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Summary 

This report presents the results of bolt-bearing tests of four parallel-
laminated glass-fiber-reinforced polyester laminates. The data supple-
ment those of Forest Products Laboratory Report No. 1824, in which results
of bolt-bearing tests of three polyester laminates were presented.

The laminates were either 1/4 inch or 1/8 inch thick. They were tested
in both the dry and the wet conditions at angles of 0°, 90°, and 45° to
the warp direction and at D/t ratios of 1. and 4. Included are data on
the bolt-bearing properties of the materials and on the effect of edge
and side distances.

This supplementary study and the original study, taken together, provide
bolt-bearing data on polyester laminates reinforced with glass fabric of
each of. the general types listed in Specification MIL-P-8013A and for a
mat laminate.

An edge distance of 4.5D and a side distance of 3.0D were large enough
to prevent failure to the edge or side in any of the laminates reinforced
with a woven fabric. Those reinforced with a mechanically bonded mat re-
quired a side distance of 3.5D.

-This progress report is one of a series prepared and distributed by the
Forest Products Laboratory under U. S. Navy Bureau of Aeronautics
Order No. NAer 01610 and U. S. Air Force No. DO (33-616) 53-20. Results
here reported are preliminary and may be revised as additional data
become available.

3Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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With adequate edge and side distances, the bearing stresses at proportional
limit and at maximum load were (1) highest at the low D/t ratio, (2) high-
est when tested in the dry condition, and (3) about the same at 45° as at
0° or 90°. Bearing stresses at proportional limit and at maximum load were
nearly the same at a D/t ratio of 1 in both 1/8-inch and 1/4-inch laminates
in most instances. As will be observed in table 12, however, there were
several instances, especially in the wet condition, where these bearing
stresses were considerably lower in the 1/8-inch laminates than in the
1/4-inch laminates at the same D/t ratio.

Introduction

This study was designed to determine the bolt-bearing properties of four
glass-fiber-reinforced polyester laminates in both the wet and the dry
condition at three angles of loading with respect to the warp direction
of the fabric or the roll direction of the mat. This work is a continua-
tion of that reported in Forest Products Laboratory Report No. 18241 for
polyester laminates reinforced with three different types of glass fabric.
The present study and the previous study, taken together, provide in-
formation on the bolt-bearing properties of polyester laminates reinforced
with glass fabric of each of the general types listed in Table I of
Specification MIL-P-8013A, including the thickest and thinnest of the
satin weave and plain weave fabrics, and for a mat laminate.

It should be noted that in this report the terms "edge" and "side" replace
the terms "end" and "edge" used in the basic report to designate the nar-
row surfaces perpendicular and parallel, respectively, to the direction of
loading of the specimen. Another change from the basic report is the fact
that edge and side distances are now reported as the distance to the center
of the hole, rather than to the perimeter of the hole. These changes have
been made to bring the terminology into conformance with that used for
metals as defined in the ANC-5 Bulletin.—

This investigation was conducted at the Forest Products Laboratory during
the period August 1954 to April 1955 in cooperation with the ANC-17 Panel
on Plastics.

-Bolt-bearing properties of glass-fabric-base plastic laminates. Forest
Products Laboratory Report No. 1824, June 1951.

4
—Strength of metal aircraft elements. ANC-5, June 1951.

Rept. No. 1824-A	 -2-



Materials Tested

One 1/4-inch thick panel and one 1/8-inch thick panel, each 36 inches
square, were made with each of the following reinforcements:

(a) 162 glass fabric with Volan A finish
(b) 120 glass fabric with Volan A finish
(c 184 glass fabric with Volan A finish
(d) Resin-sized, mechanically bonded, glass-fiber mat

All panels were parallel laminated with Selectron 5003, a laminating
resin of the polyester (alkyd-styrene) type conforming with the require-
ments of Specification MIL-R-7575A. The resin was catalyzed by the addi-
tion of 0.8 percent benzoyl peroxide by weight. Each panel was cured at
a pressure of 14 pounds per square inch for 90 minutes in a press at a
platen temperature increasing from 220° to 250° F. Average values of
thickness, resin content, specific gravity, and Barcol hardness and the
number of plies of fabric in each panel are given in table 11. After
fabrication, the panels were stored under controlled conditions of 75° F.
and 50 percent relative humidity for at least 1 month before specimens
were cut.

Preparation of Specimens

Specimens were prepared for testing essentially as outlined in Report
1824. Wet specimens were tested after being boiled for 2 hours in dis-
tilled water and cooled in water, instead of after 2 months at 100° F.
and 100 percent relative humidity as was the procedure in the previous
bolt-bearing study.

Testing

Bolt-bearing Tests

Tensile loads at angles of 0°, 90°, and 45° to the warp direction of the
fabric were applied to the bolt-bearing specimens essentially as described
in Forest Products Laboratory Report 1824. In the case of the mat lam-
inates, the roll direction was taken as the warp direction, since this is
a random-weave reinforcement. A pin-connected, clamp-on device similar
to that described in Report 1824 for 1/4-inch specimens was used for 1/8-
inch specimens in this study. Specimens were alined in the clamp-on
grips by means of an alining jig that centered and oriented the specimen
in the grips so that its long axis was parallel to the direction of load-
ing. A 1/4-inch-diameter hardened steel pin was used in testing 1/4-inch
laminates. Most of the tests of 1/8-inch laminates were made with a

Rept. No. 1824-A
	 -3-



1/2-inch-diameter aircraft bolt, to provide a D/t ratio of 4; a few tests
were made with a 1/8-inch hardened steel pin, to provide a D/t ratio of 1.

The four general types of failure described in Report 1824 were observed
in the present study. The change in nomenclature adopted in this study
results in some slight changes in the descriptive terms used to designate
these four types of failure, as follows: (1) crushing under the bolt,
(2) failure to edge, (3) failure to side, and (4) failure toward side.

Tension and Compression Control Tests 

Tension and compression control specimens were taken from each panel used
in the study. Ten specimens were removed and numbered consecutively for
each type of test, the odd-numbered specimens were tested after normal
conditioning, and the even-numbered specimens were tested after boiling
in water for 2 hours. The conditioning procedures were identical to those
described for bolt-bearing specimens. Tension specimens were of the form
designated as Type 2 in Federal Specification L-P-406b, and they were
loaded to failure at a rate of head travel of 0.05 inch per minute. Com-
pression specimens were as described for thin sheets in Federal Specifica-
tion L-P-406b, and they were loaded to failure at a rate of head travel
of 0.025 inch per minute in a supporting jig as described in the specifi-
cation. Tension and compression tests were made in the direction of the
warp of the fabric only.

Presentation of Data

The average bolt-bearing properties of each of the four laminates studied
are presented in table 12. These values are based only on results from
specimens that failed by crushing under the bolt and do not include any
values for specimens that failed in any other manner or by a combination
of crushing under the bolt and any other type of failure. Values of
bearing strength (bearing stress at which the bearing hole is deformed
4 percent of its diameter) are given for 1/4-inch laminates and for 1/8-
inch laminates tested with a 1/8-inch-diameter pin. In the tests of 1/8-
inch laminates with a 1/2-inch-diameter pin, the deformation did not reach
the required 4 percent level, and values of bearing strength could not be
calculated. The values given for tensile and compressive strength are
based on the tensile and compressive control tests made on specimens from
each panel.

Results of individual bolt-bearing tests of 1/4-inch laminates are shown
in tables 13, 14, 15, and 16. Results of similar tests on 1/8-inch
laminates with a 1/2-inch-diameter bolt are shown in tables 17, 18, 19,
and 20; results of tests with a 1/8-inch-diameter bolt are shown in table
21.
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The estimated minimum edge- and end-distance ratios required to assure
Failure by crushing under the bolt are given for each group of specimens
in table 22. These values are based on the curves shown in figures 13
through 20.

Figures 13 through 16 show the relationship of edge and side distance to
maximum stress in bearing of the four 1/4-inch laminates tested with a
1/4-inch bolt (D/t ratio = 1). Figures 17 through 20 show this same re-
lationship for 1/8-inch laminates tested with a 1/2-inch bolt (D/t ratio
4). No curves are shown for 1/8-inch laminates tested with a 1/8-inch

bolt (D/t ratio = 1) since these tests were limited, in general, to one
edge and one side distance for each laminate.

Typical load-deformation curves for the laminates tested in this study
are shown in figures 21, 22, and 23. These are not average curves. All
curves are based on test results from specimens that failed by crushing
under the bolt.

Figures 24 through 27 give an indication of the notch sensitivity of the
four laminates under investigation by showing the relationship between
side-distance ratio and the ratio of maximum stress on the net section to
tensile strength for specimens that failed in tension. Each curve in-
cludes results from both the 1/4-inch and the 1/8-inch panels of each
laminate, since there was no significant difference between the two thick-
nesses in this respect.

Figure 28 compares graphically the maximum stress in bearing in both the
dry and the wet condition of glass-fiber-reinforced laminates evaluated
in this and the previous study. The values shown represent the averages
of 0-, 90-, and 45-degree specimens that failed by crushing under the
bolt. These values are based on the averages shown in table 12 of this
report and table 2 of the basic report.

Analysis of Results 

General

The method of test employed in this study of bolt-bearing properties was
similar to that employed in the study reported in Forest Products Labora-
tory Report 1824, with the exceptions previously noted, and appeared to
be satisfactory for the laminates under investigation. The typical load-
deformation curves, shown in figures 21, 22, and 23, are very similar to
those previously reported for glass-fabric-reinforced plastic laminates
and those reported elsewhere for other materials.

The terms "maximum bearing stress" and "maximum stress in bearing" are
used interchangeably to designate the bearing stress at maximum load.
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Where comparisons are drawn between laminates of various thicknesses, D/t
ratios, and moisture conditions, these terms are restricted to include
only specimens that failed by crushing under the bolt, since it is
only in connection with this type of failure that maximum strength in
bearing can be developed or evaluated. In application of bearing values,
it is assumed that structures will be designed with edge and side distances
adequate to prevent failures of types other than crushing under the bolt.

Relation of Maximum Bearing Stress 
to Compressive Strength 

The observations and comments made in the basic report apply in general
to the results of the present study. For each of the four laminates
tested, in both the wet and the dry condition, the maximum bearing stress
was about the same at angles of 0°, 90°, and 45° (table 12). This
is in contrast to the pronounced reduction of compression strength that
would be expected at an angle of 45° to the direction of the warp.

It is interesting to note, however, that the average values of maximum
bearing stress reported for the present laminates in the wet condition
are lower than the comparable dry values by about the same amount that the
values of wet compressive strength of the same laminates are lower than
the comparable values of dry compressive strength. It can also be ob-
served from table 12 that the maximum bearing stress values reported for
the 1/8-inch laminates tested with a 1/8-inch pin (D/t = 1) have approxi-
mately the same relationship to those reported for 1/4-inch laminates
tested with a 1/4-inch pin (D/t = 1) as the compressive strength values
for the 1/8-inch laminates have to the compressive strength values for
1/4-inch laminates.

All maximum bearing stress values reported for tests at a D/t ratio of 1
are higher than the corresponding compressive strength values. All maxi-
mum bearing stress values reported for tests at a D/t ratio of 4 are lower
than those reported for tests at a D/t ratio of 1. At a D/t ratio of 4,
the values of maximum bearing strength for the 162 and 184 laminates were
about the same as the corresponding compressive strength values of these
laminates. For the 120 laminates at a D/t ratio of 4, the bearing stress
values were slightly lower than the compressive strength values, but the
bearing strength values were slightly higher than the compressive strength
values for the mat laminate at the same ratio.

If the laminates are arranged in the order of magnitude of their compressive
strength values, it is observed that they are also in the order of magni-
tude of their maximum bearing stress values, with a few exceptions in
cases where the values are probably so close as to be within the limits of
material and testing variation.

As in the case of laminates considered in the basic report, the propor-
tional limit bearing stress of the 1/4-inch laminates loaded at angles of
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0° and 900 is about the same as the compressive strength. An exception
to this general observation is noted with the 120 laminate, where the pro-
portional limit bearing stress is much lower than the compressive strength
at all angles of loading.

The above observations indicate that there is undoubtedly a relationship
between maximum bearing stress and compressive strength, but the data
available do not establish this relationship definitely enough so that
compressive strength can be used as a basis for accurate prediction of
maximum bearing stress under any particular condition of thickness, D/t
ratio, or angle of loading.

Effect of D/t Ratio on Bearing Properties 

Results of the work described in the basic report indicated that different
thicknesses of laminate would have similar bolt-bearing properties as long
as the D/t ratio was kept constant. Comparison of test results in table
12 for 1/4-inch and 1/8-inch laminates at a D/t ratio of 1 show reasonably
good agreement in values for bearing strength, proportional limit stress,
and stress at maximum load. There is a tendency for 1/8-inch specimens to
show greater reduction in strength due to wetting than 1/4-inch specimens,
especially when loaded at a 45° angle.

The average values in table 12 show a marked reduction in proportional
limit stress and stress at maximum load in specimens from the same panels
when the D/t ratio is increased from 1 to 4. This is in agreement with
the results given in the basic report.

Edge and Side Distances--Conditioning 

Table 22 lists the estimated minimum edge and side distances required to
develop crushing failures in the four types of laminates investigated.
In general, these are essentially the same as values listed for similar
types of fabrics in the basic report. In comparing these values with those
given in the basic report it must be kept in mind that side and edge dis-
tances were computed in the present study on the basis of distance to the
center of the bolt hole, while in the previous study, distances were
measured to the perimeter of the bolt hole. A constant factor of 0.5
must therefore be added to the values for end and edge distance in the
previous report to enable them to be compared with values listed in table
22.

The edge- and side-distance ratios required for 1/4-inch laminates at a
D/t ratio of 1 were generally as great as or greater than those required
for similar 1/8-inch laminates at a D/t ratio of 4. Where differences
do occur they are generally so small that for purposes of design they may
be taken to be the same. Tests of 1/8-inch laminates at a D/t ratio of
1 were too limited to determine the minimum edge- and side-distance ratio
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for failure by crushing under the bolt. The test results do show, how-
ever, that for all laminates, except the 120 Volan A, the requirements
are very nearly the same as for 1/4-inch laminates at a D/t ratio of 1.
For the 120 laminates, this may or may not be the case. The general re-
quirements listed at the end of this section are adequate for all thick-
nesses and D/t ratios studied to date, however.

In the 162 and 184 laminates, which are not particularly susceptible to
the effects of stress concentration, the minimum edge-distance ratio is
about the same at angles of 45°, 0°, or 90° to the warp. While the bear-
ing strength is about the same at these three angles, the minimum side-
distance ratio for these laminates is higher at 45° than at 0° or 90°
because of the greatly reduced tensile strength at 45° to the warp direc-
tion. These laminates show no appreciable difference in minimum edge- or
side-distance requirements between the dry and the wet condition.

For the 120 laminates, which are very susceptible to stress-concentration
effects at 0° and 90° angles of load, greater edge distances are required
at these angles than at 45°. The 120 laminates are less susceptible to
stress-concentration effects when wet; therefore, they do not generally
require as great edge distances when wet as they do when dry.

The laminates reinforced with the mechanically bonded mat are even more
susceptible to stress-concentration effects in the dry condition than
are the 120 laminates. As would be expected in a randomly arranged
material, the effect of stress concentration is not related to direction
of loading. The mat laminates therefore require the greatest edge dis-
tances of any of the laminates investigated. The effect is much less
apparent in the wet condition than the dry condition, hence smaller edge
distances are required when wet. Both the 120 and the mat laminates re-
quire greater side distances than the 162 or 184 laminates. This is
probably related to the fact that the ratio of tensile strength to com-
pressive is much lower in the mat and 120 laminates than in the other two
laminates studied.

Based on these observations, it would appear that a general minimum edge-
distance requirement of 2.5D would be satisfactory for the 162 and 184
laminates. A side-distance ratio of 1.5D for 0° and 90° loading and 2.5D
for 45° loading would also be satisfactory as a general requirement for
the 162 and 184 laminates. For the 120 laminates, it appears that an
edge-distance ratio of 4.0D and a side-distance ratio of 3.0D would be
satisfactory for 0° and 90° loading, while an edge-distance ratio of 2.5D
and a side-distance ratio of 2.5D would be adequate for 45° loading. For
the mat laminates, an edge-distance ratio of 4.5D and side-distance ratio
of 3.5D appears to be adequate for all directions of loading.

The edge distance of 4.5D and the side distance of 3.0D stated as being
adequate to prevent failure to the edge or side in all laminates discussed
in the basic report would also be adequate for all laminates tested in the
present study that were reinforced with a woven fabric. As stated above,
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however, the mat laminates required a side distance of 3.5D to prevent
failure to the side.

Stress-Concentration Effect--
Notch Sensitivity 

The stress-concentration effect described in the basic report was noticed
in the present study in both the 120 laminates and the mat laminates. The
120 laminates are particularly susceptible to stress concentration when
loaded in bolt-bearing at 0° or 90° to the warp direction, but they are
less susceptible at 45°. Both types of laminates are more susceptible
in the dry condition than in the wet condition.

When the ratio of tensile strength to compressive strength is calculated
for the laminates used in the present study, based on the values listed
in table 12, it is apparent that there is a distinct difference in this
respect between laminates susceptible to this effect and those that do
not show any indication of it. In the mat laminates, this ratio is about
0.5; in the 120 laminates, it is about 1.0; and in the 162 and 184 lam-
inates, the ratio is about 1.5. Since the stress-concentration effect is
evidenced by tensile failure, there would appear to be a relationship be-
tween the low ratio of tensile strength to compressive strength and sus-
ceptibility to this type of failure.

As discussed earlier, susceptibility to stress-concentration failure
results in greater edge-distance requirements to insure failure by crush-
ing under the bolt, but it does not reduce the maximum bearing stress at
which crushing occurs.

The same concentrations of tensile stresses adjacent to the bearing hole
that are responsible for stress-concentration failure are undoubtedly
responsible for the serious notch sensitivity of these laminates when
loaded in bolt bearing. This sensitivity has been found to be generally
related. to side-distance ratio, with greater sensitivity at higher side-
distance ratios.

Data on maximum tensile stress in the net section of specimens tested in
the present study that failed in the net section were used to develop the
relationships shown in figures 24 through 27. These graphs show the rela-
tionship between side-distance ratio and the ratio of maximum tensile
stress in the net section to tensile strength. Tensile strength values
were derived from control tests on specimens from the same panels and
were converted to 45° and 90° values by using relationships shown in
Forest Products Laboratory Report 18032 for laminates made from the fabrics
used in this study.

Directional properties of glass-fabric-base plastic laminate panels of
sizes that do not buckle. U. S. Forest Products Laboratory Report No.
1803, April 1949, and Supplement A, April 1950.
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There was no apparent increase in notch sensitivity with increasing D/t
ratio such as may be found from an analysis of the data of the original
report. In general, the tests at 45° to the direction of the warp of
fabric show very little effect of notch sensitivity, considerably less
than is shown at 0° or 90°. Wetting the laminates seems to have no ap-
preciable effect on notch sensitivity.

Both the 120 and the mat laminates show a high degree of notch sensitivity
and the expected increase in sensitivity with increasing side-distance
ratio. The 120 laminate seems to be the more sensitive of the two, with
tensile stress at failure decreasing to as little as one-third of tensile
strength at a side-distance ratio of 2.5. The mat laminates show tensile
stress at failure decreasing to about one-half of tensile strength at a
side-distance ratio of 3.0.

There appears to be no relation between notch sensitivity and side-distance
ratio for the 162 and 184 laminates. These laminates failed by crushing
under the bolt when the side-distance ratio was increased above 1.5 or 2.0,
with the result that the data derived from them are too limited to dis-
close much about their notch-sensitivity characteristics. The greater
sensitivity at angles of 0° and 90° than at an angle of 45° is shown even
by these limited data, however.

Variation of Slope of Load-
Deformation Curves

For the laminates evaluated in connection with the basic report, the slope
of the load-deformation curve was practically the same for both wet and
dry conditions with 1/4-inch material at a D/t ratio of 1, but the slope
was lower for wet than for dry conditions with 1/8-inch material at a D/t
ratio of 4. For purposes of comparison, slope values were calculated from
the averages of the values in table 12 by dividing the average proportional
limit stress for each group by its corresponding strain. The values thus
obtained. indicate a very slight difference in slope between wet and dry
conditions for 1/4-inch material tested at a D/t ratio of 1, a more pro-
nounced difference for 1/8-inch material tested at a D/t ratio of 4, and
an even more pronounced difference for 1/8-inch material tested at a D/t
ratio of 1. In every case, the stress-over-deformation value was highest
in the dry condition. On the basis of these results, it appears that the
degree of difference between wet and dry conditions as regards the slope
of the load-deformation curve is dependent on both the D/t ratio and the
thickness of the laminate.

Comparison of Fabrics as Reinforcements 
for Polyester Laminates 

The laminates that served as the basis of the present investigation showed
many points both of similarity and dissimilarity with laminates reinforced
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with similar types of fabrics, the bolt-bearing properties of which were
reported in Forest Products Laboratory Report 1824.

Laminates reinforced with 162 Volan A fabric gave considerably lower
values of maximum stress in bearing, at D/t ratios of both 1 and 4, than
did similar laminates reinforced with 112 - 114 fabric (fig. 28). Both
are plain-weave fabrics, but the 112 fabric is only about one-fifth as
thick and heavy as the 162 fabric. The 162 laminates did not show the
susceptibility to stress concentrations that was characteristic of 112
laminates and therefore required considerably lower edge- and side-
distance ratios to develop crushing failures than did the 112 laminates.
When wet, both types of laminates showed approximately similar reduction
of maximum stress in bearing.

The 112 laminates previously reported appear to be similar in their bolt-
bearing characteristics to those reinforced with 120 Volan A fabric, a
four-harness satin weave that is slightly heavier and thicker than the
112 plain-weave fabric. The 120 fabric is the lightest of the satin-weave
fabrics just as the 112 fabric is the lightest of the plain-weave fabrics.
Both show considerable susceptibility to stress-concentration effects and
require approximately the same edge and side distances to insure failure
by crushing. The 120 laminates appear to be somewhat higher in maximum
stress in bearing (approximately 10 percent) in the dry condition and are
weakened somewhat less by wetting than were the 112 laminates (fig. 28).

The 184 Volan A laminates investigated in the present study gave values
of maximum stress in bearing that are 10 to 15 percent lower than similar
values for laminates reinforced with 181 - 114 fabric, the lightest of
the eight-harness satins, and 20 to 25 percent lower than laminates re-
inforced with 120 fabric, the lightest of the satins (fig. 28). Edge
and side distances required to insure crushing failures in 184 laminates
appear to be slightly lower than those required in 181 laminates, and they
are considerably lower than those required in 120 laminates.

General, observations that might be made as regards the bolt-bearing char-
acteristics of polyester laminates on the basis of the above comparisons
are:

1. Laminates reinforced with satin-weave fabrics would be expected to
be somewhat stronger in bolt-bearing than similarly fabricated laminates
reinforced with plain-weave fabrics of like thickness and weight, other
conditions being equal.

2. Laminates reinforced with the thinnest and lightest fabrics within
each general type would be expected to be stronger in bolt-bearing than
similarly fabricated laminates reinforced with thicker and heavier fabrics
of the same type. The laminates reinforced with the lightest fabrics
would very likely be susceptible to stress-concentration effects, however,
and they would require greater edge distances to develop their full
strength in bearing.
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In addition to these generalizations, it may be observed that the laminates
reinforced with mechanically bonded glass-fiber mat developed maximum bear-
ing stress values that were comparable to those developed by 184 Volan A
laminates. The mat laminates were very susceptible to stress-concentration
effects and they were weak in tension; thus, they required considerably
greater edge and side distances to insure crushing failures than did 184
laminates. It is interesting to note, in this regard, that the mat used
in this study was about 0.035 inch thick, 30 percent thicker than the 184
fabric, the thickest of the woven fabrics listed in Specification MIL-P-
8013A. Other laminates showed similar stress-concentration'effects only
when reinforced with fabrics having a thickness of 0.003 or 0.004 inch.

Conclusions 

Results of bolt-bearing tests of the four glass-fiber reinforced polyester
laminates studied in the present investigation reasonably substantiate
the conclusions drawn in the basic report with regard to the effects of
angle of loading, conditioning, and D/t ratio. In addition, the follow-
ing conclusions may be drawn:

1. Maximum stress in bearing, bearing strength, and proportional limit
bearing stress are very nearly the same at a D/t ratio of 1 in 1/8-inch
thick and 1/4-inch thick laminates.

2. Although there is considerable variation among the laminates tested
as to edge and side distances required to prevent failure to the edge or
side of the specimen, it appears that an edge distance of 4.5D and a side
distance of 3.0D will be adequate for all polyester laminates studied to
date that are reinforced with woven glass fabric. Because of the low
tensile strength of the mechanically bonded mat laminates, it appears
that the side distance should be not less than 3.5D.

3. At 0° and 90° loading, the 120 Volan A laminate is very susceptible
to stress concentrations, as was the 112 - 114 laminate previously in-
vestigated. The laminate reinforced with mechanically bonded mat is
susceptible to stress concentrations at all angles of loading. It appears
that this characteristic is related to a low ratio of tensile to compre-
sive strength.
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Table 11.--Average values of thickness, resin content, specific 
gravity, and Barcol hardness  for laminated panels. 

Reinforcement: Panel :Number of: Thickness : Resin : Specific : Barcol

	

No. :plies of :	 : content : gravity :hardness

	

: fabric :	 •.	 •.	 •.

:	 :	 :	 In.	 : Percent :	 :

	

162 Volan A : 381 : 17	 : 0.251	 : 37.1	 :	 1.75	 :	 66
385 :	 8	 :	 .123	 : 39.0	 :	 1.74	 :	 64

	

120 Volan A : 382 : 61	 :	 .238	 : 39.5	 :	 1.78	 :	 72

	

386 :	 30	 :	 .119	 : 40.5	 :	 1.78	 :	 72

	

184 Volan A : 383 : 	 9	 :	 .252	 : 33.0	 :	 1.84	 : 69

	

387 :	 5	 :	 .143	 : 34.0	 :	 1.83	 :	 70

	

Mechanically : 384 :	 7	 :	 .247	 : 63.1	 :	 1.44	 :	 58

	

bonded mat : 388 :	 4	 :	 .145	 : 64.5	 :	 1.46	 :	 59
:	 :	 .	 :
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Table 22.--Estimated minimum edge- and side-distance ratios 
re.uired to assure failure under the bolt. 

:	 .

	

Angle :Condi-:1/4-inch laminate: 	 1/8-inch laminate
of	 : tion : 	 :

loading :	 :	 D/t = 1	 :	 D/t = 4	 D/t = 1
•

Edge- : Side- : Edge- : Side- : Edge- : Side-
:distance:distance:distance:distance:distance:distance
: ratio : ratio : ratio : ratio : ratio!. : ratio!

Degree :

162 Volan A Laminate 

o : Dry • 1.7 :	 1.2 : 1.6 • 1.0 : 2.0 1.5
Wet •

. 2.0 :	 1.2 : 1.2 • 0.9 2.0 1.5
90 : Dry 2.1 :	 1.4 : 1.5 1.2 : 2.0 1.5

Wet : 2.0 :	 1.3 : 1.4 1.1 : 2.0 : 1.5
45 : Dry : 1.9 :	 1.8 : 1.4 1.5 : 2.0 : 2.0

: Wet : 1.7 :	 1.8 : 1.4 1.3 : 2.0 : 2.0

120 Volan A Laminate

0 : Dry : 2.7 •
.	 1.8 : 3.6 2.2 : 4.0 : 3.0

Wet : 2.7 •	 1.7 : 2.6 1.7 : 4.0 :. 3.0
90 : Dry : 3.3 :	 2.6 3.4 2.3 4.0 : 3.o

Wet : 2.7 . A..8 : 2.6 : 1.7 • 4.0 : 3.0
45 : Dry : 2.0 •

.	 2.1 : 1.5 : 1.7 • 2.0 : 2.5
Wet : 2.0 :	 2.1 1.5 1.6 2.0 : 2.5

184 Volan A Laminate

0 : Dry 2.1 :	 1.2 1.8 : 1.1 2.0 : 1.5
Wet 2.1 :	 1.2 1.7 : 1.0 2.0 1.5

90 : Dry 2.1 :	 1.3 1.6 : 1.1 2.0 1.5
: Wet 1.7 :	 1.2 1.6 : 1.1 2.0 1.5

45 : Dry 1:7 :	 1.8 1.5 : 1.5 : 2.0 2.0
: Wet 1.7 :	 1.8 1.5 : 1.5 : 2.0 2.0

Mechanically Bonded Mat Laminate 

	

0,90,45 : Dry : 4.5	 : 3.4	 : 4.5	 : 3.5	 : 4.5	 :• 3.5

	

: Wet : 3.6	 : 3.0	 : 3.1	 : 2.5	 : 4.5	 : 3.5

1
-Specimens in these groups were selected with edge and side distances

sufficient to result in failure under the bolt. The minimum ratios
are equal to or less than those given.

Rept. No. 1824-A
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