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Summary 

This report presents the results of 36 tension and 45 compression tests
made on two glass-fabric-base plastic laminates. The laminated speci-
mens were prestressed to various percentages of the ultimate stress, and
a study was made of the effect of this prestressing on the mechanical proper-
ties and set. All tests were made after normal conditioning of the specimens.

The tests showed that with 181-114 laminate, resin 2, which might be con-
sidered a typical glass-fabric-base plastic laminate, the stress-strain
curve of the material after it had been prestressed in tension was different
from the stress-strain curve obtained on the first application of stress.
Thus, for laminates of this type, the results indicate that the values of
modulus of elasticity and of proportional limit, as calculated from the usual
tensile stress-strain curve, may be considerably in error once the material
has been stressed beyond the initial proportional limit. The 143-114 lami-
nate, resin 2, on the other hand, showed the same type of stress-strain
curve whether or not prestressed. The tensile strength of neither type ap-
pears to be affected by prestressing.

-This—This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy Bureau of Aeronautics No.
NAer Order 00793, Amendment No. 1, and U. S. Air Force No. USAF-
PO-33-038(50-1078-E). Results here reported are preliminary and may
be revised as additional data become available.

?Maintained—Maintained at Madison, Wis. , in cooperation with the University of Wisconsin.
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The compressive properties of the two laminates were not appreciably af-
fected by prestressing.

The greater the degree of prestressing in tension or compression, the
greater was the observed set. However, the set is of small absolute magni-
tude.

Introduction

The effect of prestressing on the mechanical properties of a material is im-
portant for the proper structural application of the material. A knowledge
of this effect on glass-fabric-base plastic laminates is therefore required
for a better structural utilization of these materials. Some tests on the
effect of prestressing veha previously been carried out by others, including
those reported by Marin. —3

A limited number of tests on the effect of prestressing in tension or com-
pression have been made at the Forest Products Laboratory for two glass-
fabric-base plastic laminates. The purpose of this study was to obtain
additional data on the effect of various degrees of prestressing upon the
mechanical properties and on the observed set. The results of these tests
are included in this report.

Description of Material 

Glass-fabric-base plastic laminate panels, approximately 1/8 inch by 18
by 18 inches, were made at the Forest Products Laboratory for each of the
two laminates. Two panels were made of 12 plies of 181-114 satin-weave
fabric and two panels of 13 plies of 143-114 unidirectional fabric. In all
panels, the fabric was parallel-laminated and assembled with resin 2, a
high-temperature-setting, low-viscosity, laminating resin of the polyester
(alkyd-styrene) type. The resin was catalyzed by the addition of 0.8 per-
cent benzoyl peroxide by weight. The lay-up of fabric and resin was made
between cellophane-covered 1/4-inch-thick aluminum cauls. After impreg-
nation and lay-up, each panel was cured at a pressure of 14 pounds per
square inch for 1 hour and 40 minutes in a press at a temperature gradually
increasing from 220° to 250° F. Pressure was applied by means of an oil-
3
—N. A. C. A. Technical Note No. 1105, "Static and Dynamic Creep Properties

of Laminated Plastics for Various Types of Stress, " by Joseph Marin.
February 1947.
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filled steel bladder located on the bottom platen of the press. Resin con-
tent, specific gravity, and average Barcol hardness of each cured panel
are shown in table 1.

A sketch of the panel lay-out or cutting diagram is shown in figure 1. The
specimens were cut parallel to the warp of the laminations with a 1/8-inch
emery wheel rotated at 1,770 revolutions per minute in the arbor of a vari-
able-speed table saw. This method of cutting provided square and smooth
surfaces for the compression specimens. The tensile specimens were fin-
ished to the desired shape and curvature by use of an emery wheel mounted
on a shaper head.

The classification within which each specimen falls is indicated by the
letters and numbers assigned to it. For example, the designation TB0-
9-54-1 classified the specimen as follows:

T Tension specimen (C designates compression specimen)
B 181-114 laminate, resin 2
0 Specimen tested at 0° to warp of laminations
9 Project number

54 Panel number
1 Specimen number

Testing 

All specimens were conditioned at a temperature of 73° F. and a relative
humidity of 50 percent for at least 1 month before testing.

Tension Tests

The tension specimens used in these tests were 16 inches long and of the
thickness of the laminate, with a reduced cross section at the center. The
maximum sections at the ends were 1-1/2 inches wide and 2-7/8 inches
long. The minimum section at the center was 0.8 inch wide and 2-1/2 inches
long. The maximum and minimum sections were connected by circular arcs
of 20-inch radius tangential to the minimum section. Experience has shown
that this type of specimen is reasonably free from stress concentrations at
the minimum section and from the influence of end restraint.

The specimens were tested in a 120,000-pound-capacity hydraulic testing
machine using templin tension . grips (fig. 2). Load was applied at a head
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speed of 0.035 inch per minute, and load-deformation readings were taken
at regular increments of load. The strains were measured parallel to the
applied load across a 2-inch gage length at the center of the specimen, with
a pair of Marten's mirrors reading to 0.00001 inch.

The control specimens were loaded at a constant head speed to the maxi-
mum load, at which point the specimens failed suddenly.

The preloaded specimens were loaded at a constant head speed to a pre-
determined load below the estimated maximum. Load-deformation readings
were taken at regular increments of load to the maximum preload. The load
was then dropped off and a few load-deformation readings were taken while
unloading. These points give an indication of the hysteresis effect of the
particular laminate. The strain reading at the initial load was also recorded.
It has been referred to as the "observed set in 2-inch gage length" (table 2).
Most specimens were preloaded once and then run to failure. In a few speci-
mens, the load was applied to the maximum preload and removed, as above,
one or two additional times. In the final run, the specimen was loaded con-
tinuously to the maximum load, at which point the specimen failed suddenly.

There was no discernible difference between the failure of the control speci-
mens and the preloaded specimens. The tension specimens of 181-114 lami-
nate failed in tension, with the failure sometimes being accompanied by in-
terlaminar shear failure. The specimens of 143-114 laminate also failed
in tension, but the failure was more violent and was usually followed by a
shattering or splintering failure parallel to the warp of the laminations.

Compression Tests

The compression specimens used in these tests were 1 inch wide, 4 inches
long, and the thickness of the laminate. The specimens were loaded on the
1-inch ends and restrained from buckling by means of the apparatus illus-
trated in figure 3, which is described elsewhere.±

The specimens were tested in a hydraulic testing machine having a spherical
head. Load was applied at a head speed of 0.012 inch per minute, and load-
deformation readings were taken at regular increments of load. The strains
were measured parallel to the applied load with a pair of Marten's mirrors,
mounted on opposite edges of the specimens, over a 2-inch gage length.

4
A. S. T. M. Designation D805-47, "Methods of Testing Plywood, Veneer, and

Other Wood-base Materials, " 1947.
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The control specimens were loaded continuously at a constant head speed
to the maximum load. The preloaded specimens were loaded by a procedure
similar to that described under tension tests above. For all specimens, the
failure occurred suddenly when the maximum load was reached. The failure
of both types of laminate was similar, being a crushing of the fibers usually
combined with a transverse shear failure and sometimes followed by some
delamination of the specimen.

Presentation of Data

The results of the tension tests are presented in table 2. The key to each
specimen number has been previously given. Column 4 lists the number of
times the specimen was loaded from the initial load to the maximum pre-
load and back to the initial load. Columns 5 through 10 show the test results
obtained from the first run. Note that values of 0.2 percent offset yield
stress are given in column 9, although the values are not considered to be
significant as discussed later in this report. The observed set (in the 2-
inch gage length) at the initial load after the first preload is given in column
11. In the case of control specimens, because the first run was continued
to failure, no values are listed under columns 4, 11, 12, 13, and 16. How-
ever, since the maximum applied stress (col. 10) is the same as the ulti-
mate stress for control specimens, the value is repeated in column 14.
For the preloaded specimens, the properties calculated from the run to
failure (final run) are listed in columns 12, 13, and 14. Column 15 gives
the ratio in percentage of the maximum stress applied in the first run to
the ultimate stress, or the values in column 10 divided by those in column
14. The ratio of the modulus of elasticity of the final run to the secondary
modulus of elasticity of the first run is given in column 16.

Table 3 presents the results of the compression tests and has an arrange -
ment similar to that of table 2. The mechanical properties and observed
set, as in table 2, are those observed from the first preload run.

The observed set at the initial load after the first tensile preload, in terms
of inches per inch (values in col. 11, table 2, divided by the gage length of
2 inches), is plotted against the ratio of the maximum preload to the maxi-
mum load, in percentage (col. 15), in figure 4. An average straight-line
curve has been drawn through the origin for each laminate. A similar plot
is made for the observed set in compression tests (fig. 5). Values of off-
set versus observed set in tension, for the 181-114 laminate, are plotted
in figure 6.
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The effect of repeated preloading on the load-deformation curves in tension
is shown in figure 7. A typical specimen of each laminate was loaded to
the maximum preload three times, after which the specimen was loaded to
failure. A few load-deformation readings were taken while unloading from
the maximum preload to the initial load.

The effect of a single preload on tensile specimens of 181-114 laminate is
shown in figure 8. The curves of the preload run and of the final run are
plotted, for each of the two specimens, at the same origin. The specimens
were loaded to the maximum preload, the load was removed to the initial
load (with a few load-deformation readings taken while unloading), and then
the specimen was loaded to failure.

Typical load-deformation curves of one specimen of each laminate tested
in compression are shown in figure 9. The load was applied to the maxi-
mum preload, removed to the initial load, and then carried to failure.

Analysis of Results

General

, 6
Previous studies of glass-fabric-base plastic laminates

5
— —have indicated

a low proportional limit in tension for some of the laminates. This initial
straight-line portion of the stress-strain curve may be in effect to about 15
or 20 percent of the maximum stress, at which point the curve assumes an-
other straight-line portion of different slope. These two lines have some-
times been referred toi as initial and secondary straight-line portions of
the curve, from which initial and secondary values of modulus of elasticity
and proportional limit are obtained. No definite analysis of the cause of
this dual value has been given, but, among the possible reasons, it has
been suggested that the stress-strain curves approximate two straight lines
because (1) of the interaction between fibrous and resinous materials within
the laminate, or (2) there may be a molecular change in the resin above the
initial proportional-limit stress.

-Findley, W. N. "Mechanical Properties Of Five Laminated Plastics. "
N. A. C. A. Technical Note No. 1560. August 1948.

6Werren, Fred. "Directional Properties of Glass-Fabric-base Plastic
Laminates of Sizes that Do Not Buckle. " U. S. Forest Products Lab-
oratory Reports No. 1803 and No. 1803-A. April 1949 and December
1949.
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The significance of this low proportional limit on the mechanical properties
in tension has been questionable, and different combinations of resin and

3glass cloth would be expected to act differently. Tests by Marin, —however,
in which a laminate was loaded to two-thirds of-the ultimate stress 100 times
and then tested to failure, indicated that stresses in excess of the initial
proportional limit do not sensibly damage the laminate.

Effect of Preloading on Mechanical Properties 

The effect of tensile preloading on 181-114 laminate, which may be considered
somewhat representative of many glass-fabric-base plastic laminates, can
best be seen by an examination of typical load-deformation curves (fig. 7).
Specimen TBO-9-54-6 was loaded on the first run to 3,000 pounds. A load-
deformation curve was obtained as is shown in the figure. The load was re-
moved at a reasonable rate, and deformation readings were taken at 2,000,
1,000, and 100 pounds. These values are designated on the curve by an X
and give an indication of the hysteresis effect. The deformation remaining
at 100 pounds load (initial load) was 0.00148 inch in the 2-inch gage length,
and has been recorded as the observed set at the end of the first run (table
2). The specimen was reloaded and unloaded in a similar manner a second
and a third time (observed set was 0.00148 after second run and 0.00151
after third run), and then the final run was made to failure. An examination
of the curves showed that the first time the material was subjected to tension,
it exhibited two straight-line sections on the load-deformation curve. In the
second and following loadings, the load-deformation curves were single
straight lines that were parallel to each other up to the maximum preload.
The slope of the lines in the latter runs was intermediate between the initial
and secondary slopes of the first run.

Typical load-deformation curves of two other specimens of 181-114 laminate
are given in figure 8. Specimen TBO-9-54-3 was loaded to 2,400 pounds, un-
loaded to 100 pounds (with a few readings being taken during unloading), and
reloaded to failure. The final run was plotted as a straight line up to 2,400
pounds, and the slope was intermediate between the initial and secondary
slopes of the first run. From 2,400 to 3,200 pounds, the- curve is shown to
be straight and parallel to the secondary slope of the first run. Beyond
3,200 pounds, the curve gradually becomes flatter until the . specimen fails.
With specimen TBO-9-54-4 (fig. 8), the maximum preload of the first run
was higher than the secondary proportional limit of the material. The speci-
men was loaded to 4,000 pounds, unloaded to 100 pounds, and reloaded to
failure. As before, the low initial proportional limit was not observed after
the first preload. The final run was plotted as a straight line to a 3,000-
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pound load (which was the secondary proportional limit on the first run)
with a slope that was intermediate between the initial and secondary slopes
of the first run.

The above examples are representative of the specimens tested for this
laminate. Complete data are given in table 2 for various degrees of pre-
load. From the above discussion, supplemented by the data from tests
reported in table 2, the following brief summations may be made for 181-
114 laminate:

(1) A stress-strain curve obtained from a test in which the load is increased
directly from zero to failure is not representative of the tensile properties
of the material once the material has been subjected to stresses above the
initial proportional limit.

(2) Once the material has been stressed beyond the initial proportional
limit, the modulus of elasticity to be used for design purposes will be inter-
mediate between the initial and secondary values of modulus of elasticity
generally reported.

(3) The proportional limit, after prestress, will be some value between the
initial and secondary proportional limit, depending upon the degree of pre-
stress.

(4) The ultimate stress does not appear to be affected by preloading.

(5) During loading, the material undergoes plastic deformation and this has
been recorded as the observed set. This value will depend upon testing tech-
niques, including rate of loading and unloading, and time permitted for re-
covery before reading.

The facts outlined above indicate that there will be some difficulty in deriv-
ing, from tensile data as usually reported, values of modulus of elasticity
and proportional-limit stress for other materials exhibiting initial and
secondary straight lines on the tensile stress-strain curve. There are,
however, certain relationships in the data on 181-114 laminate that provide
bases for making reasonable estimates of the value of modulus of elasticity
after prestressing, or it may be that the secondary modulus could be used
as a conservative value.

A line drawn from the origin to a point on the original stress-strain curve
(see typical curves, figs. 7 and 8) corresponding to the level of prestress
(but not higher than the secondary proportional limit) has a slope corres-
ponding in reasonable degree to the initial slope of the final run. The slope
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of such a line would, of course, depend upon the magnitude , of the initial
load. The applicability of such a method to other data would thus depend
upon the initial load applied to the specimen. The initial load for the speci-
mens tested in this study was about 2 percent of ultimate, so that this
method of analysis seems suitable for data involving about the same level
of initial stress.

The final values of modulus of elasticity for the specimens of 181-114 lami-
nate were, on the average, about 10 percent higher than the secondary values
of modulus of elasticity (col. 16, table 2). If it could be assumed that a
similar relationship held for other materials, secondary values of modulus
of elasticity could be increased by this percentage to obtain the value after
prestress. By using the same assumption, a refinement of this procedure
would involve increases varying, according to the level of prestress, from
about 14 percent at one-fifth the maximum stress to about 7 percent at two-
thirds of the maximum and above (col. 16, table 2).

If it can be assumed that the set at initial stress is the same for other ma-
terials as for 181-114 laminate, the method first proposed could be refined
by plotting the initial set to correspond to the degree of prestress (from the
average curve of fig. 4) on the stress-strain curve for the material and by
drawing a straight line from this point to the point on the curve correspond-
ing to the level of prestress.

Admittedly, values of modulus of elasticity for other laminates estimated by
such procedures will not be exact. More exact values, however, would
necessitate obtaining for each laminate data similar to data contained in
this report. In the absence of further data, one of the above procedures
could be used for estimating the tension modulus of elasticity, or the sec-
ondary modulus could be used as a conservative value.

The proportional limit may be considered to be the level of prestress up to
the secondary value of proportional limit.

The procedures outlined above are not necessary for materials not exhibit-
ing initial and secondary straight lines.

The effect of tensile preloading on the parallel-laminated 143-114 laminate
was considerably different from that described above. There was no notice-
able evidence, in this or in a previous study,§- of an initial and a secondary
straight-line portion from the load-deformation curves of this material.
Typical curves showing the effect of three preload runs are shown in figure
7. It can be seen that there is a slight hysteresis effect and some set,
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particularly while unloading the first run, but the slope of the straight sec-
tion of the curve remains the same. For this material, the values calcu-
lated from a typical stress-strain curve would be satisfactory to use for
design purposes. As with 181-114 laminate, the ultimate stress does not
appear to be affected by preloading.

Of the two laminates tested, it is apparent that the stress-strain relations
usually observed in tension may be unsatisfactory for design purposes for
one laminate and satisfactory for the other. The question then arises as
to what is to be expected with another glass-fabric-base plastic laminate
made of a different fabric. The 181-114 laminate was made from a satin-
weave fabric, which is reasonably representative of many fabrics. On the
other hand, the 143-114 laminate was made from a unidirectional fabric
with the thought of getting very high strength properties in one direction
(with resulting poor properties at an angle of 90° to it). In 143-114 lami-
nate, the ratio of glass fibers to resin is greater and the warp fibers are
more nearly straight than in most cloths. Thus the interaction between
fibers and resin or the effect of the resin would be less marked than with
many laminates. It seems reasonable to assume that most glass-fabric
laminates tested in tension will act similar to the 181-114 laminate in that
there will probably be an initial and a secondary straight-line section of the
stress-strain curve. In the absence of further information on the effect of
prestressing other similar laminates, it would seem desirable to furnish
the designer with typical stress-strain curves in tension so that he could
pick his own values according to the degree of stress the material would be

subjected to.

It has been mentioned that for these tests the 143-114 fabric was parallel
laminated. For most purposes, however, the 143-114 fabric will probably
be cross laminated. When cross laminated, it is expected that the material
will act similar to the 181-114 laminate.

From a study of the compression load-deformation data available for this
and previous reports, -61 it appears that there may be a primary and second-
ary straight-line characteristic in compression for the 181-114 laminate
but not for the 143-114 laminate. The differences between the initial and
secondary moduli are small, however, and it is therefore difficult to deter-
mine the initial and secondary values consistently. Because this difference
does not appear to be important for practical application, a single straight
line has been drawn through the points plotted from the compression data,
and, therefore, a mean modulus of elasticity and proportional limit is
given. Typical load-deformation curves in compression are shown in

figure 9 for each of the two laminates. In all tests, results of which are
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reported in table 3, values of modulus of elasticity from preload runs are
the same as those from the final run. The stress at proportional limit is
generally a little higher on the final run than on the first run, but this value
is difficult to pick from these tests because there is no clearly defined pro-
portional limit. The ultimate stress of the preloaded specimens is a little
less than that of the control specimens. This may be merely due, however,
to chance variations in the test results.

Figure 9 shows that there is a slight hysteresis effect and some set (ob-
served set reported in table 2), but these do not affect the slope of the
stress-strain curve on the following runs. It appears that the values ob-
tained from ordinary load-deformation readings in compression can be used
directly for design purposes.

Observed Set and Hysteresis 

It has been mentioned previously that the observed set at the end of the first
run (initial load to maximum preload and back to initial load) was the value
recorded just as the load had been reduced to the initial load. Experience
has shown that this observed set is slightly recoverable in both the tension
and compression tests. For example, in specimen TBO-9-54-4 (fig.. 8),
the observed set recorded was 0.00213 inch; yet at the start of the final run,
perhaps 2 or 3 minutes later, the set had recovered to 0.00200 inch. The
values of observed set reported herein, and the load-deformation readings
taken while unloading to show the hysteresis effect, would be affected by
the test techniques, including speed of loading and unloading and time per-
mitted for recovery before the reading. Additional tests would be required
to evaluate the effect of testing technique on set and hysteresis.

In the few specimens that were preloaded two or three times, the observed
set at initial load was recorded after each run. For each specimen, by far
the greatest set took place during the first preload, and additional set due
to the second and third preloads was much less or nonexistent.

The observed set at the initial load (inches per inch) has been plotted against
the ratio of maximum preload to maximum load (percent) for each preloaded
tension and compression specimen (figs. 4 and 5), An average straight-line
curve has been drawn through the origin for each series. It may be that
the true average curve is not a straight line or does not pass through the
origin. In the absence of additional data, however, the lines drawn seem
to be the most logical approximation. When the small strains that must be
measured at the initial load are considered, the results are in reasonable
agreement with these average curves.
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It has been mentioned that the observed set is small in absolute magnitude
for both tension and compression, even after prestress to a high level, so
that it may probably be considered negligible for most design considera-
tions. For some materials, particularly where the set is large, the rela-
tionship between set and offset is often desired for design purposes. (Off-
set is the deviation of the load-deformation curve from the initial straight-
line portion of the curve, and is therefore zero up to the proportional limit).
This relationship can be expressed by plotting a curve of offset versus set.
Results of the tension tests of the 181-114 laminate have been plotted in this
way (fig. 6), the offset having been measured from the relatively short initial
straight line of the load-deformation curve of the first loading.

Curves of offset versus observed set in tension or compression are probably
not so important for glass-fabric laminates as for many other materials be-
cause of the relatively straight load-deformation curves and the small offset
and observed set. The results of the other tests included in this report are
insufficient to show any particular trend between these values. For the
plotted data included in figure 6, no curve was drawn through the points be-
cause of the scatter of test results. With the exception of the three points
with the lowest offset values, a straight line from the origin might be rea-
sonably representative of the relationship. As a rough indication, it appears
that the observed set in tension is about one-half as great as the offset for
the 181-114 laminate.

Conclusions

The analysis of results of tension and compression tests of two glass-fabric-
base plastic laminates leads to the conclusions that follow. Since these con-
clusions are based on a limited number of tests of two laminates, the applic-
ability of the conclusions to other laminates is open to question and would
need to be verified by check tests. However, 181-114 laminate is considered
to be more representative of most glass-fabric-base plastic laminates than
the parallel-laminated 143-114 laminate and most laminates would be ex-
pected to act similarly to the former.

A single stress-strain curve of 181-114 laminate in tension yields two
straight-line portions from which an initial and secondary modulus of elas-
ticity and proportional limit can be calculated. Also, the 0.2 percent offset
yield stress is sometimes given on the basis of the deviation of the curve
from the initial straight line. These values, if so reported, are not repre-
sentative of the material in a structure, because once the material is
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stressed beyond the initial proportional limit and the stress is removed, the
material acts differently and a new stress-strain curve results. The modu-
lus of elasticity of the prestressed material will be a value intermediate be-
tween those that would normally be reported as the initial and secondary
values. The proportional limit will be higher than the initial proportional
limit and, depending on the degree of prestress, will approach the second-
ary proportional limit. The 0.2 percent offset yield stress will be a higher
value and may be equal to the ultimate stress. The ultimate stress does
not appear to be appreciably affected by prestressing.•

It is suggested that the designer be furnished with a typical tension stress-
strain curve of the laminate that it is proposed to use. From a knowledge
of the tensile stress to be applied to the laminate and of an approximation
of the set, a better value of modulus of elasticity and proportional limit can
be obtained than from the values normally reported.

Stress-strain curves of tension tests of 143-114 laminate did not show two
straight-line sections as did 181-114 laminate. The values normally re-
ported could be used for design purposes because the prestressed material
appears to act similarly to the laminate when first stressed, except for a
small sets

The compressive properties of either laminate are not appreciably affected
by prestressing. It does appear, however, that the proportional limit may
be slightly higher for a prestressed laminate.

There is a relatively small hysteresis effect for both laminates in both ten-
sion and compression once the material has been prestressed.

The observed set at initial load increases with the degree of prestressing
in both tension and compression for each laminate. The greatest set is
incurred in the first preload run, and additional set resulting from subse-
quent prel.oads is small.

It should be remembered that the above conclusions are based on specimens
after normal (dry) conditioning. Similar laminates in the wet condition are
known to have different properties than when in the dry condition.
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Table 1. --Resin content, specific gravity, and
average Barcol hardness for laminated
panels

Panel :	 Resin	 : Specific :	 Average
1

No. : content— : gravity	 .	 Barcol
hardness

Percent

181-114 Laminate, Resin 2

54 34.2 1.81 68
70 38.7 1.76 65

143-114 Laminate, Resin 2

49 31.3 1.85 66

69 31.4 1.86 65

1
—Based on weight of cured panel.
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Table 3.--Reeults of comoreesiou teats of 181-114 laminate and 143-114 laminate
showing effect of pre:loading on the mechanical properties and observed set

	

:	 t	 t	 8
Specimen :Thick- : Widths Number t	 First run	 Final run	 : Ratio of

No.	 : ness :	 :	 of	 t 	  .	 	 , maximum
	t 	 :	 : preload : Modulus ; Propor- : Maximum t Observed : Modulus : Propor ; Ultimate : applied

	

.	 ; runs	 1	 of	 : tional- : applied I set in :	 of	 : tional- ; stressl ;stress to
•

	

.	 .	 :	 : elms- : limit	 : stress 8 2-inch	 : alas- : limit	 8	 : ultimate

	

:	 •

	

.	 : ticity : stress :	 : gage	 : ticity I stress :	 : stress

	

:	 :	 :	 •	 .	 : length	 :	 :	 s

	 :	 : 	 : 	 	 :	 :	 .	 .	 . 	 •	 	 .
(1)	 : (2)	 : (3)	 :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 ;	 (8)	 :	 (9)	 :	 (10)	 :	 (11)	 :	 (12)
	 . 	 	• 	 •	 	 . 	 : 	 :	 : 	 	 	 •

	

: Inch : Inch :	 : 1.000 : P.e.i.  : LILL% 1	 Inch : 1,000 : P.s.i. 8 P e.i	 : Percent
	8	 •	 : wi,1...t s	 .	 : pLkti,,, :	 :	 :

181-114 Laminate -- Oontrol Specimens

	

cm-9-54-2 : 0.117: 0.994 t 	 • 3.590 1 28,380 ; 41.190 	 	 : 	s 41,190 : 100.0

	

54-5 & .117 1	 .995 3 ....... .0 3.632 t 25,770 : 38,140 : 	  	 I 	: 38,14o s 1004

	

54-8 8 .120 : .995 • 	 ... : 3,570 : 22,610 : 41,17o : 	 	 	 : 41,370 : 100.0

	

54- 11 t .120 t 1.008 •	 	 : 3.4 72 : 22.320 : 38,940 : . 	 	 	 ; 38,940 : 100.0

	

70-2 3	 .126 i	 990 '	 	 • 3,409 : 24,650 : 37,120 1 	 	 	 $ 37,12o : 100.0

	

70-5 1	 .131 1	 .985 : 	 ;	 3,275 3 24.800 • 37,470 1. 	  	  . .. 	  . .	 37.470 I	 100.0
	70-8 3	 .131 2	 .934 	 	 • 3,198 ; 24,820 1 35,760 $ 	  	 $ 35,760 : 100.0

	

70-11 : .133: 1.010 : 	 	 3,079 • 23,820 • 36,700 ; 	 	 36,700 1 100.0
	 .	

Average 	 t	 ' 	: 3, 403 : 24,770 : 38,340 1 	 :	 : 	 38,340 : 100.0

181-114 Laminate -- Preloaded Specimens

	

080-9-54-7 8 .121: .996 :	 1	 : 3,377	 	  6,64o 1 0.00010 : 3,377 : 20,740 : 36,510 s	 18.2

	

70-3 t .134 1 .992 :	 1	 1 3,009 1 	  9,030 : .00003 1 3,009 t 21,060 : 37,070 : 	 24.4

	

70-10 I .133: 1.010	 1	 : 3,127 3 	  10,420 1 .00011 : 3,127 1 19,360 : 31,820 : 	 32.7

	

54-3 8 .121: .994	 1	 8 3,358 	  13,300 : .00000 1 3,358 8 24,940 s 37,750 : 	 35.2

	

54-10 1 .120 : 1.008	 1	 : 3,379 : 	 • 14,88o : .0001) : 3,379 8 29,760 8 37,860 : 	 39.3

	

70-4 8 .135 1 .990	 1	 : 3,169 1 	  14.960 i .0001c / 3,169 : 17,960: 37,560 :	 39.8
	54-12 : .122: 1.012	 1	 i 3,381 s 	 • 21,060 I .00041 : 3,381 1 25,920: 38,470 ; 	 54.7

	

54-4 s .123 1 .995	 1	 : 3.333 1	 • 19,610 8 .00019 : 3,333 : 22,060 1 32,680 1 	 60.0

	

70-6 i .135 1 .984	 3	 : 3,117 : 16,560 : 21,080 i .00038 : 3,117 : 21,080: 33,500 :	 62.9

	

70.. 12 1 .133 1 1.009	 1	 : 3,178 : 17,140 : 22,360 1.00030 : 3,178 : 19,370: 33.760 t	 66.2
	70-1 1 .135: .991	 1	 : 3,078 1 20,930 : 26,910 I .000143 1 3,078 8 22,420 t 37,070 : 	 72.6

	

54-6 8 .120 t .996	 1	 : 3,443 : 19,240 : 26,770 : .00041 : 3,443 : 24,260 : 36,480 t	 73.4
	54-9 : .120: 1.007	 1	 1 3,333 : 23,170 : 28,140 : .00040 : 3,333 : 23,170 t 37,070 : 	 75.9

	

70-9 I .133 : 1.009	 1	 : 3,190 1 17,880 1 28,320 : .00053 : 3,190 1 23,850 1 32,940 : 	 86.0

	

70'7 3 .135 t .984 •	 1	 I 3,121 1 18,07o 1 30,110 : .00054 1 3,121 : 22,580 i 34,180 : 	 88.1
. 	 .

3

	

,	
3,240 : 22.570 • 35,650 '	

:,	 -- ........., _,..--.L.-„-...,...:	 : 
Average 	 I	 	 ' 3,240 I 19,000 1 	 1

143-114 Laminate -- Control Specimens

	

C00- 9-49- 2 t .121 : .988 . 	 1 5,302 4 26,770 • 39,310 t 	 1	 s 	8 39.310 : 100.0

	

49-5 t .121 :	 .994 1 	 	 5,218 t 19,950 1 46,060 I 	 1 	 	 : 46,060 1 100.0

	

49-8 : .123: .996 ; 	 	  5,352	 0

	

s26,120 1 43,100 1 	 t 	; 	 43,100 1 100.

	

49-11 :	 .123 : 1.001 :• 	  4,913 s 28, 1120 : 43,130 t 	 s 	 ; 	 1 43,130 : 100.0

	

69-2 i	 .121:	 .988 8 	 : 5,061 1 215, 0 1 50,610 	 	 :	 1 	 :50,610 : 100,0

	

69-5 t .122 :	 .91 4 ..... ....4 5,133 1 26,520 s 49,890 •	 :	 : 	 149,890 : 100.0

	

69-8 1 .121 3 .98 1 	 2 5.069 2 40,310 i 50.4310 I 	 : 	4 50,310 : 100.0

	

69- 11 t	 .122 1	 .989 ' 	4 5,207 1 29,010 • 44,170	 	 1 44,170 : 100.0
• .	 .	 	  i 	  : 	  : 	 : 	 ; 	 • 	

Averege 

	

	 2 4 5,157 1 78,190 • 45,880 t 	 :	 	 : 45,880 : 100.0. 

11alainate -- ?reloaded Specimens

	

000-9-69-9 1 .124: .993 : 	 1	 ; 5,148 	 . 10,560 : .00002 : 5,148 1 25.990: 39,960 :	 26.4

	

49..6 I	 .124 1 .995 1	 1	 s 5,237 t.. 	 • 12,160 t	 .00010 1 5,237 1 17.830 : 43,280 :	 28.1

	

49-9 & .122 : 1.001 I	 1	 1 5,251 I 	 1 14,740 : .00003 : 5,251 I 16,380 : 47,030 :	 31.3

	

69-3 : .124 1 .989 1	 1	 15,337 s 15,490 1 16,310 t .00005 8 5,337 1 19,570 : 44,600 s 	 36.6

	

69-12 1 .123 4 .989 1	 1	 1 14,983 i 	  18,910 1 .00016 1 4,983 t 23,020 1 40,280 i	 46.9

	49.12 1 .124 1 1.002 :	 1	 t 5,337 : 17,710 1 22,540 : .00010 : 5,337 : 19,320 : 40,240 : 	 56.o
	69-7 e .124 1 .989 t	 3	 s 5,124 1 875,280 s 26,910 : .00018 1 5,124 S 30,990 1 43.630 :	 61.7

	

49-4 : .126 1 .990 1	 1	 : 5,137 : 24,050 i 28,060 i .00016 : 5,137 4 28,860 1 43,610 1	 64.3

	

69•4 4 .124: .988 :	 1	 : 14,986 1 17,960 I 24,490 8 .00027 : 4,986 I 26,120 I37,710 8	 64,9

	

69-6 t .121+ : .988 1	 1	 : 5,129 3 27,750 I 32,650 8 .00012 1 5,129 1 31,020 t 44,240 8	 73.8

	

4 9- 7 i .125 : .995 1	 1	 1 5,259 1 25,730 1 30,550 : .000111 : 5	 30,0 t 40,440 I	 75.5

	

49.1 1 .124 : .991 1	 1	 : 11,9149 ; 27.670 t 36,620 4 .00022 I 4:Z j;	
55	

85.6

	

69-1 s .125 I .990 :	 1	 1 5,090 I 16,160 : 40,400 1 .00033 : 5,090 : 2269:= : L1: 22,M :	 911.7

	

49-10 1 .122: 1.001 : 	 1	 1 5,149 : 22,930 s 39,300 : .00012 : 5,149 : 22,930: 40,370 :	 97.3

t 	

	

Average....: ....•
	

	: 5,151 : 22,070 :  	 • 5,151 ; 24,840 : 42,210 s 	

-The 0.2 percent offset yield stress is not reached before the ultimate stress.
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Figure 2. --Tensile test used in testing glass-fabric-base plastic
laminate specimens.
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Figure 3. --Compression pack test used in testing glass-fabric-
base plastic laminate specimens.
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