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FOREWORD

This report was prepared by the U, S, Forest Products Laboratory under
USAF Order No. 33(616)-58-1, Work here reported was initiated by the Ma-
terials Laboratory under Project No. 7340, '"Rubber, Plastics, and Composite
Materials, " Task No. 73400, "Structural Plastics." It was administered under
the direction of the Materials Laboratory, Directorate of Laboratories, Wright
Air Development Center, with Mr. G. P.. Peterson acting as project engineer,

Work here reported was conducted during the period August 1956 to April 1958,
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ABSTRACT

This report presents the results of tests to evaluate the effects of various types
and durations of wet exposure on the tensile, compressive, and flexural proper-
ties of epoxy, polyester, phenolic, and silicone laminates reinforced with 181
glass fabric that had various types of fabric finish. The tests were made after
normal conditioning and after various periods of wet exposure. Wet conditions
used were (1) immersion in water at 73° F., (2) exposure to an atmosphere at
100° F. and approximately 100 percent humidity, or (3) boiling in water.

Tensile strengths were reduced about equally by 30 days in water at 73° F. or
by 2 hours in boiling water., Compressive strengths were reduced about the
same amount by either 2 hours in boiling water, 30 days in water at room tem-
perature, or 30 days at high humidity. Modulus of rupture was reduced about
equally by egual periods of immersion in water at room temperature or expo-
sure to high humidity at 100° F. At either of these conditions, the reduction
after 30 days was generally similar to that observed after exposure in boiling
water for 1/2 or 1 hour, but was generally less than that observed after expo-
sure for 2 hours in boiling water.

The various laminates differed considerably in their response to the various
wet exposure conditions. However, the results indicate that a 2-hour wet ex-
posure in boiling water is a reasonable substitute for the standard 30-day im-
mersion in water at room temperature. Any discrepancy is likely to be on the
conservative side, with greater strength reduction after the 2-hour period in
boiling water than after 30 days in water at room temperature.

PUBLICATION REVIEW

This report has been reviewed and is approved,

QT Sl

R. T. Schwartz
Chief, Organic Materials Branch
Materials Liaboratory
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1
INTRODUCTION=-

Data on tests of polyester laminates indicate that glass-fabric-reinforced lami-
nate specimens that have been boiled in water for 2 hours show about the same
reduction in strength properties as do those immersed in water at 73° F. for

30 days or exposed to 100 percent humidity at 100® F. for 30 days. The 30-day
soak at 73° F. is considered a standard condition for evaluating the wet strength
properties of laminates, but the 2-hour boil is often considered for use as an
approximation of the standard wet condition at a considerable saving in time.
However, this assumption of approximately equal effect for the three types of
wet exposure is based on limited data confined largely to polyester laminates.

The purpose of this investigation was to compare the effects of the three types
of wet exposure on the tensile, compressive, and flexural properties of various
polyester, epoxy, phenolic, and silicone laminates of 181 glass fabric with dif-
ferent types of fabric finish.

PANEL FABRICATION

Ten panels, each 1/8 inch thick by 36 inches square, were fabricated at the U,
S. Forest Products Laboratory from commercial resins and fabrics. Each of
the panels was made up of 12 or 13 parallel-laminated plies of 181 glass fabric
with these fabric finishes and resins:

Panel No. Resin Fabric finish

Epoxy
582 Epon 828 with Curing Agent CL Volan A

Heat-resistant polyester

583 Laminac 4232 Garan
Phenolic

584 CTL-911.D Volan A

585 CTL-91LD Linde Y-1100
Silicone

586 DC 2106 112

587 DC 2106 T-31

1
—Manuscript released by author for publication as a WADC Technical Report

July 1958.
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FPolyester

588 Paraplex P-43 T-31
589 Paraplex P-43 A-172
590 Paraplex P-43 QC-301
591 Paraplex P-43 Volan A

A detailed fabrication description is given in Appendix I, Average thickness,
resin content, specific gravity, and Barcol hardness of each panel are listed

in table 1,

PREPARATION AND EXPOSURE OF SPECIMENS

Ninety-six flexure, 96 compression, and 60 tension specimens were cut paral-
lel to the warp direction from each of the ten laminated panels. Figure i is a
cutting diagram that illustrates the position in the laminates from which the
various test specimens were taken,

Eight groups of specimens (A through H}, each consisting of 8 flexure, 8 com-
pression, and 5 tension specimens, were selected by randomization irom each
of panels 582 through 590. Specimens were also selected by the same method
for panel 591 (Paraplex P-43 laminate reinforced with 181-Volan A glass fabric),
but tests were made only for groups A, B, D, and G.

A group of specimens from each laminate was exposed to the following condi-
tiong before they were tested at room conditions:

A. Controls -- conditioned at 73® ¥, and 50 percent relative humidity
for at least 15 days.

B. Immersed for 30 days in distilled water at 73° F.

C. Immersed for 90 days in distilled water at 73° F.

D. 30 days at 100® F. and approximately 100 percent relative humidity.

E. 90 days at 100° F. and approximately 100 percent relative humidity.

F. Boiled in distilled water for 1/2 hour.

G. Boiled in distilled water for 2 hours.

H. Boiled in distilled water for 4 hours.

TESTING

The flexure specimens were 1/2 inch wide by 4 inches long by the thickness
of the laminate. Method of testing conformed with the requirements of Method
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1031.1 of Federal Specification L-P-406b. They were tested flatwise over a

span of 2 inches at a testing machine head speed of 0.05 inch per minute. Tests
were made on a mechanical-type testing machine equipped with a sensitive elec-
tronic weighing system that employed bonded-wire strain gages. Load-deflection
data were plotted automatically on a graphic recorder, which was driven synchro-
nously with respect to the crosshead. Center deflectiord of the specimen was also
checked with a dial gage reading to 0.001 inch.

The compression specimens were 1/2 inch wide by 3-1/16 inches long by the
thickness of the laminate, The ends were ground on a surface grinder to insure
flat and parallel loading surfaces. Specimens were restrained from buckling by
using a supporting jig of the type described in Method 1021.1 of Federal Specifi-
cation L-P-406b. Specimens were tested in a hydraulic testing machine, which
was equipped with a spherical loading head, ata head speed of 0.05 inch per
minute. The maximum load was determined but no deflection data were taken.

The tension specimens were 3/4 inch wide, 8-7/8 inches long, and the thickness
of the laminate. With the exception of the length, the specimens conformed to
the requirements for the Type 2 specimen given in Method 1011 of Federal Speci-
fication L-P-406b. They were tested in a mechanical-type testing machine,
which was equipped with Templin tension grips, at a head speed of 0.2 inch per
minute. Maximum load was determined but no deflection data were taken.

STATISTICAL ANALYSIS

The individual test results of maximum strength in tension, maximum strength
in compression, and modulus of elasticity and modulus of rupture in flexure
were used in analyses of variance to determine the statistical significance of the
observed exposure effects on each property. The effect of the random variable
(the laminate) and interactions involving this variable, were tested for signifi-
cance by the F-test based on the error variance. The effect of the fixed variable
(the exposure) was tested for significance by the F-test based on the mean square
of the first order interaction with the laminate variable.

In conjunction with this analysis, values of standard deviation and of least sig-
nificant difference were calculated for each property of each laminate, as well
as for the combined data for each property. The values of standard deviation
thus calculated indicate the degree of scatter in the test results. The values of
least significant difference were used to compare the effects of individual ex-
posure conditions on the properties of each laminate, as well as on all the lami-
nates taken together.
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PRESENTATION OF RESULTS

Table 2 presents the average results of tension and compression tests conducted
on specimens from each laminate after normal conditioning and after each type
and duration of wet exposure. Also included are the standard deviation value

for specimens from each laminate and the values of least significant difference
at the 5 percent and 1 percent levels of probability for the individual mean values
for each exposure for each laminate, as well as for the mean values for each ex-
posure for all the laminates,

Table 3 presents the average values of modulus of rupture and modulus of elas-
ticity from tests in flexure after normal conditioning and after each type and
duration of exposure, Included also are values of standard deviation and least
significant difference that correspond to those of table 2,

Table 4 presents values of moisture absorption measured in flexure specimens
from each laminate after each type and duration of exposure.

A comparison of the effect of 30-day immersion in water at room temperature
with that of other exposures is presented in Table 5.

Figures 2, 3, 4, and 5 illustrate the effect of the various conditions and dura-
tions of exposure on the maximum tensile strength, maximum compressive
strength, modulus of rupture, and modulus of elasticity, respectively, of the
individual laminates., Figure 6 illustrates the effect of the various conditions
and durations of exposure, combined for all the laminates, on the above-
mentioned mechanical properties. Present practice is to consider a 2-hour
immersion in boiling water approximately equivalent in effect on strength to
either 30 days' immersion in water at room temperature or 30 days' exposure
at 100° F. and 100 percent humidity; therefore, the abscissa of each figure
was set up to equate those three conditions of exposure on the time scale. An
equivalent effect is thus indicated by a close proximity of the data points for
the various types of exposures.

Previous data on modulus of rupture as a function of exposure time at 100° F,
and approximately 100 percent humidity® indicate that the relationship up to
about 180 days can be fairly well characterized by a linear plot on a semilog-
arithmic scale (strength versus log time). Similar treatment of the average
values from this investigation and replotting on a uniform scale gives the curves
shown in Figure 6 for each of the properties.

—%Werren, Fred. Effects of Fabric Finish and Wet Exposure on Strength Proper-
ties of Glass-Cloth Polyester Laminates, WADGC Technical Report No, 53-
483, March 1955, and Supplement I, June 1957.
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DISCUSSION

It is apparent from the average test values listed in Tables 2 and 3 and from
the graphical presentation of the results in Figures 2, 3, 4, and 5 that there
were marked differences among the laminates in their response to the various
conditions and durations of exposure investigated. Statistical confirmation of
this difference in behavior is indicated by the high degree of significance of
the interaction between exposures and laminates in the analysis of variance for
each property.

Much of the difference in response on the part of the individual laminates can,
of course, be attributed to the differences in type of fabric finish and in type

of resin. Moreover, the values of laminate characteristics in Table | indicate
that there was considerable variability among the laminates as to resin content.
This is true not only between the various resin types, where differences in
resin content are to be expected, but also between laminates made with the
same resin type. While this probably reflects the effect of various fabric fin-
ishes in allowing different degrees of resin flow under similar laminating con-
ditions, it may also be due to differences in void-freeness, which would have
some effect on the behavior of the laminates after exposure to wet conditions.
However, an effort was made to produce void-free panels, and general observa-
tion of the polyester laminates indicated that they were essentially void free.

Another readily apparent difference in the behavior of the various laminates is
the amount by which strength properties of all exposed material, taken as a
whole, were lower than those of the normally conditioned material. For some
laminates, such as the laminate of P-43 polyester resin and fabric with T-31
finish, the difference between the exposed material and the normally conditioned
material is quite marked. For other laminates, such as the one of P-43 poly-
ester resin and fabric with A-172 finish, the difference between properties of
exposed and unexposed material is relatively small,

The question then arises as to whether or not the response of the various lami-
nates to the exposure conditions investigated is essentially similar, once the
difference between exposed and unexposed material has been eliminated from
congideration. It is apparent from Figures 2 through 5 that a consideration of
the individual laminates, including only the exposed material, indicates a con-
siderably higher degree of uniformity than when the normally conditioned ma-
terial is also considered. There are still appreciable differences between the
individual laminates, however. Statistical testing of these differences on an
overall basis was accomplished by repeating the analysis of variance with the
values for normally-conditioned material excluded. The results of such analysis
confirmed that the values for normally conditioned material contributed a very
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high proportion of the sum of squares for treatment {exposure); they also in-
dicated that the laminates differed significantly as to their response to the
various exposure conditions, though the level of significance was apprec:lably

reduced,

It is thus apparent that considerable caution must be exercised in arriving at
any overall conclusions as to the effects of the various exposures and their
comparability, Rather, individual cases must be considered as to their simi-
larities and differences when any such conclusions are drawn.

Two chief difficulties are encountered in attempting to compare either the re-
sponses of individual laminates, as presented in Figures 2 through 5, or an
overall response based on all laminates, as in Figure 6. The {irst difficulty
is the lack of sufficient data points to establish, with any degree of certainty,
the relationship between strength and duration of exposure to any of the three
types of exposure -- water immersion, 100 percent humidity, or boiling water.
The second difficulty is in the apparent inconsistencies indicated by the test
results of many individual laminates and, to a lesser extent, by their overall
relationship.

Maximum Tensile Strength

When the effect of the various exposures on maximum tensile strength is com-
bined for all the laminates to give an overall effect of each type and condition
of exposure, there is good agreement between the effect of 30 days of water
immersion and that of 2 hours of boiling, However, the overall strength reduc-
tion after 30 days at 100° F. and 100 percent humidity was significantly greater
than that observed after either 30 days of water immersion or 2 hours of boil-
ing. It is interesting to note that, while there are statistically significant dif-
ferences between the effects on maximum tensile strength of the various expo-
sure conditions, there are no significant differences between the effects of the
exposure times investigated for any of the exposure conditions. This indicates
that tensile strength was affected more by the condition of exposure than by the
time of exposure for all times investigated.

In view of the fact that marked differences in response between the individual
laminates have been shown to exist, it is not sufficient, and may be misleading,
to consider only the overall effect. Some consideration must also be given to
the behavior of the individual laminates,

Tension test specimens from the epoxy laminate were affected almost equally
by 30 days of water immersion and 1/2 hour of boiling, Exposure to high hu-
midity at 100® F. reduced tensile strength considerably more than water im-
mersion at room temperature.
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Specimens from the heat-resistant polyester laminate were affected about
equally by all the exposure conditions investigated,

The tension test specimens from the phenolic laminates and those from the
silicone laminates were affected in much the same manner by comparable ex-
posure conditions. Fabric finish appeared to make little difference in the re-
sponse to the various exposure conditions, Although strength was reduced
slightly more after 2 hours of boiling than after 30 days' immersion in water,
Table 5 indicates that this difference is generally not statistically significant.
The one instance of significance, the phenolic laminate reinforced with fabric
having Y-1100 finish, is marked by a 30-day water immersion value that is
greater than that for unexposed material; hence, it casts some doubt on the
accuracy of the observed difference.

Although the effect of boiling on the tensile strength of specimens from the
polyester laminates varied somewhat with respect to the other types of expo-
sure, these specimens differed from those of the other laminates investigated
in generally showing a greater strength reduction after water immersion at
room temperature than after comparable periods of exposure to high humidity
at 100° F. This difference was mdst pronounced after 30 days and negligible
after 90 days. In each instance the strength reduction after 2 hours in boiling
water was significantly less than that after 30 days' immersion in water at room
temperature. The observed differences in effect of boiling on tensile strength
are somewhat erratic; they give some indication that strength was actually in-
creased by boiling specimens for periods of greater than a half hour. If this
is true, perhaps the increased strength is caused by additional resin cure that
results from the heat of the boiling water.

Maximum Compressive Strength

In considering the effect on maximum compressive strength of all laminates

at all exposures, it is apparent that there is a higher degree of similarity be-
tween the effects of the various exposure ceonditions than was the case for maxi-
mum tensile strength. It is also apparent that the effects of the various expo-
sures are somewhat more severe than were their effects on tensile strength,
There was no statistically significant overall difference between 30 days of
water immersion, 30 days of 100 percent humidity, and 2 hours of boiling in
their effect on compressive strength., As was the case for tensile strength,
agreement between the effects of 30-day immersion and 2-hour boil was better
than that between either of those and 30 days at high humidity. The differences
were much leass than for the effects on tensile strength, however.

Figure 3 indicates that most of the individual laminates were also character-
ized by relatively more uniform and more severe effects of exposure on com-
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pressive strength than was evident for tensile strength of the same laminate.
Compressive strength of test specimens from the epoxy laminate was affected
similarly by 30 days of water immersion and 2 hours of boiling in water, with

no significant difference betwecen the results, The average compressive strength
values for all other exposures were significantly different from that for 30 days
of water immersion.

Specimens from the heat-resistant polyester laminate showed very close agree-
ment in the effects of 30 days of water immersion, 30 days of high humidity, and
2 hours of boiling, with a slightly greater strength reduction observed after
longer exposure to high humidity.

The phenolic and silicone laminates showed consistently good agreement be-
tween the effects on compressive strength of equal periods of exposure to water
immersion at room temperature or 100 percent humidity at 100° F. The effect
of exposure was more pronounced on the phenolic laminates than on the silicone
laminates. Possible differences in effects of fabric finish were indicated by the
fact that a significantly greater strength reduction was observed after 2 hours
or more of boiling than after 30 days’ immersion in water in compression speci-
mens from two laminates. These two were the phenolic laminate reinforced
with fabric having a Volan A finish, and the silicone laminate reinforced with
heat-cleaned (112) fabric. The corresponding phenolic and silicone laminates
reinforced with fabric having ¥Y-1100 or T-31 finish did not show such an effect,

The compressive strength of polyester laminates tested did show a consistently
similar effect for 30 days' immersion in water and 30 days' exposure to high
humidity. In most instances the agreement with the effect of 2-hour boil was
also good. The single laminate that did not exhibit such agreement was the one
reinforced with fabric having T-31 finish; here the compressive strength-time
relationship in boiling differed from that of most other laminates in showing a
pronounced decrease in strength after more than 2 hours of boiling. For most
laminates the difference in effect between 2 hours of boiling and 4 hours of boil-

ing was quite small.

Modulus of Rupture

The modulus of rupture of flexural specimens was generally affected about
equally by equal periods of either water immersion at room temperature or ex-
posure to high humidity at 100° F. However, the reduction of modulus of rup-
ture after 2 hours of boiling was consistently more than that after 30 days at
either of the other types of exposure, with one exception. There was generally
better agrcement between the effects of the 1/2-hour boil or the supplementary
1-hour boil, and the 30-day immersion or high humidity exposures, than be-
tween the Z-hour boil and the 30-day immersion or high humidity exposures.
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The epoxy laminate differed from most of the other types of laminates in show-
ing a significantly greater reduction in modulus of rupture after 30 days' expo-
sure to high humidity than after 30 days' water immersion. This was charac-
teristic of the epoxy laminate for all the properties investigated, with the ex-
ception of modulus of elasticity. The other laminate showing the same type of
behavior with regard to modulus of rupture wasg the phenolic laminate reinforced
with fabric having Volan A finish. It may be significant that the epoxy laminate
wasg also reinforced with fabric having Volan A finigh.

The heat-resistant polyester laminate showed a greater reduction in modulus of
rupture after any of the three standard exposure conditions (immersion in water
at room temperature for 30 days, in boiling water for 2 holirs, or exposure to
high humidity at 100° F, for 30 days) than was observed for either tensile
strength or compressive strength., However, the agreement between effects of
those three exposure conditions on modulus of rupture was good, just as it was
for the other strength properties. ‘

The phenolic laminates also showed a greater reduction in modulus of rupture
after exposure than in other strength properties. All three exposure conditions
produced significantly different effects on the modulus of rupture of specimens
from the laminate reinforced with fabric having Volan A finish. The specimens
from the other phenolic laminate, which was reinforced with fabric having Y-1100
finish, showed good agreement between the effects of 30-day soaking and 30 days
at high humidity, but a significantly greater effect for all boiling periods greater
than 1/2 hour.

The two silicone laminates resembled each other under all conditions and times
of exposure. Agreement between the results of tests on specimens exposed for
30 days in water at room temperature and those exposed for 30 days at high hu-
midity at 100° F. was very good, but a much greater strength reduction resulted
from even 1 hour of boiling.

The polyester laminates differed consideraktly among themselves in the effect of
the various exposures on modulus of rupture. Most of the laminates were less
affected by exposure to high humidity than by equal duration of immersion in
water. Except for the polyester laminate reinforced with T-31 finished fabric,
most laminates were also affected more by 2 hours of boiling than by 30 days
under either of the other exposure conditions.

The observed differences between modulus of rupture and strength in tension or
compression in the effects of boiling, as compared to soaking at room tempera-
ture or high humidity at 100° F., may be partially explainable on the basis of
two interrelated factors. One factor is the distribution of moisture and heating
effects throughout the cross section of the test specimens. The other is the
differences in stress distribution between specimens under direct stress and
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those subjected to bending stress. Since moisture diffuses into these laminates
rather slowly and the laminates were not conditioned long enough to reach equi-
librium, there must have been a rather steep moisture gradient in the specimens
at the time they were tested, with higher moisture content near the surface than
in the interior. This effect should be particularly pronounced in the boiled speci-
mens, where the time allowed for moisture diffusion was much shorter than for

the other types of exposure.

In tension or compression testing, a direct stress is applied to the entire cross
section and would be resisted by both the outer weakened portion of the speci-
men and the stronger central portion. In flexure testing, however, the stresses
are greatest near the surface of the two broad faces of the specimen, and thus
coincide with the location of greatest weakening under a steep moisture gradient.
It is conceivable, therefore, that in 1/2 hour or 1 hour of boiling, sufficient
moisture could be absorbed in the outer layers of the laminate to produce the
same weakening as 30 days of water immersion at room temperature or expo-
sure to high humidity; this could occur with a smaller take-up of moisture.

For the epoxy and polyester laminates, it was generally true that the amount of
moisture absorbed by flexural specimens in boiling was relatively small with
respect to the resulting strength reduction, by comparison with strength reduc-
tion-moisture absorption relationships for the other types of exposure. For
the phenolic and silicone laminates, however, the greater reduction of modulus
of rupture by boiling flexural specimens was accompanied by greater moisture
gain than was the case for the other exposure conditions.

Although most of the laminates showed a tendency toward negative correlation
between modulus of rupture and moisture absorption, the degree of correlation
was generally low. The silicone laminate reinforced with fabric having 112
finish and the polyester laminate reinforced with fabric having T-31 finish
showed a higher degree of negative correlation than did the other laminates.

The relative effects on modulus of rupture of the various types of exposure dif-
fered somewhat from the relative effects observed on modulus of rupture of
polyester laminates in a previous study. 2 In that investigation it was observed
that exposure to an atmosphere at 100° F., and 100 percent humidity caused a
greater strength reduction than did a similar period of immersion in water at
room temperature, Further, there was generally good agreement between the
effects on modulus of rupture of 2 hours of boiling and of 30 days of water im-
mersion at room temperature. Such discrepancies between the results of dif-
ferent investigations indicate that undetermined factors have an important bear-
ing on the response of glass-fabric-reinforced plastic laminates to various
types of wet conditioning.
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Modulus of Elasticity

Modulus of elasticity of flexural specimens was generally affected less, per-
centagewise, by water immersion at room temperature and high humidity at

100° F. than were other mechanical properties, However, the effect of boil-
ing, which was more severe than that of other exposures, reduced the modu-
lus of elasticity to a percentage of the normal that corresponds quite closely

to the effect of similar exposure on maximum strength in tension.

Although Table 5 indicates several instances of statistical significance of dif-
ferences in effect between 30 days of immersion in water and the other expo-
sure times and conditions employed in this investigation, most of the differences
are less than 7 percent and are probably so small as to be of little practical
significance. The outstanding exception is the polyester laminate reinforced
with fabric having A-172 finish. Modulus of elasticity of boiled specimens from
that laminate was about 15 percent less than that of specimens immersed in
water at room temperature for 30 days.

Also contributing to the large number of statistically significant differences in-
dicated in Table 5 was the rather small amount of variability inherent in the
data, as compared with the variability of data on other properties. For most
of the individual laminates, as well as for the laminates as a whole, the coef-
ficient of variation for modulus of elasticity was less than that for other proper-
ties. With the exception of the laminate made with the heat-resistant polyester
resin, neither water immersion nor high humidity had any appreciable effect
on modulus of elasticity. Boiling for periods of 1 hour or more did, however,
significantly reduce modulus of elasticity of half of the laminates investigated.
This may have been due to the effects discussed under the section dealing with
modulus of rupture.

There was generally better agreement between the effect of 30 days of water
immersion and that of 1/2 hour of boiling than between the effect of 30 days of
water immersion and 2 hours of boiling. The laminate made with heat-resistant
polyester resin differed from the others in showing a significant decrease in
modulus of elasticity after all of the exposures, but no significant difference be-
tween the effects of any two of them.

CONCLUSIONS

Tensile, compressive, and flexural tests were made after various conditions
and durations of wet exposure of epoxy, polyester, phenolic, and silicone
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laminates reinforced with 181 glass fabric having various types of fabric fin-
ish. On the basis of the results of these tests, the following conclusions may

be drawn:

(1} Glass-fabric-reinforced plastic laminates made with different resins and
different fabric finishes are likely to respond quite differently to comparable
exposure conditions. This difference is less pronounced, but still evident,
when comparisons are drawn between the effects of various exposures rather
than between exposed and unexposed material,

(2) Under the exposure conditions investigated, compressive strength and modu-
lus of rupture are most severely affected and modulus of elasticity is affected

only slightly.

(3) Pooled data from all laminates indicate good agreement between the effects
of 30 days in water at room temperature and those of 2 hours in boiling water
on maximum tensile strength and maximum compressive strength. Pooled data
also indicate good agreement between the effects on flexural properties of 30
days in water at room temperature and of 1/2 hour or 1 hour in boiling water,
with greater reduction after 2 hours in boiling water.

Pooled data indicate that maximum tensile strength and flexural properties are
reduced about the same amount by 30 days in water at room temperature as by

30 days at 100° F. and 100 percent humidity, but maximum compressive strength
is reduced more by the high humidity exposure than by room-temperature water

immersion.

However, the marked differences between laminates in their response to various
types of wet conditioning indicate that considerable caution must be exercised in
applying conclusions based on pocled data to describe or predict the behavior of

individual laminates.

(4) A 2-hour wet exposure in boiling water appears to be a reasonable substitute
for the standard 30-day immersion in water at room temperature, Any discrep-
ancy is likely to be on the conservative side, with greater strength reduction
after the 2-hour period in boiling water than after 30 days in water at room tem-
perature,

WADC TR 58-486 12



" APPENDIX I -- FABRICATION DETAILS

Panel No. 582

Resin: Epon 828 (Epoxy)

Curing agent: CL, 14-1/2 percent by weight (comment 1)

Fabric: 181-Volan A {(comment 2)

No. of plies: 13

Method of impregnation: Resin poured over heated fabric and allowed to diffuse

throughout the fabric (comment 3)

Initial resin impregnation: 60 percent

Diffusion period: 5 minutes

Curing time and temperature: 215° to 217° F. for 1 hour

Pressure in press: Contact pressure (7 minutes) followed by 25 pounds per

square inch (53 minutes)
Parting film in press: 600 PC cellophane on both sides of laminate between
1/16-inch aluminum cauls
Cushion in press: 1 sheet of 0,027-inch chipboard on both sides between cauls
and platens of press

Removal from press: Hot

Postcure: 1 hour at 400° F. in an oven

Comments: (1) Resin and curing agent were heated to 150° F. in separate
containers in a hot-water bath at 160° F. The curing agent and
resin were mixed for 4 minutes with a mechanical mixer,.
(2) The fabric was heated in an oven at 200° F. for 30 minutes,
The stack of fabric was then removed from the oven and placed
in the center of a large sheet of cellophane immediately before
impregnation.
(3) The hot resin mixture was poured on top of the stack of warm
fabric and distributed evenly over the entire area. The resin
wasg left to diffuse throughout the fabric for 4 to 5 minutes, and
the layup was then covered with sheet of cellophane. The edges
were rolled and sealed on all four sides to form a bag. This
bag containing the impregnated fabric was turned over and air,
along with excess resin, was removed with a squeegee, The
assembly was turned once more to get the original top surface
up, and the operation of removing air and resin was repeated.
This operation of removing excess void and.resin took about 10
to 12 minutes. The laminate was then ready to be cured in the
hot press.
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Panel] No. 583

Resin: Laminac 4232 (heat-resistant polyester)

Catalyst: Benzoyl peroxide, 1.0 percent

Fabric: 181-Garan RS-49

Number of plies: 12

Method of impregnation: Hand pouring and spreading

Initial resin impregnation: 55 percent

Diffusion period: 2 hours, followed by removal of air and excess resin with

a squeegee,

Curing time and temperature: A steam press was heated to 212°> F. and
allowed to cool to about 194° F, The Jaminate
was placed in the press. Temperature was
maintained at approximately 194° F, for 30
minutes by occasional reheating. The tem-
perature was then raised to 212° F. and held
for 30 minutes, Temperature was again
raised to 230° F. and held for 30 minutes.

Pressure in press: 14 pounds per square inch

Parting film in press: 600 PC cellophane on both sides of laminate, between

1/4-inch aluminum cauls

Cushion in press: 2 pieces of 0.027-inch chipboard on both sides, between

cauls and platens of press.

Removal from press: Hot

Postcure: 1 hour at 250° F,

1 hour at 350° F,
1 hour at 425° F,
3 hours at 500° F.
Comments: Turned brown in color during postcure.

Panels Nos, 584 and 585

Resin: CTL-91LD (heat-resistant phenolic)

Catalyst: None

Fabric: Panel No. 584 reinforced with 181-Volan A fabric

Panel No. 585 reinforced with 181-Y1100 fabric

Number of plies: 13

Method of impregnation: Resin thinned with methyl alcohol (35 percent by
weight). Applied to fabric with brush, Impregnated
fabric hung on line overnight to let alcohol evaporate,

Initial resin impregnation: 45 percent (dry weight)

Diffusion period: None. Assembled air-dried sheets on cellophane-covered
aluminum caul, covered with cellophane, and sealed
edges to form a bag,
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Curing time and temperature: 33 minutes at 300° F,

Pressure in press: Contact pressure for 3 minutes with "bumping' of press
5 or 6 times, followed by 75 pounds per square inch
pressure for 30 minutes.

Parting film in press: 600 PC cellophane on both sides of laminate between

1/4-inch aluminum cauls.

Cushion in press: 2 pieces of 0,027-inch chipboard on both sides between

cauls and platens.

Removal from press: Hot

Postcure: 4 hours at 275° F.

1 hour at 300° F,

hour at 325° F.

hour at 350° F.

hour at 375° F.

hour at 400° F.

hour at 425° F.

hour at 450° F.

hour at 475° F,

minutes at 500° F.

Comments: Turned dark brown in appearance during postcure.

DV et e b et et et

The laminates were made by procedures that are not in accordance with the
latest recommendations of the resin manufacturer.

Panels Nos. 586 and 587

Resin: DC 2106 Silicone (silicone)
Catalyst: None added at time of fabrication
Fabric: Panel No. 586 reinforced with 12 plies of 181 heat-cleaned fabric
Panel No. 587 reinforced with 13 plies of 181-T31 fabric
Method of impregnation: Impregnated before it was received at Forest
Products Laboratory
Curing time and temperature: 347° ¥, for 30 minutes
Pressure in press: 100 pounds per square inch for Panel No. 586
300 pounds per square inch for Panel No. 587
Parting film in press: 600 PC cellophane on both sides of laminate between
aluminum cauls. For Panel No. 586, 1/16-inch alumi-
num caul on bottom and a 1/4-inch aluminum caul on
top. For Panel No., 587, 1/4-inch aluminum c¢aul on
both sides.
Cushion in press: 1 piece of 0.027-inch chipboard on both sides between cauls
and platens,
Removal from press: Cooled under pressure

WADC TR 58-486 15



Postcure: 16 hours at 195° F,
1 hour each at 250°, 300°, 350°, and 420° F,

100 hours at 480° F.
Comments: Barcol hardness before postcuring was 31 for Panel No. 586 and
49 for Panel No, 587, Barcol hardness increased after postcure

to 56 for both panels,

Panels Nos. 588, 589, 590, and 591

Resin: Paraplex P-43 (polyester)
Catalyst: 1.0 percent benzoyl peroxide dissolved in an equal amount of styrene
Fabric: Panel No. 588 reinforced with 181-T3] fabric
Panel No. 589 reinforced with 181-A172 fabric
Panel No. 590 reinforced with 181-0C-301 {fabric
Panel No. 591 reinforced with 181-Volan A fabric
Number of plies: 12
Method of impregnation: Hand pouring and spreading. Resin (thinned with 10
percent styrene) was poured on cellophane, a sheet
of fabric laid on resin, and resin and fabric alter-
nated until all plies were laid up.
Initial resin impregnation: 55 to 60 percent
Diffusion period: 1-1/2 to 2 hours
Curing time and temperature: 20 minutes at 220° F. followed by 70 minutes
at 250° F,
Pressure in press: 14 pounds per square inch
Parting film in press: 600 PC cellophane on both sides of laminate between
1/4-inch aluminum cauls,
Cushion in press: 2 pieces of 0.027-inch chipboard on both sides between
cauls and platens.
Removal from press: Hot
Posicure: None
Comments: Panels were essentially void free,

WADC TR 58-486 16



&g HIL A

89 m 18'1 m L Ge : LTT" m 2t m Y URTCA Wm:-m xoTdexsg : T6S

L9 m 18°1 m 9% m fTT® m A m T0£-00 mn:;m xoTdsI8d m 06%

29 w LT W g 0% m HET® w AN m elt-v mn:-m xsTdeied m 696

99 m R 1 m 9*%g m gIT" m gt m 1¢-& mm:-m xoTdBaed m 8as

96 m T6°T m 9" & m Hetr” m €T m 1¢-& m 9012 2a : 1S

94 m 08" T m G He w 121" m gt m 2Tt m 90TS o4 : 985

96 m ¢L'T m 0°1e W ¢TT” m €T m 00TT-X m CIT6-TLD m Gs

99 m gL T m G He : oTT"* m et : Y weTOA m TIT6-1L0 : 196

89 m 68T m 6°9¢ m Ger” m A m TRIRY) W ggeh orurme] : 414

L9 m gt W 7" TC m CTT 0 : ¢ m Y ueTCA M To-g2g uodg “ 286

w  peemr:  TH : : ;

S e S

geouUpIRY : A3TARIE : JUSJUOD : go1Td JOo : USTULY s "ON
Tooxeg : oTJToedg : UIsey : SBOUNOTYL : Joquny : oTJIgRL urgay : Tsusd

OTHRVA SSVID TT BIIM QEIVNIWVI-TITIVAV STINV

20 SCANCIVE TOOMYE aNV ‘ ZITAVED OIAIDEAS ‘INZINOD NISHY ‘SSMMOIEL FOVEEAY [ TIEVD

17

WADC TR 58-486



£22 NIl W

TIYBUTWR] ¥V WeTOA ¢H-d @pniouf jou meoam

g Jo eBuIsaw odu gonTes GoTsseldmod fe3883 § Jo oPnrasw oJv SONTBA UOTRUSL_

I

099°g
000°2
00LT

£
e
o0& g
oo2‘ Sy
002Gy
009 GH
0o% Ly
0og 6y

LU I TR P P PP T P PR

L T T T T

Wr My de 3 oEE ma se a9 = 40 88 m4 s

A4 vm ee am de wn v ee sn wa we we

L ALLIT Y

qara Ch-d xeTdeasd

TO€-00

an ae e

09¢ e
0LL T
oLL' T

006Gz
OCT‘92
00292
colfzz
00g° 62
oo0“ e
0on gz
o00ef 62

08tée
009°T
ohefT

oo‘le
oonfge
00T 92
oolfle
00¢‘ L2
000°Lz
00¢‘Le
005 0¢

eI

. g318893

of2‘z : on2‘e t OL6'T : DLEST : QTLSZ : 06T

o@mnﬁ P 0BT foogw‘T f 00T ¢ oonpfE f onq‘T

0g9‘T i 089°T ¢ OBN'T & OLOT f 0L0°Z ¢ OM‘T

ooanmm : oo:“mm : oo;“mm : oomnam : 000°gE 1 oOY 9g
oon.04 P 00TPHE ¢ 00D°H2 ¢ Q012 @ COB LS @ 0DO°9E
oo2fon  0099¢ ¢ 006°¢E : 00ZCE ¢ 009f0Y ¢ QOGYQC
0oL Qe t 00C°gE T QOCFCE : ooh*ER : OOE“CE ¢ 00CYLC
00T Ty ¢ 00TYOC ¢ 006°CZ : 00T*H2 ' COS“gY : 0OT LS
00Z°6¢ : 006°GE * OOW'CZ 3 002°2E ¢ GOLLE : 002 9C
CON‘ON : 009°GE t 002Ce * 00%‘C2 : 006°LE : ocof‘ge
009°CH ¢ 006°Mh * DORTET * 006G : 000fHh 1 ooLiCH

("I'g°d) HIONTHIS EATSSHEINOD

ommum : ommum : o:m“m POgEC o oTH'E f 000°¢

05T'e : ogIfe : OTI'Z : ogn‘s : DBL'T : ofe'e

089°T : 069‘T @ OW9'T ¢ 026°T : 0KE‘T : oglfl

oom“ma : oomuma : oow“mn : oom”o: T 00R“9G ¢ 0O0LS
oooﬁma : oom.ﬁm : oom~o: : OOﬂ“mq 1 006°LE ¢ poofge
ooo.n; : oom.m: : oom,o: H oom.n: P 00Rees ¢ oK' 09
po6en = 00S 9N : 009°9L t 0CO‘oN ¢ QOGELE * o00fge
oop”m4 : oom”pd : oom”mn P 00ETLE t QONHG ¢ oOT9C
0g°TH : 006G ¢ 00ZYEC 1 006°6L T COGGE ¢ 0oO‘oL
oomnw4 : oomndi : ooaumé T oogfeh * COgYES ¢ 00Cpe
002°Ch = 000‘TG : 0Of“Hrh T 000“GH ! oonfgs : 00E0g

(*I'§'d) HIONTJIS WITSNAL

2lI-y 161 6= ¢ ST 0OTI-L :V WeTop

o3ms 9012 4

q3ia qIT6-1I0

q3ra
gcey
aeuTme]

a4 EB ke 4s 41 wr de an En wa ae wm e

02h'2
oTe‘t
0T8T

006 88
00% NG
006 LG
006  9H
002‘T1S
009°1¢
00066
00T 66

09lfe
06L°2
oLT‘e

00g°‘Ls
006 g8
oog‘eg
0oL TS
6og‘én
006°R%
00%*29
000 49

¥ TETCA
qiTa
10 g2g
wody

D T T T

A B4 A4 k4 me e 44 em ke ma

nsotad 139 eouaIsIFrp 4usotITudie qTmeT
usoIsd ¢ 9% o0ULISIILp JIUES[ITUSTE 18BY]
UOT1RTASD DITPUBRLS

LY
1

gImoy 4 ‘Iegma W paTiog

8INOY g ‘J938A U7 payIod

moy gfT ‘tagma ul period

6{ep 06 ‘L31piEnyg jueczad 00T “*d L00T
sdep ¢ ‘L37prung juedzad 00T “°4 00T
BARD 06 ‘rd ¢l ‘Isjus Ul posIsmW]
sdep 0f ‘°qd €L ‘I8%8A Ul postsomy
TEIION

quadaasd T 49 20USISIITP UBIIITUSIe 38WaT
Jasoged (1% 90TSISIIID JUBSTIIUBTE 1981
UCT3ETASD PIRPUEILS

BInoy 4 ‘28R4 Ul pATToH

sIney 2 ‘Jsges U7 paTIoH

mey g/7 ‘1siea Ul pariod

sdep 06 ‘Latpumy jusoasd ooT ‘°d 00T
sLep 0¢ ‘Larprwmy jwsocasd QT ‘td 00T
8fap 06 ‘' ,€L ‘Jetwa Uyl poglsmmT
efep o ‘-4 €L ‘Jejum Ul posssmul
TeIION

SO} PUB UOTRTPUC)
sansodxq

STENSOAYE SA0THVA WALIY SETIVNIWVI OIMgvd

T

SSVID-TRT 40 SHRTVA HIONMLIS HATSSENJWOD QNV TIISNAL 2 FI9VL

18

WADC TR 58-486



1ewrou LrejusmeTddne

*{—Temiou TeUTHII0

e qI X

) enrsA Arejucwetddne grunba onTeA palenfpy—-

T

*gTBATHUR TWUTITIO U pOpUTOUT 30T WIWP hunpqmacmmmnmw

*oquUTmeT ¥ WEToA ¢4-d 2PMIIUT J0U @0
g

+g1801 g JO ofeIeAw uw ST SUTWA [OBI-
1

% %s ay Sx we NE aE we Ge wr es we dr onr de 4w 44

XN
:

00T g
OOHHP# u-ooooc.-
Oomﬁnm dedasPERS

ogz‘c * ola‘s

ogn‘e : 0l9‘T

ON'T ¢ 009°T

OON-.F...__ u-onnnun.
009°oh * 006“6%
Oownmd R RER R
gmng 1raessnne
006 ¢ 00L 04
OOﬂnm# u-.oo-..
00 6% ¢ 00LSTG
000°65 ¢ 009°99

as s+ ms 44 %% =S ss ws 65 Be wu kU B S5 SE e

oonfo9
00g°gS
00509

oT0‘e
oTe‘T
DIE‘T

009°gs
00T¢ LS
oolLfga
002‘ 65
002 6¢
009°gs
oot‘gt
00029

e w0

gTERTI8TeM: ¥ WETOA

T0¢-00

4% B ws 8e su ss mr mE 44 EE ee 4w 48 48 aF S8 B8

s me mE HA ms we B W me SF ¥4 A4 BE 48 48 W

00¢‘e
olgfe
066

me se wn wh oes 46 WE 48 KN 48 06 a4 s we an v 4F

ollfe
0292
0562

T¢-1

< pon‘ez : ooG‘e :oogy‘e ¢ 0€5E ¢
: o62‘e : oon‘e ¢ oBEfC ¢t 06BC ¢
: olgfe : 0BNFE : 0OGTC G oonfe ¢
: 00T ¢ AT 40T fOST ¢
i GL tog gL PETT :
: Gl i 0g : gl : 21T :
tolnfe ot 0062 i OLR'E ¢ 06EfC
: oCh'2 : op‘Z2 : 0GEFE : oglfe
: o6’ : one‘e : 02¢fE i OT9E ¢
T 0C6°2 ¢ 0§9‘2 : OT9E : 0geE
1 goCfz @ ONGf2 f gECfe t 0LE‘E ¢
tonG'e : olgfez T 00LC :oolgff ¢
: ogh‘a : 009‘2 : 0CCE : 0gele
:ogn‘e : 06G‘E ¢ OR9fE ¢ oolfC ¢

(*I*g°d 000°T) XIIDIISVIE J0 SNTNAOW
1 00gea¢ : 002°CE :.00g‘06 : 00ETE ¢
: GOLYTC : oogfa¢ : 009°6% : 0OL0G ¢
1 0099¢ : 008°LE * 002°6G i 006°TY *
D ogsfe ¢ ooge :oogl‘z * o09‘L
T 0BLYT : goTf? ¢ 060‘E : oolfe
: 06LST : 00T‘Z : oo'e : ool
: 009‘BE © O0B°CE : 000°0S f 00QigN !
: QODSCE ¢ 009°2¢ : OONToY : 009EH ¢
: 002°CE ¢ 002°GE ¢ D0E‘TG ¢ o0LfGE :
: Q0ETGE T poEF9¢ t DOTYTE : 00LTE ¢
t QOT'OC ¢ OOLYGE = 00B°TS : 00%°TC *
1 00ZECE ¢ 000°HE : 0OBSHE : 000°EE :
: 00Ef9¢ ¢ 00T'9C : 00B°2E ¢+ 00L“HS ¢
: 006°LC : 0oLflE : 00809 ¢ 009729 ¢

("I'g"d) THNLAOY 40 STOCONW

+

.
.
H

163 513%

JOJ ee=e-—
mmwwha><"

q3Ia ¢y=d xeTdarad

q31a 90T 00 431 QTTE-1I0

b4 v sa 4u e e

00TT-X iV WeToA *

r ose ¥4 sw wa w

09T e
onote
olsfe

49§
10T
0T

on2‘e
oli‘e
on2‘e
ozee
o0ge'e
ote‘e
o6te
oTS‘e

pog‘Ge
000° G2
002°9¢

olo‘g
oocte
oo¢fe

006°92
ooz se
00992
006°92
oop‘le
oo0‘ge
002‘92
007 9%

.

0Cg ¢

ooT‘gL
002 Sl
oolfgl

oon‘e
0og‘T
00R*°T

000°9L
006 5L
00%°6L
oog‘tT/)
00¢"LL
oot‘gl
006°6L
00R“18

tBIw) Y TBTCA

q3TA
gtey
SBUTWE]

3

q3Ta
10 92
uodqg

[P YY

oy [ ‘IsjeM Ul paTiod
wpzon T fiojes UL paTtIod
W[ FULICH

4

mﬁuwuwﬁﬁmau

1queoxed T 3@ S0USISFITD JUeo[JTUATE 38B9]
jqusoxed ¢ 48 €0UGISITID AUBOTJTUSTE 699

s se se wa B+ WE EE ee wa e

e w4 ks EE we s 44 BF er S8 T2 s 48 S0 s wm

an da ks me er owe

UGT3RIASD PIBDURLG

sanoy 4 ‘dajuA UT PeTTCH

gmoy g ‘aejes Ul peirod

anoy g/T ‘asjma Ul PSTICH

afep 06 ‘L£arpreny 3ueszed ooT “'d ,00T
sLwp o¢ ‘L9tpruny juwedrsd 00T ‘td 00T
afep 06 “°d .Gl ‘a9%8A Ul PIIISmH]
afep Of ‘ 4 ,¢L ‘I9%8A Ul pasIamm]
TYLIoN

anoy T ‘Ie@jma Ul PITTOH

e T f1ajes UT patrrod
TealoN

4

mﬁuuumznnuu

quasted T 38 SORAISIFITP JueoTITUATE 3899
quoozed ¢ 48 90UAIBIITD HIUEITITUITE 38%9]

UOTIBTASD DIBPUBIS

panoy # ‘J9jea Ul paTIof

ganoy g ‘Iejes Up pITTOE

anoy g/T ae3es ur parTed

afep 06 ‘Litprumy queorsd QOT ‘*d .00T
sfep 0 ‘L37pTmmy jueszed 00T ‘°& 00T
glep 06 ‘'d CL ‘I93EA WI pORISUM]
afep 0¢ ‘*d ,EL ‘asjes UL posSIemU]
TemIoN

SWI7 puw UCTITPAO)
aamBeodxy

mmmm:momum SNOTHVA HHMLIY SEIVNINVT

JINEVE SEVIO-TET J0 HINYATd NI XLIDILSVIZE J0 YINCOW @IV BENIdAY 40 SIINGOH ¢ ETEVL

19

WADC TR 58-486



S22 {TT N

‘eangodre jos Ie3J® puw

8I0Jeq LT03WTpenm] PeyfIem eJeA pue ‘eansodxe 36M SI0Joq oIoudsomys TWILIOW B UT #YOSM Z 39WST 98 DPAUOTIDUOS oo suewpoads .n,_.d.mu

exmaodys qem eloJoq udrom

To0T T emaodxe 38M 3I0J8q .tu.wﬁo: ~ BJINBOAIS J0MA 10978 vmwﬂo: = 3u8ten W esveout pqou.uomnm
. H H T H H H H H :
TreTTRetnolEt s 6CT b €T T 29'T ¢ T6'T ¢ 206 ¢ TL'9 ¢ wo' i orr ¢ 8moy # ‘I99mA up peTrog
ot i @ P oLE TN TTT ¢ L6'T : 6T°6 getLl o ogw Ttk sInoy g ‘Iejum uy perrog
cltpogU L 9Tt 3G ro9GT :oglg i QL9 : Lol 1 9ot oY /T ‘I8twa up peTTOq
TheettrerogGt 1oggr b oggt :ogE f G2t r CoTT @ 22l ot €T°¢ = LS ¢ sdwp 06 ‘LaTPRMy guesasd 00T ‘4 00T
¥ Lyt roent oGt gt i oogr ¢ 96" ¢ 90°T ¢ GI'¢ * &2° i efep 0 ‘L4TpTEny Juesied 00T ‘& 00T
TITIUTRE oL i oger i g6t fo9gt :oglt :ogGtL o+ 02'6 : Tyk i o i s£ep 06 ‘4 €L ‘93w uT pesIsumy
290 M0 6LT0 ¢ €90 ! 96'0 : [C0 : TD'9 ¢ §T°% : 2e' : lzro 848D 0¢ ‘*d €L ‘Isyes U posIomm
unoohomm JUOINd: JUSIISJ: JUSIISJT: uﬂoonvmm IUGIISJ: JUeIILTI uﬂounvmm pnuonomm uauo.ﬂomm
: : : H : : : I URIBH) Y WETOA ¢
V OUTOA 2 TOE~D0 ¢ BLT-V ¢ T¢I ¢ T6-T *  ZIT ! OOTI-L :V WeTOA : O3F4 @ WITA !
- R —— Po2¢Er T geg ¢ oWT3 DU WOT3TPUOD
I ¢h~d TeTdRINg P OWATA 9012 0 ! U3IA QTIS-LID G OWMIWeT ¢ wody ¢ aangodxy
3 TSTINSOdYE

LEM SNOTEVA MXLLYV SHEWIOESS MMNYAIL J0 IEOTEM NT ISVENDNT 4 TIEVL

20

WADC TR 58-486



922 HTT H
*o7edTvu TU0T3873938 TRUTE[I0 U pepuroul »oz.n

TOVFIIWET ¥ WeIoA £~ SPNLOUT 30U mmomm

“QOUAIGIJTP FTBOTITUATE OR EEYBOTDUL N

*quBOTITUSTS B BOUSISZITE YITYA 318 L1177qeqoxd Jo T9AST a3@dIpUT § Jo T
“WoFslommT Jajwa Lep-(f Je1J® 3943 UEY] 9867 UOFLONDAI YlBUAIl® g@}ROTpUT -
ruoTeIewEN] JIejua LBp-Of J91J% 8] Ue] J078008 moTIIONpId GPUdANE PYIROTDUE b

T
G4 seemrieres;  T= ! T+ ! g~ ! F+ 0 G+ 0 N+ ¢ T+t N G+ @ 8oy 4 ‘Iejua Uy paTyog
I+ I+ b H I+ I H g+ @ I+ I+ = I+ & N+ T+ ¢ gInoq g freqea GT pOTTCd
G AL LELLT SR L N S & S T v A S = G+ : H+ i N+ : H+ T+ gmoq T fasjen up peTied
R+ retcrete: g+ D TH 3 T- P B % EY : 0 HY D Ne 2 Wm0 TH O anoq gfT fzejua up pelTeg
ol A T I T S S A S o w I S T Y SRR R ¥~ @ edep 06 ‘LayprEny quesxed QOT ‘°4 00T
- T LR & i I+ N- LI o : R+ 3 - §+ 8- : g- 1 sdwp of ‘Lyrpremy jumeoxed QT ‘-4 L001
- Ivverteecrr T 3 TF O N+ 3 W 0 N+ I T~ T N 0 EH- i - sfep 06 ‘°d L faajen Wy pesIeum]

ILIDIISVIE 40 SOIOAOR
g+ ITeeteeet: ge  f T4 Y ¥ 1 T+ 0 G+ @ T+ ¥ OOT+Y I H- @ T+ BINOY % ‘J298A UT periog
G+ H [ E+ = I+ 1T : T+ : I+ 3 I+ 3 ™ g+ T+ BITOY 2 ‘JI938M U LETTOH
Ht  amermres €G- 1 T+ : T- 3 T+ : T+  Ht G+ @ N+ : [ gy T ‘Iaqum UL paTTod
g- ievevee B ! I+ ! T f O+ ' ¥+t E+ : ¥~ 0 R : N+ anoy g/T ‘1agea uy paTied
H+ Eveccrecc: g 3 G- D g 2 R+ D g ¥ O HE T N T+ t efep 06 ‘L37pTUNy qusdrsd pOT ‘4 00T
K : g+ ! O R- Y T ¢ T~ t H+ ¢ N+ : g+ : &+ : ¥ i T+ : sfep of "Le1pruny jusared ooT *d 00T
H+ irerreeertr g X PG+ 1 g+ S+ Fg~ f N+ 3 Ny g+ slep 0f ‘I ,EL ‘Jeyma uUT pemasum
DI J0 STOEK
OO ARLLE A S h B o R RN S ¢ S S & S S T S <L SR ¢ SN T+ sImoy 4 ‘IxerwA Up paTTOq
- ¢ : K i g ! I~ 1 B ! T+ @ X T T+ N+t N+ gmeq g ‘I9gem UT peTIod
= g N+ I T= ! N I Rt ¢ &= i g- : g+ @ = amoq g/T ‘asYes wp peTiof
T+ : : ™ e+ 3 N+ o+ N+ H B+ : N+ T+ H T+ : efep g ‘£1IpTIMY suesrad Q0T ‘°d .COT
+ PN+ g~ 3 K- 3 B~ o N~ ¢ E- 1 N+ @ N+ 3 T+ : efep of ‘L3rppumy 3weoxsd 0ot F-f 001
R+ seemeveesy C+ * R+ 0t E- 0 H¢ 2 C+ : N+  C+ : F+ 3 I+ afep 06 ‘' £l ‘I9iBa UL pesIoumy
HIDKDLLS TAISSHEAHOD HOWIZVH
g+ irtvceetccr R 3 T- P T ! T4 1 G¥ I TP ¢ N+ 2 N- 2 T+ @ Bamoy % fIegeM Up peTIcH
- P 6= 3 G- 3 T= I R+ i N+ G+ : N+ 3 N= ¢ T+ gImoy 2 ‘Jeqwa UT peTTOL
X~z : - ! - T T- T g+ 3 g+  j+ = - HE '+ S ] Inoy m\.ﬁ fIgqwn Ul peTIOE
[« B g+ = B~ = 3 HEE & S T+ = e+ ¢ N+ 0t N- t T+ : s8dep 06 ‘Lyrpiung guesxed QQT °d 00T
c+ : E+ ! I~ ! I~ ¢ T~ ! T+ T+ : T+  E+ = g~ T+ : 8fep 0f ‘L£yrprenyg juwedzed 00T ‘I 00T
PUEELLIEELEET BN (O N (A Y T © R A N A & SR E - R ' S G+ = afep 05 “*d ,¢L ‘I93mm Uy pImaemm]
HIONHELE TITSNLL WIMIXVH
: H H : H : H : I UuIEH Y UW[OA
SBIVIXewu: ¥ Uuos : TOE-D0 5 2LlI-¥v ' TE-& & TE-I ¢ ST * OOTT-I :V WeToA : TIFA : YH3ja 3
e 03 : : e L e - - B K I oW pUR UCTIFPUO]
Beaeay: s (-d Tetdared i UIlA 90T2 O ¢ UATA QII6~II0 :owuywel @ wody smgodxg

TAINFIELITT
INVOIATNOIS LSVAT 40 SANTVA NO CHSVY SNVEW NEAMLIT HONDILIAIC £ FONVOISINDIS
SENOTLIONGD THNSOIYE MAAL0 0 IVEL HLIM HAIVM Y HOISMAWWT Iw(-0¢ 40 IOZLIM J0 NOSTHVAWOD & FIOVL

21

W ADC TR 58-486



O [Ny

— 1

TENSION
SPECIMENS

&0

0

'oN
il

MPRES S
SPECIMENS

co

o~
=

FLEXURE
SPECIMENS

"“ EXTRA

M 11k 227

Figure 1. --Cutting diagram to show where specimens were cut from each
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laminated panel 1/8 by 36 by 36 inches in size.
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Figure 2. --Effect of various conditions and durations of exposure on the
rmaximum tensile strength of laminates. Each point represents average
of 5 tests.
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Figure 3. --Effect of various conditions and durations of exposure on the
maximum compressive strength of laminates. FEach point represents
average of B tests.
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MODULUS OF RUPTURE (1,000 PS.L)
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Figure 4. --Effect of various conditions and durations of exposure on the
modulus of rupture of laminates. Each point represents average of 8
tests.
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Figure 5. --Effect of various conditions and durations of exposure on the

modulus of elasticity in flexure of laminates. FEach point represents
average of 8 tests. :
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Figure 6. --Effect of various conditions and durations of exposure on the
overall average for each property, averaged over all laminates except
P-43 Volan A. Exponential curve used to smooth relationship for each
set of data.
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