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Summary

This report presents the results of approximately 1,800 bearing tests on
single-bolt specimens of commercial cross-banded compreg under steel air-
craft bolts.

In this investigation, the bearing strength and the critical dimensions (mini-
mum edge clearances and end margins required to develop the full bearing
strength) were determined for compregs from three manufacturers (desig-

-1-This is one of a series of progress reports prepared by the Forest Products
Laboratory relating to the use of wood in aircraft. Results here reported
are preliminary and may be revised as additional data become available.
Report originally published February 1946.

';-This is one of a series of reports dealing with bolt-bearing strength of wood
and modified wood. Other reports are No. 1523, "Effects of Different
Methods of Drilling Bolt Holes in Wood and Plywood;' and No. 1523-A,
'""Bolt-Bearing Strength of Laboratory-Made Cross-Banded Yellow Birch
Compreg Under Aircraft Bolts.'! Other reports will be issued as data
becomes available.

éMaintained at Madison, Wis., in cooperation with the University of Wiscon-
sin.
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nated in this report as A, B, and C), three grain orientations (0°, 45°, and
90°), three thicknesses of compreg (1/4-, 1/2-, and l-inch), and three
diameters of bolt (1/4-, 1/2-, and l-inch), under one or more of three
methods of loading: compressive, modified compressive, and tensile.

Edge clearance, as referred to in this report, is the dimension, perpendicu-
lar to the direction of loading, from the center of the bolt hole to the edge of
the member. End margin is the dimension, parallel to the direction of load-
ing, from the center of the bolt hole to the free end of the member.

The average bolt-bearing strength for the three commercial compregs in-
vestigated was only slightly less than that for laboratory-made compreg
presented in Report No. 1523-A; the critical dimensions were about the same;
the compressive strength parallel to the face grain was about 20 percent less
than that for laboratory-made compreg as presented in Report No. 1523-A
and about 25 percent less than that shown in table 2-14 of ANC Bulletin 18.
The commercial compregs appeared to be more sensitive to notching than the
laboratory-made compreg.

The bearing strength increased with increase in thickness of compreg, de-
creased with increase in diameter of bolt, but was practically the same for
grain orientations of 0°, 45°, and 90°. In general, the critical dimensions
were smaller for 45° grain orientations than for 0° and 90°; they were essen-
tially the same for all thicknesses of compreg, and were approximately in
proportion to the diameter of the bolt. Consistent relationships were
developed between bearing stresses at proportional limit and ultimate and
between ultimate stresses in bearing and in compression. Suggestions are
made for determining design bearing stresses for any grain orientation by
applying appropriate factors to the compressive strength of cross-banded
compreg parallel to the face grain.

Repeated-loading tests employing 1/2-inch bolts in 1/2-inch compreg indi-
cated that bearing stresses approximately one-third greater than proportional
limit values can be applied repeatedly with no significant increase in the
permanent deformation, or ''set."

On the basis of these tests, cross-banded compreg can be expected to develop
its proportional limit stress in bearing under steel aircraft bolts at deforma-
tions not exceeding 0.025 inch and its ultimate at deformations not exceeding
0.10 inch.
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Intr oduction

The investigation of the bearing strength of commercial compreg, on which
this report is based, was undertaken at the request of the ANC Technical
Subcommittee on Wood Aircraft Structures to provide design data applicable
to compregs available commercially to wood aircraft manufacturers. The
information desired included bearing stresses at proportional limit and
ultimate under both tensile and compressive loading and the minimum edge
clearances and end margins necessary to develop the full bolt-bearing
strength of the material. (Edge clearance is the dimension, perpendicular
to the direction of loading, from the center of the bolt hole to the edge of the
member. End margin is the dimension parallel to the direction of loading,
from the center of the bolt hole to the free end of the member.) In addition,
it was desired to compare the bolt-bearing characteristics of certain com-
mercial compregs with those previously determined for compreg made at the
Forest Products Laboratory.

Description of Material

The commercial compregs A, B, and C used in this investigation were made
during the first quarter of 1943 by three reputable manufacturers. All
material was cross-banded.

Compreg A was made from yellow birch veneers impregnated with 27 to 30
percent of water-soluble phenol-formaldehyde resin. The number of plies
and the thickness of veneer varied with the finished thickness of the compreg,
the 1/4~, 1/2-, and l-inch material containing seven 1/16-, thirteen 1/16-,
and thirteen 1/8-inch veneers, respectively. The assembled impregnated
veneers were pressed at 1,300 to 1,500 pounds per square inch for 45 minutes.
Additional resin was used to improve the bond between plies. The tempera-
ture during pressing varied from 275° to 290° F.

Compregs B and C were made from hard maple veneers impregnated with
approximately 30 percent of alcohol-soluble resin. Information is not avail-
able as to whether additional adhesive was used between the plies. Compreg
B was composed of 1/10-inch veneers, the 1/4-, 1/2-, and l-inch panels
containing 5, 9, and 17 plies, respectively. The 1/4-inch panels of compreg
C were composed of seven 1/16-inch veneers; the 1/2- and l-inch panels of
seven and fifteen 1/8-inch veneers, respectively. Pressures between 2,000
and 3,000 pounds per square inch were used in making compregs B and C.
The temperature during pressure was approximately 300° F.

Report No. 1523-B -3-



Other detailed information concerning the individual panels of commercial
compreg is presented in table 1.

The bolts used were steel aircraft bolts conforming to Army-Navy Specifica-
tion AN-B-3a.

Preparation of Specimens

The scheme employed in preparing the bolt-bearing specimens was designed
to isolate the effects of source of material, thickness and grain orientation

of compreg, diameter of bolt, and method of loading on the bearing strength
and on the critical dimensions. Specimens were usually prepared in an

initial series of three to five in which either edge clearance or end margin
was varied over a range intended to bracket the critical dimension. After the
initial series was prepared, extra material was set aside so that all additional
specimens relating to that particular series could be cut from the same panel,
adjacent to the original specimens. If the critical dimension was not deter~
mined from tests of such an initial series, supplemental specimens were
prepared to extend the range of dimensions until the critical dimension was
bracketed. When the critical dimension was thus tentatively determined, one
to six additional specimens were prepared to correspond to each of five
specimens centered around the critical dimension. The additional specimens,
together with those in the initial series, constituted a complete series of from
two to seven specimens for each of five different edge clearances or end
margins for each combination of diameter of bolt and thickness of compreg.
Specimens for compression tests and specific gravity determinations were
taken at random from each panel and were presumed to represent the entire
panel.

Each bolt-bearing specimen was marked in the manner explained in Report
No. 1523-A, with the addition of two qualifying letters. One letter was
appended to the first numeral to indicate the source of material, while the
other was appended to the final numeral to indicate the order of the specimen
in a group for any one condition of test. Specimens were cut, holes were
drilled, and completed specimens were conditioned in the manner described
in Report No. 1523-A.
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Test Procedure

General Discussion

The test procedure was the same as that described in Report No. 1523-A%
with but few exceptions. In laboratory-made compreg, only one specimen
was tested for each condition of test; in the commercial compregs, approxi-
mately three specimens were tested for each condition. In the following
discussion, only the procedure which differs from that used for the labora-
tory-made compreg will be explained.

Bolt-Bearing Under Compressive Loading

In compreg A, a complete edge-clearance series was made for each of three
grain orientations (0°, 45°, and 90°), and for each of seven combinations of
compreg thickness and bolt diameters, consisting of 1/4-inch bolt in 1/4-
and 1/2-inch compreg, 1/2-inch bolt in 1/4-, 1/2-, and l-inch compreg and
1-inch bolt in 1/2- and l-inch compreg. In compreg C, complete series
were made for the same three grain orientations but for only five combina-~
tions of compreg thickness and bolt diameter. These consisted of 1/4- and
1/2-inch bolts in 1/4- and 1/2-inch compreg and l-inch bolt in 1/2-inch
compreg. Additional tests were made employing 1/2- and 1-inch bolts in
l-inch compreg C, with face grain parallel to the direction of loading, to
determine bearing strength only. Specimens for these tests were purposely
overdesigned with respect to critical dimensions in order to restrict failure
to bearing. In compreg B, tests to determine bearing strength only were
made for the seven combinations of compreg thickness and bolt diameter
employed for compreg A, but only in material having face grain parallel to
the direction of loading.

Bolt-Bearing Under Modified Compressive Loading

Only compreg A was tested under modified compressive loading. The com-
binations tested were those for which tensile loading was not practicable with
available apparatus and included 1/2-inch bolt in l-inch compreg and l-inch
bolt in 1/2- and l-inch compreg. The three combinations were tested with
grain orientations of 0°, 45°, and 90°.

Bolt-Bearing Under Tensile Loading

The specimen was suspended on an aircraft bolt between two fittings of an
improved tension jig, and a self-aligning tension grip was attached to the
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lower end (fig. 1). The deformation of the specimen at the bolt hole was
measured by means of a single 1/10,000-inch dial gage held directly above
the top of the specimen by a cross-bar.

In compregs A and C, both critical edge clearances and critical end margins
were determined by tensile loading for 1/4- and 1/2-inch bolts in 1/4- and
1/2-inch material and for three grain angles. No tests of compreg B were
made under tensile loading.

Tests for Compressive Strength

Compressive tests were made with the grain of the face plies oriented to
correspond with that of the related bolt-bearing specimens with the exception
of those at 45°, which were made at both 0° and 90° and the averages of the
values for the two orientations were assumed to apply at 45°.

Repeated-Loading Tests

Because of apparent differences between tensile and compressive loadings,
and between laboratory-made and commercial compregs, with respect to the
ratio of proportional limit to ultimate bearing stress, a few tests were made
using 1/2-inch bolts in 1/2-inch compreg C under repeated tensile and com-
pressive loadings.

The proportional limit stress was first determined in the usual manner by
noting the point at which the load deformation curve departed from a straight
line. Matched specimens were then loaded to this proportional limit stress,
unloaded, and then reloaded successively to progressively higher loads until
stresses exceeding two-thirds of the ultimate were attained. The tests were
then carried to failure. A new proportional limit stress was obtained from
the repeated-load curves. Additional matched specimens were then loaded to
this new proportional limit stress 25 timmes to determine the extent of in-
crease in the permanent deformation, or ''set."

Explanation of Tables and Figures

Information pertaining to dimensions, specific gravity, and compressive
strength of each compreg panel from which specimens were prepared is
presented in table 1. Column 5 shows the wide variation in thickness of
panels 10C and 11C as compared to other commercial panels.
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A summary of the information obtained from both the bolt-bearing and com-
pression tests is given in tables 2 through 14. Tables 2 through 7 relate to
compreg A, table 8 to compreg B, and tables 9 through 14 to compreg C.
The data for bolt-bearing tests under compressive and modified compressive
loadings are presented in tables 2, 3, 4, 8, 9, 10, and 11 and the data for
bolt-bearing tests under tensile loading in tables 5, 6, 7, 12, 13, and 14.
Tables 2 through 14 are similar to tables 2 through 5 for laboratory-made
compreg in Report No. 1523-A except that the compression test data relating
to bolt-bearing tests at 45° in commercial compreg were determined by
averaging the values for 0° and 90°.

\
In table 15 the critical dimensions for commercial compreg are summarized
and compared with the critical dimensions for laboratory-made compreg.
Tables 16, 17, 18, and 19 are similar summaries of bearing stresses, de-
formations, ratios of bolt-bearing stresses at proportional limit to ultimate,
and ratios of bolt-bearing stresses to compressive stresses.

Figure 1 shows the improved tensile-loading apparatus employing a single
1/10,000-inch (0. 0001 ~inch)dial gage, mounted directly above the specimen,
for measuring deformation of the specimen at the bolt hole. Elongation in
the compreg alongside the bolt hole and other minor deformations in the
specimen and the apparatus are included in the deformation registered by the
gage. These contributions are assumed to be comparatively insignificant,
and the readings of the gage are accepted as measurements of the deforma-
tion at the contact between bolt and compreg.

Figure 2 illustrates the method of determining the critical edge clearance or
end margin and the average proportional limit and ultimate bearing stresses.

Figures 3 through 6 show failures for four typical series of edge-clearance
and end-margin tests under compressive, modified compressive, and tensile
loadings, together with bearing strength data pertaining to each specimen.

Figure 7 is a graphical summary of bearing stresses at proportional limit
and ultimate for all compreg studies (FPL, A, B, and C). This chart per-
mits direct comparison of the bearing stresses for the various materials,
grain orientations, types of loading, thicknesses of compreg, and diameters
of bolts.

Figure 8 demonstrates the relationship of bearing stress to compressive
stress for the three commercial compregs studied in this investigation.

Figure 9 consists of two logarithmic charts showing the effects of thickness

of compreg and diameter of bolt on the ratio of bearing stress to compressive
stress at ultimate. In figure 10A, the points and lines in figure 9B are

Report No. 1523-B -7-




plotted on rectangular coordinates. Figure 10B consists of derived curves
relating the proportional limit stress in bearing to the ultimate in compres-
sion.

Figure 11 is a graphical presentation of the results of repeated-loading tests.
Figure 11A consists of a series of consecutive load-deformation curves
showing the increase in the apparent proportional limit under progressively
increasing loads applied to the same specimen. Figure 11B shows the

effect of repeated loadings to the maximum apparent proportional limit
(determined in figure 11A) on the total deformation and on the permanent set.

Analysis of Results

Critical Dimensions

Critical values for edge clearance and end margin, determined only for com-
pregs A and C in this investigation, are the minimum values that were found
to develop the full bearing strength for each combination of diameter of bolt
and thickness of compreg. These values are shown in the last two columns
of tables 2 through 14 and are summarized in table 15.

Critical dimensions were based on ultimate stress, as illustrated in figure 2,
rather than on ultimate loads as for laboratory-made compreg, because of
considerable variations in the measured thickness of one of the commercial
compregs (column 5, table 1). Specimens in which the dimension under study
was inadequate failed in some manner other than bearing and at a computed
bearing stress somewhat less than the true ultimate bearing stress. Speci-
mens, tested under compressive loading, whose dimensions were equal to or
greater than the critical dimension usually failed in bearing. Those tested
under tensile loading, however, were more erratic in the manner of failure
because of the notch sensitivity of the compreg. Many such specimens, par-
ticularly those tested at 0° or 90°, failed in bearing and in tension at the

bolt hole simultaneously, even though the edge clearance was greater than
the minimum that had been found necessary to develop the full bearing
strength of the compreg. In all series of tests, however, regardless of the
type of failure, a definite dimension was determined beyond which any fur-
ther increase failed to produce a significant increase in ultimate stress.

This value was considered to be the critical dimension.

The critical dimensions, as summarized in table 15, were essentially the
same for the three compregs studied, and agreed favorably with those
obtained from the laboratory-made material. They were not influenced con-
sistently by the thickness of the compreg within the range studied (1/4 to
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1 inch) but were approximately in proportion to the diameter of bolt. It is
convenient, therefore, to express these dimensions in terms of diameter, D.
/

Wherever a difference was found among the critical dimensions for speci-
mens of different grain orientations, those obtained under tensile loading for
compreg at 45° were usually smaller and more consistent than those for 0°
and 90°. Those obtained under compressive loading at 45° were similarly
consistent but were equal to or slightly greater than those for 0° and 90°.

Edge clearances for compressive loading were determined for practically

all combinations of diameter of bolt and thicknesses of compreg. While
there was some variation among the individual values, there was no well-
defined pattern, and the values, in terms of diameters, for all grain orienta-
tions were approximately the same. An edge clearance of two diameters was
found to be adequate for all combinations.

Edge clearances for tensile loading were determined for only 1/4- and 1/2-
inch bolts and 1/4- and 1/2-inch thicknesses. For each grain orientation,
however, the values exhibited an approximate relationship to diameter, but
no consistent relationship to thickness. Thus, the values determined, when
expressed in terms of diameter, can be presumed to apply to all combina-
tions of diameter and thickness. The values were found to vary considerably
for different grain orientations. Edge clearances of 4, 2-1/2, and 5 diame-
ters were found to be adequate for 0°, 45°, and 90°, respectively.

It should be kept in mind that these values of edge clearance for both tensile
and compressive loading were determined by tests employing only single
bolts. In fastenings employing two or more bolts in line, the tensile stresses
at the critical section are increased proportionately. In wood structural
members in which compreg is used for reinforcing plates, tensile and com-
pressive stresses in the plates are reduced by transfer of stress to the wood.
The required edge clearances may, therefore, be governed by the shear area
necessary to transfer load from the reinforcing to the wood rather than by
the tensile or compressive strength of the reinforcing plates.

End margins were determined by direct tensile loading for only 1/4- and
1/2-inch bolts in 1/4- and 1/2-inch comprega. Approximate values for the
other combinations were determined by modified compressive loading.
Previous tests had indicated reasonable agreement between results obtained
by these two methods. Again, the thickness had little effect on the critical
dimension. End margins of 5 diameters for 0°, and 90° and 3 diameters for
45° were found to be adequate.
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Moisture Content of Compreg

The moisture content of the compreg, determined by oven drying to approxi-
mately constant weight, varied from 2.3 to 7.6 percent with an average of
4.3 percent. It is recognized that in drying compreg samples errors are
introduced in the indicated moisture content by driving off volatile matter
other than moisture. Because of the uncertainty thus created as to the
actual moisture content, and since no relationships had been established be-
tween moisture content and strength properties of compreg, no attempt was
made in this investigation to adjust bearing strength or other values for
moisture content.

Bolt-Bearing Strength

Proportional limit loads were determined from load-deformation curves,
which were obtained for all bolt-%:earing tests. A typical curve is shown in
figure 10 of Report No. 1523-A.= The general characteristics of the load-
deformation curves and the method of determining ultimate loads were the
same as those described in that report for laboratory-made compreg. Bear-
ing stresses were computed by dividing loads by projected areas.

Typical failures of specimens for each of the four kinds of bolt-bearing tests
made in this investigation are shown in figures 3 through 6. Average propor-
tional limit and ultimate loads are listed for each edge clearance or end
margin included in each series of specimens shown. The average propor-
tional limit loads and hence average stresses for all five groups shown in
figure 3 were approximately the same; all groups were used, therefore, in
determining the average bearing stress at proportional limit. In each of
figures 4, 5, and 6, however, the group of specimens labeled A developed
average stresses at proportional limit lower than any of the other groups in
their respective series, indicating that the dimension being varied was in-
adequate to develop even the proportional limit stress in bearing. Only the
last four groups, therefore, were used in determining the average bearing
stress at proportional limit for those particular series of tests. The ulti-
mate stresses in each of figures 3 through 6 increased progressively with in-
crease in dimension until the critical dimension was reached, after which
they were practically uniform. Only those uniform values were averaged in
determining the ultimate bearing stresses for each series. This is illus-
trated graphically in figure 2.

Bolt-bearing stresses at proportional limit for compregs A, B, and C and at
ultimate for compreg A averaged about 20 percent less than those for labora-
tory-made compreg. The ultimates for both compregs B and C, however,
averaged within 5 percent of the laboratory product. Since the composition
of compreg A resembles more closely that of the laboratory-made compreg,
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it appears that the influence of composition on the bearing stress is less im-
portant than that of other factors not identified in this investigation.

In general, the proportional limit stresses and deformations obtained under
tensile loading were from 10 to 35 percent lower for all commercial com-
pregs studied than those obtained under compressive loading. The values of
ultimate bearing stress, however, were about the same for both types of
loading. It is probable that the lower values for proportional limit stress
under tensile loading were due to a difference in end restraint imposed on
the bolt by the different types of testing apparatus used. It follows that the
proportional limit stresses obtained under compressive loading probably
represent more accurately the true proportional limit bearing stresses for
the material.

Both proportional limit and ultimate bearing stress decreased with an in-
crease in diameter of bolt for all commercial compregs studied and in-
creased with an increase in the thickness of the compreg. The trends, how-
ever, were not as well defined for proportional limit as for ultimate. The
principal discrepancies occurred in the two combinations in which the ratio
of bearing length or thickness to diameter (L /D ratio) was greatest, namely:
1/4-inch bolt in 1/2-inch compreg and 1/2-inch bolt in 1-inch compreg. The
results of previous tests of bearing strength of aircraft bolts in wood parallel
to grain indicated that the proportional limit of the wood in bearing is re-
duced by bending of the bolt if the 1./D ratio is greater than one. It is
probable that this effect is even more pronounced in compreg because of its
greater density and strength and that this accounts for the reduction in
proportional limit stress for the higher L /D ratios. There was no corres-
ponding reduction in ultimate bearing stress, probably because none of the
L/D ratios employed was sufficiently large to produce such a reduction.

The average values for bearing stress at both proportional limit and ultimate
appeared to be unaffected by the grain orientation (fig. 7). The 45° material,
however, was more consistent in its manner of failure. Tensile failures in
bolt-bearing specimens that developed the full bearing strength were less
common in 45° than in 0° and 90° specimens.

Ratio of Proportional Limit to Ultimate Bearing Stress

The effects of unidentified variable factors on the proportional limit and
ultimate bearing stresses can be minimized in this analysis by considering
the ratios of proportional limit to ultimate. These ratios are shown in
column 12 of tables 2 through 14 and are summarized in table 18. While
there was some variation among the different compregs, there was a general
tendency for this ratio to decrease with increase in diameter of bolt.
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Except for the two combinations with L./D ratios of 2, there was no apparent
effect of thickness of compreg. Excluding these two combinations (1/4-inch
bolt in 1/2-inch compreg and 1/2-inch bolt in l-inch compreg), the average
ratios for compressive loading were 0.62, 0.54, and 0.48 for 1/4-, 1/2-,
and l-inch bolts, respectively.

Compressive Strength

Compressive stresses at proportional limit and ultimate are shown in
columns 15 and 17, respectively, of tables 2 through 14, and are summarized
according to panel numbers in table 1. There was some variation in these
values among the different compregs. This variation, however, was only
slightly greater than that among individual panels from any one manufacturer.
There was no significant variation in compressive strength for different
thicknesses of compreg.

The average ultimate compressive stress parallel to face grain for the three
commercial compregs (18,000 pounds per square inch) was about 80 percent
of that for laboratory-made cross-banded compreg presented in Report No.
1523-A and about 75 percent of that shown in table 2-14 of ANC-18.

Ratio of Bearing Strength to Compressive Strength

Ratios of bearing stress to compressive stress at proportional 1limit and
ultimate are shown in columns 20 and 21 of tables 2 through 14, and are
summarized in table 19. Average ratios are derived graphically and tabu-
lated in figure 8. The ratios of ultimate stresses are more consistent than
those of proportional limit stresses, probably because of the greater
accuracy with which ultimate stresses can be determined both in bearing and
in compression. Average ratios at ultimate are shown (on logarithmic
coordinates) in relation to thickness of compreg in figure 9A and in relation
to diameter of bolt in figure 9B. The extrapolations represented by the
dotted portions of the graphs appear to be justified by the general, straight-
line relationships. Since the compressive strengths were essentially the
same for all thicknesses of compreg, these ratios followed the same trend
as the ultimate bearing stresses, increasing with increase in thickness of
compreg and decreasing with increase in diameter of bolt.

Values taken directly from the graphs of figure 9B are replotted on rectangu-
lar coordinates in figure 10A. Five of the seven average test values fall on
these curves; the other two values are higher. Curves representing the
relationship between proportional limit stress in bearing and ultimate in
compression are shown in figure 10B. These curves were derived by
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multiplying values from figure 10A by appropriate average ratios of propor-
tional limit to ultimate in bearing (compressive loading), shown in table 18.

Results of Repeated-Loading Tests

Only 1/2-inch bolts and 1/2-inch compreg were employed in the repeated-
loading tests. Proportional limit bearing stresses determined as a prelimi-~
nary step averaged 44 and 49 percent of ultimate for tensile and compressive
loading, respectively. These percentages are in good agreement with
average percentages obtained for the entire series of tests of commercial
compreg (44 and 50 percent).

By subjecting matched specimens to loads equal to or slightly greater than
the indicated proportional limit, unloading, and then subjecting to progres-
sively higher loads, new load-deformation curves were obtained. In the
first few reloadings, the straightline portion continued to a load approxi-
mately equal to the highest load applied in the test immediately preceding.
The increase in apparent proportional limit persisted until finally a limiting
stress was attained at which a break in the curve occurred with each subse-
quent loading. This is illustrated by the curves of figure 11A. The limiting
stresses averaged 58 and 67 percent of ultimate for tensile and compressive
loading, respectively, or an average increase of approximately one-third
over the proportional limit stress determined by the first loading. For con-
venience this increased value is referred to as the maximum apparent pro-
portional limit. It is conceivable that, had the tests been continued, the
apparent proportional limits might have resumed their tendency to increase
after seeming to become stabilized. This possibility will be explored in a
separate study of repeated loading.

Other specimens matched to those tested as illustrated by figure 11A were
then subjected to 25 loadings to the maximum apparent proportional limit.

On the 25th loading, the test was continued to failure. The maximum defor-
mation accompanying the 25th application of the maximum apparent propor-
tional limit load was 0.0160 inch as compared with 0.010 inch at the initial
proportional limit obtained in tests on matched specimens. The maximum
permanent deformation or set was 0.0033 inch, and the maximum increase in
permanent set due to 24 repetitions of loading was 0.0015 inch. These defor-
mations are illustrated in figure 11B. It may be noted that the magnitude of
the permanent set had become practically stabilized; hence no appreciable
further increase might be expected with further repetitions of loading.
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Probable Yield Stiress

The bearing stresses at proportional limit indicated in figure 10B are proba-
bly unduly conservative for use as yield stresses. The repeated-loading
tests, conducted for only 1/2-inch bolts in 1/2-inch compreg indicated that
the apparent proportional limit is increased by over-stressing to approxi-
mately 1-1/3 times the value indicated in figure 10B, with no significant in-
crease in the permanent set. The maximum apparent proportional limit thus
determined might be assumed, tentatively, to represent a suitable yield
stress for the material.

Since the lowest average ratio of proportional limit to ultimate bearing stress
under compressive loading was 0.48, it can probably be expected that the
lowest ratio of maximum apparent proportional limit to ultimate would be
1-1/3 times this ratio, or 0.64. It would seem, therefore, that tentative
values for yield stresses in bearing for L /D ratios not greater than 1 might
be assumed to be two-thirds of the ultimate bearing strength.

Determination of Design Stresses

The relationship shown in figure 10A permits determination of ultimate bear-
ing stresses for various combinations of diameter of bolt and thickness of
compreg on the basis of the ultimate compressive strength. Since the bear-
ing strength is essentially the same for all grain orientations, compressive
strength parallel to the face grain can be employed regardless of the grain
direction with reference to the bearing load. In the absence of compressive
strength data for the particular compreg to be employed, a value of 18,000
pounds per square inch, or approximately 75 percent of that for laboratory-
made cross-banded compreg shown in table 2-14 of ANC-18 is reasonably
conservative. If it is desired to base design stresses on the results of tests
of a particular compreg, only ultimate compressive strength parallel to face
grain need be determined. This simplifies the testing procedure, since no
deformation measurements are required.

Deformations

The average, maximum, and minimum deformations for each combination of
source of material, type of loading, diameter of bolt and thickness of com-
preg are shown in columns 9 and 11, tables 2 through 14. A summary of all
average deformations is presented in table 17.

There was an increase in average deformation at both proportional limit and

ultimate with an increase in thickness of the compreg and a decrease with an
increase in diameter of the bolt. In general, the deformations at proportional
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limit were smaller for bolt-bearing under tensile loading than under com-
pressive and modified compressive loading. The deformations at ultimate,
however, did not show any consistent difference between types of loading.

On the basis of these tests, it could be expected that the proportional limit

bearing stress will be attained at a deformation not exceeding 0.025 inch, and
the ultimate at a deformation not exceeding 0.10 inch.

Conclusions

1. The average bolt-bearing strength for the three commercial compregs
investigated was only slightly less than that of laboratory-made compreg
presented in Report No. 1523-A.

2. The average bolt-bearing strength increased with increase in thickness
of compreg and decreased with increase in diameter of bolt but was practi-
cally the same for grain orientations of 0°, 45°, and 90°.

3. Bearing stresses at proportional limit were reduced somewhat by bending
of the bolts in tests in which the ratio of bearing length to diameter of bolt
exceeded one; bearing stresses at ultimate were not reduced.

4. Bearing stresses at proportional limit determined under tensile loading
were somewhat lower than those determined under compressive loading.
This was probably due to a difference in the rigidity of the equipment used.
The higher values are probably more truly representative of the actual bear-
ing strength of the material. Bearing stresses at ultimate were essentially
the same for both types of loading.

5. The ratios of bearing stress at proportional limit to bearing stress at
ultimate decreased with increase in diameter of bolt, but were practically
uninfluenced by thickness of compreg, except in those tests in which the ratio
of bearing length to diameter exceeded one.

6. The average compressive strength parallel to the grain of the face plies
for the three commercial compregs investigated was about 18,000 pounds per
square inch. This was about 80 percent of that for laboratory-made compreg
presented in Report No. 1523-A, and about 75 percent of that shown for
laboratory-made, cross-banded compreg in table 2-14 of ANC Bulletin 18.
Compressive strengths were essentially uninfluenced by thickness of compreg.

7. Bearing stresses at both proportional limit and ultimate were related to
the corresponding compressive stresses; the relationship between ultimate
stresses was the more consistent.
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8. The apparent proportional limit for 1/2-inch bolts in 1/2-inch compreg
was increased by over-stressing and subsequent reloading until it became
stabilized at about 1-1/3 times its original value. For compressive loading,
this was about two-thirds of the ultimate bearing stress. Twenty-five load-
ihgs to this stress failed to produce a significant increase in the permanent
deformation, or '"'set,' of the compreg. Tentatively, this maximum apparent
proportional limit stress might be considered the yield stress for the materi-
al in bearing.

9. Ultimate bearing stresses for design for any grain orientation can be de~
termined by applying ratios presented in figure 9A of this report to the
ultimate compressive strength parallel to the grain of the face plies. In the
absence of specific compressive strength data, a value of 18,000 pounds per
square inch is satisfactory. If compression tests of a specific material are
made for this purpose, load-deformation readings are unnecessary, since
only the ultimate compressive strength is required.

10. Cross-~banded compreg can be expected to develop its proportional limit
stress in bearing at deformations not exceeding 0.025 inch and its ultimate at
deformations not exceeding 0.10 inch.

11. The necessary edge clearances and end margins were essentially the
same for the three commercial compregs and for the three thicknesses in-
vestigated; they varied about in proportion to the diameter of bolt. Except
for edge clearances under compressive loading, which were the same for all
grain orientations, the critical dimensions for 45° were smaller than for 0°
and 90°. Tensile failures at the critical sections in specimens whose dimen-
sions were adequate to develop the full bearing strength were more common
in commercial than in laboratory-made compreg. This tendency was less
pronounced for 45° grain orientation than for 0° and 90°.
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Table l.,--Panel dimensions, specific pravibty, and compressive strength of commeroial cross-banded
sompreg ussd for bolt-bearing tests

Manu= 3 Panell: Panel dimensions :Specific, : Compressive strength
facturer :numb 3 gravity=s
1 [ Thiokness sWidth :Length: + At proportional : At ultimete
: 1 H H H 3 limit H
1Hominal : Actual H : 1 b t
H o m—————— H 1 1 0° : 90" ¢ 0O° + 90°
sAverage :Vardation: H H H
(W) £ ()« G) = ) : (B : (B): M () : (9 : (0 : (1) : (12)
3 + Inch ;Imhas : Inches ;mohsa;mchea; ' P.Bei. Pesei. Pesei. ; P.sei.
: N H H H H H H

3 : . s
1A @ 1M 5 0,97 :0.26-0.28: 24 2% : 1341 : 6,350 : 25,840 : 15,390 : 214,600
A 1 1M i 271 .26 28 24 1 2k : 1.330 : 6830 gg,a;o: 16,580 : 415,710

o 3A : 1M 0 .27 s W27 .28 2h ¢ 2% : 1.332 ¢ 6,300 teegeseseer 17,060 tesecnnens
bAoA . .27 5 .26~ W28: 2% ;2% 1,380 6,560 . 36,030 16,550 : 315,700
: BA o+ 1M ¢ B8 : .27- .28: 2% : 2L . 1.356 : 6,580 . 46,010 : 16,570 : 215,720
o Baor LA 27 2 BT~ 0280 2L ¢ 28 ¢ 1.358 : 5,930 tesissesse: 15,750 feeersess
B A o LA o «26 : MNone s 24 . ko 1,318 & 6,680 : 6,330 + 16,750 :+ 15,230
A 1 LA ¢ 261 .25- .26: 24 ;B4 . 1,350 : 6,750 3 5,700 : 17,790 : 16,180
s d9a 2 1M . 26 p 25— L26: 24 ;24 ;. 1.330 : 35,700 217,860 : 18,860
+ M08 : 1A : .26: W25 265 2b ; 24, 1,339 4 ¢ 5,550 ¢ 316,940 ¢ 16,100
114 ¢ 1M & .26 : .25 W26: 2%, 2h . 1342 i 15,920 teanarnens
128 ¢ 1M 2 26+ W25- .26: 2% : 2F : 1.3%0 16,250 1asenes .
sh3a o A4 260:mome s 2% 5 24, 1.331 ¢ 217,790 ¢ 16,100
i 1 H H B H : H H
J0A o+ 1/2 : .52 & .52~ .53 24 @ 24 : 1.303 12,120 Tasssn e
s 314 0+ 1/2 5 Bl : JBle ,B2; 24 . 2h . 1,267 1k, R~

' : : 650
't H32A ¢ 12 ¢ .52 5 WBl- J53: B4 : BM ¢ 1.316 ¢ T,080 1 6,340 4 15,3&0; 15,150
' 13 A ¢ 1/2 ¢ LBZ i .52+ W53: 24 ¢ BU ;. 1,331 ¢ 6,800 teseseeerst L7000 fesevevene
43k 2 1/ ¢ LBl . .50~ .52 24 . 2% ; 1,305 : 6,410 : 5,360 ¢ 16,070 @ 14,620
i iAo 12 ;0 Bl : 50~ L52: B4 ;o eh : 1,309 : 640 ;5,360 : 16,720 = 14,940
: li36ﬁ. i 1/2 ¢ W5l .Bl- .52: 24 . 2} ; 1.333 . 2,950 . 5,080 : ;6,380 : 15,900
B325 4 12 ¢ uBL: .B1- J52: 24 ¢ 24 ¢ 1,326 : 5,650 : 5,080 ; 316,600 + 16,180
384 1 1/2 @ WBLlor J5l- W52: 24 o+ 24 ¢ 1,332 £,95c : 5,780 : 16,570 : 16,540

t

r 2394 1/2 ;W52 o .50- J53: 24 . 2% ¢ 1.337 ,680 ¢+ 5,040 . 816,220 : 15,360
:  Hoa 1/2 ¢+ o527 o5l= WG4 2% ¢ 24 A3UE 1 TL8T0 tesesseseer 1,040 resceesses
sMA ¢ 18 ¢ 5L; JB0- W53 24 . 2% 1337 4 7,340 : 5,930 : 17,740 : 16,170
i l‘uap. : 1/8 + .51 s .50 W51: 2b ; 24 . 1.3313 F I 15,700 tevevnanes
b3 ;12 ¢ Bl J50- JBL: 2B . 24 . 1,34 . 5,240 . 515,580 ; 16,140
i A o: 1/2 ¢ W81 i WBl- W52p 28 ;28 ¢ 1,349 5,360 ; 314,400 ; 15,620
eI 3 v b 4 : 3 H : H 2

: E0A 1 1.00 : .99-1.01: 2% 24 ; 1.330 : 14,470
: Gla 1 W99 : W98- .99 24 ;. 2% . 1,327 14,140 .

:11.62,1 1 299 @ .98-1,00: 24 : 24 & 1.317 14,250 .

: Eo 4 1 W99 ¢ L97-1.00: 2% ¢ 24 2 1,317 & 15,970
f Ebi‘!‘ 1 1.00 3 ,99-1,00: 24 ¢ 24 : 1.299 15,390 :
: ESs; 1 & .98 : .98~ .99: 2% & 2% : 1,300 15,350
: Eé&a 1 ¢ .99 5 «98- .39: 24 3 24 ¢ 1.319 16,7
: 1767& : 1 t 209 .959-1.00: 24 : 24 ;¢ 1,316 51'{,]4-70
ppbga ¢ 1 1.02 :1.01-1.02: 24 & 2% . 1.277 216,270

ERe o T S S | 1,02 :1,02-1.03s 2% : 24 : 1.293 : 5,970 : 5,800 : 14,760

: f1A 1 1.08 :1.01-1.02: 2% : 24 : 1.296 : 25,970 : 5,950 : 515,660

Hen 1 1.01 :1.00-1.01: 24 . 2% . 1.31% . 55,930 : 5,510 : 215,900

2B : 1M ¢ u29 ;.29 30: 2% : 2% o 134K : 6,7H0 seeeesseens 18,430 tereecenns

B s MUB : 12 i .53 : «52- 53: 2 4 2 5 1,352 1+ 6,770 teeeeeseees 18,550 tesecenese
B15 : 1 : L1.0h :1.03-1.0%: 24 ;3 24 3 1348 1 6,380 teeseesens: 19,930 seeresees

S 3 1 S H $ 3 3 1] 3 .
+1c o+ 1M W28 23 ¢ #1 1 1343 : 7,230 ;6,000 : 18,740 : 19,060
s 20 14 27 23 :81-1/2: 1.359 : 6,090 : 5,500 : 20,490 : 19,660
EE s 1M 27y 23 ¢ Bl 1'3?5 + 7,770 : 5,630 : 20,770 : 18,880
v 27: 23 ¢ 81 ¢ 1349 4 56,500 : 5,470 : A9,610 : 19,020

Lo e S : H : 3 H s 3
c 100 1/2 l: 23 @ €1 ¢ 1.316 3 6,000 ¢ 5,970 : 16,160 : 16,380
1 : 1/2 ;. Ll 235 3 Bl ¢ 1.347 1 6,550 ¢ 5,510 ¢ 16,890 : 16,480
12c ¢+ 1f2 ¢ = W07: 23 w8l=l/2p LOBHT 4 7,300 teeresesent 17,870 2eineeenen
13c 1/g : - Wis 23 ¢ Ol 3 14327 ¢ 7,310 ¢ 5,580 & 10,570 : 15,420

e 250 81=1/2r 1u53% 1 20,310 @+ K390 : 215,960 : 15,570

230 4 1 ¢ A0 alenelalos D3 wlelfe 195L r 5910 wesscesenss 19,080 swiws ewes
3 3 3 H

-]iPa.wela 654, 1B, 3UB Ghrough 438, (0N Lhreugh $0B, 20C nnd 21C were used for other purposes.

EBastscl on waight and volume at tims of tost. Averapge molsture content.

‘3-Hu 90°-~compression specimens were cut from panels 14, 24, 44, and 5A. Values shown were computed from 0°
values on the basis of the average relationship for compreg A.

i
—panels containing velues for both 0¥ and 90° meterial. These were the only panels considered in adjust-
ing walues for panels 1A, 24, %4, and 5A.

E-I\bt correlatsd with bearing tests and therefore not used in tables 2 through k4.
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Table 18.--Summary of ratios of bolt-bearing stress at proportional limit to bolt-bearing stress at ultimate
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Figure 1.--Improved apparatus for bolt-bearing
tests under tensile loading.
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Figure 2.--The determination of critical edge clearance and average proportional
limit and ultimate bearing stresses for a 1/2-1inch bolt in 1/4-inch compreg C
under tensile loading at 45° to the grain of the face plies.
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Figure 3.--Edge-clearance series tested under compressive loading 0° to

face grain.

hard maple compreg C.

A.

Edge clearance = 1/4 inch; average proportional
pounds; average ultimate load = 1,786 pounds.
Edge clearance = 3/8 inch; average proportional
pounds; average ultimate load = 1,945 pounds.
Edge clearance = 1/2 inch; average proportional
pounds; average ultimate load = 2,206 pounds.
Edge clearance = 5/8 inch; average proportional
pounds; average ultimate load = 2,234 pounds.
Edge clearance = 3/4 inch; average proportional

pounds; average ultimate load = 2,158 pounds.
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One-quarter inch bolt in 1/4-inch commercial, cross-banded,

limit load = 1,225

limit load 1,225
l1imit load = 1,188

limit load = 1,225

limit load 1,262




Figure 4.--End-margin series tested under modified compressive loading 0°
to face grain. One-inch bolt in 1/2-inch commercial cross-banded hard
maple compreg C.

A.

B.

End margin = 1-1/2 inches; average proportional limit load = 6,400
pounds; average ultimate load = 8,200 pounds.

End margin = 2 inches; average proportional limit load = 7,200
pounds; average ultimate load = 11,940 pounds.

End margin = 2-1/2 inches; average proportional limit load = 7,667
pounds; average ultimate load = 15;333 pounds.

End margin = 3 inches; average proportional limit load = 7,300
pounds; average ultimate load * 15,360 pounds.

End margin = 3-1/2 inches; average proportional limit load = 7,900
pounds; average ultimate load = 15,3540 pounds.
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Figure 5.~-Edge-clearance series tested under tensile loading 45° to face
grain. One-quarter-inch bolt in 1/4-inch commercial cross-banded hard
maple compreg C.

A. Edge clearance = 3/8 inch; average proportional limit load = 1,100
pounds; average ultimate load = 1,328 pounds.

B. Edge clearance = 1/2 inch; average proportional limit load = 1,365
pounds; average ultimate load = 1,817 pounds.

C. Edge clearance = 5/8 inch; average proportional limit load = 1,290
pounds; average ultimate load = 2,103 pounds.

D. Edge clearance = 3/4 inch; average proportional limit load = 1,235
pounds; average ultimate load = 2,088 pounds.

E. Edge clearance = 7/8 inch; average proportional limit load = 1,245
pounds; average ultimate load = 2,169 pounds.
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Figure 6.--End-wargin series tested under tensile loading 45° to face
grain. One-quarter-inch bolt in 1/4-inch commercial cross-banded
hard maple compreg C.

A.

B.

End margin = 1/4 inch. Maximum load attained, 738 pounds, was
less than average proportional limit load.

End margin = 1/2 inch; average proportional limit load = 1,117
pounds; average ultimate load = 1,755 pounds.

End margin = 3/4 inch; average proportional limit load = 1,067
pounds; average ultimate lodd = 1,992 pounds.

End margin = 1 inch; average proportional limit load = 1,025
pounds; average ultimate load = 2,161 pounds.

End margin = 1-1/4 inches; average proportional 1limit load =
1,108 pounds; average ultimate load = 2,022 pounds.
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Figure 7.--Graphical summary of bearing stresses of cross-banded compreg.
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SUMMARY OF THE RATIOS OF BOLT-BEARING STRESS
TO COMPRESSIVE STRESS (SLOPE OF CURVES)
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Figure 8.--Relationship between bearing stress and compressive stress of
commercial compregs A, B, and C.
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Figure 8.--Effect of variation of thickness (A) and diameter (B) on the
ratio of bearing stress to compressive stress at ultimate. Circles
are actual average ratios obtained from  -tests in this investigation.
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Figure 10.-~Ultimate (A) and proportional limit (B)
bearing stresses of commercial cross-banded compreg
expressed as percent of ultimate compressive stress
for three diameters of bolts (1/4, 1/2, and 1-inch)
and for three thiclknesses of compreg (1/4, 1/2, and
1-inch).
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