the specimen sufficiently to have a slight
strengthening effect. At the same time, the sandwich specimens gen-
erally failed on just one face, probably the weaker of the two, thus
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giving a low estimate of the strength of the combined facing material.
This occurred even though each test was adjusted to load both faces
equally. It therefore appears probable that the true compressive
strength at each thickness was intermediate between that indicated
by the standard tests and that indicated by the sandwich tests.

By contrast, modulus of elasticity values determined from compression
tests of 1/8-inch epoxy laminates as sandwich facings are slightly
greater than those determined from standard compression tests of
the same laminates. This may be at least partially attributable to
the stiffening effect of the core and of the epoxy resin used to bond the
facings to the core, effects that would be of negligible importance with
regard to compressive strength.

Modulus of elasticity values determined from compression tests of
epoxy sandwich specimens provided the only indication that stiffness
is related to thickness in the same general manner as is characteristic
of strength properties. As indicated in figure 6, the effect on modulus
of elasticity is not nearly as, pronounced as it is on maximum strength
and would probably be of relatively little importance in design considera-
tions.

Flexural Properties

Figures 8, 9, 12, and 13 and the data in table 3 indicate that laminate
thickness had a pronounced effect on modulus of rupture and proportional
limit stress in bending but no appreciable effect on modulus of elasticity.
The effect on modulus of rupture was greater in epoxy laminates than
in silicone laminates. In the epoxy laminates the effect was of very
nearly the same magnitude as observed for compressive strength of
the same laminates, but in silicone laminates the effect was somewhat
less than for compressive strength. These same relationships are
indicated on a percentage basis in figure 14.

If it is true that the outer plies of a thick laminate are stronger than the
inner plies, increasing the laminate thickness would affect flexural
properties less than compressive and tensile properties because the
outer plies have the greater influence on flexural properties. Results
of tests of silicone laminates would bear out that assumption, but re-
sults of tests of epoxy laminates would not. However, since the overall
effect of thickness at levels above 1/8 inch was considerably less than
that observed for other properties in thin laminates, it is entirely
possible that other factors, such as material variability, may have
partially obscured the thickness effect itself in that range.

Report No. 1873	 -12-



Data on the effect of thicknesses below 1/8 inch on flexural properties
are too limited to justify any conclusions regarding the effect in thin
laminates. Results of flexure tests of the nine-ply epoxy laminate
indicate that modulus of rupture would be likely to follow the same
trend in thin material as was observed in tension and compression,
but are not sufficient to establish such a relationship with a high de-
gree of certainty. The curves fitted to the data plotted in figures 9
and 13 were drawn on the assumption that such a relationship exists.

The evidence offered by the relationship of other properties to thick-
ness supports such an assumption. Neither the flexure data nor data
on other properties give any indication that a different trend would be
expected in flexural properties of thin laminates.

Design Applications

The primary objective of the present series of tests was to obtain basic
information regarding relationships between thickness and properties in
some typical glass-fabric-base plastic laminates. However, the results-
of the investigation may also be used to indicate approximate allowances
that may be made in design to take thickness effects into account for
epoxy and silicone laminates.

Because of the complexity of the mathematical expressions used to de-
scribe the observed relationships, it is probably not practical to use
the parameters presented in table 4 as the basis for design considera-
tions. Rather, it is suggested that the percentage relationships presented
in figure 14 may be used as an indication of the thickness effect on
strength properties in tension, compression, and flexure. Such rela-
tionships may be combined with information on strength properties at
one or two levels of thickness to estimate strength at any other thickness
within the thickness range covered by the tests.

The portions of the curves drawn as dashed lines are not directly sup-
ported by test data, so considerable caution should be exercised in using
those portions of the indicated relationships for design purposes. Gen-
erally speaking, those portions of the curves correspond to thickness
levels that will not be of primary interest for application of data on the
property involved. It is suggested that application of any of the relation-
ships to design considerations be done rather conservatively until the
relationships have been further substantiated by testing and experience.
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Although the results of this investigation indicate generally similar re-
lationships for both epoxy and silicone laminates, especially at the
thickness levels of major interest, it has not been established that
thickness effects are independent of the resin system used in laminate
fabrication. Therefore application of the relationships developed in
this investigation to types of laminates other than those tested can
be considered as a rough approximation only. It is anticipated that
further experimentation in this field will broaden the applicability of
the information regarding relationships of properties and thickness.

Conclusions

On the basis of tension, compression, and flexure tests of the epoxy
and silicone laminates investigated, the following conclusions may be
drawn about the effect of laminate thickness on mechanical properties
of glass -fabric -base plastic laminates:

1. The relationship of tensile and compressive properties to laminate
thickness may be described adequately by an expression of the form

s = a + 	

	

b + t	 t

where s represents the property under consideration, t represents
nate thickness, and a, b, c, and 	 K are constants.	 —

— —

2. The relationship of flexural properties to laminate thickness may be
described adequately by an expression of the form

s = a + 	

	

b + t	 t2

where the terms have the same meaning as in 1.

3. Maximum strength in tension, compression, and flexure appears to
be greatest for laminate thicknesses of 1/16 to 1/8 inch, with an abrupt
decrease in strength as laminate thickness decreases below that level
and a gradual decrease in strength as laminate thickness increases above
that level.

4. Modulus of elasticity is less sensitive than strength to differences
in laminate thickness, but may show the same general tendencies.
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5. Properties of epoxy and silicone laminates show generally similar
relationships to laminate thickness, indicating that the relative thick-
ness effect may be independent of the type of resin used in laminate
fabrication; this, however, should be substantiated by further tests.
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Table 1.--Results of exploratory tests on Epon 828-CL laminates reinforced

with 181-Volan A glass fabric

Description and Properties
•

: Average1– for : Averagel for
: 1/8-inch lam-: 1-1/2-inch

inate	 : laminate

Thickness	 Inches:	 0.123	 1.493
Number of plies	 12	 144
Resin content	 Percent:	 36.8	 :	 36.9
Specific gravity	 :	 1.79	 :	 1.77
Barcol hardness 	 :	 65	 :	 64

Specimens full laminate thickness 

Tensile strength 	 P.s.i.:	 52,100(6),•	
Compressive strength	 p.s.i.:	 63,300(6)	 45,000(3)
Modulus of rupture 	 P.s.i.:

Center loading	 69,600(6) :	 58,400(2)
Two-point loading?	 59,000(5) :	 58,000(2)

10-ply specimens-.

Tensile strength
Compressive strength
Modulus of rupture-center loading

3/8-inch specimens!!

Tensile strength

P.s.i.:	 47,200(6) :	 44,500(5)
P.s.i.:	 53,300(6) :	 48,700(5)

	

60,900(5) :	 54,700(5)

P.s.i  •	 45,700(6)

'Number in parentheses after the value shows the number of tests made.

?Span-depth ratio of 16 with load points separated 1/6 of span.

-Specimens 10 plies of fabric in thickness obtained by peeling off layers
of fabric adjacent to both faces.

-Specimens 3/8 inch thick obtained by peeling off layers of fabric adjacent
to both faces.
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Table 2.--Characteristics of epoxy and silicone laminates 

Panel:Fabrici:▪ No. of :Thickness:	 Resin content :Specific: Barcol

	

No. : type :plies of:	 	 : gravity:hardness

	

fabric :	 :Overall2-:Ignition2:
•

In.	 : Percent: Percent :

PANELS FABRICATED WITH SCOTCHPLY 1002 EPDXY RESIN
AND 181-VOLAN A GLASS FABRIC 

687
688
689
690
691
692
693
694
695
696
697

A
A
A
A
A
A
B
A
B

B4A-

2
3
4
6
9

12
12
24
65

104
156

0.021
.031
039

.055

.080

.111
109
231

.610
975

1.469

28.2
29.3
29.5
28.8
28.6
30.2
29.8
30.3
30.4
29.2
30.4

27.8
: 28.3

31.2
28.5
29.0
30.0
30.6
30.6
32.0
30.7

:	 31.8

1.94
1.94
1.89
1.82
1.88
1.85
1.86
1.78
1.82
1.80
1.82

64
66
65
67
62
64
68
53
67
66

:	 64

PANELS FABRICATED WITH DC 2106 SILICONE RESIN 
AND 181-112 GLASS FABRIC

704 •	
705 	
706 	  . •
707 •	
708 •
709 •	
710 	
711 : 	

2
3
4
6
9

12
24
72

.025
036
048

.071

.105

.142

.288

.837

34.8	 • 	
34.1	 •
34.0 	
34.2	 : 	
33.8
34.2 	
34.6 	
33.8 	

• 1.56
1.59
1.54
1.53
1.54
1.54
1.51
1.54      

21
27
32
26
31
38

... 999•*9         

1Refers to Navy Bureau of Ships investigation of glass fabric manufac-
turing variables.

-Based on weight and dimensions of panel.

-Estimated by ignition of five samples from each panel.

-Central 56 plies consisted of 42 "B" plies and 14 "A" plies randomly
intermixed.
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Figure 1. --Typical necked-down compression specimen and
jig used to support such specimens during test.

(ZM 114 364)



Figure 2. --Setup for flexure test of a specimen from a
12-ply 1/8-inch-thick laminate.

(ZM 115 098)



1

Figure 3. --Setup for flexure test of a specimen from a
72-ply laminate.

(ZM 115 099)















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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