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Summary

This report presents results of test performed at the Forest Products Labora-
tory, to determine the bolt-bearing strength and the necessary spacing of the
bolt from the end and edge of members constructed of 3 species of commercially-
made plywood of aircraft grade (Specification AN-NN-P-511b). The species Uit-
ed were yellow birch (group I), Douglas-fir (group II), and yellow-poplar
(group III). Three thicknesses of plywood of each species, 0.125 inch--three-
ply (0.155 inch in the case of Eouglas-fir), 0.315 inch--five-ply, and 0.590
inch--nine-ply, were tested with 3 diameters of aircraft bolt, namely, 1/4,
1/2, and 3/4 inch. Both tensile and compressive loadings were employed.
Results were based upon tests of approximately 3,000 bolt-bearing specimens
and 1,500 compression specimens.

1This 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.
Original Report No. 1523-C was issued Nov. 1946.

?This report is one of a series of reports dealing with bolt-bearing strength
of wood and modified wood. Other reports are: No. 1523, "Effects of Differ-
ent Methods of Drilling Bolt Holes in Wood and Plywood;" No. 1523-A, "Bolt-
Bearing Strength of Laboratory Made Crossbanded Yellow Birch Compreg Under
Aircraft Bolts;" and "Bearing Strength of Commercial Crossbanded Compreg
Under Aircraft Bolts." Other reports will be issued as data become avails,-,
ble.

Maintained at.Madison, Wis., in cooperation with the University of Wisconsin.
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The necessary end margin, measured from the center of the bolt to the end of
the member, did not exceed 2.5 diameters for any grain direction or under
either type of loading. Edge clearance of 1.5 diameters was adequate when
the loading was parallel to the face grain and of 2 diameters when the load-
ing was at angles of 45° or 90° to the face grain.

The bolt-bearing stresses at both proportional limit and ultimate were found
to decrease with an increase in diameter of bolt and to increase with an in-
crease in thickness of plywood within the ranges studied in this investigation.
An analysis of the causes of these variations is presented in Appendix A.

The bolt-bearing stresses at proportional limit were found to bear a system-
atic relationship to the ultimate compressive strength, which was applicable
to all three of the species tested. A suggested procedure is presented for
determining bolt-bearing design stresses at proportional limit by applying
this relationship to established values for ultimate compressive strength,
such as are presented in ANC Bulletin 18. Design ultimate bearing stresses
can safely be assumed to equal 150 percent of proportional limit stresses thus
determined.

The deformations in bearing varied approximately as the thickness of plywood,
but bore no consistent relationship to the diameter of bolt. The maximum defor-
mations for the three species tested were on the order of 0.01 inch at pro-
portional limit and 0.10 inch at ultimate.

Introduction

The efficient use of plywood reinforcing plates for bolted joints in wood air-
craft structural members necessitates more accurate information than has been
available concerning the bearing strength of plywood under aircraft bolts.

This study, to determine the bearing strength and the critical end margins and
edge clearances for commercial aircraft plywood of different species, thick-
nesses, and grain orientations under single aircraft bolts of various diameters,
was carried out at the Forest Products Laboratory with the guidance of the ANC
Technical Subcommittee on Wood Aircraft Structures.

End margin is defined here as the dimension from the center of the bolt hole
to the free end of the member and edge clearance as the dimension from the
center of the bolt hole to the edge of the member measured perpendicular to
the direction of the applied load.

It is believed that the data obtained will apply to other bolt sizes and ply-
wood thicknesses within and above the range covered, except for LP ratios at
which bending of the bolt becomes a factor.
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Description of Material

The plywood was of aircraft grade, manufactured commercially according to
Army-Navy Aeronautical Specification AN-NN-P-511b for plywood and veneer.
One species was selected from each of the three density classifications of
this specification, and three thicknesses of plywood of each species were
used as follows:

Group I, rotary-cut yellow birch of 0.125-, 0.315-, and 0.590-inch nominal
thickness, average specific gravity of 0.697.

Group II, quarter-sliced Douglas-fir of 0.155-, 0.315-, and 0.590-inch nomi-
nal thickness, average specific gravity of 0.484.

Group III, rotary-cut yellow-poplar of 0.125-, 0.315-, and 0.590-inch nominal
thickness, average specific gravity of 0.475.

The Douglas-fir and yellow-poplar plywoods were each supplied by a single manu-
facturer, while the yellow birch was supplied by two manufacturers.

All the plywood conformed to Specification AN-NN-P-511b for quality, and all
conformed in thickness except the 0.315-inch yellow birch, which was slightly
undersize.

A minimum of 64 square feet of any species and thickness was available for
test.

The bolts used in these tests were standard hexagon-head, steel aircraft bolts
manufactured according to Army-Navy Aeronautical specification An-B-3a. The
strength requirements for this class of bolts include a yield strength of
96,000 pounds per square inch in tension and an ultimate of 125,000 pounds per
square inch. Sizes employed were 1/4, 1/2, and 3/4-inch nominal diameter.
Specified sizes and tolerances were as follows:

1/4 inch, 0.249 (+0.0000;-0.0030) inch;

1/2 inch, 0.499 (+0.0000;-0.0035) inch;

3/4 inch, 0.749 (+0.0000;-0.0045) inch;

Matching 

The variables involved in this study were: (1) Species; (2) thickness;
(3) grain orientation; (4) type of loading; (5) diameter of bolt; and
(6) edge clearance or end margin.
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One combination of the first five variables defined a group of test specimens.
Three groups, one for each of the three bolt diameters used, formed a series.
Groups were composed of five sets of five specimens, each set having a differ-
ent end margin or edge clearance. In order to determine definitely the criti-
cal distance and the bolt-bearing strength with this number of specimens, it
was necessary to straddle the estimated critical dimension with the group so
that at least two sets would have safe dimensions, and the loads obtained for
the five sets together would indicate the point at which the increasing edge
or end distance became adequate to develop the full bearing strength. From
existing information, the critical dimension was estimated, and a trial group
consisting of one specimen of each of five sizes straddling this dimension was
tested before the complete group was cut. All specimens for one series (three
groups) were cut together from a single sheet of plywood, except those of 0.315-
inch thick yellow birch, the panel size of which was too small for some series.
Matching between the groups of a series was achieved by cutting them consecu-
tively from the same panel.

The cutting diagram (fig. 1) shows the matching within a group. The five
trail bolt-bearing specimens were cut first. Following this, the five sizes
selected on the basis of results obtained with the trial specimens were cut
consecutively. This pattern was repeated five times to make the group of 25

bolt-bearing specimens. The variations of end margin or edge clearance used
in three different groups are illustrated in figure 2.

Compression specimens with the face grain parallel or perpendicular to the
direction of loading were cut with the corresponding bolt-bearing specimens.
For the bolt-bearing specimens having the face grain at 45° 0 however, com-
pression specimens with both 0° and 90° grain orientation were used. Under
this condition, it was not possible to alternate compression specimens with
bolt-bearing specimens in the manner shown in figure 1-A for 0° and 90° speci-
mens without being wasteful of material. The compression specimens were,
therefore, cut around the edges of the panels and in groups in the interior of
the panels as shown in figure 1-B.

Preparation of Specimens 

The cutting and drilling of the specimens were done with considerable care
to obtain true, smooth surfaces. Hollow ground saws were used because ordi-
nary saws roughened or splintered the edges, particularly those of the Douglas-
fir. With these saws, careful handling of the birch was necessary to avoid
burning. The speed of rotation of the saws was 3,500 revolutions per minute,
and the saw diameter was 12 inches. It was possible to cut most of the speci-
mens to within 0.01 inch of the desired dimension.
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Twist drills– were used for drilling the bolt holes because with proper han-
dling of this type of drill, holes of such accurate dimension and surface
smoothness could be produced that quality of hole was eliminated as a vari-
able factor that might otherwise interfere with the evaluation of the vari-
ables under study. The drills were machine-sharpened and hand-honed and were
centered accurately in the chuck. They were operated at rotational speeds of
475 revolutions per minute for the 1/4- and 1/2-inch drills and 2e0 revolutions
per minute for the 3/4-inch drills, resulting in peripheral speeds of 311, 622,
and 550 feet per minute, respectively. The rate of feed was about 1 inch per
minute. The specimen was held securely in place with a hand lever during the
drilling operation. The resulting holes were straight and of accurate di-
mension, and their surfaces had a distinct shine.

Conditioning

Material, cut in strips whose width was equal to the length of the specimen,
was conditioned at 65 percent relative humidity and 70° F. for at least 1 week
before it was cut into specimens and drilled. Specimens were then further con-
ditioned several days before testing. All handling of specimens outside the
conditioning room was done in closed containers. Testing was generally done
in the conditioning room. Those specimens that were tested outside the con-
ditioning room were removed one at a time, protected from moisture loss, and
sampled for moisture content after test.

Method of Tests 

Methods used in testing the bearing strength of plywood under bolts are classi-
fied according to the manner of application of load to the specimen as follows:

(1) Tensile
(2) Compressive
(3) Modified compressive

Diagrams of the specimens and a chart indicating the extent of the testing with
each method are shown in, figure 3.

The same jig, adaptable to the three types of loading, was used for all tests.
The main features of the jig, shown in figures 4, 5, and 6 are (1) two mild
steel plates bolted to a base (one plate is removed in fig. 4), (2) spacers
for adjusting the distance between the plates to accomodate the various thick-
nesses of plywood, (3) hardened steel bushings for adapting the jig to various
sizes of bolts, and (4) a centrally-located dial gage reading in increments of
1/10,000 inch to measure displacement of the bolt.

–"Bolt-Bearing Strength of Wood and Modified Wood: Effects of different methods
of drilling bolt holes in wood and plywood" Forest Products Laboratory
Report No. 1523 (December 1944).
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The two plates were spaced about 1/8-inch farther apart than 'the thickness of
the specimen to provide room for extrusion of the wood fibers as the specimen
was deformed under load. Bolts were used without nuts, and the heads were kept
clear of the bushings. These precautions were taken to preclude the possibility
of binding and of introducing friction or lateral restraint as a factor in the
measured load.

Fit of the bolts in the holes in the specimens was such that they could be
pushed through by hand. A projecting lug on the inner face of each bushing
provided support for the bolt in the gap between the plates and the specimen
without interfering with extrusion of the wood fibers. Bushings were keyed in
place to insure accurate positioning and were reversible to provide support for
the bolt under either tensile or compressive loading.

After placing the specimen in the jig and applying a small load to stabilize
the apparatus, the dial was centered on the end of the specimen, and then po-
sitioned longitudinally to a zero reading. These two adjustments were fixed
by thumb screws and could be made quickly. In the early part of the testing,
contact between the plunger of the dial and the specimen was made through a
flat-headed tack pressed into the specimen, but difficulties were encountered
with this method, such as splitting of the thin specimens and the tack creeping
out of the wood during the test. It was found that the specimen surfaces
produced with the hollow ground saws used were sufficiently smooth that direct
contact of the gage with the specimen produced more reliable data than could be
obtained with the metal contact.

Deformation taking place in the jig, under load, between the bolt and the point
at which the gage support is fixed to the jig, adds to the reading of the bolt
displacement. The amount, hnwever, as computed from the dimensions of the jig
parts was inconsiderable for deformations at the proportional limit and was in
all instances less than 1 percent of the deformation at maximum load

In applying load, the rate of head movement was 0.01 inch per minute as de-
termined by a metronome and an auxiliary dial gage. A minimum of 15 readings
of load and displacement were taken up to the proportional limit, and readings
were continued to failure. In general, very careful attention to detail was
necessary at all times to produce consistent data.

Tensile loading.--Tensile loads were applied to bolt-bearing specimens as
shown in figure 5. The jig with the detachable base removed was bolted to
the movable head of the testing machine. Tensile loads were applied to the
specimen by means of a self-aligning Templin grip, the jaws of which covered
the full width of the specimen and about 2 inches of the length, leaving a
minimum of 3 inches between the grip and the center of the bolt hole.

Compressive loading.--For compressive loading of bolt-bearing specimens, the
jig was attached to the removable base and set on the bed of the testing machine
as shown in figure 6. Loads were applied to the specimen with a fixed loading
head. Difficulties encountered in applying bolt-bearing loads' to thin materials
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with a self-adjusting head were discussed in an earlier report. 2 Lateral
stability of the movable head of the testing machine also was of considerable
importance in the testing of thin material. Slight shifts of the head caused
uneven stress distribution at the bolt and produced erratic results. Further
difficulty was experienced when the weight of the movable head was equal to or
slightly less than the proportional limit load. After transfer of the weight
of the head to the specimens, loading stopped until the screws of the testing
machine began to take load in tension. During this interval, deformation con-
tinued. If this occurred at or near the proportional limit load, resulting
irregularities in the curve tended to obscure the proportional limit.

Modified compressive loading.--In earlier tests under tensile loading, diffi-
culty was experienced in gripping the specimen. For this reason and also be-
cause of greater speed of the compressive method, a modification of the ten-
sile specimen was devised by which the necessary end margin for tensile load-
ing could be determined approximately under compressive loading (fig. 3).
It was intended to test similar materials by both methods and then to proceed
with the modified compressive method if the results obtained were comparable.
The modified method was dropped, however, because adequate improvement was
made in the tensile loading technique.

Testing technique other than the method of load application was the same as
described for tensile and compressive loadings. It was necessary that the
specimen be of sufficient width so that failure would not be affected by the
proximity of the two loading blocks to the bolt hole.

Compression Test of Plywood

The compressive strength of the plywood was determined by the methods and
with the type of lateral supporting device described in ASTM tentative speci-
fication D805-44T, paragraphs 5-9, inclusive, and figures 1 and 2.

Specimens were 1 inch wide by 4 inches long by the thickness of the material.
They were supported laterally to prevent bending under load. Deformations in
a 2-inch gage length were measured with a Marten's mirror compressometer read-
ing to 1/100,000 inch. The compressometer was removed after the proportional
limit was passed, and the specimen was then loaded to failure.

Loads were applied by means of a hydraulic press, the head speed of which was
controlled to 0.012 inch per minute by means of a dial gage reading to 1/10,000
inch and a metronome.

2,Bolt-Bearing Strength of Wood and Modified Wood: Bolt-Bearing Strength of
Laboratory-made, crossbanded, yellow birch compreg under aircraft bolts."
Forest Products Laboratory Report No. 1523-A (March 1945)
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Tables and Charts 

Typical load-deformation curves for specimens having adequate dimensions to
produce failure in bearing under the bolt are shown in figure 7. From these
curves, the proportional limits could be determined fairly accurately. In
general, the loads reached definite ultimate values as shown in curve A.
Those curves that did not show definite ultimates, regardless of the displace-
ment of the bolt, either leveled off momentarily, as in curve B, or assumed a
very small and uniform slope, as in curve C, at points which agreed well in
both load and deformation with more definite values obtained from curves of
type A. Since loads at excessive deformations would be of little significance,
values thus selected were assumed to represent reliable ultimate loads.

Figure 8 shows a plot of a typical relationship between the end margin (or
edge clearance) and bearing stresses at the proportional limit and at ulti-
mate. Each plotted point is the average of five tests. No value is shown
for the proportional limit of the first set of five specimens because failure
occurred through the inadequate margin and at a bearing stress less than the
proportional limit.

Figure 9 shows the influence of diameter of bolt on the ratio of bearing to
compressive stresses for the several species and thicknesses of plywood.

Tables 1 through 5 present the summarized results of tests on those bolt-bear-
ing specimens that had adequate dimensions to produce bearing failures and on
all the compression specimens. In each table, columns 1 through 9 summarize
the bolt-bearing tests and columns 10 through 17 the compression tests. Each
value shown is the average for the number of specimens listed and is without
adjustment. The maximum and minimum values indicate the variability. The
specific gravities of the compression specimens (column 16) are based on
volume at test and weight when ovendry. The specific gravities and moisture
contents of the compression specimens are assumed to represent the bolt-bear-
ing specimens also, since corresponding specimens were cut from the same panel
(fig. 1) and processed and tested under the same conditions. Bearing stresses
at proportional limit and ultimate are further summarized in table 6.

Variations in moisture content were so small that no adjustment of the strength
values to a common moisture content was necessary. While there were variations
in specific gravity within each species the same values of specific gravity
were essentially common to bolt-bearing and compression specimens because of
the method of taking specimen from the original panels. It is convenient,
therefore, to relate the bolt-bearing strengths to the corresponding com-
pressive strengths. These relationships are summarized as ratios in table 7.

Tables 8 and 9 consist of summaries of critical dimensions and of deformations,
respectively, for various diameters of bolt and species, thicknesses, and
grain orientations of plywood.
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Analysis of Results 

Edge Clearance and End Margin

In general, the plywoods studied required relatively small edge clearance or
end margins to develop the ultimate bearing strength. An edge clearance
(measured from axis. of bolt) of 1.5 diameters was adequate for the three thick-
nesses of each of the species under either tensile or compressive loading
parallel to the grain of the face plies. Douglas-fir plywood of 0.315-inch
thickness, which was tested also at 45° and 90° to the direction of the face
grain, did not require edge clearances in excess of two diameters for these
grain orientations.

It should be kept in mind that these tests were made on plywood specimens
employing only single bolts. The edge clearances thus determined are not
applicable without modification to joints employing two or more bolts in line
nor to plywood'used as bearing plates for wood structural members.

Critical values of end margin for loading parallel to the face grain did not
exceed 2.5 diameters for the three species tested. This value was also the
maximum required for 0.315-inch Douglas-fir plywood loaded at 45° and 900

There was a tendency for the required edge clearances and end margins, ex-
pressed as multiples of bolt diameter, to increase with plywood thickness and
to decrease with an increase in bolt diameter. The trend, however, was not
sufficiently well defined nor - of sufficient magnitude to warrant consideration
of other than the blanket values presented. The proportional limit load is
developed at dimensions much smaller than those required for developing the
ultimate bearing strength, (fig.8).

Bolt-Bearing Strength

The average bolt-bearing stresses at both proportional limit and ultimate for
grain orientation of 0°, summarized in table 6, varied with the diameter of

bolt and with the thickness of plywood. 6 In general, the values decreased
with increase in diameter and increased with increase in thickness, within the
ranges studied in this investigation. The results of earlier tests to de-

termine the bearing strength of wood under bolts'– have shown that bearing
stress at proportional limit drops off rapidly as the ratio of the bearing
length to diameter of bolt (L/D ratio) increases above a certain critical
value. This is the L/D ratio at which bending of the bolt becomes a factor.
At ratios less than the critical value no change in proportional limit stress
is considered to take place. For the ultimate bearing stress, the critical 

6Analysis of the cases of these variations is presented in Appendix A of this
report.

111ACA Technical Note No. 296.

-usra Technical Bulletin Nb. 332.

Rept. No. 1523-C	 -9-



ratio is larger, and the percentage reduction, for ratios exceeding this value,
is less. In these tests the upward trends, with increase in L/D ratio indicat-
ed in both proportional limit and ultimate bearing stresses for plywood suggest
that the maximum ratio employed (2.4) is less than the critical value.

With the exception of modified compressive loading, the manner of loading did
not significantly influence the bearing values. The values obtained under
modified compressive loading, were generally higher than those obtained by the
other methods. Since this method was employed for only 1/2- and 3/4-inch bolts
in 0.315- and 0.590-inch plywoods inclusion of the results with those for the
other loadings, causes the trends in the average results to be somewhat irregu-
lar. Further irregularity was introduced by the difference in specific gravity
between the 0.315-inch and the 0.125- and 0.590-inch yellow birch plywood.
Adjustment for this difference in specific gravity, on the basis of the re-
lationship developed for compressive strength, reduced the irregularity but
did not eliminate it. Adjustment on the basis of average compressive strength
likewise failed to produce a uniform relationship between bearing stress and
thickness of plywood, but the improvement was greater than was obtained by
adjusting on the basis of specific gravity. This suggested using the ratio .of
bearing stress to compressive stress as the means of presenting these results.

Bolt-bearing tests with grain orientations of 45° and 90° made only on the
0.315-inch Douglas-fir plywood, indicated that for plywood of balanced con-
struction, the bearing stresses at both proportional limit and ultimate are
essentially the same for these grain orientations as for 0°. The conclusions
drawn in this report with reference to bolt-bearing strength at 0° can there-
fore be presumed to apply equally well at 45° and 90°.

Compressive Strength 

Average compressive stresses at-both proportional limit and ultimate were
essentially the same for all thicknesses of plywood of a given species. In
yellow birch the effect of the higher specific gravity of the 0.315-inch ply-
wood was apparent only in the ultimate strength. No compression tests were
made on any of the species at 45°, the average of compressive strengths at 0°
and 90° being used for correlation with the bolt-bearing strength of-0.315
Douglas-fir plywood at 45°. The average compressive strength for this species
and thickness at 90° was essentially the same as at 0°.

Relationship Between Bearing Strength and
Compressive Strength

Average ratios of bearing stress to compressive stress at proportional limit
for grain orientations of 0° are shown in A of table 7, and corresponding
ratios at ultimate in B of table 7. Within each species, these ratios natu-
rally follow the same general trends as the bearing stresses themselves, de-
creasing with increase in diameter of bolt and increasing with increase in
thickness of plywood. The magnitudes of the ratios, however, differ con-
siderably among the three species and are somewhat higher for ultimate than
for proportional limit stresses. The relationship of these two ratios to
diameter of bolt for the three species are shown in figures 9A and 9B.
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While all curves display a downward trend with increase in diameter, they are
widely separated and are not - all mutually parallel.

Average ratios of proportional limit stress in bearing to ultimate stress in
compression are shown in C of table 7. These ratios display the same general
trends with variations in diameter and thickness, but they are much more uni-
form among the three species than those in figures 9A and 9B. This is demon-
strated by the close proximity of the curves o f figure 9C and suggest that the
relationship between proportional limit stress in bearing and ultimate in com-
pression provides the most satisfactory basis for design. Average ratios of
proportional limit stress in bearing to ultimate stress in compression for the
three species studied are plotted in figure 9D. All average ratios for the
individual species are within +13 percent -10 percent of the corresponding
combined average.

Relationship Between Proportional Limit and 
Ultimate in Bearing 

Average ratios of proportional limit in bearing to ultimate in bearing are
shown in D of table 7. In general, these ratios vary only slightly with vari-
ations in diameter and thickness and are reasonably uniform among the three
species tested. If it is desired to derive values of ultimate bearing stress
from empirical values of proportional limit stress, the higher ratios are the
more conservative. The use of a ratio of 2/3 (approximately the average found
for Douglas-fir plywood) would correspond to the ultimate factor of safety of
1.5, currently used in design of wood aircraft structures and would provide
design ultimate bearing stresses that would be adequately conservative.

Determination of Bolt-Bearing Design Stresses 

The results of this investigation indicate that bolt-bearing design stresses
for plywood should be based on proportional limit stresses rather than ulti-
mate stresses. At least until the results of repeated loading tests (current-
ly under way) become available, design "limit stresses" should not exceed pro-
portional limit stresses. It is possible that the repeated-loading tests may
indicate a "yield stress" somewhat higher and more closely related to the ulti-
mate bearing stress than the proportional limit stress determined in this
investigation.

Bolt-bearing proportional limit stresses for design purposes can be determined
by applying ratios presented in figure 9D of this report to ultimate compres-
sive strength values currently available in table 2-9 of ANC Bulletin 18. If
it is desired to specify design ultimate stresses, the values should not exceed
150 percent of the proportional limit stresses thus determined.

Deformation 

Deformation of the plywood in bearing under the bolt ranged in individual
tests up to 0.01 inch at the proportional limit and up to 0.10 inch at ultimate.
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Average values were about one-half of these maximums. There was a definite
increase in deformation at ultimate and a less significant increase in defor-
mation at proportional limit with increase in thickness of plywood. There
was, however, no consistent trend of deformation in relation to diameter of
bolt. In general, deformations were greater in yellow birch and yellow-poplar
than in Douglas-fir.

Conclusions 

(1) Edge clearances equal to 1-1/2 diameters (measured from axis of bolt) are
adequate for single-bolted connections in aircraft grade plywood under either
tensile or compressive loading parallel to the grain of the face plies. For
loading at 45° or 90°, edge clearances of 2 diameters are adequate. End
margins of 2-1/2 diameters are adequate for tensile loading at any grain ori-
entation.

(2) The bolt-bearing stresses at both proportional limit and ultimate tend
to decrease with increase in diameter of bolt and to increase with increase
in thickness of plywood.

(3) The bolt-bearing stresses at both proportional limit and ultimate bear
systematic relationships to the corresponding compressive stresses. These
relationships differ markedly, however, among species.

(4) The bolt-bearing stress at proportional limit bears a systematic relation-
ship to ultimate compressive strength, and this relationship is reasonably
uniform for the three species tested.

(5) Bolt-bearing stresses at proportional limit provide the most satisfactory
basis for determining design stresses. Bearing stresses at proportional limit
can be determined by applying relationships developed in this investigation to
established values for ultimate compressive strength such as are presented in
ANC Bulletin 18.

(6) Design ultimate bearing stresses should not exceed 150 percent of the
proportional limit stresses thus determined.

(7) The deformations under bolts in aircraft plywood vary approximately as
the thickness of plywood but bear no consistent relationship to diameter of
bolt. The maximum deformations for the three species tested were on the order
of 0.01 inch at proportional limit and 0.10 inch at ultimate.
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APPENDIX A

Analysis of the Causes of Variations in Bearing
Strength with Variations in Diameter of Bolt 

and Thickness of Plywood

In the foregoing report, it was shown that bolt-bearing stresses at both pro-
portional limit and ultimate tended to decrease with increase in diameter of
bolt and to increase with increase in thickness of plywood. It follows, there-
fore, that corresponding bearing loads do not vary in direct proportion to
the projected bearing area. This is demonstrated in figures 8 and 9, wherein
it is evident that the load carried by a bolt of a given diameter at the pro-
portional limit or at the ultimate is not directly proportional to the thick-
ness of the material. A straight line relationship does exist for each bolt
diameter, however, within the range of thicknesses used. If extended, these
lines intersect the horizontal or thickness scale. It is evident that the
material near the face of the member carries less than the average stress.
It can be assumed that the intercept represents the thickness carrying no
stress and that the balance of the thickness carries uniform stress.

For each species, straight lines drawn to fit the points plotted for each of
the three bolt diameters intersect the thickness scale at virtually the same
point. If thicknesses are reduced by the average value of this intercept,
uniform values of computed stress are obtained for all thicknesses used with
a given bolt diameter. These stress values differ, however, with the diameter,
increasing as the diameter decreases.

In figures 10 and 11, it may be seen that the load carried by a bolt at the
proportional limit or at the ultimate is not directly proportional to the di-
ameter. A straight line relationship does not exist for each thickness, how-
ever, within the range of diameters used. If extended, these lines intersect
the vertical or load scale indicating a supporting effect in addition to direct
bearing. A supporting effectE at the edges of bolts or plates has been describ-
ed as the support provided by adjacent material through fibers that continue
beyond the bearing area.

Considering each species separately, straight lines were drawn to fit the
points for each of the three plywood thicknesses. Dividing the intercepts on
the load scale by the length of edge (twice the effective thickness) produces
fairly uniform values, which indicates that the supporting effect is dependent
on the length of bearing only and independent of bolt diameter.

Basic bearing stress values (table 10, columns 4 and 8) were obtained by sub-
tracting from the load the amount of the supporting affect of the edges and
dividing the remaining load by the reduced area (diameter multiplied by re-
duced thickness).
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The three factors involved in obtaining the bearing strength of plywood under
bolts are, therefore: (1) the basic bearing stress; (2) the reduction in thick-
ness which must be made to obtain the effective area on which to apply the basic
stress, and (3) the support at the edges, which must be added to the load com-
puted by the use of factors 1 and 2.

The load in pounds which will be supported by bolts in 50-50 plywood of the
species used for any combination of bolt diameter and thickness within the
range of sizes covered is therefore:

P = (T - t) (DS + 2C)

where
T = total thickness (inch)
t = ineffective thickness (inch)
S basic unit bolt-bearing stress (pounds per square inch)
C = support at edges (pounds per inch)
D = diameter of bolt (inch)

Loads computed by this formula (table 10, columns 5 and 9) using the values of
SI C, and t determined in these tests (table 11) are in good agreement with the
test values of columns 3 and 7. From columns 6 and 10 it may be seen that 94
percent of the computed ultimate load values are within + 9 percent of the test
values. Agreement is not quite so good for the proportional limit loads. This
is to be expected, since these values cannot be determined with the same accu-
racy as ultimate values.

The loads obtained with 0.315-inch thick Douglas-fir plywood with the face grain
at 45° and 90° to the direction of loading were found in these tests to be about
the same as the bearing strength parallel to grain. The supporting effect of
continuous fibers (edge support) produces load-scale intercepts of similar
magnitude for the three directions of loading. Differences are within the
range of accuracy of determination. Since only one thickness of plywood was
used for grain angles of 45° and 90°, no value of ineffective thickness could
be determined. No appreciable error will result, however, from assuming the
value of t for Douglas-fir to be the same for the three grain angles. An in-
crease or decrease in t of 50 percent will not produce an error in load of more
than 3 percent. This cannot be assumed to be true for other species, however,
on the basis of these tests.

It is recognized that, in order to apply these refinements to design, values
of SI t, and C would have to be developed for each species of plywood and that
the increase in efficiency thus obtained might not justify the added steps
involved. It is felt, however, that the possibility of future application of
the results of this supplemental analysis justifies its inclusion in this report.
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• •

Ratio:Diameter:
:	 of	 : 	

bolt :	 Yellow birch Douglas-fir	 Yellow-poplar	 :Average for tr.ree species

Nominal thickness of plywood (inch)

Species of plywood

Table 6.--Summary of bolt-bearing stresses

Nominal thick- :Diameter:	 At proportional limit	 At ultimate
ness of plywood:	 of	 : 	 	 :	

bolt : Yellow :	 Douglas-fir	 : Yellow- : Yellow :	 Douglas-iir	 : Yellow-
. : birch : 	 	 : poplar : birch : 	  	 poplar

. 10° :	 0 0	: 45°	 : 90°	 :	 0°	 0° :	 0°	 : 45°	 : 90°	 :	 0°

	

Inch	 : Inch : P.s.i. : P.o.i. : P.s.i. : P.s.l. :▪ P.a.'. : P.s.i. : P.s.i	 : Pts1	 : 1,. 1.1, ; i....2,1,
2	 '	 '	 '	 '	 •

	

-0.125	 : 1/4	 : 3,640 : 2,840 • • 	 • 2,26o	 6,480 • 4,30o 	  	  • 3,730
	.125	 : 1/2	 : 3.780 : 2,610 	  • 	 • 2,090	 5.860. 3,900 	  	  • 3,320

	

.125	 :	 1	 : 3,470 : 2,430 • •	 2.250	 5,650 • 3.690 	  	  • 3,460

	

.315	 : 1/4	 : 4,830 : 2,850. 2,780. 2,83o :▪ 2,310 : 9,270 : 4.330. 4,600 : 4,580 : 4,040

	

.315	 : 1/2	 : 4,510 : 2.570 : 2,550 : 2,690 : 2,260 : 7,710 : 3,880 : 3,870 : 3.690 : 3,660

	

.315	 :	 1	 : 4.370 : 2,510 : 2,620 : 2,650 : 2,180 : 7,390 : 3.830 : 4,020 : 3.960. 3,470

	

.590	 : 1/4	 : 4,430 : 3,150 	  	  • 2,650	 8,960	 4,710 •	  	  , 4,690
	.590	 : 1/2	 : 4,110 : 2,820 	  • 2,300 	 4.280

	

.590	 :	 1	 : 3,940 : 2.760 	  	  • 2,270	 7,030	 4,150 •	

	

7,630	 4,250 •  	
• 3,990

Table 7.--Average ratios of bearing,: and compressive stresses at 0°

1Angle between direction of load and face grain of specimen.

-Includes values for 0.155-inch Douglas-fir plywood.

: 0.125 : 0.315. 0.590 : 0.155. 0.315. 0.590 ; 0.125 : 0.315 : 0.590 : 10.125 : 0.315 ; 0.590

	Inch :	 •.
A	 .	 Ratio -- Proportional limit stress in bearing, to proportional limit stress in coJnVreclon

•

	1/4	 : 1.03. 1.38. 1.28. 0.88. 0.94 • 0.93 : 0.99. 1.02. 1.08. 0.97 : 1.11 : 1.10

	

1/2	 : 1.07 : 1.34 : 1.21 :	 .77 :	 .85 :	 .84 :	 .91 : 1.00 :	 .94 :	 .92 : 1.06 ; 1.00

	

3/4 	 99 • 1 27 • 1 17 •	 74 •	 82 •	 83 •	 96 • 1 01 •	 86 •	 90 : 1.03 ;	 .95

B	 :	 Ratio -- Ultimate stress in bearir4, to ultimate stress in compression

	

:	
•

	

: 1/4	 : 1.13. 1.51 : 1.58. 1.01 :	 .96 : 1.03. 1.03 : 1.19. 1.24: 1.06 : 1.22. 1.28

	

1/2	 : 1.00 : 1.20 : 1.36 :	 .84 :	 .88 :	 .92 :	 .93 : 1.05 : 1.12 :	 .92 : 1.04 : 1.13

	

: 3/4	 .96 : 1.15 : 1 . 23 :	 .82 :	 .85 :	 .89 :	 . 94 : 1.01 : 1.01 :	 .91 : 1.00 : 1.04
.	 .

C	 :	 Ratio -- Proportional limit stress in bearing to ultimate stress in compression

	

: 1/4	 .64 :	 .78 :	 .78 :	 .66 :	 .63 :	 .69 :	 .62 :	 .68 :	 .70 :	 .64 :	 .70 :	 .72
	1/2	 .64 :	 .7o :	 .72 :	 .57 :	 .58 :	 .61 :	 .59 :	 .65 :	 .6o :	 .6o :	 .64 :	 .64

	

3/4 	 5s •	 68 •	 68 •	 54 •	 56 •	 59 •	 62 •	 63 •	 58 •	 58 :	 .62 :	 .62
. :	 •	 : 	 . 	 . 	

:•D	 :	 :	 Ratio	 Proportional limit stress
.
 in bearing to ultimate stress in

. 
bearing

	

:• 1/4	 :	 .54 :	 .51 :	 .•	 50 :	 .67 :	 .66 :	 .65 :	 .62 :	 .58 :	 .57 :	 .61 :	 .58 :	 .57
:	 1/2	 •

	

.57 :	 .56 :	 .67 :	 .66 :	 .65 :	 .62 :	 .59 :	 .58 :	 .63 :	 .61 :	 .60

	

: 3/4	 :	 .63 :	 .6o :	 .59 :	 .67 :	 .66 :	 .65 :	 .63 :	 .60 :	 .59 :	 .64 :	 .62 :	 .61

1Includes values for 0.155-inch Douglas-fir plywood.

Z M 68633 F
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.125 :	 223 : 4,411 : 	 220 •

	

.127 :	 255 : 4,961 :	 225 :
	.130 :	 220 : 4,101 : 	232

	

.278 :	 626 : 4,751 :	 575

	

.287 :	 644 : 4,711 :	 596 :

	

.279 :	 642 : 4,861 :	 577 :

	

.276 :	 654 : 5,021 :	 57o

.602 : 1,255 : 4,081 : 1,326

.603 : 1,157 : 3,731 : 1,328

.602 : 1,249 : 4,061 : 1.326

.599 • 1,338 : 4,401 : 1,319 •

Nominal bolt diameter=314  inch
8= 0°

- 1	 :	 354 : 6.553 :	 363

	

-12	 :	 372 : 6,517 :	 384
+ 5	 :	 397 : 7,361 : 	371
- 8	 : 1,016 : 6,897 : 1,001
- 7	 :	 944 : 6,359 :	 993

10	 : 1,028 : 6,961 : 1,005
13	 :	 990 : 6,375 : 1,039

+ 6	 : 2,343 : 6,736 : 2.353

	

+15	 2,296 : 6,612 : 2,340
+ 6	 1 2,378 ; 6,861	 2,353

	

1	 : 2 ,596 ; 7,624	 2.357

Table 10.--Basic stresses and comparison of loads computed by the formula Pa(T-t)(DS+20) 
with the loads obtained by test 

	Type : Average :	 Proportional limit

	

of •thickness: 	

	

1'	 	

	

test-:	 of : Load2- : Basic,:Compaked: Deviation : Load? : Basic,:

	

:specimens:	 :stress-2: load= :of computed:	 :stress-L:
. :	 :	 :	 : load from .	 .

	

:	 :	 :	 :	 Col. 3 •	 .• •

	

: 	  : 	  :	 :	 . 	  : 	 :	 :

Ultimate

Comp4ed: Deviation
load- :of computed

: load from
col. 7

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

: li14 : Pounds: P.s.i.: Pounds : Percent : go;gagl: P.s.i.: Pounds,: Percent
:	 :	 :	 ;	 .	 •

GROUP I PLflOOD (YELLOW▪  BIRCH)
Nominal bolt diameter=1/4 inch

0 .. oc

TC
C

TM
TC

C
TM
MC
TC

C
TM
Mc

• •
111 : 4,057 :	 117 :	 + 5	 :	 201 : 6,083 :▪ 	 216
125 : 4 ,357:	 125 :	 0	 :	 199 • 5,381 :	 230
104 : 3,507 :	 125 :	 +20	 :	 239 : 7,128 :	 230
321 : 4,667 :	 301 :	 - 6	 :	 641 : 7,724 :	 555
327 : 4,407 :	 322 :	 - 2	 :	 573 : 6,639 :	 580
338 : 4,597 :	 321 :	 - 5	 :	 602 : 6,401 : 	625
338 : 4,997 :	 299 :	 -12	 ;	 664 : 7,366:	 627
617 : 3.697 :	 706 :	 +14	 : 1,338 : 6,338 : 1,398
686 : 4,157 :	 711 :	 + 4	 : 1,324 : 6,270 : 1,388
669 : x+,067:	 707 :	 + 6	 : 1,384 : 6,648 : 1.401
640 : 3,897 ;	 701 :	 +10	 : 1,533 : 7,665 : 1,408

Nominal bolt diameter=1/2 inch
= 0°

	TC	 : 0.125
•▪	 .131

	TM	 ••	 .131
	TC	 •	 .274

	

C
	

•	 .291

	

TM	 :	 .290
	MC	 .272
	TC	 .602

	

C	 .606
	TM	 .603
	MC	 .598

• +7
+16
-4
- 9
+ 1

- 6 6
+4
+5
+ 1

:	 - 8

•
+ 3
+3
- 7
- 1
+ 5
- 2
+ 5

0
+ 2
- 1
-9

TM
C

TM
MC

C
TM
MC

4

1
- 3

0
9

+ 2
- 8

	

.130 :	 329 • 4,185 :	 340 :
129 :	 331 : 4,265 :	 337
281 :	 8147 : 4,295 ;	 8	 :

	

.278 :	 905 : 4,665 :	 8
	.274 :	 969 : 5,095 :	 830

.602 : 2.013 ; 4,495 : 1.946 :

.Goo : 1,632 : 3,615 : 1,9110 :

.600 : 1.782 : 3,965 : 1.940 :

	

3	 :	 555 ; 7.083 :	 534 :
+ 2	 :	 542 : 6,810 :	 539 :
+ 1	 1,373 : 6,710 : 1,384 :
- 7	 : 1,455	 7,037 : 1.407 :

	

-14	 • 1,421. 6,747 • 1.425 1
- 3	 : 3,033	 6.144 : 3.296 :

	+19	 : 3,220 : 6,590 : 3,296 :
+ 9	 : 3,604	 7,476 : 3,307 :

Z M 6P ,;:55 r
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Table 10.--Basic stresses and comparison of bade computed by the formula P=(T-t)(DS+2C)
with the loads obtained by test (Continued) 

	

Type : Average :	 Proportional limit 	 Ultimate

	

of 
1

:thickness: 	 :	 -+- 	

	

test-:	 of	 : Load- : Basic :Computed: Deviation : Imad : Basic :Computed: Deviation

	

:specimens:	 :strees3: load= :of computed:	 :strese/: load- :of computed

	

: load from :	 : load from

	

.	 .	 .	 .	 :	 .
	Col. 3	 :	 :	 .	 : Col. 7

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

	

: Inch	 ! Pounds: P.e.i.: pounds : Percent : Pounds:▪ P.s.i.: Pounds : Percent
.	 .	 .	 :	 •	 .

GROUP II PLYWOOD (DOUGLA8-FIR) 
Nominal bolt diameter=1/4 inch

2f._.91
•• ••

TC	 0.151 :	 100 : 2,199
C	 :	 .154 :	 123 : 2,792

TM	 :	 .153 :	 99 : 2,127
PC	 :	 .318 :	 220 : 2,219

C	 :	 .322 :	 248 ; 2,547
TM	 :	 .323 :	 238 : 2,4o7
MC	 :	 .316 :	 244 : 2,557
TC	 :	 .605 :	 38: : 1.940 :

C	 :	 .604 :	 49 : 2.687 1
TM	 :	 .612 :	 429	 2,217
MC	 :	 .596 :	 486	 2,687

108 :	 + 8	 :	 161 : 3,714 :	 161 :	 o
110 :	 -11	 :	 192 : 4,908 :	 165 :	 -14
109 :	 +10	 :	 161 : 3,643 :	 163 :	 - 1
235 1	 + 7	 :	 334 : 3.37/ :	 39 :	 + 7
238 :	 - 4	 :	 339 : 3,384 :	 363 :	 + 7
239 :	 0	 :	 334 : 3.300 :	 365 :	 + 9
234 :	 - 4	 360 4 3,759 :	 356 :	 -1
454 :	 +18	 717 : 3,835 :	 699 :	 - 3
4	 + 8	 695 : 3.690 :	 697 :	 o

	

+ 7	 701 1 3,666 :	 707 ;	 + 1

	

- 8	 :	 673 : 3.604 ;	 688 :	 + 2
:	 •

44s

•
	TC	 :	 .320 :▪ 	 228 . 	 388 	
	C	 :	 .317 :	 228 	 	 3143 	

	

MC	 :	 .321 :	 234 •	 372 	

0 = 90°
:	 •	 :

	TC	 :	 .320 :	 211 •	  	  :	 372 	

	

C	 :	 .316 :	 226 	 	 347 	

	

MC	 :	 .319 :	 235 •	 	 •	 374 •	
:	 .	 .

Nominal bolt diameter=1/2 inch
0 = 0°

.	 •.•
	TC	 :	 .151 :	 162 : 1.975 :	 193 1	 +19	 1	 265 : 3.443 :	 287 :	 + 7

	TM	 :	 .148 :	 209 : 2./11 :	 189 ;	 -10
:	 .154 :	 184 : 2,238 :	 197 :	 + 7	 :	 292 ;: 3,690	 393 :;	 393 1

	

281 :	 - 7
0c

PC:	 .3 20 :	 424 : 2.421 :	 424 :	 0	 N19.	 LI: 3,742 :	 644 :	 -1

	

C	 :	 .319 :	 436 : 2,501 :	 423 :	 - 3	 :	 618 : 3.550 :	 641 :	 + 4
	TM	 :	 .322 :	 409 : 2,691 :	 427 1	 - 9	 :	 624 : 3,549 	 648 :	 + 4

	

Mc	 :	 .314 :	 405 : 2,351 :	 416 :	 + 3	 :	 651 : 3.842 	 31.	 ;	 - 3

	

c	 :	 .6o3 :	 763 : 2.256 :	 812 :	 * 6	 : 1.
239

 : 3315 1 : 1:24	 :	 - 2
	TC	 :	 .604 :	 824 : 2,456 :	 813 :	 - 1 	:	 23	 4	 :	 0

	

1m	 :	 .608 :	 786 : 2.311 :	 .131 .	 ;	 e 4	 : 1.e47 : 3.692 : 1,251 :	 0

	MC	 :	 .590 :	 876 : 2.706 :	 794 :	 - 9	 1 1.210 : 3,695 : 1,213 ;	 0

am_1151

	TC	 :	 .321 :	 358 	 	 563
.319 :	 393'	 	 6o6 	

	MC	 :	 .317 :	 442 	 	 658 	

B 900
.	 i

	TC	 . 	 :	 583 	

	

C	 :	 :ig	

:

 4,931 •	 	 599.	
	MC	 :	 .318 :	 462 	 	 	 645 •	

Nominal bolt diameter=3/4 inch

C;	 .151 :	 268 : 2.325 :•	 278:	 +14	 :	 409 : 3.669 :	 413 :	 .1.
TM:	 .149 :	 266 : 2.343 :	 274 :	 .3	 :	 419 : 3.825 :	 407 :	 - 3

	

C	 :	 .319 :	 619 : 2,460 :	 610 1	 - 1	 :	 898 : 3.594 :	 923 :	 + 3

	TM	 :	 .319 :	 589 : 2,330 :	 610 :	 + 4	 :	 387 : 3,546 :	 923 :	 +

	MC	 :	 .312 :	 663 : 2,718 :	 596 :	 - 10	 :	 962 : 3,916 :	 902 1	 6

	

c	 :	 .606 : 1,086 : 2,215 : 1,177 :	 + 8	 : 1,808 : 3.736 : 1.795 ;	 - 1

	

TM	 :	 .612 : 1,124 : 2.301 : 1,189 :	 + 6	 1 1.846 : 3.719 : 1,813 1	 - 2

	

MC	 :	 .589 : 1,385 : 2,982 : 1.143 i	 -17	 : 1.817 : 3.878 : 1.7 43 :	 4
.• .

	.318 : 	5445;

:	 .319 : 	696 	

••

:	 .3114; 	570:
	.314 : 	665 	

Sheet 2 of 3

MC

MC

	

899 •	

	

985 •	
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Table 10.--Basic stresses and comparison of loads computed by the formula P=(T-t)(DS+20) 
with the loads obtained by test (Continued) 

	

.	 :
	Type 1 Average :	 Proportional limit	 Ultimate

	

of ,:thimkness: 	

	

test.A :	 of : Loadg : Basic :Computed: Deviation : Load? : Basic :Coap4ed: Deviation

	

:specimens:	 :stresai: load= :of computed:	 :stressi: load= :of computed

	

:	 :	 : load from :	 :	 .	 : load from

	

:	 :	 : Col. 3	 :	 :	 :	 : Col. 7

	

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

	

:	 Inch :oujads: P.s.i.: Pounds : Percent : Pounds: P.s.i.: Pounds : Percent 

•

:	 .	 .	 .	 .

GROUP III PLYWOOD (YELLOW-POPLAR) 
Nominal bolt diameter=1/4 inch

0 = 0°

TC
c

:
•

0.128
.129

:
:

74 :
77	 :

2,272 :	 72	 :	 - 3	 .	 116 :
2,360 :	 :	 - 5	 .	 125	 :

3

589

.701 :
4,015 :

117
118

:
:

+ 1
- 6

TM .129 : 69 :
7

73
2,074 :	 :	 + 6	 114 : 3,	 : 118 : + 4

TC . .32o : 185 : 2.076 :	 194	 .	 + 5	 367 : 4,212 : 334 : - 9
C . .316 : 194 : 2,231 :	 192	 :	 - 1	 .	 318 : 3,599	 : 329 : + 3

TM . .315 : 166 : 1,859 :	 191	 :	 +15	 •	 303. 3,40 : 328 : + S
MC
TC

.. .320
.598

:
:

207 :
388 :

2,37o :	 194	 :	 - 6
2,316 :	 371	 :	 - 4	 :	

359 :
6s6 :

4,102 :
4.029 :

334
647

:
:

- 7
- 6

c : .604 : 37o : 2,163 •	 375	 :	 + 1	 :	 607 : 3,425 : 654 : + 8
TM .604 : 35o : 2,025 :	 375	 + 7	 640 : 3,656 : 654 : + 2
MC • .602 : 402 : 2,394 :	 374	 •.	 - 7	 .	 718	 :

:	
: 4,220: 651 : - 9

•

: :	 •.	 •	 : . :

Nominal bolt diameter=1/2 inc
0 . 0°

.
•

TC : .129 : 140 : 2,283 :	 135	 .	 - 4	 220 : 3,812 : 217 : - 1
C •. .128 : 140 : .	 - 4	 :	 214 :2.306 :	 1	 • 3,736 : 215 : 0

TM .. .128 : 128	 : 2,092 :	 134	 :	 + 5	 :	 207 : 3,601 : 215 : + 4
TC : .315 : 330 : 2,024 :	 356	 :	 + 8	 616 : 3,858 : 601 : - 2
C : .320 : 381 : 2,324 :	 362	 :	 - 5	 :	 620 : 3,812 s 611 : - 1

TM •. .315 : 381 : 2,366 •	 356	 :	 - 7	 :	 605 • 3,782 : 601 : - 1
MC •. .312 1 380 : 2,386 :	 352	 :	 - 7	 :	 543 • 3,391 : 595 : +10
TC : .603 : 620 : 1,932 :	 698	 :	 +12	 : 1,255 • 3,958 : 1,196 : - 5
c : .603 : 574 : 1,774 :	 690	 :	 +22	 1 1,049. 3,241	 : 1,196 : +14

TM •. .601 : 696 : 2,200 :	 695	 :	 0	 : 1,294 : 4,110 : 1.192 : - II
MC : .596 : 732 : 2.347 :	 689	 :	 - 6	 : 1,219 : 3,885 : 1,181 : - 3

.
Nominal bolt diameter=3/4 inch

0 = 0°
. . : :	 :	 • : :

C .129 : 219 : 2,441 :	 198	 :	 -10	 :	 324 : 3,864 : 315 • - 3
TM . .13o : 216 ; 2,388 :	 200	 :	 - 7	 •	 333 • 3,937 : 318 : - 5
C .321 : 567	 : 2.355 :	 531	 :	 - 6	 :	 892 : 3,752 : 891 : o

TM .312 : 447 : 1,888 :	 516	 :	 -15	 :	 774 • 3,330 : 864 : -11
MC .315 : 670 : 2,865 :	 521	 :	 -22	 :	 909 : 3.914 : 873 : - 4

! .603 952 : 2,042 :	 1,021	 :	 + 7	 : 1,627 : 3,494 : 1,736 : + 7
TM .594 • 834 : 1,802 : 1.005	 :	 +20	 : 1,651 : 3,609 : 1,709 : + 4
MC : .596 : 931 : 2,019 : 1,009	 :	 + 8	 : 1,624 : 3.532 : 1.715 : + 6

.Designation of type of test. 	 Sheet 3 of 3
PC = tensile loading - edge clearance.
C = compressive loading - edge clearance.

TM = tensile loading - end margin.
MC = modified compressive loading - end margin.

gLoad values adjusted to average strength of control specimens.
'Stress computed on effective thickness after subtracting edge support from load.

-Load computed by formula P=(T-t)(DS+2C) using average value of basic stress..

= angle between grain of face plies and direction of applied load.
M 68637 F
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(A) FACE GRAIN 0° OR 90 . TO DIRECT/ON OF LOAD
—TRIAL GROUP —

fa:

Figure 1.--Cutting diagram showing manner of cutting trial
groups, final groups, and series for the three , grain angles
used.
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LEGEND

X= DIMENSION
VARIED

C= CRITICAL WIDTH

== BEARING
STRENGTH

AND CRITICAL
DIMENSION

EMI BEARING
STRENGTH ONLY I	 C 

(,)

(Ai 4*x04x TENSILE

TYPE OF LOAD/NG

COMPRESS/VE MODIFIED
COMPRESSIVE

END MARGIN
0° 45° 90°

END MARGIN
0• 

EDGE CLEARANCE	 EDGE CLEARANCE
0° 45° 90°	 0° 45° 90°

EMI
0.155 

—34	 MEM

4	 Elm
0.315

ges

MEM
0.590 h+	 —

— — =M
MIN — —
^ 1	 - •

MIN MIMII MIN
EMI

Min	 In —

—	 —
MIN 	 	

	

4	 mom
	0.125 f/2 	 mom

	

34 	 mom

	

4	 mom
	0.3/5 ke	 —

	

Y4	
-

	

0.590 1/2 	 MUM
—

0.125 Ya
^	 —

Y0
0315 k2	—

4	 mom
0.590 V2	

—        

NNW

- 

Figure 3.--Diagram of the four types of specimens showing
manner of load application and the extent of the testing
with each.
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Figure 4.--Jig for bolt-bearing tests with test bolt in place
but one plate and bushing removed. Note spacers, dial support
and bushing with projecting lug.

Z M 89874 F



Figure 5.--Setup for tensile loading of
bolt-bearing specimens. Note spacing
between plates and specimen and also
between bolt head and bushing.
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Figure 6.--Setup for compressive loading of bolt-
bearing specimens.

1 M 69878 F



(SON/70d 000 01107

O	 co
	

N	 CO

I

I...

Is:
..1
J1...

.

C) •R

0
I..

Ct
J
0

0

0

Ci
Ct
Q.

O

O

O0
COo

c.)

to



(HON/ 3,YtMOS kad schvnod 00/) SS3fY1S 9N/Y1/38

O O
1/41

O
tt.

O O

0

C U

I-...

tt.!

-4

-4

0

kI,

.17.--

q

3

---1

0
Q.

k
a_

J II

CC

01

g

TX

ZS

LIJ

-4

C)
-P.

CZ
CI

\\\

IN

QZ1

q

Ro

O



LEGEND

SPEC/ES YELLOW BIRCH DOUGLAS-F/R YELLOW-POPLAR
AVERAGE

FOR 3 SPEC/ES

SYMBOL 0 0 • A A 0 El n 0 0 •

./25
THICKNESS	 .125 .3/5 .590 ./55 .3/5 .590 ./25 .3/5 .590 . 155

.3/5 .590 
(INCH/	 •

Figure 9.--Relation of bearing stress to diameter of bolt for the three
Z M 69373 F	 species and thicknesses of plywood.



NOM/NAL
SPEC/ES	 SYMBOL BOLT INTERCEPT AVERAGE

DIAMETER

INCH	 /NCH	 INCH

YELLOW BIRCH -0- 	 1/2	 0.03/
• 1/2	 0.028	 0.030
O 3/4	 0.03/

DOUGLAS-FIR -,/\,- 	 1/4	 0.009
• %2	 0.0/0	 0.0/0
A	 3/4	 0.0/3

YELLOW-POPLAR - -0-- 	 1/4	 0.0/6

• 1/2	 0.0/5	 0.0/5
Lil	 3/4	 0.0/4

PLYWOOD THICKNESS (INCHES)

Figure 10.--Relationship between proportional limit load and
N 6974 F	 thickness of plywood for each species and bolt diameter.
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LEGEND

SPECIES SYMBOL

NOMINAL

'	 ROLT

DIAMETER

INTERCEPT A VER4 CE

INCH 1140N 1 Ne N

YELLOW &IRON —0— 94 0.04 q

ill p5 0.038 0.038

‘ili 414 0.035

DOUOLAS -FOR -p- 114

A 0.015 0.015
Iii 4.4 0.018

YELLOW-POPLAR - - p-- ',4 0.025

MI 14 0.02 4 0.024

3 '..t,.. I 0.023

34

52

30

28

26

24

EP

20

16

/4

IP

I0

PLYWOOD THICKNESS (INCHES)

Figure 11.--Relationship between ultimate load and thickness
of plywood for each species and bolt diameter.
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LEGEND

SPECIES SYMBOL
NOM/ NAL
PLYWOOD

THICKNESS
INTERCEPT

EDGE
SUPPORT

/

AVERAGE
EDGE

SUPPORT

YELLOW 8 I RGH

DOUGLAS-FIR

YELLOW-POPLAR

-0--
•
0

-,n,-
A
A

--C1--
II
14

INCH POUNDS POUNDS
PER INCH

POUNDS
PER INCH

0.125
0.315
0.590

0 /55

0.3/5
0.590

0 /25

0.3/5
0.590

/7
43

92

25

54

90

/0

28
65

86
86
80

89

88
76

44

46
55

84

84

48

•

BASED ON EFFECTIVE THICKNESS

'

..n.'

...•'''

....'"'
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tit	
/

9	 ...--"'

1
A I
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---
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ie.
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....."'
.../
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r--_	 __ __ ------------------

OPP-
INCH rH'CK

NMERINNEIN
_ -------

- -	 0.155 INCH THICK

•

-- -----------------------

4/4

2

2

20

18

4

2

O

/6

O

O
O /4

/2

/0

8

6

DIAMETER OF BOLT (INCH)

Figure 12.--Relationship between proportional limit load and
Z M 69376 F	 diameter of bolt for each species and plywood thickness.



LEGEND

SPECIES	 SYMBOL	 PLYWOOD	 INTERCEPT	 SUPPORT	 EDGE
NOMINAL	 EDGE	 AVERAGE

THICKNESS	 /i	 SUPPORT

INCH	 POUNDS	
PER wit PER MOH

POUNDS	 POUNDS

YELLOW BIRCH	 —0—	 0.12 5	 66	 374

—	 DOUGLAS-FIR	 —Q—	 0 /55	 45	 165

YELLOW-POPLAR	 —0	 0.125	 20	 /00

•	 0.3/5	 208	 430	 407

GI	 0.590	 472	 4 / 8

•	 0.3/5	 73	 /20	 /36

A	 0.590	 /45	 124

•	 0.3/5	 6 0	 /02	 /02

LA	 0.590	 120	 / 0 4

a

—	 / BASED ON EFFECTIVE THICKNESS —

,

nF' ---
Fr.IF ,7 .,

7	 ,....
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_--- --- TH K 
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0
DIAMETER OF BOLT (INCH)

Figure 13.--Relationship between ultimate load and diameter
of bolt for each species and plywood thickness.
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