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Summary and Conclusions

The fatigue properties of three glass-fabric-base plastic laminates were
determined by axial loading. These reinforced plastics conformed to the
minimum requirements of USAF specification No. 12051 for lemingtes and
USAF specification No. 12049 for resins, although the ultimate compressive
strength of one laminate was higher than is considered typical for these
polyester-type laminates.

S-N curves were obtained between 1 thousand and 10 million cycles for de-
termining the fatigue strength and the effect on the fatigue strength of
notch, moisture, fan cooling, warp direction, various mean stresses, or
a combination of these. Fatigue strength as used in this report is the
greatest stress that can be sustained for a given number of cycles without
fracture. When the mean stress is zero, the greatest stress is equal to
the alternating stress amplitude. In general, the fatigue strength of
the control specimens, which is the alternating stress amplitude at 10
million cycles of unnotched specimens at a temperature of 73° F. and at
50 percent relative humidity with a mean stress of zero, was found to be
between 22 and 29 percent of the static tensile strength. The presence
of a notch in the specimen in the dry condition reduced the strength an
additional 3 to 6 percent. Neither the presence of moisture nor absence
of the cooling fan affected the fatigue strength at 10 million cycles,
although at 10 thousand cycles, moisture or fan cooling did affect the

lThis progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy Bureau of Aeronautics Order
No. 01044 and U. S. Air Force No. USAF 51-B066E. Results here reported
are preliminary and may be revised as additional data become available.
Original report issued May 1952.

EMaintained at Madison, Wis., in cooperstion with the University of Wisconsin.
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fatigue strength. At 10 thousand cycles, where the fatigue strength of
dry, unnotched specimens was about 50 percent of static tensile strength,
the fatigue strength of wet unnotched specimens was 33 percent and that of
uncooled, unnotched specimens was 45 percent of the static tensile strength.
The fatigue strength of the leminate at 45 degrees to warp was between 1k
and 22 percent of the static tensile strength of the laminate at 45 degrees
to the warp, depending on the notch or moisture. The S-N curves of the
laminates at 45 degrees to warp leveled off after approximately 40 thousand
cycles.

Mean stresses of zero, one-half, and one=fifth of the static tensile ulti-
mate stress were used to determine the effect of various mean stresses on
the alternating stress amplitude at the dry notched and unnotched condition. ¢
Results at 10 million cycles showed that the alternaeting stress amplitude
of specimens with a mean stress of one-half the static tensile stress was
about one-tenth of the alternating stress amplitude of specimens having
zero mean stress, and about 2 percent of the static tensile stress for
both the notched and unnotched conditions. The ratio of the maximum stress
(mean stress plus alternating stress) at 10 million cycles to the static
tensile strength was found to be 0.22 for mean stress of zero and 0.52 for
a mean streses of one=half static tensile strength.

Introduction

Since plastic laminates have been used ae structural components in air-
craft construction; the need for knowledge of their mechanical properties
to contribute to more efficient design and construction has been apparent.
Heretofore, some static strengths of plastics with glass-fabric base have
been investigated, but few studies of the fatigue strengths have been
undertaken., In order to increase the basic knowledge of glass-fabric-
base plastic laminates, fatigue data were obtained by axially loading
specimens from three laminates. Most of the specimens were loaded with a
mean stress of zero, and a few were loaded with mean stresses other than
Zero,

The fatigue tests in this project were undertaken to provide comparisons
of fatigue strength (1) of three glass-fabric-base laminates, (2) on one
of these laminates at both 0° and 45° to the warp direction, (3) after
exposure to moisture, and (4) as affected by a notch in the specimen.,
The fatigue tests were designed to provide S8=N curves between 1 thousand
and 10 million cycles for axially loaded specimens.

Description of Materials

Glass-fabric-base panels, approximately 1/4 by 36 by 36 inches, of 181-
114 and 143-11k4 fabric having 23 plies each, were made by the Laboratory.
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The 181-11k4 fabric in two laminates was parsllel-laminated with two types
of resin as follows: One leminate was made with a laminating resin

(resin 2) of the alkyd-styrene type of polyester. The resin was catalyzed
by 1.6 percent by weight with a mixture of tricresyl phosphate and benzoyl
peroxide (each 50 percent by weight of the mixture), containing 3.3 per-
cent active oxygen. The lay-up was made between cellophane-covered glass
plates. Immediately after impregnation and lay-up, the panels were cured
at a pressure of 13 pounds per square inch for 2 hours in a hot press at

a temperature gradually increasing from 220° to 250° F.,

The second laminate was made with & laminating resin (resin 1) of the
diallylphthalate-alkyd polyester type. The sheets of fabric were impreg-
nated separately and rolled up to permit the resin to soak into the fabric.
After about 16 hours the sheets were unrolled and laid up in panel form.
The panels were cured between cellophane-covered aluminum cauls at a
pressure of 14 pounds per square inch for 1 hour and 30 minutes in a press
at a temperature of 220° F,

The 143-11% fabric in the third laminate, which had 26 plies, wes cross-
laminated and impregneted with resin 2. The lay-up and cure of the lami-
nate was the same as mentioned before for the first resin 2 laminate.

It should be noted that the materials tested were polyester laminates that
conformed to USAF specification No, 12051 and that the two resins used
conformed to USAF specification No. 12049. Specimens cut at random from
panels of these three laminates and tested statically in tension and in
compression according to standard practice showed the strength properties
given in table 1.

It should also be noted that although these three laminates conformed to
the minimum requirements of the USAF specifications, the ratios of ulti-
mate strengthe, tensile to compressive, were not exactly equal to the
ratio of USAF specification No. 12049 or that reportedly usually obtained
with other USAF specification No. 12049 polyester resins. In other words,
the compressive strength was usually substantially lower than the tensile
strength, as shown by strengths of laminates 2 end 3, while the two ulti-
mate strengths of laminate 1 were nearly equal. Also, although the resin
content of the laminate is not specified in USAF specification No. 12049,
it is considered that between 35 and 45 percent would be necessary to meet
the strength requirements. The resin content of laminate 3 was below this
range, yet the strength values met the requirements.

Fatigue Specimen

The fatigue specimen was designed to meet one of the requirements of the
test, i.e., it was to be loaded axially with equal alternate loads in
tension and compression. In order to eliminate lateral support, which is
necessary on & long, slender specimen during the compression cycle, the
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fatigue specimen had an unsupported length of only 2=l/h inches. The net
section in this length wes 1/2 inch wide by the thickness. The over=-all

dimensions were 1-1/2 inches wide by 6 inches long by about 1/4 inch

?hick; The 1/2-inch-wide net section was between arcs of 4-inch radius
fig. 1).

The specimen was clamped at the ends so that its central portion, about
2»1/# inches of the length, was axially stressed. During the compression
cycle of the fatigue test, the column between clamps had a ratio of free
length to least dimension of about 9, which was sufficiently small to
prevent buckling during fatigue tests. The theorétical stress at the
outside edge of the net section due to the 4-inch radius was about 1.l
times the average stress for an orthotropic leminate, according to calcu- !
latione.2 The actual effect of this k-inch radius, as shown by static
tests of unnotched fetigue specimens compared with specimens free of
stress concentrations (controls), indicated that when the specimen was
stressed in tension at O degrees to warp the ratio of control stress to
average stress at the net section of the fatigue specimen was from 1.03
to 1.13, and that when stressed in compression at O degrees to warp the
ratio was from 0.87 to 1.06.

About half of the fatigue specimens had a notch in the net section in
the form of e circular hole at the center of the specimen. The hole was
1/8 inch in diemeter with its axis perpendicular to the laminations.

The theoretical stress at the edge of this centrally located notch is
about 3-1/2 times the average stress, according to celculations.® The
actual effect of the 4-inch radius and this notch, as shown by static
tests of notched fatigue specimens, indicated that when the specimen
was stressed in tension at O degrees to warp the ratio of control stress
to average stress in material at the net section of fatigue specimen was
from 1.25 to 1.39, and that when stressed in compression at O degrees to
warp this ratio was from 0.8% to 0.9%., Measurements of stress were not
made across the width of the specimen to verify the theoretical magnitude
of the stress at the edge of the notch,

The test specimens were obtained from their respective panels by a method
of random selection. Specimens from leminate 1 were obtained from three

panels. Two of these panels provided specimens with the axial direction

at 0° to the warp of the fabric, and the remaining panel provided speci-

mens at 45° to the warp. One panel for each of the remaining leminates;

leminates 2 and 3, provided all the required specimens. The specimens

éCQ B. Smith. Effect of Hyperbolic Notches on the Stress Distrihution in
a Wood Plate. Quarterly of Applied Mathematics, vol. 6, No. k.

EC; B. Smith., Effect of Elliptic and Circular Holes on the Stress Dis-
tribution in Plates of Wood or Plywood Considered as Orthotropic
Materials. Forest Products Laboratory Report No., 1510 or A.N.C. Bull.
No. 184, formula 2:1k.
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were cut from the panels with a carborundum saw and were finished to the
desired curvature by the use of an emery wheel mounted on a vertical
shaper, The circular hole, which is the notch in the center of the speci=-
men, was drilled carefully to minimize burs on the edges. No further
polishing of the notch was undertaken,

Fatigue Tests

The effects of the notch, moisture, fan cooling, direction of load, and
magnitude of mean stress were incorporated as varlables in the testing
conditions. S=~N curves were obtained by testing a series of specimens
under one condition consisting of one or more of the variables. The
series of specimens tested with zero mean stress were as follows:

(1) A series of umnnotched specimens from laminate 1, loaded at 0° to warp
and tested at a temperature of T75° F. and 50 percent relative hu~
midity with a blast of air directed on the specimen.

(2) A series of notched specimens tested the same as under (1).

(3) A series of unnotched specimens tested as under (1) without the blast
of air.

(4) A series of unnotched specimens from laminate 1, loaded at 0° to
warp, exposed about 30 days to 100° F., and 100 percent relative hu-
midity atmosphere, then tested in a cheamber having continuocusly
moving air at 75° F. and 98 percent relative humidity.

(5) A series of specimens as under (4), except that the specimens were
notched.

(6) A series of umnnotched specimens from laminate 1, loaded at 45° to
warp and tested at 75° F. and 50 percent relative humidity with an
air blast for cooling.

(7) A series of notched specimens as under (6).

(8) A series of unnotched specimens from laminate 1, loaded axis at 45°
to warp, exposed about 30 days to 100° F. and 100 percent relative
humidity, then tested in a chamber having continuously moving air
at 75° F, and 98 percent relative humidity.

(9) A series of notched specimens as under (8).

(10) A series of unnotched specimens from laminate 2, loaded at 0° to warp

and tested at 75° F. and 50 percent relative humidity with a blast
of air directed on the specimen for cooling.
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(11) A series the same as (10) without the air-cooling.
(12) A series of notched specimens as under (10).

(13) A series of unnotched specimens from leminate 3, loaded at 0° to
warp and tested at 75° F. and 50 percent relative humidity with a
blast of air directed on the specimen for cooling.

(14) A series of notched specimens as under (13).

(15) A series of notched specimens from laminate 1, loaded at 0° to warp
through & pin in the notch under exposure conditions of 75° F. and
50 percent relative humidity and air-cooled. The notch and pin in
this series were 1/h-inch diameter (all others 1/8-inch diameter).

The following series of specimens were tested with mean stress other than
Zero.

(16) A series of unnotched specimens from laminate 1, loaded at 0° to
warp and at 75° F. and 50 percent relative humidity, air-cooled,
and with a mean stress of about one-half ultimate tensile strength.

(17) A series of unnotched specimens as under (16), except with a mean
stress of about one-fifth ultimate tensile strength.

(18) A series of notched specimens as under (16), except with a mean
stress of about one-half notched ultimate tensile strength.

(19) A series of notched specimens as under (16), except with a mean
stress of about one-fifth notched ultimate tensile strength.

All of the fatigue specimens were axially loaded alternately in tension
and compression, except those under series 16 and 18. The specimens were
clamped at their ends by grips bolted to the loading screws of the test
machine (fig. 2). Since the axes of the loading screws did not exactly
coincide with each other, the upper and lower grips were rotated to bring
the stationary faces of both grips into the same plane. The loads were
acting axially on the specimen. Tension end compression loads were ap-
plied alternately by an eccentric of a direct-stress fatigue machine with
a capacity of 10,000 pounds operating at 900 revolutions per minute. The
static load that was first applied to the specimen was measured by a dial
mounted on & bar that measured with deflection of the horizontal loading
bar between the eccentric and the loading screws. This static load took
into account the inertie effects of the moving parts so that the desired
dynamic load wes applied during test. The increase in dynamic load over
the static load was measured by using metalectric strain gages mounted on
the lower flexure plate and was recorded by a Wheatstone bridge and
cathode-ray oscillogreph.
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The ratio of the minimum load to the maximum load (stress ratio) was =1.00
for 15 series of fatigue tests. Mean stresses other than zero were used

on four series of tests. The stress ratio was kept nearly constant through-
out the test by periodic checks and adjustments when necessary. An elec-
tronic shut-off mecheanism on the machine stopped the test if the load
dropped more than 50 pounds. If failure had not occurred when the machine
stopped due to a shut-off, load adjustments were made and the test was
continued,

The fatigue machine in which the specimens were tested was kept in a room
maintained at a temperature of 75° F. and 50 percent relative humidity.
Circulation of air around the specimens was insured by a 1l2-inch fan that
forced air on the specimen, except for the tests of uncooled specimens, for
which the fan was not used. For specimens designated as tested in the wet
condition (75° F. and 98 percent relative humidity), special humidity cham-
bers were provided. For preliminery conditioning, & small metal box having
a rack for holding the specimens above water was placed in an oven held at
100° F. and 100 percent relative humidity. The specimens were kept in this
exposure for 30 days. After this period they were tested in another chem-
ber fixed to the fatigue machine (fig. 3). This chamber was a cylinder
having sides of cellophane and ends of plywood reinforced with tin. This
cylinder surrounded the specimen and the clamps that gripped the specimen.
The loading screws of the fatigue machine went through the ends of the
cylinder that supported an air hose supplying moisture-laden air, Air
taken from the Laboratory's air lines was piped to the bottom of a 10-
gallon drum filled with water. The air, as it bubbled up through the water,
picked up moisture on its way to the cylinder. The alr thus supplied to
the test chamber was at a temperature of 75° F. and 98 percent relative
humidity. It circulated in the cylinder and out through an exhaust port.

Fatigue tests were conducted on one series of specimens in bolt bearing.

The fatigue specimen waes modified for this loading by increasing the di-
ameter of the notch from 1/8 inch to 1/4 inch, and by removing 2 inches
from one end of the regular fatigue specimen, i.e., there remained a 7 8-
inch end distance., The alternating load was applied to one end of the
specimen through the clamp that was used on the other specimens and to the
1/4-inch-diameter steel pin fastened to a rigid frame (fig. 4). These tests
were made at zero mean stress,

Static Tests

Tensile and compressive tests were made statically on the three materials.
Tensile properties were obtained from specimens l=l/2 inches wide by 16
inches long by the thickness of the laminate with & net section 0.8 inch
wide by 2=l/2 inches long. The net section was connected to the end sec=
tions by arcs of 20-inch radius tangent to the minimum section. Strain
measurements were taken over a 2-inch gage length in the minimum section.
The specimens were loaded through Templin grips at a no-load head speed of
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0.035 inch per minute. Compressive properties were obtained from speci-
mens 1 inch wide by U4 inches long by the thickness of the material. The
specimens were tested in a pack jig that gave lateral support to the
column during loading. Deformation data were obtained over a l-inch gage
length by a Tuckerman strain gage. The speed of the movable head at no
load was 0.012 inch per minute. Tensile and compressive properties were
obtained only on specimens conditioned at T75° F. and 50 percent relative
humidity.

Meximum tensile and compressive strengths were also obtained statically
on specimens shaped the same as the fatigue specimens. These strengths
were obtained in a 10,000-pound-capacity testing machine operated at a
no-load head speed of 0.036.inch per minute. The ends of the specimens
were clamped by the same grips as those used in the fatigue tests.
Static tests were made on specimens that had the same exposure as the
fatigue specimens.

Results of Tests

The results of static tests on specimens relatively free of stress con-
centrations (1-1/2- by 16-inch specimens) to determine the tensile and
compressive strengths of these materials are presented in table 2. The
values of the respective properties are equal to values of similar prop-
erties of like material and exceed the minimum values required by U, S.
Armed Forces specification No. 12049, For example: The modulus of
elasticity in compression of the material made with resin 2 and 181-11%
fabric, 0° to warp, is 3,074,000 pounds per square inch compared with a
value of 3,162,000 pounds per square inch for the same material as pre-
sented in table 1 of Forest Products Laboratory Report No., 1803, "Direc-
tional Properties of Glass-fabric-base Plastic Laminate Panels of Sizes
that Do Not Buckle." Further, tension and compression maximum stresses
are within 5 percent of values shown in Forest Products Laboratory Re-
port No. 1803, Principal minimum requirements of U, S. Armed Forces
specification No. 12049 are modulus of elasticity of 2,500,000 pounds
per square inch and maximum stress of 25,000 pounds per square inch.
Both laminates have values exceeding these. The quality of the material
used for fatigue tests was therefore considered adequate.

The nominal maximum strengths on specimens free of stress concentrations
are compared in table 3 with the strengths of the fatigue type of speci-
mens tested statically. Average tensile and compression values summa-
rized in this table were taken from table 2 and subsequent tables con-
taining results of static and fatigue tests. The tension and compression
specimens, l=l/2 by 16 inches and 1 by 4 inches, respectively, are rela-
tively free from stress concentrations due to their shape. The fatigue
specimens, however, according to the theory, had a 10 percent rise in
stress at the outside edge of the midsection. The nominal stress values
in table 3 resulting from static tests do not show that the shape of the
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fatigue type of specimen hed a serious effect on the maximum stress be-
cause values obtained from these specimens are greater in some cases and
less in other cases than values obtained from the specimens free of con=
centrations, The strength of material with resin 2 and 181-11k fabric
at 0° to warp shows that both the temsion and the compression fatigue
types of specimens tested statically had lower stress values than the
specimens free of concentrations, but that at 45° to warp the fatigue
type of specimen yielded higher stresses. The fatigue type of specimen
made of material with resin 1 and 181-11% fabric, when tested statically
had tensile values less than the specimens free of concentrations, while
compressive values of the fatigue type of specimen tested statically were
greater than those of the specimens free of concentrations.

No explanation is offered for these anomalous results, but the data are
Presented to illustrate general trends. Two facts, however, are appar-
ent in table 3. (1), that maximum stresses are reduced because of mois=
ture absorbed by the specimen, and (2), that at a given exposure or
notched condition the maximum tensile and compressive stresses are not
equal. It follows, then, that during the fatigue cycle for a complete
reversal of stress, the failure in the fatigue specimen will occur in
that portion of the cycle which has the lower maximum value. Both maxi-
mum tensile and maximum compressive values, however, are shown as hori=
zontal lines in the vicinity of one cycle on the S-N curves for compari-
son with the fatigue data.

The results of individual static and fatigue tests are presented in tables
4 through 8. These data are the basis for establishing the individual S=N
curves shown in figures 5 through 29. The stresses shown are the results
of dividing the dynamic or static test loads by the net cross-sectional
area. The dynamic stress shown on tables and curves is the alternating
stress amplitude (one-half the range of stress) with a mean stress of
zero, unless otherwise stated.

A comparison of the individual static values in a series shows a small
difference between the high and low values. In general, the variance be=
tween the high and low values is about 5 percent; except for the notched,
wet series of material with resin 2 and 181-114 fabric, which has en un=
usually high difference in compression velues. This small scatter of
static values is normal for plestics and indicates uniformity of material
and test conditions.

The S-N curves, figures 5 through 23, showing the individual test values;
are presented to show the scatter of these values from a smooth curve

that was drawn as nearly as possible to represent an average of the test
points. In general, the S-N curve is fairly well defined by this limited
number of tests for each exposure or notch condition. The scatter of
values above and below the curve is not large. The scatter is, however,
large enough so that the small difference in the ordinates to the smoothed
curves in the neighborhood of 10 million cycles should not be given too
much weight.
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A comparison of all the fatigue tests conducted at zero mean stress is
presented in table 9. This table summarizes the date to show the effect
of notch, moisture, or a combination of notch and moisture on the strength
of these laminates after static tests, and after 10,000 and after
10,000,000 cycles. The strengths shown after 10,000 and after 10,000,000
cycles were picked from the smooth S-N curves at the respective cycles.
The strength-reduction factor is the ratio of the strength of unnotched
specimens, tested at a temperature of 75° F. and 50 percent reletive hu-
midity at a designated number of cycles, tothe strength of specimens
tested with variables at that specified number of cycles. The value of
this ratio is a measure for comparing the effects of variables imposed

on different materials at the designated number of cycles. The fatigue
ratio, which is also shown, is the ratio of the fatigue strength to the
static tensile strength of the unnotched material at 75° F. and 50 per-
cent relaetive humidity.

The effect of the variables on the fatigue strength is presented graph-
ically in figures 24 through 29 by superimposing various S-N curves on
stress-cycle: coordinates. These figures show the fatigue strengths at
all cycles. They also pointedly show the drop in fatigue strength as
the number of cycles increases. The effects that these variables had on
the fatigue strength were as follows:

(1) The datea show (table 9 or fig. 24) that for laminate 1 at 0° to warp
and at 10 million cycles the fatigue strength was about 9,000 pounds per
square inch, or 22 percent of the static tensile strength of specimens
under like conditions. At 10 thousand cycles the fatigue strength was
about 20,600 pounds per square inch, or 51 percent of its static tensile
strength.

Tests of the unnotched, uncooled series resulted in a strength-reduction
factor of 1.14 at 10 thousand cycles. This indicates that the small
amount of heat that was generated in the specimens and not dissipated by
forced circulation was somewhat detrimental at the high stresses. This
effect was the greatest at 10 thousand cycles and diminished to zero at
10 million cycles, where the strength reduction factor was 1.00. This
is to be expected, since the heat generated at the low stresses is less
then at the high stresses. Temperature measurements at the 14;500-
pounds-per-square-inch level indicated that without fan-cooling a 10-
degree rise above ambient temperature occurred during the test, but that
Jjust prior to failure the rise was about 70° F. No other teumperature
measurements were made, inasmuch as the effect of various temperatures
on strength was beyond the scope of this study.

The strength-reduction factors for the dry, notched specimens at 10
thousand and 10 million cycles were 1.25 and 1.20, respectively. The
bolt-bearing specimens had these samé factors (table 9), which indicated
that this method of lcading hed the same effect as the notch alone.
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The wet strength of laminate 1, either notched or unnotched, had the
highest reduction factors (table 9). In static tests the reduction fac-
tor was as high as 1.4k, In fatigue tests at 10 thousand cycles it was
1.57; but at 10 million cycles it was only 1.00. This seeming increase
in strength is explained by the fact that heat generated at the net sec-
tion during the fatigue test dries the material in spite of the 98 per-
cent ambient relative humidity, and thus reduces the moisture content
and increases the strength."

To summarize these effects (fig. 24 or table 9), it may be noted that
the strength-reduction factor was highest at 10 thousand cycles and
lowest at 10 million cycles and that, although the fatigue strength at
10 million cycles was not greatly affected by the several variables, the
reduction from the static tensile strength was about 80 percent.

(2) The fatigue strength of leminate 1 at 45° to warp was about 4,750
pounds per square inch at 10 million cycles (fige 25). The S<N curves
of this leminate did not follow the pattern set by laminate 1 at 0° to
the warp. OSpecimens tested at 0° to warp did not establish an endurance
limit at 10 million cycles; but the specimens tested at 45° to warp did
(fig. 26). The S-N curves of the latter became horizontal after about
40,000 cycles. Another difference is shown (fig. 25) by the fact that
the moisture affecting the wet fatigue strengths, notched or unnotched,
at 45° to warp caused nearly a constant reduction in strength at all
cycles. Also, the notched specimens actually had higher fatigue
strengths than did unnotched specimens.

{3) It should be noted that the fatigue strength at 10 million cycles of
materials made with resin 1 and 181-114 fabric, laminate 2, tested at 0°
to warp was about 12,100 pounds per square inch, which is 29 percent of
the static tensile strength (table 9 or fig. 27). Comparing the fatigue
strength of laminate 2 with that of laminate 1, which was 22 percent of
the static tensile strength, the resin 1 in laminate 2 appears tc be
somewhat more superior in resistance to fatigue than resin 2 in laminate
1 (fig. 29). As pointed out for laminate 1, the fatigue strength of
laminate 2 at 10 million cycles was not affected by the lack of fan-
cooling due to removal of the fan, but at the high stresses and low num-
ber of cycles the fatigue strength was reduced.

(4) The tests of laminate 3 (fig. 28) showed about the same fatigue
strengths and characteristics as did leminate 1.

(5) A comparison of the fatigue testa conducted at mean stresses other
than zero is presented in table 10, The effect of three mean stresses,
zero and one-fifth and one-half of the static tensile strength, on the
magnitude of the alternating stress amplitude of laminate 1 (resin 2 +
181-11k fabric) in axial loading is shown. This effect is shown for
both the notched and the unnotched specimens at 0° to warp in the dry
condition. Alternating stress amplitudes at 1 thousand, 100 thousand,
and 10 million cycles were picked from the smoothed S-N curves of the
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respective load conditions (figs. 20-23). On these curves both the cooled
and uncooled individuel test points are shown. Inadvertently, a larger
portion of the specimens than planned were tested without cooling, so
that an insufficient number of notched specimens were left to be tested
as cooled. However, since the two conditions have values that are so
nearly equal at the low stresses, the smooth curves were drawn through
the cooled-specimen points, wherever possible, with the aid of the un-
cooled-specimen points wherever needed as & guide. These data are
summarized in figures 30 and 31. Increasing the mean stress from zero
to the ultimate static tensile value reduces the alternating stress
emplitude from & maximum at zero mean stress to zero at the ultimate
static tensile stress. The curve of this relationship for laminate 1
concaves upward from zero mean stress to the ultimate static tensile
stress.

(6) It should be noted that the fatigue specimen, which, as stated
earlier in this report, was designed to meet the requirements of the test;
performed satisfactorily. The specimen did not show any visible signs of
buckling during test. The bolts and nuts of the clamps provided suffi-
cient support to prevent slipping in the grip. The groups of typical
broken specimens, as shown in figures 32 to 35, indicate that failures
occurred at the net section. Failures did not commonly occur outside the
net section at the edge of the clamp where there was a concentration of
stresses; only five specimens in the entire investigation failed at the .
edge of the clamp. Failures at the net section cannot be described as
being either typicel tension or compression failures.
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Table l.--Strength properties of specimens of three laminates

tested statically in tension and in compression

Properties at standard con-
ditions (73° F. and 50
percent relative humidity)

T N e e N e B e B g ) e gy b

Ultimate strength .
tensilecessessl,000 pos.i.:
Modulus of elasticity 3
tensile...1,000,000 p.BS.i.:
Ultimate strength, :
conpression edgewiBeseoos 3
csaccasscsnossel,000 pos.i,:
Modulus of elasticity, com- :
pression..1,000,000 p.8.i.:
Resin content.co.....percent:

°
°

1 2 2
Resin 2 +: Resin 1 +
181-11k : 181-11%
42.9 : k2.5
2.7k : 2.54
43 2 ; 31.8
5.07 : 2.7
39,0 : 40.6

Leaminate Nos.

A @8 aw

e

®% ®4 20 e me &

2.6k

37.6

2,08
33.0

so oo

USAF
specifica=
tion No.
12049

20

.o

%R R R e o S e AR

B G% 4p 00 60 00

35,0

205

T

ue

oo

25,0

B3 30 0w G0 o

2:5

Scoconennoobo

®
e
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Table 4.--Results of fatigueé and static tests of a glass-fabric-
base laminete (resin 2 + 181-11k) in axial loading

Specimen : Static tests ; Fatigue tests
NO. A o e G G QL e L G T R L w0 e A o D O D Y R e e i o e
t Tension ¢ Compression : Maximum and : Cycles to
g strength strength ¢ minimum nomi=3 failure
: g ¢ nal alternat=:
] H 3 ing stress
¢ 1,000 p.8.is ¢ 1,000 po8.i. ¢ l OOO PoBoloe ¢ o o
Stressed at 0° to warp at 75° F. .and
50 percent relative humidity
1 2 41.60 s hi.21 3 16,00 . 72,600
2 S 40,00 3 ho.b5 g 14.50 s 211,000
3 F 39,00 3 39.85 g 17.50 2 31,000
N : 40.80 3 k2,11 3 19,00 : 15,700
5 : ko,70 : 38.65 ; 21.00 2 7,400
6 2 39.60 2 k2,00 g 25,00 3 2,700
7 :ooooooeoooaouogcooooocaoooooog 13050 g 5833000
I\8 :Qbooﬁo.ﬂﬁooooo:000000090000008 12000 2 1558?,()00
E9 goooooooooooooo:ouoooooooooaacg 320&0 g 90
lo :uooooennooooongoevooeoooooooo8 lleoo g 2‘90703500
ll guoaoeoeouoonoo3oooooooaoooooog 9600 3 5;1695500
12 :OoooooaaﬂnlOOD:DOOOUODQQDBOOOZ 8000 g 1_1.59805000
AVocouoaoo: hOQBO 3 40071 gooonaouecoooobgooooeoovooca

Stressed at 0° to warp at 75° F. and 50 percent
relative humidity with 1/15-inch-radius notch

1 2 30.40 8 k5,80 g 12,00 g 141,000
2 : 30.75 2 48,90 3 10,00 g 6k, "100
B : 32,70 : 41,95 2 7.00 :214 ;053,000
L : 31.50 45,90 s 9,00 : 2,511,600
5 H 30,72 3 48,15 s 8.00 : 2,562,700
6 3 30.35 g 45,60 g 13,50 2z 46,200
7 goeeeoaoooeoooegonaooeuooeoooqg llooo 8 555)000
8 goooooaoououuengaoooooooocoooog 19000 g 59700
9 B0000K000000000 300000800 00000 08 25300 5 800
10 2000002 0000C00U5000600000000068 5 16@00 b lh,TOO
11 R P 7,50 221,209,400
AVoooooaoa: 31807 : 1'!'5005 :neanooooooaooo:enoouaOun&eu
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Table 4.--Results of fatiguei and static tests of a glass-fabric=base
laminate (resin 2 + 181-114) in axial loading (continued)

Specimen : Static tests o Fatigue teste
No. S o o 0 o 9 2 5 m e o 0 2 0 0 9 e 20 cm 0 0 0 0 9 2 20 0 0 - 0 0 9 0 e 0 OO R
: Tension Compr9831on : Maximum and : Cycles to

strength strength ¢ minimum nomi-: fallure
s 4 : nal alternat-:
: 3 # ing stress

1jooo p.8.1.

o0 =T 0 oo o 05 OH D £ B 8T D &

: 1,000 p,8.i. ¢ 1,000 p.s.i.

es 0o

Stressed at 0° to warp at 75° F. and 50
percent relative humidity, uncooled

1 2 41.60 : 4i.21 2 25.00 : 1,400
2 : 40,00 : 40,45 3 21.00 3 3,400
3 H 39,00 g 39.85 : 19.00 : 6,500
4 3 40,80 3 ko111 2 16.00 H 17,500
5 : ho.70 3 38.65 g 13,50 2 160,900
6 : 39.60 3 42.00 $ 11.00 : 1,292,700
7 $o0000b0ccbcennS00c0000080000G o 11.00 3 198019700
8 Socoossccccnsceloonnocacasconaosd 10,00 1 3,055,100
9 :occpaooooneooo:ooocooeooooeoog 9000 3 630599500
10 Seacoosseconceoonenoaonooosos! 8.00  : 220,366,300
Avﬂ§cvltar:lb-~a40c§l H h007l dssccporoagobegoedosonunevoon

Stressed at 0° to warp at 75° F. and 98 percent relative humidity
efter 100" F. 100 percent relative humidit, conditioning

b

1 : 35,50 : 27.80 2 9.50 ¢ 4,210,900
2 3 35.40 g 29,20 2 10,50 : 598,500
3 : 35,00 : 27.80 ¢ 9.55 ;1,087,400
k : 3l ,10 : 28.60 : 17.50 ‘ 1,400
5 - 35.85 g 28.00 : 22.50 : 100
6 Y A o S e e 2 20.00 : 500
7 et et 0PN AB B O EEEB 000 NE 060 aA B 9@00 v 532119500
8 B o eV AR B ST S e e 13.50 g 8,100
9 A e N I, 11.00 s Ik ,000
10 SR SR 15.00 g 35900
11 TR NN I e 12.00 : 12,300
12 T a0 B S e S sl S WS 10,00 g 612,700
Vs ¢ o simn 85 55c17 H 28328 isos2caossounpnienceancpegsua
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Table 4.--Results of fatiguel and static tests of a glass-fabric-base
laminate (resin 2 + 181-114) in axial loading (continued)

Specimen ¢ Static tests 2 Fatigue tests
No. il it ot TR S PRSP ST SUP fmmmwmm == o e e 0 2 0 o 0 e
Tension : Compression : Meximum and : Cycles to
. strength : strength : minimum nomi-: failure
: g ¢ nal alternatsz:
: : ¢ ing stress

¢ 1,000 p.s.i. : 1,000 p.s,1., : 1,000 p.8.1.

Stressed at 0°.to warp at. 75° F. and 98.percént relative
humidity after 100° F. and 100 percent relative
humidity conditioning with 1/16-inch notch

1 : 30.15 3 10.75 . 8.00 : L k61,800
2 : 29.62 : 13.05 : 15.00 : 8,800
3 31.50 3 16.10 ¢ 20.00 3 600
N : 30.60 : 19.24 2 9.00 : 1,899,300
5 H 28,90 s 32,10 : 10.66 ] 566,700
6 B 0 M0 6.5 0 0 0 S 00 £ 61 D S0 5 o 12.50 z 25,900
7 ey 17.50 : 1,400
8 ey FA RIS 11.50 : 257,200
9 O R IO 0 15 OO I ™ S e 7.50 ¢ 8,250,500
10 S A R PR S 12.00 : 36,100
11 A 13.75 : 9,400
AV A5 e ol o aes 350.15 : 18925 foeooccvocovsasiesopeaosevono
Stressed at 4%° to warp at 75° F. and 50
percent relative humidity

1 22.49 5 23,28 2 6.60 2 ;800
2 ; 23.51 : 22,90 : 5.50 : 25,100
3 : o2k 23,28 bk . 21k ,345,800
n 20.40 : 22.72 : 3.30 . 3 212,505,000
5 21.21 : 23.10 : 750 3 2,500
6 N T U P b,70 . : 2,676,800
%7 Bocooo0goancecolononeobenongn el 17.50 2 18
=8 S G005 00 L e A A6 OB S 12.50 3 141
9 O DI e e 4.80 s 696,000
10 e e VAP DA SR S A 5.,00 2 36,000
11 S0 e ct0060eeat 00 008080000000 000 5 6300 . 72600
870 00 o peo 22.01 5 23.06 ¥ i b Saa e g g ag o o 8 o a a6
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Table 4.--Results of fatiguel and stetic tests of a glass=-fabric-base
laminate (resin 2 + 181-11%) in axial loading (continued)

Specimen : Static tests g Fatigue tests
No. S A ————————— gy e,
Tension : Compression : Maximum and : Cycles to
strength : strength : minimum nomi-: failure
: : nal alternat-:
5 : 1ing stress

: 1,000 p.s.i. ¢ 1,000 p.s.i. @ 1,000 p.a.i.

Stressed at 45° to warp at 75° F, and 50 percent
relative humidity with“;/l6-inch-radius notch

18.52 : 25.30 : 9.00 : 2,300
19.03 g 24 .20 : 7.50 : 3,600
19.30 : 2k .31 : 6.00 : ' 6,600
18.89 ! 23 .40 : 5.00 ¢ 2,530,100
19.05 g 24 .98 : 12.00 : 200
O 5,50 ¢ 1,570,300
Sesvetonsorscastscasencecononsl 5.25 : 3,496,300
leesessensnnosederceccsosnosnal 4 .75 ;4,975,600
Seacecsos oaltal' s al=h o9 elu s ol ole s lale as 5.75 : 1,241,700
80 aoanon Sitasenbanacanisnannns : 6.75 : 5,500
L N0 B0 0 G0 S G a0 A0 e A 6.25 $ 62,100

e 22 ee oe s

O\ O O\ W N

e

[3 °
.

AV.soesenal 18.96 q ok 4l Ui i e W 6t d i 0 s s a0 e 0 s

Stressed at 45° to warp at 75° F. and 98 percent relative humidity
after lOO°_Fﬂ and 100 percent relative humidity conditioning

R RS Sle 0 s s e v voson e e 5.00 ; 2,700
SRR F T s Be e s 0 e 0nsevenant 6.00 . 1,100
e T Hed Be v esccccnssesnl T.50 : 500
E| e e admEeescaceotonnesl k.50 3 3,700
5 : ne S k.00 : 5,900
B e W W Bie b et e s s o 3,00 : 2#4,600
¥ el R S Se s 0w e n a0 esonal 2.75 s 3,350,200
:ulaocnolouaeo‘gnnoIeOloooo‘lnz 5050 H ‘ 553900

O =1 O\ W 10
.
[ ]
‘
L]
.
.

. = °
* lhuas T8 000000808559 000C00RG0DP0C 6880000086000

10 ; 15.39 : . .
° 30 2500990099093 30006098BIOTOSSON0EOOSIDE BSOSO E®EC

11 : : 14,51 : :
LR I R R S R O S S . S0 GO R®OLeBOCOLONOBFOODEEL 0L SO0

12 = ) l)_‘, 2 ° o
R R A IO T @9 ° $ 2 009 DPEOBE00OSLLGCLEO0O0OU08O OO0 QD

- - 0 e

- - . 3

L < °
Avaeuon-'oa 13&87 2 lhehl :aa'aanooaostnto&oacoivoaheoo
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Table h.--Rgsults of fatiguel and static tests of a glass-fabric-base
laminate (resin 2 + 181-114) in axial loading (continued)

Specimen : - Static tests
NOQ o M o T e e L oy e e e e O ks d -
H Tension ¢ Compression : Maximum and
strength minimum nomi-
nal alternat-
ing stress

Fatigue tests

ce oo 890

Cycles to
failure

00 vs oo o®

- —— P W sk ke e A e R . ey L O TS CTL L < OO CCST OF CT OGO T

1,000 p.8.i. : 1,000 pes8.i, ¢ 1,000 P.8,i,

e e O sk e OO OO R

06 ®e 00 0O ©O OB

*s %0 aw mE &

Stressed at 45° to warwy at 75° F. and 98 percent relative
Tum¥d Ity after 100° F. and J0U percent relative
humidity conditioning with 1/16-inch-radius notch

o °
13055 goooooooaoonoaooeaaoooooooeoaoooooaooeoooooo

; 15.52 H g
aEf&kwhEFrpEsaD0ar - < CeGC0C 000 B8O NAODCECGODO0TOCON0S OO0

o o o .
u‘”o'ﬂ-ﬁl‘.ﬂ'ib.t: 15060 00 0®0O0®COOO00208B0GOCO 00000000

3,25 467,800
3.50 991,800
(6] 110,900
k.50 4,600
6.25 800
3,00 312,921,300
4,00 11,800
5,00 3,400
7.50 600

"
l.ﬂ.ﬁ.ﬁ'ivﬁﬂﬂoﬁ:0956000000‘000

© °
adsfd Bt v AT sy rTrAarNNTR L U O

B 20 oD

- ®
LR B S B I R R R B )

E) )
A0 0B @0V00GNOLNRIOOPLROODOOO00000
L] °
fRBQFET ] RO TRy PN b O s B EDBOD
- °
A Q0SB OO F SO0 ODeOCIOENDECO0OOO0OCNDOQOO0

- °
TGOS DPPDELOORO RS OSSO NI OO0 E0E0 0O

HOW O~ O WP

:-oeeoe-noon.oo:oeeononcoooaoo

S

[l e
*PHOOPS RN LORORODLEHNDOOVOBO0COOOQ

80 00 bo oD BO HBY OO o0 ©vO 0O

L3 °
» .

AViesoosool 13.55 2 15,56

°
.

o
MO0 O0O0DQOONNGOYGOCOOCDOABIBODCOODH

no &R 08 BY 0 0B 9O «O On

o
o

lMean stress of zero.
g-Tested at 20 revolutions per minute,
2-Unfa.iled specimen.

E'Tested at 40 revolutions per minute.
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Table 5.--Results of static and fatigueé tests of a glass-fabric
laminate (resin 1 + 0.C.181-11%) in axial loading

Specimen : Static tests % Fatigue tests
No. S 2 a0 e ) e o A B
3 Tension s Compression : Maximum and : Cycles to

strength : strength : minimum nomi-=; failure
H ¢ nal alternat-:
ing stress

-------------- M B T I Y LRt L L L L T LT L

1,000 p.s.i. : 1,000 p.s.i. 3 1,000 p.s.i.

e

»0 ®B6 nw aa wa

Stressed at 0° to warp at 75° F. and
50 percent relative humidity

2
=1 e i Tl b T Ao o Rk S e e R i G e BT e B
2 3 k2,60 : 36.60 g 12,00 ¢ 7,199,200
3 g 38.90 : 3%.50 2 20,00 3 13,200
4 : 41.75 2 34,90 : 9.00 2 212,977,200
5 : 43,30 : 33,80 : 14.00 : 683,500
6 - 42,85 3 30,80 g 13,00 ¢ 3,008,000
7 1ve000900000b00008000000600006o0 ¢ 17050 i h8,lOO
8 Y oo s ia olvin u olsl el s S ale e n s din's siale o i E 26.00 : 800
9 O OO0 O ) 5y i o9 23,00 F 8,700
10 Teoecsenasecccoloscnncnoecnngel 15.50 : 133,800
AV.iooosoess h1.22 : 34,22 Sip oo wiond e mina s W ot ora oie e sse

Stressed at 0° to warp at 75° F. and 50 percent
relative humidity with 1/16-inch-radius notch

1 32,15 g 38.55 : 22,00 : 1,900
2 31.70 H 37.00 3 20,00 4 3,800
3 30.45 ; 40.80 : 17.50 : 12,800
L : 30.80 : 37.30 : 15.00 3 83,100
5 : 31.75 : 38.80 : 12.00 : 615,600
6 2 32.20 3 39.10 : 13.50 : 175,300
i I S 11.00 : 1,432,200
8 06 5 050 00 00 F b S X0 oo s 16.25 § 30,900
9 L P 10.00 ¢ b,k71,800
10 S PP 9.25 : 8,902,300
AVioeossont 31.51 g 38.59 O B OIS O L e G i
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Table 5.--Results of static and fatiguei tests of a glass-fabric
laminate (resin 1 + 0,C,181-114) in axial loading

(continued)
Specimen : Static tests g Fatigue tests
No. e e M e ——————— = ———————
Tension : Compression : Maximum and : Cycles to
g strength : strength : minimum nomi=: failure
: ¥ ¢ nal alternat-:
. 3 : 1ing stress
: 1,000 p.s,i. : 1,000 p.8.1. : 1,000 p.8.i. ¢
Stressed at 0° to warp at 75° F. and 50
percent relative humidity, uncooled
1 37.90 . 35.70 2 23,00 : 1,600
2 - L2.60 : 36.60 : 20,00 : 3,400
3 g 38.90 : 33,50 5 17.50 g 10,200
L 4 41,75 : 34,90 : 15,50 : 48,500
5 47,30 : 33.80 ; 1%.00 : 150,900
6 E 42,85 3 30.80 2 1%.00 : 1,112,700
7 :b-lvii-trluvtt: ------- R Laaaa S 12900 3 )'},853,600
8 TedcrrTrarrara ris s rbnovERcamDDa 26::00 ° 500
AViasucuinni 41,22 : 34,22 Seseesnesasovecdescosososoeosi

;Mean stress of zero.

2
~Inadvertently failed.
3

=Unfailed specimen.
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Table 6.--Results of fatigue and static tests of & glass-
fabric leminate (resin 2+ 181-114) in axiel

loeding at mean"streésesWothqp;than'zero

Specimen : Static tests o= - Fatigue tests
No. (e —————— e o L L S e mm————— e D A e e A N
H Tension : Compression : Alternating : Cycles to
: strength : strength H stress ¢ failure
---------- £ e o e § e
¢ 1,000 p.s.i. 3 1,000 p.s.i, : 1.000 PoBoels ¢

Stressed at 0° to warp at 75° F. and 50 percent relative humidity
with & mean Btress of 20,150 pounde per sguare inch (0.5 Sn)

1 H 41,60 H 41,21 : 15,000 H 400

2 : 40,00 : Lo.45 : 13,000 : 700

3 : 39.00 ; 39.85 : 11,000 $ 1,100

y 8 40.80 : 42,11 : 9,000 : 1,900

5 H Lo.T0 s 38.55 H 7,000 H 3,100

6 : 39.50 : 42,00 3 5,000 : 6,300

7 't]l.'I.'Ittiiill!!.l‘ill!!‘.li-li: 5’000 H 50,000

8 leansrsaraanarbividbusarsbnsnal’ 1,000 : 7)360J5OO

9 Swsvnvpsanndamrarsan A ARy R iny 3,0_00 H .];65,600

10 Suimnncavmunsaaloansananneaasnl 7,000 : 43,000
11 P P 11,000 : 11,400
12 It A A O LB A Do B o B B 2,000 s 1376,300
AViawinsres hO.BO 3 h0.71 leswnrbarssnsabosapaasrmpndasn

Stressed at 0° to warp at 75° F. and 50 percent relative
humidity with mean stress of 15,535 pounds per square
inch (0.5 on) with 1/16-inch-radius notch

! - 30.40 s 45.80 2 10,000 $ 300

2 : 30.75 : 48.90 : 8,000 : T00

3 : 22.70 . h1.95 : 1,000 : 10,600

b : 31.50 : 45 .90 : 2,000 2 105,200

5 : 30.72 2 48.15 - 6,000 H 3,200

6 bs 30435 H ,4-5.60 HE R T AR R R ]

g :I‘I'..""i"-='.*|.‘.'|ll.i‘z 1,000 : 976,100

9 :II'II'lI!r--v-:iii-ltitiliiti: 600 3 220,7}4-5’000

10 latsssasssnaasitnsssrnnss smgses 6,500 : ;5)100
ll :llottql---q...:-..ittllLiuir-: 31000 : l?f;,-’-l—OO
12 tenrsosigsbsssspsdassnnabssntsnl 900 H l5)55§}000

s . HE H : :

AVisgasrieel 51.07 H )-|-5.05 fassansonsnoeraarnnisbsanmprdd
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Table 6.-=Results of fatigue and static tests of a glass-fabric
laminate (resin 2 + 181-114) in axial loading at
mean stresses other than zero (continued)

Specimen : Static tests : Fatigue tests
No. o o 5 e om0 e et LT e w =
: Tension s Compression 3 Alternating Cycles to
5 strength ¢ strength e s8tress failure

O EEmEODm @ @O Do

o G 909 00 o om0 6 B 0 £ e 0 v e O 2 e T

¢ 1,000 psS.is ¢ 1,000 poBoio 5 1,000 poBois

Stressed at 0° to warp at 75° F, and 50 percent relative humidity
with & mean stress of 8,060 pounds per square inch (0.2 Sn)

1 : 41.60 g 41,21 3 19,000 iy 1,200
2 : 40,00 : Lo,L45 : 2,000 ¢ =10,40%,300
3 : 39,00 2 39.85 5 ;000 ¢ 3,289,200
L 3 40.80 ; k2,11 - 17,000 3 2,800
5 ; 40,70 ; B8N65 ; 15,000 : 4 ;200
6 : 39,50 : 42,00 : 13,000 3 5,700
T Sevoonooccsocecniocescocncecsoal 11,000 : 15,500
8 - O 9,000 : 41,100
9 Boeoe0000006000B00000000000000 6 7,000 ; 279,500
10 000 2 0 0560 6.6 0 00 B8 OG5 60 05 6o G 5,000 2 2,206,700
11 Se 90i0 005 omas mastencesnsenenses 4,600 s ?,259,500
12 O I E - PSS s 17,000 : 43,200
13 S S R Y 13,000 2 48,900
lll- goaeooonauoensa:ooﬁooooooooaoog 9;000 s _14"73000
15 B0 6.0 010 B e 660 B0 O G0 6 Do 6,000 8 1353 ,400
AVicoosnos? 40.30 3 Lo.71 e 0 D T e g

Stregsed at 0° to warp at 75° F., and 50 percent relative
humidity with a mean stress of 6,214 pounds per square
inch {0.2 Snj and with 1/15-inch-radius notch

1 : 30.40 H 15,80 : 13,000 g 2,900
2 30.75 48,90 2,000 3 210,401,800
3 g 32,70 : 41.95 : 4,000 : 1,396,100
b : 31.50 5 45,90 : 11,000 3 5,300
5 s 30.72 : 48.15 - 9,000 g 14,400
6 s 30.35 : 45.60 3 7,000 5 46,500
g - T 5,500 : 22k ;600
9 EC B E09 0 00200 055 B0 G0 G0 0 0 0 6 oo 3 12,000 3 ~6 400
10 5000 890 ¢ 06 3 T00 POB0 L o b e OO0 e o 8,000 : 138, 600
11 fevervcccerrnnotoracennnooaaass 5,000 3 %195 700
12 Roccossacocae IO 9 S LIS S 3,500 ¢ 11,387,700
AVercoaaood 31.07 4 45.05 O S A P

1Fan on specimens, others uncooled.
gUnfailed specimens.

Rept. No, 1823 (Sheet 2 of 2)




Table 7.--Results of fatiguel tests of a glass-fabric-base
laminate (resin 2 + 181-11k fabric) in exial
Joading through a 1/4-inch bearing pin

Specimen : Fatigue tests

No. e i e i e b e b e i b
: . Meximum and minimum g Cycles to failure
: nominal alternating S
: stress2 :

1,000 p.s.i.

Stressed at 0° to warp at 75° F.,
50 percent relative humidity

1 SRWoeswoesrnososeontovesc Sesenasssrenos 0080000D000C
2 : 22,00 : 2,000
5 g 20,00 : 3,600
b : 18.00 : 2,600
5 : 16.00 : 14,600
6 : 14.00 : 25,500
7 : 12.00 : 114,100
8 : 10,00 : 666,900
9 : 9.00 : 1,330,800
10 : 8.00 : L ,822,800
11 : 7 .50 : 9,386,200

. °
12 48 204N PDDGCSE0oT RSO 6PSODO00S00BDIO0OLSSV0CI0OCEDEO0CO0DD

° L3
. °

EMean gtress of zero.

éAverage stress on net section of specimen outside the limits
of the bolt bearing.
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Table 8.--Results of fatiguel and static tests of a glass~fabric-base
laminate (resin 2 + 143-11k febric) in axial loading

Specimen s Static tests 2 Fatigue tests
NO ° Smme ey ae O o e 0 T B 0 o e s au o0 o ao OO 62 mamm §mosoemmaes mos - e = 0 O oo 3 ED R W D I 0 G
H Tension ¢ Compression : Meximum end ¢ Cycles to
5 strength : strength ¢ ninimm ¢ failure
H ¢ alternating
3 g ; stress 3
¢ 1,000 po8oi, 2 1, 000 PeBols 3 1,000 poBei. ¢

Stressed at 0° to warp at 75° F. and 50 percent relative humidity

46.70
k1.00
43,30

38,10
46.00
MOQO
38.30 40,80
46.10 43.40

°
°
°
©
o
&
3
[
°
°
°
V9000000000002 0008000C000HP0O0D0OI O
°
e
°
°
°
o
Q
©
°
o
o

29.00
21,00
16.00
14,00
12.00
11,00
11.00
18,00
2k, 00
10.25

300
10,100
60,900

237,700

2,833,400

2,203,700

3,608,100
34,800

3,600

75535 ,600

OPOOOORAAVOBO000Q0AGCO0O0OO000000OH

D00QPEPOPDOO0VO0000O0CHDROOOCOCDOCOODOO0

OO0 HOOO0O000GCGOO O DOQCOOOOOOCHGQO OO

O\ =3 O\ &V

=

PQ0QO0O0BOOOEOD ©0 0000000000000

Ef ©0 ©0 0O ©06 06 TO OO BE DO 06 O
60 06 00 20 BO 56 ©BE OO €0 O GO OO
00 00 00 00 00 ©0 00 0O C£O 0O 0O

42 54

AVeqaoonot‘ h3"05
Stressed at 0° to warp at 75° F. and 50 1_rcent
relative humidigg with lflﬁwinchwradius notch

k0,60
39.90
36,70
: 38,00
2 38.90

2
PCOVOVIEROODOTOD

14
G0 0000000 C00QDNO02O00000030000

600

11,400
97,900
475,100
1,981,700
711,200
31,500
3,100
12,212,400

oc

41,30
46,00
k5,50

25,00
18,00
46,10 13.00
45,50 11.00
8009000000000 0scau. P00
10.00
15.00
21,00
7 .50

06 eo oo

66 &E €0 00 &GO

o
©P 0 PO00QOBREO0000000BOROODDOGOOOCDO O

© 00 ©6D 00 0O ©O 00

©

@
eSCRROLPLOICOC0OD ©CGC000000000000

° L
900000030000 0P0CC0COVO0O0DOBACGOD0 O

OO O~ A\ =W N

°
€800 000DQO0B0O0RQ

[

0o vdGooc@oTonoo

Lk .88

AViooovooal 38.82

°

o ©0 00 ©0 00 00 DO GO SO 0O OO 00

$90000C0CDORSOCQCCCO00C00O0CQR0C0000

oo 69 65 00 OO0 O 00

B¢ ©0 o0 <O

S

EMean stress of zero.
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Table 10.--Effect of three mean stresses on fatigue strength
| of & glass-fabric-base laminate (resin 2 + 181-
114 febric, laminete 1)} in axial loading

oo oo

oo oo

Variable Static 3 Alternating stress amplitude
¢ tension f=m—mmmmm—eaa T e ke
sstrength: 1,000 : 100,000 : 10,000,000
2 ¢ cycles: cycles : cycles
¢ 1,000 s 1,000 ¢ 1,000 : 1,000
$ PoBoloe ¢ PoBelot PoBo.io. ¢ P-8o1i,
Stressed at 0° to warp at 75° F. and 50
percent relative humidity, unnotched
Zero mean stress s 40.30 : 27.2 ¢ 15.5 9.0
8,060 pounds per square e g 3
inch tensile mean stress: 40,30 : 21.7 : 7.5 ¢ k.2
20,150 pounds per square 3 g 2 5
inch tensile mean stress: U40.30 : 11.5 : 2.6 .8

Stressed at 0° to warp at 75° F., and 50 percent
relative humidity, 1/l6-inch-radius notch

Zero mean stress s 31.07 : 23%.3 ¢ 12.3 2 T:5
6,214 pounds per square y : :
inch tensile mean stress: 31,07 : 17.2 ¢ 5.8 ¢ 3.0
15,535 pounds per square ¢ & $ 2
2 2.1 2 o7

inch tensile mean stress: 31.07 : 8.2

°
°
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2 M 86Lh0 F

Flgure 1.--Sketch of fetigue specimen.




Z M 85996 F

Figure 2.--Grips supporting the fatigue specimen, which is
loaded axially in tension and compression in a direct-stress
fatigue machine.




2 X 85997 F

Figure 3.--Humidity chamber surrounding the fatigue specimen and grips in a
direct-stress fatigue machine.




Z M 87900 F

Figure 4.--Clamps for supporting and loading the bolt-bearing
fatigue specimen.
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Figure 33.--Typical failures of fatigue specimens made of resin 2 +181-114 fabric
(laminate 1) tested at 45° to warp.
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Figure 34.--Typical failures of fatigue specimens made of resin
. 1 + 181-114 fabric (laminate 2) tested at 0° to warp.
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Figure 35.--Typical failures of fatigue specimens made of resin ]
2 + 143-114 fabric (laminate 3) tested at 0° to warp. :
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