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Summary 

This report presents the results of bolt-bearing tests of two parallel-
laminated glass-fabric-base epoxy laminates. The data supplement those
of Forest Products Laboratory Reports Nos. 1824, 1824-A, and 1824-B, in
which results of bolt-bearing tests of several polyester laminates were
presented.

The laminates were either 1/4 inch or 1/8 inch thick. They were tested
both dry and wet, 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 effects of edge and side distance.

The epoxy laminates tested in this work were stronger in bolt-bearing than
comparable polyester laminates. The average values of maximum bearing
stress were all higher than corresponding values for comparable polyester
laminates by about the same proportion as tensile strength. Wet condition-
ing had relatively little effect on bolt-bearing properties. An edge dis-
tance of 4.5 D and a side distance of 3.0 D were large enough to prevent
failure other than by crushing under the bolt.

Introduction

These tests were made to determine the bolt-bearing properties of 2
glass-fabric-base epoxy laminates, reinforced with 181 and 112 glass

This progress report is one of a series (ANC-17, Item 55-1) prepared and
distributed by the Forest Products Laboratory under U. S. Navy, Bureau
of Aeronautics Order NAer. 01683 and U. S. Air Force Order DO 33(616)55-1.
Results here reported are preliminary and may be revised as additional
data become available.

Maintained at Madison, Wis., in cooperation with the University of
Wisconsin.
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fabric having Volan A finish. This report is a continuation of Forest
3	 4ucts Laboratory Reports 1824— and 1824-A— dealing with bolt-bearingProd 

s of several types of polyester laminates. Data on bolt-bearingproperties 
ies of epoxy laminates presented in this report may be comparedproperties 

with data presented in Report 1824 for polyester laminates having the
same types of reinforcement.

As in Report 1824-A, the term "edge" is used to designate the narrow sur-
face perpendicular, and "side" the surface parallel, to the direction of
loading of the specimen. Edge and side distances are reported as the
distance from the edge or side to the center of the bolt hole, as shown

diagrammatically in gigures 39, 4o, and 41. These designations were

changed from those used in the basic reportto make the terminology
conform to that used in the ANC-5 Bulletin, entitled "Strength of Metal

Aircraft Elements."

This investigation was conducted at the Forest Products Laboratory during
the period March to September 1956 at the request of and in cooperation
with the ANC-17 Panel on Plastic s for Aircraft.

Materials Tested 

A panel l/4 inch thick and a panel l/8 inch thick, each 36 inches square,
were made with 181 glass fabric having Volan A finish. A panel 1/8 inch
thick and 36 inches square was made with 112 glass fabric having Volan A
finish. All panels were parallel slaminated with Epon 828, an epoxy
laminating resin of the type required by Military Specification MIL-R-9300A.
The resin contained 14 percent by weight of Curing Agent CL.

The laminates were fabricated by wet lay-up procedures that were somewhat
different from those usually followed for polyester laminates. Sheets of
fabric were first cut and laid up with the desired orientation. The
assembly of fabric was then heated for 30 minutes in an oven at 200 F.as 
to dry the fabric and facilitate impregnation with resin.

While the fabric was drying, the Epon 828 resin and Curing Agent CL
were prepared. The curing agent is a crystalline solid that melts at
149° F. It was brought to a temperature of 150° F., then poured into
and mixed with the resin, which had also been heated to 150° F. The
ixture was thoroughly stirred for 3 or 4 minutes

m	
with a motor-driven

stirrer.

2Werren, Fred. "Bolt-Bearing Properties of Glass-Fabric-Base Plastic
Laminates," U. S. Forest Products Laboratory Report 1824, June 1951•

ltsloungs, Robert L. "Supplement to Bolt-Bearing Properties of Glass-Fabric-
Base Plastic Laminates," U. S. Forest Products Laboratory Report 1824-A,

October 1955.
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When the resin-curing-agent mixture was completely stirred, the fabric
was removed from the oven and flattened on a screen over a vacuum box.
The hot resin mixture was poured over the stack of warm fabric andper-
mitted to stand for 5 minutes. A light vacuum was then applied to the
lower compartment of the vacuum box to complete the impregnation and
withdraw excess resin. Care was taken not to remove all the resin from
the top surface.

The impregnated fabric, with the screen as a support, was removed from
the vacuum box. The assembly was inverted and placed in the center of
a large piece of 600 PT cellophane, and the screen was removed. The
impregnated fabric was covered with another sheet of cellophane, and
excess resin and air were worked out.

The completed assembly of fabric and cellophane was placed between
aluminum cauls and cured in a press at 215° F. Contact pressure was
maintained for 11 minutes, followed by a pressure of 25 pounds per square
inch for 49 minutes.

General information on the cured laminates is given in table 25.

After about 2 weeks of conditioning at 73° F. and 50 percent relative
humidity, panels were postcured for 1 hour in an oven at 400° F.

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` to room temperature, instead of after
2 months at 100° F. and 100 percent relative humidity as in the basic
study.

Testing

Bolt-bearing tests were conducted essentially as described, in Report
1824 with the modifications described in Report 1824-.A. The same types
of failure were observed as in the previous tests, and these were des-
ignated as in Report 1824-A.

Tension and compression control tests were conducted as described in
Report 1824-A.

Rept. No. 1824-C



The, averse bolt-bearing properties of each of the three epoxy laminatesg 
are presented in table 26. These values are based only on results from
specimens that failed by crushing under the bolt. Values of bearing
strenth (bearing stress at which the bearing hole is deformed 4 percentg 
of its diameter) are given for the 181 laminate 1/4 inch thick and for
1/8-inch-thick 181 and 112 laminates tested with a 1/8-inch bolt. In
the tests of 1/8-inch laminates with a 1/2-inch bolt, the deformation did
not reach the required 4 percent level before the specimens failed, and
values of bearing strength could not be calculated. The values given
for tensile and compressive strength are based on the tension and com-
pression control tests made on specimens from each panel.

Results of individual bolt-bearing tests of the 181 Volan A laminate 1/4
inch thick are shown in tables 27 and 28. Results of similar tests on
1/8-inch 181 and 112 Volan A laminates with a 1/2-inch bolt are shown
in tables 29 through 32; results of tests with a 1/8-inch bolt are shown
in tables 33 and 34.

estimated minimum edge and side distance ratios required to preventThe 
failure other than by crushing under the bolt are given for all lami-
nates in table 35. These values are based on the curves shown in figures

39, 40, and 41.

39 throu gh 41 show the relationship of maximum stress in bearingFigures 
to edge and side distance of the 181 laminate l/4-inch thick tested with
a 1/4-inch bolt (D .t ratio = 1) 0 and the 1/8-inch 181 and 112 laminates
tested with a 1/2-inch bolt (D/t ratio = 4). No curves are shown for

sincethe 1/8-inch laminates tested with a 1/8-inch bolt (D/t ratio = 1)1 
these tests were limited to one edge and one side distance for each lami-
nate ) and these distances were made large enough in each case to prevent
failure other than by crushing under the bolt.

Typical load-deformation curves for the laminates tested in this study
shown in figures 42, 43, and 44. These are not average curves. Allare 

curves are based on test results from specimens that failed by crushing
under the bolt.

Figures 45 and 46 indicate the notch sensitivity of the laminates for the
specimens that failed in tension at the net section. The figures show

relationship between side distance ratio and the ratio of maximumthe 
tensile stress on the net section to the tensile strength of the laminate.

Rept. No. 1824-C



Analysis of Results 

Results of bolt-bearing tests on polyester laminates reinforced with 181
and 112 glass fabrics are presented in the basic report of this series.J.
Several comparisons of polyester laminates with comparable epoxy laminates
may be drawn between those data and data of this report. Comparisons of
bolt-bearing properties of dry laminates may be made with reasonable
assurance that differences are primarily due to the different types of
resin used. Comparisons of bearing properties of wet laminates, however,
are subject to certain limitations. Properties of wet laminates were
affected not only by difference in resin, but also by difference in,
fabric finish and probably by differences in conditioning.

Laminates made with fabric having 114 finish, an older type of fabric
finish, are generally affected more by wet conditioning than laminates
made with Volan A or one of the other improved finishes. For this rea-
son, polyester laminates made with an improved finish would probably
show greater values when wet than were obtained in the basic investigation
Thus, comparisons of bearing properties of wet polyester' and epoxy lami-
nates are limited because of differences in fabric finish.

Exposure conditions used in the basic investigation differed from those of
this work. Wet laminates were conditioned for, at least 6o days at 100°
F. and 100,percent relative humidity in the first work and were condi-
tioned for 2 hours in boiling water in this work. These differences in
wet conditioning may result in differences in properties of the wet lami-
nates, but presently available comparative data are insufficient to evalu-
ate possible differences due to this effect ,alone.

The terms "maximum bearing stress" and "maximum stress in bearing" are
used interchangeably to designate the bearing stress at maximum load.
Where comparisons are drawn between laminates of different 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 other than crushing under the bolt.

Effect of Resin on Maximum Bearing Stress

The average values of maximum bearing stress for the 181 and 112 epoxy
laminates tested in this work ate all greater than comparable
values for polyester laminates tested in a previous investigation.–
The average values for epoxy laminates tested when dry are about 10 to 25
percent higher than comparable values for polyester laminates, while those
for wet epoxy laminates are about 40 to 140 percent higher than comparable
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values for polyester laminates. The comparisons of average values for wet
laminates are subject to the limitations of fabric finish and conditioning
differences discussed previously, and are not comparisons of the effect of
resin only.

Investigations of the basic mechanical properties of epoxy and polyester
laminates reinforced with fabrics similar to those used in this work-2
have shown that tensile strength of dry epoxy laminates is 10 to 20 per-
cent greater than that of comparable dry polyester laminates. Compres-
sive strength of dry epoxy laminates is 30 to 6o percent greater than
that of comparable dry polyester laminates. These comparisons indicate
that maximum' bearing stress of epoxy laminates is greater than that of
comparable polyester laminates by about the same percentage as tensile
strength, and. by about 1/2 to 1/3 of the 30 to 6o percent increase in
compressive strength.

Relation of Maximum Bearin Stress 
to Compressive Strength

The average test results shown in table 26 indicate that for the lami
nates tested in this work, either wet or dry, the maximum bearing stress
was about the same at all angles of loading. This was also true of the
of ester laminates reinforced with the same types of fabrics tested inP 

the basic investigation and of other polyester laminates reported in
Supplement A to the basic work. This is in contrast to the pronounced
reduction of compressive strength that would be expected at an angle of
45° to the warp direction as compared with the strength at 0° and 90°
loading. In the following discussion, compressive strength refers to the
strength parallel to the wasp direction.

The average values of maximum bearing stress for laminates tested in this
work at a DA ratio of 1 were generally about the same as, or slightly
greater than, the compressive strength. This is in marked contrast to
the results of tests on comparable polyester laminates, where propor-
tional limit stress in bearing at a D/t ratio of 1 was about the same
as the compressive strength and maximum bearing stress was much greater
than compressive strength. Average values of proportional limit bearing
stress for the laminates tested in this research at a D/t ratio of I
were about 6o to 70 percent of the compressive strength.

Epoxy laminates tested in this work at a DA ratio of 4 gave average
maximum bearing stress values that are about 75 percent of the compres-
sive strength and average values of proportional limit bearing stress
that are 4o to 50 percent of the compressive strength. Comparable poly-
ester laminates tested when dry at a D/t ratio of 4 gave average values

Mechanical Properties of Plastic Laminates, U. S. Forest Products Labora-
tory Report 1820, February 1951, and Supplements:13, September 1955,
and C, August 1956,
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of maximum bearing stress that were slightly greater than the compressive
strength. When tested wet, these polyester laminates gave average values
of maximum bearing stress that were not less than 8o percent of the compres-
sive strength.

The above observations indicate that there is a relationship between maxi-
mum bearing stress and compressive strength, as suggested in previous
reports of this series. The results of this work further indicate that
this relationship is different for epoxy laminates than forpolyester
laminates reinforced with similar fabrics.

Effect of Thickness on Bearing Properties

Previous investigations in this series have indicated that different thick-
nesses of laminate at least 1/8 inch thick would have similar bolt-bearing
properties as long as the'D/t ratio was kept constant and that the stren g thg
in bearing would be lowered by increasing the D/t ratio. Comparison of
values in table 26 for 181 laminate 1/4 inch and 1/8 inch thick tested at

I/4
a DA ratio of 1 shows good agreement for stress at maximum load. The

-inch laminate, however, is consistently higher in bearing strength
and lower in proportional limit stress than the 1/8-inch laminate tested
at the same D/t ratio.

Effect of D t Ratio on Bearing Properties

The average values in table 26 show a marked reduction in stress atpro-
portional limit and at maximum load in specimens from the samepanels
when the D/t ratio is increased from 1 to 4. For specimens tested at a
D/t ratio of 4, the values for stress at maximum load are about70 to 80
percent of those for specimens from the same panel tested under the same
conditions at a D/t ratio of 1. The stress at proportional limit was
generally reduced more, percentagewise, than the stress at maximum load
by increasing the D/t ratio, with the result that the values of propor-
tional limit stress for specimens tested at a D/t ratio of 4 are about 50
to 75 percent of those for specimens tested at a D/t ratio of 1. In both
the 181 and 112 laminates, the tests at 45° to the warp direction after
normal conditioning showed greater reduction in stress at proportional
limit with increasing D/t ratio than tests at 0° or 90° to the warp direc-
tion. In the 112 laminate, the wet specimens showed a greater reduction
in proportional limit stress than the dry specimens, particularly under
0° and 90° loading.

Edge and Side Distances; Conditioning

Table 35 lists the estimated minimum edge and side distance ratios re-
quired to prevent failure other than by crushing under the bolt in the
two types of epoxy laminates investigated. Included also are the ratios
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for similarly reinforced polyester laminates, based on table 10 of the
basic report. The data from table 10 have been changed in accordance with
the revised terminology regarding edge and side distance ratios.

In general, the values listed in table 33 for epoxy laminates compare quite
closely to the comparable values for polyester laminates. The 181 epoxy
laminate required somewhat greater side distance ratios at a D/t ratio of
1 under 0° and 90° loading when both dry and wet than did the comparable
polyester laminate. As was the case for the comparable polyester laminate
the minimum edge and side distance ratios for the 181 epoxy laminate at a
D/t ratio of 1 are generally greater than at a D/t ratio of 4. The minimum
ratios for the wet epoxy laminates are generally the same as, or only
slightly less than, minimum values for comparable dry epoxy laminates. The
minimum ratios for the wet polyester laminates, however, are generally.
less than those for dry polyester laminates. The 112 epoxy laminate shows
greater difference in this respect than either of the 181 epoxy laminates.

On the basis of the estimated values listed in table 35, it would appear
that a general minimum edge distance requirement of 2.5 D and a side dis-
tance of 1.7 D would be satisfactory for the 18J:epoxy laminate under all
moisture conditions at all angles of loading when the D/t ratio is equal

to ) or greater than 1. General requirements of edge distance equal to
3.5 D and side distance equal to 2.5 D would, on the same basis, be satis-
factory for the 112 epoxy laminate at a DA ratio of 4. If the minimum
ratios for 112 epoxy and polyester laminates bear the same relationship
to Nt ratio as both epoxy and polyester laminates reinforced with 181
fabric, the general requirements for DA ratios of 1 or greater should
probably be raised to 4.0 D for edge and 3.0 D for side distances.
These results indicate that the 181 and 112 epoxy laminates tested in this
work conform to the general requirement of 4.5 D edge distance and 3.0 D
side distance previously established for several glass-fabric-base poly-
ester laminates.

Stress-Concentration Effect--
Notch Sensitivity 

The 112 polyester laminate tested in the basic work was particularly sus-
ceptible to stress concentrations at O O and 90 0 loading and would fail,
when edge distances we re small, in a kind of cleavage from the sides of
the bolt hole. The 181 polyester laminate appeared much less susceptible
to stress concentrations. In Report -1.8214. -A, it was noted that polyester
laminates reinforced with 120 fabric, or with a mechanically bonded mat,
were also susceptible to stress concentrations, and that this suscepti
bility appeared to be related to &ratio of tensile strength to compres-
sive strength equal to approximately 1.0 or less.

Both epoxy laminates tested in this work were very susceptible to stress
concentrations, particularly at 0° and 90° loading. The 112 laminate
was considerably more sensitive to this effect, however, than the 181
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laminate. This sensitivity is reflected in the greater edge distances re-
quired to develop crushing failure in the 112 epoxy laminate than in the
181 laminate, but, as shown in previous work, it does not reduce the maxi-
mum bearing stress at which crushing occurs. As table 26 shows, the
average maximum stress values for the 112 laminate are very nearly the
same as those for the 181 laminate.

The 112 epoxy laminate was somewhat more susceptible to stress concentra-
tions when dry than when wet. The values of minimum edge-distance ratio
for this type of laminate, given in table 35 and the curves of figure 41
show this effect of conditioning in the greater edge distances required
to develop crushing failures in the dry specimens.

Ratios of tensile strength to compressive strength also indicate the
greater sensitivity of the 112 laminate when dry. These ratios may be cal-
culated from values'listed in table 26. The ratio for the dry 112 speci-
mens is about 0.9, while that for the wet 112 specimens is about 1.0.
Comparable ratios for both the dry and the wet 181 epoxy laminates are
about 1.0, reflecting the similarity between dry and wet 181 specimens
in sensitivity to stress concentration. Similar ratios were calculated
for the 112 and 181 polyester laminates from tension and compression
test values listed in table 2 of Report 1824. These ratios amounted to
about 1.1 for the 112 laminate, which showed susceptibility to stress
concentration, and about 1.6 for the 181 laminate, which did not. These
Observations provide additional evidence of a relationship between sus-
ceptibility to stress concentrations and ratio of tensile strength to
compression strength.

The same concentrations, of tensile stresses adjacent to the bolt hole
that are responsible for the cleavage-type failure associated with stress
concentration are undoubtedly responsible for the serious notch sensi-
tivity of these laminates when loaded in bolt bearing. This sensitivity
has been found to be generally related to both side-distance ratio and
D/t ratio with greater notch sensitivity at higher side-distance ratios
and higher D/t ratios. Data on maximum tensile stress in the net section
of epoxy-laminate specimens that failed in the net section were used to
develop the relationships shown in figures 45 and 46. These graphs show
the relationship between side distance ratio, plotted to a uniform scale,
and the ratio of maximum tensile stress in the net section to tensile
strength plotted to a logarithmic scale. Tensile strenth values wereg 
derived from control tests at 0° loading on specimens from the same panels.
Dry and wet values for each panel were averaged, since the difference
between them was not significant. Average tensile strength values were
adjusted for 45° and 90° loading by using directional strength relation-
ships for a 181 epoxy laminate shown in Forest Products Laboratory Report
1820-B.5 and comparable relationships for a 112 epoxy laminate shown in
Forest Products Laboratory Report 1820-C .a

In general, the tests at 45° to the direction of the warp of the fabric
show considerably less effect of notch sensitivity than loading at 0°
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or 90 0 . Boiling the laminates for 2 hours in distilled water appears to
have no appreciable effect on notch sensitivity.

Both the 181 and the 112 laminates show a high degree of notch sensitivity
under 0° and 90° loading and an increase in sensitivity with increasing
side-distance ratio. Figures 45 and 46 show that the logarithm of the
ratio of stress on the net section to tensile strength is linearly related
to the side-distance ratio for 0° and 90° loading. A straight line fitted
to the data for 0° and 90° loading by the least squares method is indi-
cated on each graph.

The 1/8-inch 181 laminate tested at a D/t ratio of 4 shows greater notch
sensitivity than the 1/4-inch 181 laminate tested at a D/t ratio of 1,
as shown by figure 45. This difference is slight at small side-distance
ratios, but increases as side-distance ratio is increased. The relationship
shown in figure 46 for 112 laminate tested at a D/t ratio of 4 is very
similar to that shown in figure 45 for 181 laminate at the same D/t ratio.
The line fitted to the data for the 112 laminate is slightly lower than
that for the comparable 181 laminate, indicating a somewhat greater notch
sensitivity for the 112 laminate. The slopes of the two lines are nearly
identical, however.

The notch sensitivity of epoxy laminates tested in this research is slightly
greater at low side-distance ratios than that for comparable polyester
laminates previously reported. This is true of tests at a D/t ratio of
4 as well as those at a DA ratio of 1. At side-distance ratios of
about 1.5 or greater, however, the notch sensitivity of epoxy laminates
appears to be about the same as that for comparable polyester laminates.

Variation of Slope of Load-Deformation Curves

Estimates of the slope of the straight-line portion of load-deformation
curves for the two types of laminates tested in bolt bearing were made
by dividing the average proportional limit stress of each group in table
26 by its corresponding deformation, which includes a correction for
offset from the origin. Values thus computed are not recorded, since such
a term has no generally established engineering interpretation. They
may be compared with similar values from previous reports of this series,
however, to determine possible trends in variation of slope of load-
deformation curves.

Average slope values for the dry 181 epoxy laminates are generally greater
than those for comparable polyester laminates. This is especially true
of the 1/4-inch laminate tested at a D/t ratio of 1. Slope values for
the dry 112 epoxy laminate are very nearly the same as those for the com-
parable dry polyester laminate. Slope values calculated for the wet
epoxy laminates are only slightly less than those for dry epoxy laminates
and are all considerably greater than those for the corresponding wet
polyester laminates.
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Typical load-deformation curves for epoxy laminates are shown in figures 42,
43, and 44. These have the same general form except for differences in
slope discussed above, as comparable curves for polyester laminates tested
previously.

Conclusions 

Results of bolt-bearing tests of epoxy laminates reinforced with 181 Volan
A and 112 Volan A glass fabric lead to the following conclusions:

1. The average values of maximum bearing stress are all higher than cor-
responding values for comparable polyester laminates by about the same
proportion as tensile strength.

2. Maximum bearing stress is about the same at 0°, 90°, and 45° loading
and is reduced less than 10 percent by wet conditioning.

3. The relationship between maximum bearing stress and compressive
strength is different from that previously observed for polyester lami-
nates. Average values of maximum bearing stress for epoxy laminates
tested at a D/t ratio of 1 are about the same as compressive strength.
Those for epoxy laminates tested at a D/t ratio of 4 are about 75 percent
of the compressive strength.

• 4. At a D/t ratio of 1, the 1/8-inch 181 epoxy laminate tested has about
the same stress at maximum load as the 1/4-inch 181 laminate but is lower
in bearing strength and higher in proportional limit stress. Both 1/8-
inch laminates are higher in stress at proportional limit and at maxi-
mum load when tested at a D/t ratio of 1 than when tested at a D/t ratio
of 4.

5. The general minimum requirements of an edge distance of 4.5 D and
a side distance of 3.0 D, previously stated as being adequate to prevent
other than crushing failures in polyester laminates reinforced with woven
fabrics, should also be satisfactory for 181 and 112 epoxy laminates.

6. Both types of epoxy laminates tested are susceptible to stress con-
centration, particularly at 0° and 90° loading. It appears that this
characteristic is related to a low ratio of tensile to compressive strength,
as was the case for polyester laminates. Notch sensitivity at 0° and
90° loading increases as side distance ratio or D/t ratio increases.
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••

Table 25.--Average values of thickness resin content specific gravity and

Barcol hardness for laminated panels before postcurin

.	 •	 •

Reinforcement: Panel : Number : Thickness :
: No. : of plies :	 : content : gravity : hardness

:	 : of fabric :

Resin : Specific.; Barcol

•

--- _ ---•

	181 Volan A : 552 :	 26

	

553 :	 13
•

	

554 :	 46

	0.229	 : 30.8	 :	 1.90
•

	.118	 : 31.6	 :	 1.87
•

	.119	 : 37.5 	:	 1.77

Percent :

• 70
•

• 69

• 70

••
	 In.

•
•

•

112 Volan A
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Table 27.--Results of bolt-bearing,edge-dietance tests of 181 Volan A epoxy laminate.
Bolt diameter and laminate thickness were 1/4 inch.

Specimen	 :Width: Edge1	:	 Side 	 : Bearin	 :Proportional limit :	 Maximum load	 :Tensile:Failure1-1
No.	 :	 :distance:distance:strength	 : 	 :	 : stress:

:Deformation: Stress:Deformation: Stress:on net :
'	 .	 '	 •	 :section:

(1)	 :	 (2)	 :	 (3)	 :	 (4)	 :	 ( 5)	 :	 (6)	 :	 ( 7)	 :	 (8)	 :	 (9)	 :	 (10 )	 :	 (11)

:	 In.	 :	 In.	 :	 In.	 :	 P.s.	 .	 :	 In.	 :	 P.B.i.:	 In.	 :	 P.s.i.:	 P.s.i.:

Dry, 8 . 0°

0-552-101	 : 1.24:	 0.25	 :	 0.62	 • 	  .... 	 •	 •	 0.0055	 : 27,40o:	 6,880:	 E,S

103	 : 1.24:	 •37	 :	 .62	 • 	 •	 0.0036	 : 28,100:	 .0059	 : 39,000:	 9,800:	 E,S

105	 : 1.24:	 .50	 :	 .62	 : 48,70o	 :	 .0067	 : 42,800:	 .0106	 : 50,100: 12,590:	 E,S

107 : 1.24:	 .62	 :	 .62	 : 57,000	 :	 .0090	 : 53,200:	 .0130	 : 59,000: 14,850:	 c

109 : 1.24:	 .74	 :	 .62	 : 52,200	 :	 .0062	 : 37,90o:	 .0150	 : 60,400: 15,190:	 c

111 : 1.24:	 .87	 :	 .62	 : 46,200	 :	 .0066	 : 38,100:	 .0142	 : 58,000: 14,590:	 c
113 *: 1.24:	 .99	 :	 .62	 : 48,000	 :	 .0087	 : 46,000:	 .0143	 : 60,200: 15,160:	 C

Dry, 8 . 90°

90-552-101: 1.24:	 .25	 :	 .62	 • 	 •	 .0036	 : 25,700:	 .0050	 : 27,900:	 7,o55:	 E

103:	 1.24:	 .38	 :	 .62	 ........:	 .0053	 : 39,60o:	 .007o	 : 41,000:	 10,33o:	 E,S

105: 1.24:	 .50	 :	 .62	 • . 	  :	 .0045	 : 37,000:	 .0088	 : 50,800: 12,790:	 E,S

107: 1.24:	 .62	 :	 .62	 : 53,400	 :	 .0081	 : 51,400:	 .0116	 : 58,00o: 14,63o:	 C

109: 1.24:	 .75	 :	 .62	 : 56,000	 :	 .0063	 : 40,70o:	 .0123	 : 60,200: 15,130:	 S

111: 1.24:	 .87	 :	 .62	 : 52,700	 :	 .0048	 : 28,300:	 .0180	 : 63,300: 15,90o:	 c

113: 1.24:	 1.00	 :	 .62	 : 52,000	 :	 .0044	 : 24,500:	 .0160	 : 61,60o: 15,50o:	 c

Dry, 0 = 45°

45-552-101: 1.24:	 .24	 :	 .62	 : 30,90o	 :	 .0034	 : 15,390:	 .0100	 : 30,900:	 7,77o:	 E,S

103: 1.24:	 .38	 :	 .62	 : 41,100	 :	 .0039	 : 22,100:	 .0195	 : 50,700: 12,760:	 E,S

105: 1.24:	 .51	 :	 .62	 : 44,100	 :	 .0086	 : 39,300:	 .0225	 : 60,100: 15,120:	 E

107: 1.24:	 .62	 :	 .62	 •	 •	 .0250	 : 65,600: 16,540:	 C

109: 1.24:	 .74	 :	 .62	 : 48,700	 :	 .0067	 : 35,90o:	 .0218	 : 66,30o: 16,700:	 C

111: 1.24:	 .87	 :	 .62	 : 46,30o	 :	 .0070	 : 35,900:	 .0223	 : 65,300: 16,440:	 c

113: 1.24:	 .99	 :	 .62	 : 45,300	 .0090	 : 42,400:	 .0198	 : 62,900: 15,860:	 C

Wet, 8 = 0°

0-552-102 : 1.24:	 .25	 :	 .62	 •	 •	 .0037	 : 21,200:	 .0061	 : 27,600:	 6,960:	 1,3

104	 : 1.2/1:	 .39	 :	 .62	 •	 •	 .0046	 : 27,500:	 .0080	 : 39,100:	 9,840:	 E,S

106	 : 1.24:	 .50	 :	 .62	 : 49,600	 :	 .0038	 : 25,900:	 .0128	 : 50,300: 12,66o:	 c

,,00	 :	 ..0065	 : 36,400:	 .0150	 : 55,400: 13,950:	 C108 : 1.24:	 .63	 :	 .62	 : 50,600
110 : 1.24:	 .74	 :	 .62	 : 50,800	 :	 .0080	 : 43,300:	 .0132	 : 54,200: 13,610:	 C

112	 : 1.24:	 .88	 :	 .62	 : 46,70o	 :	 .0068	 : 35,400:	 .0133	 : 50,60o: 12,760:	 c

114 : 1.24:	 1.00	 :	 .62	 : 39,300	 .0077	 : 37,700:	 .0141	 : 51,400: 12,950:	 C

Wet, A = 90°

90-552-102: 1.24:	 .25	 :	 .62•	 •	 .0032	 : 25,500:	 .0042	 : 28,500:	 7,175:	 E

l04: 1.24:	 .37	 :	 .62	 :... .... ..:	 .0023	 : 20,300:	 .006
3
	: 40,400:	 10,180:	 1,3

106: 1.24:	 .50	 :	 .62	 :.... ...	 .0063	 : 40,900:	 .0097	 : 51,800:	 13,010:	 1,3

108: 1.24:	 .63	 :	 .62	 : 56,500	 :	 .bo68	 : 12,600:	 .0105	 : 58,200: 14,610:	 c

110: 1.25:	 .74	 :	 .62	 : 56,200	 :	 .0073	 : 44,300:	 .0117	 : 60,600: 15,210:	 C

112: 1.25:	 .86	 :	 .62	 : 51,600	 :	 .0075	 : 42,700:	 .0129	 : 61,1400: 15,1400:	 C

114: 1.24:	 .99	 :	 .62	 : 48,500	 :	 .0102	 : 51,60o:	 .0142	 : 59,700: 15,020:	 C

Wet, Q = 45°

45-552-102: 1.24:	 .27	 :	 .62	 : 30,900	 :	 .0033	 : 16,300:	 .0118	 : 31,300:	 7,870:	 E,3

104: 1.24:	 .38	 :	 .62	 : 42,700	 :	 .0044	 : 22,200:	 .0185	 : 51,00o: 12,850:	 E,S

106: 1.24:	 .52	 :	 .62	 : 46,400	 :	 .0071	 : 36,10o:	 .0188	 : 59,800: 15,010:	 c

108: 1.24:	 .62	 :	 .62	 : 48,100	 :	 .0062	 : 34,20o:	 .0207	 : 65,100: 16,410:	 c

110: 1.24:	 .75	 :	 .62	 : 48,50o	 :	 .0050	 : 27,300:	 .0186	 : 65,400: 16,490:	 C

112: 1.24:	 .87	 :	 .62	 : 38,800	 :	 .0100	 : 42,70o:	 .0196	 : 60,800: 15,37o:	 C

114: 1.24:	 1.00	 :	 .62	 : 45,000	 :	 .0081	 : 37,800:	 .0210	 : 63,800: 16,100:	 C

1
-Distance from edge of specimen to center of bolt hole.

Distance from side of specimen to center of bolt hole.

2Bearing stress at a deformation of 0.01 inch.

= crushing under bolt; E = failure to edge; T = failure to side; S = failure toward side (stress
concentration).

Rept. No. 1824-C



0.38, 1.00
: .50: 1.00

.63: 1.00

.75: 1.00
: .88: 1.00
: .99: 1.00
: 1.24: 1.00

0.19 •
.25 •	
.31 : 46,700
.38 : 48,300
.44 : 48,400
.50 : 39,600
.62 : 48,100

•

7 : .75: 1.00	 .38 : 46,600
9 : .88: 1.00	 .43 : 47,300
11 : .99: 1.00	 .50 • 44,300
13	 1.24: 1.00 :	 .62	 49,100

Table 28.`-Results of bolt-bearing,side-distance tests of1§/voia
Bolt diameter and laminate thickness were 1 4 inch.

1	 :
Specimen :Width: Edge' : Side?- : Bearing

3'
–I:Proportional limit : Maximum load	 :Tensile: Failuree–No.	 :	 :distance:distance: strength:

:

: 	
(1)
	

(2 ) :	 (3)	 )
: 	  : 	

In.	 : P.s.i.: : P.s.	 P.s.i.:

Dry, 0 . 0*

: In.	 In.	 In.

	 : stress:
:Deformation: Stress:Deformation: Stress: on net:

:	 :section:

(6)	 (7)
	

(8)
	

(9) : (10)
	

(11)
es.

0-552-1
3
5
7
9
11
13

	0.0031 : 17,900:	 0.0038 : 18,200: 36,200:	 T
	.0042 : 23,900:	 .0068 : 36,300: 36,600:	 P
	.0062 : 30,900:	 .0102 : 46,900: 31,100:	 P
	.0064 : 32,800:	 .0120 : 56,500: 28,100: 	 T

	

.0051 : 27,600:	 .0155 : 60,700: 24,300:	 C

	

.0074 : 32,900:	 .0168 : 61,000: 20,500:	 C

	

.0064 : 32,900:	 .0165 : 60,200: 15,300:	 C

TEZILf22:

90-552-1 : .38: 1.00	 .19 :........	 .0034 : 15,000:	 .0038 : 15,800: 31,700:	 T3 : .50: 1.00 •	 .25	 ........ 	 .0037 : 21,200:	 .0058 : 30,400: 30,500:	 T
5 : .63: 1.00 :	 .31 	 	 .0062 : 31,900:	 .0086 :42,600: 28,200:	 T7 : .75: 1.00 :	 .38 : 43,800	 .0066 : 33,800:	 .0132 : 53,400: 26,600:	 T
9 : .88: 1.00	 .44 : 49,800	 .0052 : 28,400:	 .0138 : 57,800: 23,100:	 C11 : .99: 1.00	 .50 : 40,300	 .0122 : 51,600:	 .0155 : 58,600: 19,720:	 C13 : 1.24: 1.00 :	 .62 : 47,100	 .0076 : 37,200:	 .0161 : 59,400: 14,950:	 c

Dry, 8 . 45° 

	

.0026 : 10,300: 20,400:	 T

	

.0046 : 27,100: 27,400:	 T
	.0091 : 40,700: 27,100:	 T

.0072 : 35,800:	 .0138 : 56,000: 27,900: 	 T

.0050 : 25,500:	 .0204 : 61,900: 24,700:	 C

.0058 : 29,000 •	• 61,600: 20,700:

.0068 t 34,200:	 .0192 : 63,600: 16,000:	 C

Wet, 0 . 0° 

	

0-552=2	 : .38: 1.00	 .19	 •	 .	 .0045 : 18,200: 36,200:

	

4	 s .50:	 .99 :	 .25 •	 	 .0051 : 30,000:	 .0072 : 34,000: 34,200:

	

6	 s .63:	 .98	 .31 :35,100:	 .0109 : 39,600:	 .0121 : 42,300: 28,000:

	

8	 .75:	 .98	 .38 : 45,300	 .0095 : 43,100:	 .0163 : 56,000: 27,800:

	

10 : .88:	 .99	 .44 : 50,200	 .0076 : 39,800:	 .0142 : 60,800: 24,300:

	

12 t 1.00:	 .99	 .50 : 44,100	 .0082 : 39,800:	 .0170 : 58,600: 19,600:

	

14 : 1.24: 1.00	 .62 : 44,000 :	 .0114 : 52,200:	 .0163 : 60,500: 15,300:

Wet 0 90°----2	 -....----=,.....--..

	

90-552-2	 .38: 1.00	 .19	 . ....	 .0032 : 15,900:	 .0039 : 17,700: 34,600:	 P
	4 : .50:	 .99	 .25 :,.........	 .0042 : 23,100:	 .0069 : 30,600: 30,800:	 T	6 	 .63:	 .99	 .31 i.. 	  ..	 .0038 • 21,300:.. 	 : 44,800: 29,800:	 T

	

8 : .75: 1.00	 .38 : 45,500	 .0064 : 33,900:	 .0133 : 54,300: 27,000:	 T	10 : .88:	 .99 :	 .44 : 42,600 .	 .0053 : 25,000:	 .0172 : 58,800: 23,500:	 C	12 : .99: 1.00	 .50 : 40,100	 .0083 : 32,300:	 .0170 : 59,000: 19,800:	 C

	

14 : 1.24: 1.00 :	 .62 : 41,200 :	 .0089 :32,300:	 .0173 : 60,700: 15,300:	 C

Wet, S = 45° 

.19 .. ..... ...:	 .0027 : 11,100:	 .0028 : 11,400: 22,900:	 P

.25 :........:	 .0048 : 25,600:	 .0067 : 26,400:26,500:	 T

.31 : 37,500 :	 .0091 : 37,500:	 .0116 : 39,300: 26,100:	 T

.38 : 44,800	 .0076 : 34,100:	 .0131 : 49,900: 24,900:	 T

.44 : 42,000	 .0056 : 25,500:	 .0196 : 56,000: 22,500:	 C

.50 : 42,600	 .0068 : 30,600:	 .0200 : 56,600: 19,100:	 C

.62 . 43,300	 .0077 : 34,300:	 .0200 : 59,000: 14,900:	 C.	 .	 ;

-

D

Distance from edge of specimen to center of bolt hole.
istance from side of specimen to center of bolt hole.

Bearing stress at a deformation of 0.01 inch.
C - crushing under bolt; E = failure to edge; T = failure to side; S = failure toward sidestress

concentration).

	

45-552-1	 .38: 1.00	 ,19	 ....	 . • •	 • :
	3 	 .50: 1.00	 .25	 ...:	 .0043 : 25,500:

	

5	 s .63: 1.00	 .31 •	 •	 .0056 : 27,200:

C
C

	45-552-2	 .38:	 .99

	

4	 .50:	 .99

	

6	 .63:	 .99

	

8	 .75:	 .99
10 : .87: 1.00

	

12	 : .99:	 .99 :
14 : 1.24: 1.00 :
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Table 29.--Results of bolt-bearin	 d e-distance tests of 181 Volan A e oxy laminate.
Bolt diameter was 1 2 inch 	 and thickness of laminate was 1 8 inch.

:	 :"	 1	 2	 :Specimen :Vtidth:	 Edge- :	 Side- :Proportional limit : 	 Maximum load	 Tensile	 : Failurel
No.	 :	 :distance:distance:	 :	 : stress on :

:	 :	 :	 :Deformation: Stress:Deformation: Stress:net section:
----------: ----- :--------:-------:	 	 : 	 : 	 	 :	 t

(1)	 :	 (2)	 :	 (3)	 :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)
	 :	 	 t	 :	 •

:	 In.	 :	 In.	 :.	 In.	 :	 In.	 : P.s.i.:	 In.	 : P.s.i.:	 P.s.i.	 :
:	 :	 :	 .

Dry, 9 = 0*

0-553-101 : 2.00:	 0.51	 :	 1.00:	 0.0010	 : 17,000:	 0.0021	 : 23,900:	 8,000	 :	 E,S
103 : 2.00:	 .76	 :	 1.00 :	 .0038	 : 32,000:	 .0041	 : 33,300:	 11,100	 :	 S
105 : 2.00:	 1.01	 :	 1.00 :	 .0060	 : 39,000:	 .0067	 : 39,900:	 13,400	 :	 S
107 : 2.00:	 1.25	 :	 1.00 :	 .0057	 : 30,500:	 .0092	 : 44,600:	 14, 900	 :	 c

109: 2.00:	 1.50	 s	 1.00 t	 .0078	 : 37,300:	 .0109	 : 47,200:	 15,800	 :	 C

Dry, €---

90-553-101: 2.00:	 .51	 :	 1.00 :	 .0011	 : 22,900:	 .0021	 : 25,300:	 8,460	 :

103: 2.00:	 .76	 1.00	 .0026	 : 30,500:	 .0038	 : 36,400:	 12,200	 s	 S
105: 2.00:	 1.00	 1.00	 .0050	 : 32,800:	 .0070	 : 40,400:	 13,500	 c

107: 199:	 1.25	 :	 1.00 :	 .0059	 : 29,600:...........: 43,800:	 14, 700	 :	 C

109: 2.00:	 1.50	 1.00 :	 .0045	 : 21,400:	 .0082	 : 36,300:	 12,100	 c

Dry, 0 = 45°

45-553 7101: 1.99:	 .50	 :	 1.00	 .0019	 : 11,300:	 .0131	 : 29,400:	 9,800	 :
103: 2.00:	 .75	 :	 1.00 :	 .0029	 : 15,500:	 .0173	 : 41,600:	 13,900	 :	 C	 •
105: 2.00:	 .99	 1.00 :	 .0028	 : 15,300:...........: 46,0oo:	 15,400	 :	 C
107: 2.00:	 1.25	 :	 1.00	 :	 .0068	 : 28,800:...........: 40,500:	 13,500	 s	 C
109: 2.00:	 1.50	 :	 1.00	 :	 .0076	 : 27,100:...........: 36,900:	 12,300	 :	 C

Wet	 e = 0°)

0-553-102 : 2.00:	 .51	 1.00 :	 .0015	 : 18,600:	 .0031	 : 23,100:	 7,740	 :	 E,S
104: 2.00:	 .77	 s	 1.00	 .	 ...... 	 : - ......:	 .0038	 : 34,800:	 11,600	 E,S
106 : 2.00:	 1.01	 1.00 :	 .0034	 : 26,900:	 .0056	 :41,400:	 13,800	 :	 S
108 : 2.00:	 1.27	 1.00	 .0041	 : 25,40o:	 .0091	 : 46,600:	 15,600	 C
110 : 2.00:	 1.51	 1.00 :	 .0074	 : 33,600:	 .0100	 : 45,400:	 15,200	 C

Wet, 9 = 90°

90-553-102: 2.00:	 .51	 1.00:	 .0013	 : 24,600:	 .0017	 ::24,700:	 8,240	 :	 E,S
104: 2.00:	 .75	 1.00 • 	 ...	 .:	 x027	 : 35,800:	 12,000	 s	 E S,
1o6: 2.00:	 1.00	 :	 1.00	 .0021	 : 20,900:	 .0063	 : 42,100:	 14,100	 c

108: 2.00:	 1.25	 :	 1.00 :	 .0046	 : 28,100:	 .0090	 : 44,400:	 14,800	 C

110: 2.00:	 1.50	 :	 1.00 :	 .0052	 : 26,900:..	 	  • 40,70o:	 13,600	 C

Wet, e = 45°

45-553-102: 2.00:	 .50	 1.00 :	 .0034	 : 15,200:	 .0156	 : 28,600:	 9,560	 :	 E
104: 2.00:	 .75	 : 	 1.00 :	 .0018	 : 13,600:	 .0150	 : 41,400:	 13,800	 :	 C
106: 2.00:	 1.00	 :	 1.00 :	 .0040	 : 20,300:	 .0130	 : 45,500:	 15,200	 :	 C
108: 2.00:	 1.25	 :	 1.00 :	 .0053	 : 25,000:	 .0130	 : 43,000:	 14,400	 :	 C
110: 2.00r	 1.50	 1.00:	 0067	 : 25,400:	 .0095	 : 32,400:	 10,800	 C

•
•	 •	 •	

.	 .

1
Distance from edge of specimen to center of bolt hole.
Distance from side of specimen to center of bolt hole.
.k = crushing under bolt; E	 failure to edge; T = failure to side; S = failure toward side

(stress concentration).

Rept. No. 1824-C



Table 30.--Results of b lt-bearin .	side-distance tests Of specimens of 181 Volan A e.ox
laminate.	 Bolt diameter was 1 2 inch	 and laminate was 1 8 inch thick.

.	 .	 'I	 2	 °	 3
'Specimen ::Width:Edge.1- :	 Side- :Proportional limit : 	 Maximum load	 :	 Tensile	 : Failure

No 	 :	 :distance:distance:- 	 :	 : stress on :
:Deformation: Stress:Deformation: Stress:net section:
	 : :	 : 	 : 	 .....	 .....:...... 	 .........

(3 )	 e	 (2 )	 :	 (3 )	 :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)
•	 .	 :	 ......	 ..*: :	

4

:	 In.	 :	 In.	 :	 In.	 :	 In.	 :	 P.s.i.:	 In.	 :	 P.s.i.:	 P.s.i.	 :_	 ....._	 _ ____

Dry, 8 . o'

0-553-1	 : 0.75:	 1.52	 :	 0.38	 :	 0.0027	 : 16,000:	 0.0040	 : 20,000:	 39,700	 :	 T
3	 :	 .99:	 1.50	 :	 .50	 :	 .0039	 : 20,000:	 .0062	 : 29,800:	 30,200	 :	 T
5	 : 1.24:	 1.50	 :	 .62	 :	 .0029	 : 37,000:	 .0046	 : 40,200:	 27,000	 :	 T
7	 : 1.50:	 1.51	 :	 .75	 :	 .0065	 : 32,200:	 .0114	 : 48,900:	 24,600	 :	 c
9	 :	 1.75:	 1.51	 :	 .87	 :	 .0039	 : 25,400:	 .0105	 : 51,400:	 20,600	 :	 C

P2-72-2--=---292-

90-553-1	 :	 .75:	 1.50	 :	 .38	 :	 .0023	 : 14,800:	 .0030	 : 17,800:	 35,400	 :	 T
3	 : 1.00:	 1.50	 :	 .50	 :	 .0040	 : 22,400:	 .0057	 : 28,800:	 29,100	 :	 T
5	 : 1.24:	 1.51	 :	 .62	 :	 .0068	 : 30,800:	 .0089	 : 36,700:	 24,800	 T
7	 : 1.50:	 1.51	 :	 .75	 :	 .0032	 : 20,300:	 .0094	 : 45,800:	 23,000	 C
9	 : 1.75:	 1.50	 :	 .87	 :	 .0055	 : 28,800:	 .0097	 : 43,500:	 17,400	 :	 C

Dry,8 ..45°

45-553-1	 :	 .75:	 1.51	 :	 .38	 :	 .0024	 : 12,400:	 .0033	 : 12,400:	 24,600	 :	 T
3	 : 1.00:	 1.50	 :	 .50	 :	 .0036	 : 19,700:	 .0051	 : 26,300:	 26,600	 :	 T
5	 : 1.24:	 1.51	 :	 .62	 :	 .0022	 : 13,800:	 .0084	 : 47,400:	 31,900	 :	 T
7	 : 1.50:	 1.51	 :	 .75	 :	 .0060	 : 28,800:	 .0136	 : 46,200:	 23,200	 :	 C
9	 : 1.75:	 1.51	 :	 .87	 :	 .0048	 : 23,900:	 .0126	 : 44,000:	 17,600	 :	 C

Wet, e = 0°

0-553-2	 :	 .75:	 1.50	 :	 .38	 :	 .0019	 : 16,000 .	• 18,800:	 37,40o	 T4	 : 1.00:	 1.51	 .50	 :	 .0041	 : 21,000:	 .0070	 : 30,000:	 30,300	 T6	 : 1.24:	 1.50	 :	 .62	 :	 .0055	 : 28,7oo:	 .0096	 : 42,700:	 28,800	 T8	 : 1.50:	 1.50	 :	 .75	 :	 .0060	 : 20,400:	 .0130	 : 33,600:	 16,800	 :	 C
10	 : 1.75:	 1.50	 :	 .88	 :	 .0044	 : 28,700:	 .0123	 : 53,600:	 21,400	 :	 C

Wet, 8 = 90°

90-553-2	 :	 .75: ,1.51	 :	 .37	 :	 .0025	 : 15,400:	 .0029	 : 16,400:	 33,000	 :	 T4	 : 1.00:	 1.51	 :	 .50	 :	 .0035	 : 18,000:	 .0063	 : 28,900:	 29,200	 :	 T6	 : 1.24:	 1.50	 :	 .62	 :	 .0048	 : 25,600:	 .0078	 : 37,200:	 25,200	 T8	 : 1.49:	 1.50	 .74	 .0067	 : 34,000:	 .0095	 : 43,600:	 22,000	 :	 C
10 : 1.74:	 1.50	 :	 .87	 :	 .005o	 : 25,400:	 .0076	 : 36,900:	 14,900	 :	 c

HP_Ii_t_ff___I

45-553-2	 :	 .75:	 1.50	 :	 .38	 :	 .0020	 : 10,300:	 .0025	 : 11,700:	 23,400	 :	 T
4	 : 1.00:	 1.51	 :	 .50	 .0040	 : 19,500:	 .0063	 : 26,200:	 26,500	 :	 T
6	 : 1.25:	 1.50	 :	 .62	 :	 .0050	 : 24,100:	 .0094	 : 39,200:	 26,100.	 :	 T
8	 : 1.50:	 1.50	 :	 .75	 :	 .0050	 : 23,600:	 .0135	 : 44,500:	 22,200	 :	 C
10 : 1.75:	 1050	 :	 .88	 :	 .0072	 : 28,700:	 .0143	 : 40,100:	 16,000	 :	 C

2iT3tance f;omcIlgo of specimen to center of bolt hole.
gDistance from side of specimen to center of bolt hole.

2C = crushing under bolt; E = failure to edge; T = failure to side; S = failure toward side
(stress concentration).

Rept. No. 1824-C



1103 .....	 :

(1)	 : ( 2 ) :	 (3)	 :	 ( 4 )	 :	 (5)

4,060
6,890
8,020
6,820

: In.

E,S

C

edge-distance testa of 112 Volan A epo  laminate. Bolt Table 31.--Results of bolt-bearing

diameter was 1 2 inch and laminate was 1 8 inch thick. 

Specimen
No.

	

1 '	 2	
•
'	 ••

:Width: Edge- : Side- :Proportional limit : Maximum load	 : Tensile : Failure
:	 .

'	
.

.	 :distance:distance: 	 	 :	 : stress on
:Deformation: Stress:Deformation: Stress met section:

(6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)

In.	 : P.s.i. 	 In.	 : P.s.i.: P.s.i. 

•:

In.	 :	 In.

Dry, 6 = 0°

	

0.0010 : 19,400:	 0.0016 : 19,400:

	

.0042 : 29,100:	 .0064 : 36,900:

	

.0079 : 34,80o:	 • 44,70o:

	

.0068 : 25,400:	 .0132 : 44,50o:

Dry, e = 90* 

.0008 : 18,800:' .0014 : 19,000:

	

x054 : 29,800:	 .0067 : 31,800:

	

.0067 : 29,500 . 	• 39,800:

	

.0102 : 37,600:	 .0141 : 45,40o:

1211,22.)., = 45'

	.0029 : 10,200:	 .0098 : 22,500:

	

.0053 : 19,800 .	  ..: 38,40o:

.0063	 : 24,800:.. ...... ...: 42,20o:

	

.0077 : 26,400 . 	 .....: 40,400:

Wet) 6 = 0*

0-554-101 : 3.01: 0.50 : 1.50
103 : 3.00: 1.00 : 1.50
105 : 3.01: 1.50 : 1.50
107 : 3.00: 2.00 : 1.50

90-554-101: 3.00: .5o : 1.5o
103: 3.00: 1.00 : 1.50
105: 3.00: 1.50 : 1.50
107: 3.00: 2.00 : 1.50

45-554-loi: 3.01: .50 : 1.50
103: 3.00: 1.00 : 1.50
105: 3.00: 1.50 : 1.50
107: 3.00: 2.00 : 1.50

	

3,87o
	

E,S

	

7,360
	

S
8,930
8,880

3,790

	

6,350
	

S
7,950

	

9,060
	

S,C

	

4,48o
	

E,S

	

7,67o
	

C

	

8,420
	

C
8,070

0-554-102 : 3.00:	 .50 : 1.50

	

104 : 3.01: 1.00 : 1.50	 :
106 : 3.01: 1.50 : 1.50

	

108 : 3.01: 2.02 : 1.50	 :

.0010 :.20,300:

.0058 33,900:

.0054 : 19,000:

.0054 : 25,000:

Wet, e 90°

	.0016 : 20,700: 	4,130
	.0065 : 35,30o: 	7,040
	.0180 : 29,90o: 	5,970
	.0142 : 41,00o: 	5,390

E,S
S
C
C

:......... .. : ....	 .0016	 : 20,300:
.0046 : 27,90o .	• 34,50o:
.0037 : 16,40o .	• 40,20o:
.0055	 23,300:.....	 • 34,20o:

Wet, 6 = 45*

90-554-102: 3.01:	 .50 : 1.50
104: 3.01: 1.01 : 1.50
106: 3.00: 1.50
	

1.50
108: 3.00: 2.00 : 1.50

4-5-554-102: 3.01: .50 : 1.50
104: 3.00: 1.00 : 1.50
106: 3.00: 1.50 : 1.50
108: 3.00: 2.00 : 1.50

	

.0043 : 13,300:	 .0128 : 23,800:	 4,760	 :	 E

	

.0071 : 24,600.	 .	 • 42,80o:	 8,540	 :	 c
	.0083 : 26,50o: 	.o145 : 35,400:	 7,060	 c
	.0061 : 21,30o:	.0154 : 43,000 :	 8,590	 c

•

Distance from edge of specimen to center of bolt hole.
2-Distance from side of specimen to center of bolt hole.
3-C = crushing under bolt; E = failure to edge; T = failure to side; S = failure toward side

(stress concentration).

Rept. No. 1824-C



Table 3e.--Besu1ts of bcqt-bearin 	 side-distance tests 01 112 Volan A eD0X7 laminate.	 Bolt
diameter yus 1 2 inch and laminate vas 1 8 inch thick...........

........,.....e...	 -,..;..n
.	 .	

:	
.....ommwl.s................

2Specimen :Width:	 Edge- :	 Side- :Proportional limit : 	 Maximum load	 Tensile	 : FailurelNo.	 :	 :distance:distance:-------- - ----------: - - ----- - - ----------. stress on
:	 :	 :	 :Deformation: Stress:Deformation: Stress:net section:

(1)	 : (2) t	 (3)	 :	 (4)	 :	 (5)	 :	 (6) • :	 (7)	 :	 (8) 	 :	 (9)	 ;(l0)
"...........:-...:.------.: 	 	 .:-............--.:--_-_-_: ----- " - ....:-------:----......:-....... - -:	 In.	 :	 In.	 :	 In.	 :	 In.	 : P . s .i.:	 In.	 : P.s.i.:	 P.s.i.	 1	 ', ......................

Eal_f_n_11
0-554-1	 : 0.75:	 2.01	 0.38	 :	 0.0020	 : 14,400:	 0.0027	 : 16,100:	 32,100	 :	 T3	 : 1.24:	 2.02	 :	 .62	 :	 .0032	 : 18,500:	 0069	 : 31 100:	 20,900	 :	 T/	 •	 -	 •	 /5	 : 1.75:	 2.00	 :	 .87	 :	 .0054	 : 25,600:	 .0109	 : 41,300:	 16,600	 :	 T7	 : 2.25:	 2.01	 :	 1.12	 :	 .0060	 : 27,800:	 .0117	 : 44,700:	 12,800	 :	 T9	 : 2.74:	 2.00	 :	 1.37	 .0073	 : 33,300:	 .0127	 : 49,200:	 10,900	 :	 C

Dry, 8= 9*..................................

90-554-1	 :	 .75:	 2.00	 :	 .38	 :	 .0020	 : 11,900:	 .0034	 : 14,100:	 27,900	 :	 T3	 : 1.24:	 2.00	 :	 .62	 :	 .0033	 : 18,500:	 .0069	 1 30,200:	 20,400	 :	 T5	 : 1.751	 2.00	 .87	 t	 .0050	 : 24,800:	 .0090	 : 35,100:	 14,100	 :	 T7	 t 2.25:	 2.00	 :	 1.12	 :	 .0062	 : 26,200:	 .0118	 : 39,900:	 11,400	 :	 T9	 : 2.75:	 2.00	 :	 1.37	 :	 .0072	 : 29,500:	 .0137	 : 47,700:	 9;820	 c

217:22_f„..4.1:
45-554-1	 :	 .75:	 2.01	 .38	 :	 .0018	 : 11,700:	 .0026	 : 12,100:	 24,000	 :	 T3	 : 1.24:	 2.01	 :	 .62	 :	 -	 .0049	 : 23,300:	 .0071	 : 32,000:	 21,500	 :	 T5	 : 1.75:	 2.01	 :	 .87	 :	 .0054	 : 23,300:	 .0160 .: 48,200:	 19,300	 :	 c7	 : 2.25:	 2.00 	 :	 1.12	 :	 .0066	 : 24,800:	 .0165	 : 47,400:	 13,60o	 :	 c9	 : 2.74: , 2.01	 1.37	 :	 .0072	 : 26,200:	 .0165	 : 46,900:	 10,400	 :	 C

Wet, 8 , 0°

0-554-2	 t	 .75:	 2.01	 :	 .38	 :	 .0024	 : 11,800:	 .0034	 : 14,000;	 27,800	 :	 T4	 : 1.25:	 2.00	 :	 .62	 :	 .0035	 : 18,600:	 .0070	 : 31,700:	 21,100	 :	 T6	 : 1.75:	 2.00	 :	 .88	 :	 .0049	 : 23 1 700:	 .o1l4	 : 43,100:	 17,200	 :	 T8	 : 2.24:	 2.00 	 1.12	 :	 .0050	 : 23,400:	 .0133	 : 49,100:	 14,100	 :	 c10	 : 2.74:	 2.00	 1.37	 :	 .0045	 : 20,900:	 .0135	 : 48,700:	 10,900	 :	 c

wet, e . 90°

90-554-2	 :	 .75:	 2.01	 :	 .38	 :	 .0032	 : 13,500:	 .0038	 : 14,000:	 27,800	 :	 T4	 : 1.25:	 2.00	 :	 .62	 .0054	 : 25,000:	 .0078	 : 31,500:	 21,000	 :	 T6	 : 1.75:	 2.00	 :	 •V.	 :	 .0046	 : 19,800:	 .0094	 : 37,500:	 15,000	 :	 T8	 : 2.24:	 2.00	 t	 1.12	 :	 .0057	 : 24,600:	 .0140	 : 46,300:	 13,300	 :	 C
10 : 2.74:	 2.00	 :	 1.37	 :	 .0056	 : 23,100:	 .0135	 : 44,400:	 9,920	 :	 C

Wet, 8°

45-554-2	 :	 .75:	 2.01	 :	 .38	 :	 .0021	 : 11,200:	 .0026	 : 11,200:	 22,200	 :	 T4	 : 1.25:	 1.99	 .62	 :	 •0049	 : 21,800:	 .0077	 : 31,100:	 20,700	 :	 T6	 : 1.75:	 2.00	 :	 .82	 :	 .0050	 I 21,600:	 .0144	 : 43,300:	 17,300 	 :	 c8	 : 2.241	 2.00	 1.12	 0056	 : 21,400:	 .0162	 : 41,700:	 12,000	 :	 'C10 : 2.74:	 2.00	 :	 1.37	 .0077	 : 26,300:	 .0157	 : 43,600:	 9,720	 :	 C
:	 .

1
-Distance from edge of specimen to center of bolt hole.
2
-Distance from side of specimen to center of bolt hole.

4: = crushing under bolt; E = failure to edge; T = failure to side; S = failure toward side(stress concentration).

ReiY64-No. 1824-c



	90-553-01: .75: 	 1.00 :

	

203: .75: 	1.00
	205: .75: 	 1.00

.37

.37

.38

45-553-201: .75:
203: .75:
205: .75:

1.00 :
1.00
1.00

.37

.37

.38

: 35,400
• 36,500 :
: 34,200

Wet, 8 = 45° 

.0057

.0052

.0046

.37

.37

.37

: 36,200 :
: 33,400
: 35,50o

•

45-553-202: .75:
204: .75:
206: .75:

Table S --Results of bolt-bearing tests of 181 Volan A e ox laminate 1 8 inch thick 

tested with 1 8 inch diameter bolt. All s
under the bolt. 

ecimens failed b' crushi   

2 	1 • 	 •
Specimen :Width: Edge- : Side- : Bearing :Proportional limit : Maximum load	 Tensile

No.	 :	 :distance:distance:strength4:	 :	 : stress on

	

:	 :	 :Deformation: Stress:Deformation: Stress:net section•

(1)	 : (2) :	 (3)	 :	 (4)	 :	 (5)	 :	 (6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)
• :

: In.:	 In.	 :	 In.	 : P.s.i.	 In.	 : P.s.i.:	 In.	 : P.s.i.:	 P.s.i. 
•

..	 -	 :	 •	 	  •	 • 	 .

mow.. ....	 Mr ...

Dry) e = 0° 

	

:28,200 :	 0.0064

	

: 37, 000 :	 .0050

	

28,60o	 .0064

Dry, e 90° 

	

: 33,200	 .0056
	43,800 :	 .0054

	

33,700 :	 .0052

Dry, g . 45° 

	

: 41,80o	 .0046

	

: 32,400 :	 .0064

	

39,800 :	 .0056

	

: 42,000: 0.0115	 : 57,000: 11,300
	: 44,100: 	 .0098	 : 60,000: 12,000
	42,000: 	.0107	 : 56,500: 11,300

	: 45,400: 	.0095	 : 54,800: 11,00o
	: 49,100: 	.0085	 : 59,60o: 12,000
	: 46,200: 	.0108	 : 61,00o: 12,200

	: 41,800: 	.0115	 : 61,700: 12,400
	: 54,100: 	.0097	 60,600: 12,100

	: 46,700: 	 .0105	 : 61,800: 12,40o

	0-553-201.: 0.75:
	 1.00
	

0.38
	203-: .75: 	 1.00 :	 .37
	205 : .75: 	.99 :	 .38

Wet) 0 = 0° 

36,300
38,800

: 34,800

Wet, 8 = 90° 

	: 42,000: 	.0091	 : 58,800: 11,700

	40,40o: 	.0099	 : 59,900: 12,000

	47,100: 	.0096	 : 59, 600: 11,90o

	0-553-202	 .75: 	1.01 :	 .38
	204	 .75: 	1.01	 .37
	206	 : .75: 	 1.01	 .38

.0054

.0049

.0061

.0051

.0050

.0051

Distance from edge of specimen to center of bolt hole.
Distance from side of specimen to center of bolt hole.

-Tearing stress at a deformation of 0.005 inch.

	

: 40,400:	 .0095	 55,800: 11,200

	

: 40,400:	 .0087	 : 55,40o: 11,100

	

34,200:	 .0110	 : 57,000: 11,400

	

: 41,80o:	 .0112	 : 60,90o: 12,200

	

: 36,200:	 .0142	 : 61,400: 12,300

	

41,800:	 .0120	 58,400: 11,800

90553-202: .75:
204: .75:
206: .75:

.37

.37

.38

Rept. No. 1824-C



Table	
. -Results of bolt-bearing tests of 112 Volan A e.oxy laminate 1 8 inch thick

tested	 8with 1	 inch diameter bolt.	 All specimens failed by crushing...._._under the bolt.............................._............

:	 :	 •
Specimen 	 Width1 •	 2 :	 :

:	 Edge- :	 Side- : Bearingx:Proportional limit :	 Maximum load	 TensileNo.	 :	
:distance :distance :strengthl-:------------------- :-------- -- ---------: stress on:	 :	 :	 :	 :Deformation: Stress:Deformation: Stress:net sectior

:	 	 : 	 :	 :	 ---:--------..--1	 :	 (2 )	 :	 (3 )	 :	 (4 )	 :	 ( 6 )	 :	 (6)	 :	 (7)	 :	 (8)	 :	 (9)	 :	 (10)
: In.	 In.	 In.	 :	 P.s.i.	 In.	 : P.8.1.:	 In.	 : P.s.i.:	 Ps.i.: :	 :	 :	 :

0-554-201	 1.00:	 1.00 :	 0.50	 : 31,70o	 :	 0.0060	 : 46,700:	 0.0103	 : 64,900:	 9,230203 : 1.00:	 1.00 :	 .50	 : 35,300	 :	 .0046	 : 40,000:	 Jam	 : 64,300:	 9,160205 : 1.00:	 1.00 :	 .50	 : 30,500	 :	 .0052	 : 41,90o:	 .0114	 : 63,20o:	 9,050
i2mitzz....22:

90-554-201: 1.00:	 .99 :	 .50	 : 30,300	 :	 .0056	 : 42 000 .	.0112y	 .	 : 60,500:	 8,630203: 1.00:	 1.01 :	 .50	 34,700	 :	 .0067	 : 48,000:	 .0102	 • 59,700:	 8,510205: 1.00:	 1.00 :	 .50	 : 30,200	 :	 .0058	 : 39,000:	 .0102	 : 57,600:	 8,210

Dry) e = 11.°

5-554-201 	 1.02:	 1.00 :	 .51	 : 27,300	 1	 .005 6	 : 38,400:	 .0140	 : 63,800:	 8,890203: 1.00:	 1.01 :	 .50	 : 31,200	 :	 .0060	 39,700:	 .0135	 : 62,400:	 8,870205: 1.00:	 1.01 :	 .5o	 : 33,500	 :	 .0067	 : 45,00o:	 .0135	 : 62,60o:	 8,920

Wet, 8 = 0° 

0-554-202 : 1.00:	 .99 :	 .50	 : 38,400	 :	 .006o	 : 48,40o:	 .0088	 : 60,50o:	 8,630204 : 1.00:	 1.00 :	 .50	 : 35,400	 :	 .0056	 : 41,700:	 .0092	 58,900:	 8,430206 : 1.00:	 1.00 :	 .50	 : 34,000	 :	 soo48	 33,50o:	 . 0095	 : 56 ,2000	 8,040

Wet, 9 = 90°

90-554-202: 1.00:	 1.01 :	 .50	 : 34,000	 :	 .0066	 : 46,70o:	 .0092	 : 55,000:	 7,030204: 1.00:	 1.01 :	 .50	 : 32,700	 :	 .0053	 : 39,000:.	 ..	 56,300:	 8,020206: 1.00:	 1.01 :	 .5o	 : 36,600	 :	 .0052/	 : 40,40o:	 .0095	 : 56,80o:	 8,110

Wet, 9 = 45°

45-354-202: 1.00:	 1.00 :	 .50	 : 36,900	 :	 .0058	 : 39,600:	 .0102	 : 58,800:	 8,380204: 1.00:	 1.00 :	 .50	 : 33,600	 :	 .0060	 : 43,800:	 .0106	 59,400:	 8,490206: 1.00:	 1.00 :	 .50	 : 30,800	 :	 .0062	 : 43,40o:	 .0123	 : 59,80o:	 8,520
--i •	 •	 •	 .Distance from edge of specimen to center of bolt hole.PzDistance from side of specimen to center of bolt hole.
23earing stress at a deformation of 0.005 inch.
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	 twordweer.....•.0moddwoddowwwl.

: Edge- : Side-
:distance:distance
: ratio : ratio

: Edge- : Side-
:distance:distance
: ratio	 ratio

Table 35.--Estimated minimum ed e- and side-distance ratios required to prevent failure
other than b' crushin under the bolt.

G. nAaWrW 1
Angle of:Condition:	 Epoxy laminates	 Polyester laminates.-
loading :

:1/4-inch laminate:1/8-inch laminate:1/4-inch laminate:1/8-inch laminate
:mmem.....morwwweiderrodo . ';iwowoodwr	 ..........	 ..... vosorimr.vi

D/t = 1	 t	 Dit . = 1	 D/t

: Edge- : Side- : Edge- :
:distance:distance:distance:
: ratio : ratio : ratio :

404110fteft:0,emt.rdOdtodwowdw:vmwdow.demed4domo :reemowwww.didmigwar :100-01,1fteddw:vordsausd.weeddid .

:-------- . 	
Side-

distance
ratio

DeFrees:

0	 :

90

•
•

181 Volan A laminate

Dry	 : 2.5	 : 1.7	 :	 2.5	 1.4
Wet	 : 2.3	 : 1.6	 :	 2.3 : 1.3

Dry	 : 2.4	 : 1.7	 :	 1.9 : 1.4
Wet	 : 2.4	 : 1.7	 :	 1.9 : 1.4

Dry	 2.1	 : 1.7	 :	 1.5 : 1.3
Wet	 : 2.0	 : 1.7	 1.5 : 1.3

112 Volan A laminate

	

:404,000.16.:00000,000:	 208	 :	 2.5

	

:116.011000:001101.460402	 2.5	 :	 2.1

	:........t.....•.. 	 3.4	 :	 2.5
.....:........:	 2.9	 2.1

	

.....	 2.0	 :	 1.6
1.9 : 1.5

:

:

:

:

	

2.6 :	 2.3 :	 2.3 :	 1.4

	

2.3 :	 1.0 :	 1.9 I	 1.0

• 2.8	 :

	

_	 1.4	 : • • • * 4 • 0 • : 4 • • * • a • •

:	 2.4	 :

	

_	 1.0	 :• . • • • • • 0 : • • • * • • • •

	

2.3 :	 1.8 :	 1.9 :	 1.6

:	 2.1	 :

	

.	 1.8 :	 1.5 :	 1.5
:

:	 112-114 laminate
:

	4.3 :	 2.2 :	 3.4 :	 2.7
:	 3.1	 :	 1.8	 :	 2.2	 :40•0001100

.	 2.6.	 4.0 :	 2.3	 :	 2.7 .

	

2.9 :	 2.0	 1.7 :	 1.0

	

:	 ..	 :

	

2.6 :	 2.2	 2.1 :	 1.8

	

2.3 :	 2.0	 2.0 :	 1.5
:

0 : Dry
:	 Wet,

90 : Dry
:	 Wet

Dry
Wet dalit••:41n • n ••0111•4:.

•

181-114 laminate

1:-.Based on table 10 of Report 1824.
(see text).
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Values changed to correspond to revised terminology





Figure 40. --Effect of edge and side distance on the maximum stress
in bolt bearing of parallel-laminated 181 Volan A epoxy laminate.
Diameter of bolt was 1/2 inch and thickness of laminate was 1/8
inch. The laminate was tested when dry and when wet at three
angles to the warp direction of the fabric.

M 110 184



Figure 41. --Effect of edge and side distance on the maximum stress
in bolt bearing of parallel-laminated 112 Yolan A epoxy laminate.
Diameter of bolt was 1/2 inch and thickness of laminate was 1/8
inch. The laminate was tested when dry and when wet at three
angles to the warp direction of the fabric.



Figure 42. - -Typical load-deformation curves for 1/4-inch 181
Volan A laminate tested in bolt bearing with 1/4-inch diameter

bolt.







Figure 45. --Relationship between side-distance ratio and ratio of
stress on net section to tensile strength of parallel-laminated 181
Volan A epoxy laminate. The data are based on bolt-bearing
specimens that failed in tension in the net section.



Figure 46. --Relationship bwtween side-distance ratio and ratio of
stress on net section to tensile strength of parallel-laminated
112 Volañ A epoxy laminate. The data are based on bolt-bearing
specimens that failed in tension in the net section, 1/8-inch
laminate tested at a D/t ratio of 4.
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