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FREFACE

MEANING OF SYMBOLS USED

Long side of web panel, inches (distance between inner edges
of chords in this report)

Actual cross-sectional area of upright, square inches
Effective cross-sectional area of upright, square inches

Short side of web panel, inches (distance between inner
edges of uprights in this report)

Bridge sensitivity factor of the SR~/ Wheatstone Bridge Con=-
trol Box
rivet diameter
Rivet correction factor, (1 - rivet pitch )

Stress factors
Modulus of elasticity, psi (10.5x106 psi in this report)
Gage sensitivity factor of the SR-4 strain gages

Effective depth of beam, centroid of top flange to centroid
of bottom flange, inches

Moment of inertia of area under consideration about its
neutral axis, iachesh

Diagonal teansion factor

Transverse shear force in web, inches

Thickness of web, inches (actual thickness in calculations)
Thickness of upright leg next to web, inches

Primary diagonal tension stress in web on planes normal to
buckles, ksi

Primary compressive stress in web on planes parallel to line
of buckles, ksi



as

G_SII

Secondary bending stress on planes normal to lines of buckles
and at outer fibers of web, ksi

Secondary bending stress on planes parallel to lines of
buckles and at outer fibers of web, ksi

Total outer fiber or maximum stress on planes normal to lines
of buckles, ksi

Total outer fiber or maximum stress on planes parallel to
lines of buckles, ksi

Nominal shear stress in web, ksi. In this report this stress
is computed by the approximate formulae = S/1000het where
"t is taken as the actual web thickness

Critical shear stress, ksi

Elongation in direction parallel to buckles due to tensile
stress Oy acting alone, inches per inch

Contraction in direction perpendicular to buckles due to com=
pressive stress O¢ acting alone, inches per inch

Elongation or contraction in direction parallel to buckles due
to secondary bending stress O3' acting alone, inches per
inch

Elongation or contraction in direction perpendicular to
buckles due to secondary bending stress o3" acting alone,
inches per inch

Total elongation in direction parallel to buckles due to 9%
and ¢ acting simmltaneously, inches per inch

Total contraction in direction perpendicular to buckles due
to Ot and g acting simultaneously, inches per inch

Total elongation or contraction in direction parallel to
buckles due to O3' and o3* acting simultaneously, inches
per inch

Total elongation or contraction in direction perpendicular to
buckles due to Gs' and O%"acting simultaneously, inches
per inch

Angle between axis of beam and direction of diagonal tension,
degrees
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STRAIN MEASUREMENTS IN THIN SHEAR VEB
ATRCRAFT TYPE BEAMS

SUMMARY

Tests, both of pure shear and of cantilever beam shear web type
panels of 24ST aluminum zlloy, were made using electrical strain gages
to determine the type and magnitude of stresses presente Both primary
and secondary strains were measured at positions considered to be crit-
ical.

On pure shear panels of 025 and <040 nominal gage thickness,
primary axial and secondary bending strains parallel and perpendicular
to buckles were measured both at the center and at the diagonal tension
cornerss On two <064 nominal gage thickness pure shear panels, similar
strains were measured, but only at the center of the panels.

In order to determine the effect of a/b ratio on total outer fiber
stress, o040 nominal gage thickness panels of 1.0, 1l.185, le455, and
1.882 a/b ratios were loaded in a centilever beam and primary and second-
ary strains were measureds Only for panels having an a/b = 1.0 were
these strains measured both at the center and at the tension corner of
the panel; all the rest had strains measured at the center only.

From the strains measured in these tests, the stresses present were
calculated taking into account the effect of Poisson!s ratio. The stress—
es thus obtained were: the primary tension and the secondary bending

stresses on planes normal to the buckles, the primary compressive and the
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secondary bending stresses on planes parallel to the buckles, and the total
outer fiber or maximum stresses on these two planes which results from a
superposition of the stresses acting on the plane under consideration.

Curves were plotted of the above stresses for each panel tested and
two families of curves were drawn to show the variation of outer fiber
stresses to a/b ratios

Finally, the theoretical primary stresses were calculated by the lat—
est theory on incompletely developed tension field beams and plotted along

with experimental data as a family of curves for comparisons
INTRODUCTION

Although the last published theoryl by the National Advisory Commit—
tee of Aeronautics for calculating primary stresses in buckled webs is sup-
ported by considerable amount of experimental data and gives excellent
results in the elastic range, there is no evaluation given of the secondary
stresses caused.by the formation of buckless And with the exception of the
limited evaluation as given by Wagnerz in an old report, there seems to be
little other information regarding these stresses, Further related informa-

tion was obtained by Kouns3 who in making tests on panels with access holes

lKuhnu Paul and Ghiartio, Patrick T.y; "The Strength of Plane Web
Systems in Incomplete Diagonal Tension," Wartime Report 1-367, N.A.C.A.
ARR, August 19424

2Wagner, Herbert and Lahde, Re, "Tests for the Determination of the
Stress Condition in Tension Fields," Technical Memorandum No. 809, N.A.C.A.,

1936

ouns, John He, MElectric Strain Gage Analysis of Stress Concentra-
tion in Shear Panel With An Access Hole," Thesis, Georgia School of Tech~
nology, Atlanta, Gae, 1947.
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evaluated the secondary stresses; however, most authors indicate the diffi-
culty of obtaining experimental values of these stresses and make no effort
to evaluate thems

The results of tests with Stresscoat brittle lacquers done by McKeeh,
and Mills? indicated a definite possibility of obtaining these secondary
stresses since it was observed that, on buckling, the pattern of cracks
formed in Stresscoat for a given lbad covered & reasonably large area and
also gave some indication of the planes on which the secondary stresses com-
bined with the primary stresses to produce maximum outer fiber stresses.

The purpose of this report is to determine more precisely the quanti-
tative value of strains present in buckled webs of different a/b ratios and
present the corresponding stresses.

Although the evaluation of strains beyond the yield point of the web
may be made using strain gages provided the yield of the gage itself or the
adhesive attaching the gage is not exceeded, the stresses themselves cannot
be evaluated without a knowledge of the modulus of elasticity in the plastic
range of the web material itself. Therefore, since the loading in the panel
is so complex and since the evaluation of moduli in the plastic range for
such a case would be a problem in itself, in this report, the strains in the
plastic range were converted into stresses by the use of the elastic modulus

of elasticity and are, therefore, nominal stresses.

AMcKae, William He, "An Investigation of Stresses in a Shear Panel
with Access Hole by the Use of Stresscoat," Thesis, Georgia School of
Tecmo.log, Atlaﬂta, G'ao, 191&70

5Mills, Frank Cs Jre, "The Application of Stresscoat in the Study
of Stresses in the Web of an Incompletely Developed Tension Field Beam,"
Thesis, Georgia School of Technology, Atlanta, Gas, 1947.



TEST EQUIPMENT

Jigs: The jig used for the pure shear panel tests, Figure 1, was
the identical one used by Kouns® and similar to that used by Kuhn! at
N.A.C.A. in tension field investigations. Four sets of 2 x 21 steel angles
placed back to back and bolted to 12 inch square webs with 10-32 bolts at 1
inch on centers in staggered rows formed square panels having 8% inches
clear width between flanges. Half inch bolts, 1C inches from center to
center, formed the hinge points of the adjacent angles allowing the jig to
distort into rhombic form under loads Pure shear loading was obtained by
8 link arrangement from two diagonally opposite coarnerss

For the tests on thin panels loaded in transverse shear, a canti-
lever beam shown in Figure 2 was usede Chord members were made up of two
3/16 x1} x 13, 24ST extrusions placed back to back on each side of the web
and capped over with 3/8 x 2% low carbon steel stripss One exception to
this was for the beam test shown iIn Figure 5 where the steel cap strips
were only 1/8 inch thicke Stiffeners made fram 1/16 x 3/4 x 1, 24ST bulb
extrusions and separated from the web by 3/16 x 3/k, 24ST filler strips
were placed back to back on the webs Bolt attachments were as shown in
Figure 2. All bolts were 1/ inch aircraft bolts with the exception of
those at the mounting point, where 3/16 inch bolts were used to attach the
webe Five-sixteenth inch bolts were used to attach the chord members to

the face platess Provision was made for moving the two stiffeners next te

6Kouns, op. cit.

7Kuhn, Paul, "Ultimate Stress Developed by 24ST Sheet In Incomplete
Diagonal Tension," Technical No. 833, N.A.C.A., December 1942.
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the loading plate inboard in 11 inch steps to obtain varying a/b ratios on
the center panel and yet maintain an a/b = 1.0 on each side of this panel.

As the first run indicated the need, two parallel angle iron bars
were used on each side of the beam on all subsequent runs to prevent tor-
sional instability. These are shown in Figures 6 through 9.

Specimen: Pure shear panel specimens were made of 12 x 12 inch,
24ST sheet. Nominal gage thicknesses of .025, +040, and 064 were used and
duplicate specimens were taken from the same sheet. Cantilever beam panel
speciméns were made of 102 x 42 inch, 2LST sheets All specimens were of
«040 nominal gage thickness and from the same stock with the grain structure
parallel to the uprights.

Strain Gage System: All tests were made with standard SR-4 type
electric strain gages manufactured by the Baldwin Locomotive Works, Baldwin
Southwark Division.

A Baldwin Southwark SR-4 Wheatstone Bridge Control Boxs, schematic-
ally shown in Figure 3, was used to measure the change in resistance of the
strain gages due to strain.

To measure primary stresses, two directly opposite gages on the web
‘were connected in series and then into one arm of the bridge (terminals A
and C, Figure 3) and two series connected temperature compensating gages,
identical to the active gages, were connected into the opposite arm of the

bridge (terminals C and B, Figure 3).

BAnonymous, "SR-4 Bonded Metalectric Strain Gage," Bulletin 164-X,
The Baldwin Locomotive Works, Baldwin Southwark Division, Philadelphisa,
Penne, 1941



Secondary strain readings were obtained by connecting two gages,
which were located directly opposite on the web, into adjacent arms of the
control box (i.es, one gage in arm AC and the other in arm CB, Figure 3).

To facilitate changing circuits, two gang switches were used, Fige
ure 3. A Mallory four gang switch, type 1335L, with heavy silver plated
contacts was used for cobtaining secondary strains, and a Kelvin switching
box for obtaining primary strains.e One box was always in the neutral
position while the other was in operation. Current for the electrical
system was supplied by two 6 volt dry cell batteries.

Loading Apparatus: A Riehle Universal Testing machine was used to

apply load to the pure shear panels. To lcad the cantilever beams, a
hydraulic jack was used on all tests except the first, where an ordinary
screw jack was used. Accurate loading increments were obtained by using
a calibrated Morehouse proving ring between the jack and the beam. Fig-
ure L shows the testing machine and Figures 5 through 9 show the jacks

and the proving ring.

TEST PROCEDURE

For the pure shear tests, 12 x 12 inch panels of the desired gage
thickness were cut, placed in the jig, and back drilled for the 3/16
bolts to provide alignment. Gages were mounted with Duce cementg, one in
line and the other normal to the expected buckle on both sides of the
panel. The gages normel to the buckle were folded back on themselves giv—

ing them an effective length of 2 inch. This shorter gage length tended

9anonymous, "The SR~/ Bonded Resistance Wire Strain Gage," Bulle-
tin Noe 179, The Baldwin Locomotive Works, Baldwin Southwark DlVlsion,
Philadelphia, Penn., 1945.
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to give more nearly the maximum stress value. Gage terminals were attach-
ed in circuit as shown in Figure 3.

The jig was placed in the jaws of the testing machine and loads ap-
plied in equal increments through the link arrangement at diagonally oppo-
gsite corners of the jiz. Readings were taken at zero load and after each
ineremant of load had been added and the loading system had stabilized.
The upper limit of load applied was that considered to be sufficient to
produce permanent set of the panel. This was taken to be anywhere from
two to three times the criticel buckling load and proved to be sufficient
since permanent strain was read in every case when the zero reading was
checked after releasing the load.

For the transverse shear beam panels, the preparation for runs and
the actual test procedure were identical to that for the pure shear panels
with two exceptions. First, the panels themselves in this case were all
predrilled simultaneouslys. Secondly, the beam was mcunted as a cantilever
and the load was applied through the proving ring by means of jacks under
the loading point. Loading increments for all the beams tested were 300
pounds and, in order to produce permanent set in the web, the maximum load
was again two to three times the critical buckling load for the center
panel.of the beam testeds

Guide bars to prevent twisting of the beam, as shown in Figure 6
through 9, were used after the first run, since torsional instability
occurred due to lack of lateral support for the flanges. 3Subsequent runs

proved the modification entirely adequate.

DISCUSSION

The total strains set up in the outer fibers of a buckled web are
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compound in nature, being made up of superimposed strains ceused by biaxial
loading. The total primary strain in a given direction may be considered
as made up of a strain due to a stress in the given direction and a strain
due to a stress in the direction normal to the specified direction.1® Sim-
ilarly, the total secondary bending strain in a given direction due to the
bending out of the web is made up of two parts: strain due to a bending
stress in line with the specified direction and a strain due to a2 second-
ary stress normal to the specified direction. In each case, the strains
due tc stresses normal to the specified strain direction are the result
of Poisson'!s ratio effect. Using the symbols of the preface, the above
may be expressed algebraicly for total strains respectively parallel and
normal to the buckle thus:

= & S
€c = €c - M€
€5, €5~ MEg
€s, = € - M €5
Combining the equations,€4 ,€ec , €< , €2 , and the corresponding

stresses, 93 , 0g , 0g , 05", are obtained thus:
ET +MEC
et = —Tﬁg
1- i
and 0y - E(ET+uEr) , etce
= =g

Experimentally the total strains are obtainable from the change in

readings of the SR-4 Wheatstone Bridge Control Boxs These are

loTimoshenko, S. and Mac Cullough, Gleason, He, Elements of Strength
of Material, (D« Van Nostrand Cos, Inc., New York, Second Edition, May
19b0), Pe 70
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where 414;, A4ly, etce., are the changes in micrometer readings. The sub-
scripts for the Al readings denote that they are different quantities.
Dividing the AM readings by two is due_to the doubling effect of having
active gages in two arms of the bridge circuit instead of one. It is to
be noted that the stresses as obtained by the above procedure will be
merely nominal stresses in the plastic range of the web material since the
value of E diminished at stresses above the proportional limit. Test val-
ues for beams tested, however, go only three to six hundred poundes above
the value corresponding to the tensile or compressive yield of the outer
fibers of the sheet, that is, yield values of LOOO0O psi. tension or com—
pression, which corresponded here to a shear stress of approximately 15000
peis Therefore, the values of the stresses shown, up to a shear stress of
15000 psi., may be considered as actual stresses.

Petersonil presented test data on a series of 25 inch depth beams
which indicated that the primary stresses in the tension corners of buckled
panels may be considerably greater than those at the center of the panel.
Since it might also appear that at the corner the radius of curvature of
the buckle, at least parallel with the buckle, might be greater than that
at the center, the stresses might add together to give a greater outer

fiber stress there than at the centers But such was not the case in any of

llPeterson, James P., "Strain Measurements and Strength Tests of 25
inch Diagonal Tension Beams With Single Uprights," Wartime Report 1~104,
N.A.CoeAvy ARR Noe I1~5J022, 1945
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the tests made for either pure shear or cantilever beam panels.

The principal information obtained from the light .025 pure shear
panel tests, Figures 10 through 13, was that of a test procedure. It was
concluded that thicker gage panels should be used so that the percent er-
ror in load readings would have less effect on corresponding strain read-
ingss The chief cause of the load error was due to sluggish functioning
of the hydraulic valves in the testing machine, making it difficult to
hold the load steady long enough to get asccurate strain readings« The
guaranteed accuracy of the testing machine itself is low in this range.
However, a worthwhile observation was made that reloading a prestressed
panel may cause it to buckle in a different way. Such was the case for the
panel of Figures 12 and 13, which buckled so that the crest of the buckle
moved 3 inch away from its original position under the gages. Even so, the
stress values resulting were not far different from those of the previous
teste

From the two tests on the «064 nominal gage panels, Figures 14
through 17, confirmetion of the statement made by Kounsl? regarding load
reversals was observed. At v=15330 psi., where the shear stress was sud-
denly increased to 18660 psi., dropped to 5328 psi. and then returned to
15330 psie, and at 7= 21300 psi., where the load was held constant approx-
imately 15 minutes, there is a noticable increase in strain and correspond-
ing stresss These separate tests indicated that two identical stress pan-
els would give practically identical stress results.

The pure shear test data obtained on the «040 nominal gage panel,

lzKouns, ops cit., ps 12
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Figures 18 and 19, furnish comparative figures for the subsequent beam pan-
el tests. Also indication was given that the stresses in the corners, both
primary, secondary, and totals, would be less than those in the center.

The results of the two tests made on beam panels having an a/b = 1.0,
Figures 20 through 23, show a maximum difference of outer fiber stresses of
32% parallel to the buckle (curves A and B, Figure 32); and 23% perpendic-
ular to the buckle (curves A and B, Figure 33), occurring at T = 12000 psi.
Excellent agreement is also observed between these results and the results
obtained from the pure shear panel plotted as curve G, Figures 32 and 33.
The results shown by Figures 20, 21, and curve A of 32 and 33 were from the
beam which had the 1/8 inch steel cap stripse Those of Figures 22, 23, and
curve B of 32 and 33 were from the beam with 3/8 inch cap stripse The lat-
ter buckled so that the crest of the buckle fell 1 inch off the center of
the gages running parallel to the buckles

The gages for the first beam tested having an a/b = 1.185 were locat-
ed by using the Stresscoat analysis data from 11s 113 worke However, the
buckles as they first formed fell so that the gages were directly between the
buckles, but after increasing the load still further the buckle straightened
up and came practically under the gagess As a result the values of outer
fiber stresses on planes parallel and perpendicular to the buckles at a shear-
ing stress of 15000 psi. were within 7% and 0%, respectively, of the values
obtained from the second test with a/b = 1.185. The gages of the latter

were 1/8 inch off the crest of the buckle at all times.

134i11s, ope cite
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The results of the first test are plotted in Figures 24 and 25, and those
of the second test in Figures 26 and 27 Reasonably small sidewise dis~
placement of the gages from the crest of the buckles as was present in the
second test seemed to have practically negligible effect on all stresses
read except the secondary bending stress on planes parallel to the buckle.
Even here the difference is small if the gages perpendicular to the buc-
kles are lapping over the crest as they were in this instance.

The results of tests having an a/b = 1l.455 and an a/b = 1.882, plot-
ted in Figures 28 through 31, show nothing new except that for a given
transverse shear there is a dropping off of all stresses with increasing a/b
ratiose The dropping off was even more pronounced for the test having an
a/b = 14882 and started approximately at T=8000 psie

Comparative results of all the a/b ratios testad were plotted in
Figures 32 and 33« For increasing values of a/b ratio and a given shear
stress, T , there is observed a definite tendency for the maximum outer
fiber stress on planes normal to the buckles to fall 6ff. The same tend-
ency is observed in stresses on planes parallel to the buckle although it
is less pronouncede This dropping off of outer fiber stresses for a given
shear stress is caused in this instance by holding "a" constant and de-
creasing "b"e As T/, is decreasing rapidly for such a condition, the
dropping off is probably more a function of T /T, than of a/b ratio alone.
Comparing the results of Figures 32 and 33 together shows that UZI-;GE in
absolute value for a given shear stress, T . However, confirming Kouns!

statement, the critical web condition is probably still that due to T4 .

llﬂ(oms, P.EL_E..j:E"’ pe 10
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In order to show how the experimental strains were converted to
stress, Tables I through V were prepared using the results of the test run
on the beam having the 1/8 inch steel cap strips on the chords and an
a/b = 1.0. Theoretical values of the primary stresses were calculated by
Kuha's latest methodl® and the results for an a/b = 1.0 ratio were tabu-
lated in Table VI of Appendix I.

To give a camparative overall picture of the experimental stresses
obtained and the theoretical primary stresses calculated by Kuhn'!s method,
Figure 34 was drawn showing the experimental primary stress values, Gg, Te,
as test points; the theoretical primary stress values @, Jc, as solid
lines; and the experimental outer fiber stress values as dotted liness Tt
is observed that within the limit of buckling stress set up by Kuhn6é (1o,
taking 1=12000 psi. as upper limit, which is the approximate value where
the outer fiber stresses pass from the elastic to the plastic range) the
theoretical stresses are very close in every case, having a maximum devia-
tion of 1% The theoretical compressive stresses, however, are as much as
100% too high for the a/b = 1,882 results, and average approximately 50%
high for the other &/b ratioss In calculating the theoretical shear stress,
since the ratio of upright thickness to web thickness, tyj/t, was greater
than 3, 2ll edges were considered clamped and the points for measuring
panel widths and depths for a/b ratios were taken as the points where the

sheet emerged from the stiffeners and chords as suggested by Kuhn'7.

15Kkuhn and Chiartio, ops cite
161pide pps 18=19 and 28
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Although Wagner'sl® predictions based on tests on brass sheets in
1936 have been questioned as being entirely too optimistié, his predicted
percentage overstress of the outer fiber stresses over the stress midway
between the two surfaces of the sheet for the center of the pznel agree
almost exactly with the results obtained in this report. However, the
value of stresses in the median area of the sheet, that is, the primary
stresses, that his theory predicts do prove to be slightly unconservative
for design.

In view of the fact that the total outer fiber stresses in the pan—
els tested were sufficiently high to be past the yield of the material and
produce permanent set at limit loading conditions of‘V/Tér £ 2, it seems
advisable to suggest that, if a panel is to be subjected to load reversals,
caution be used in applying the results of this report to it, especially
when the loading condition is such that design‘f/q-cr>34 Though most of
the present theories on incompletely developed tension field beams have
little or no such limitation placed upon them by statements of their orig-

inators, it is believed that such limitations exist and should be specifieds

CONCLUSIONS
The tests made indicated that strain measurements of secondary stress-
es as well as primary stresses can be made, and results with only slight
scatter of points obtazined provided care is used in locating strain gages.
The effect of slight mislocation of gages with respect to the buckle crest

produced practically unnoticeable effect on secondary‘stresses on planes

18Wagner, ops cite
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parallel to the buckles and also reasonably small scatter of secondary
stresses on planes perpendicular to the buckles.

Results also indicated that in the region of'V/1'cr tested, the
outer fiber stresses at the center of the panel would always be larger
than at the corners and in most cases the primary stresses also would be
largers Furthermore, the results indicated that the maximum excess of
the outer fiber stresses over the stresses on the median area of the web
would be approximately 25 to 30% for the beam dimensions used; which
agreed closely with values predicted by Wagnerl?: Such a relationship,
if further supported by a larger number of tests, could be used for set—
ting up an imperical relationship for obtaining total outer fiber stress-
es for designe Another consideration for setting up design expressions
is that of load reversals and fatigue. Although this will also require
considerable test data, the results obtained in this report indicated that
serious web damage may be produced by load reversals if the design condi-
tion is such that T/7 ., 23 (ises, a limit loading condition of T/T cr?-2)-
Thus, some such limiting criterion should be specified if the panel to be
designed is subjected to load reversalss

The magnitude of primary, secondary, and outer fiber stresses at
the center of the panel obtained also shows:

(1) a definite trend for the primary compressive stress to in-

crease, the primary tension stress and the secondary stresses
to decrease with increasing web thickness for pure shear panels

with a/b = 1.0, due to higher critical buckling stresses;

191pid.



16

(2) for a given thickness and a given shear stress, a definite
tendency for all stresses, primary, secondary, and totals, to
fall off with decrease in width, bj

(3) practically no difference in outer fiber stresses on planes
parallel to the buckle for an a/b = 1.0 between pure shear
panels and panels of beams with transverse shear load;

(4) a more pronounced difference in outer fiber stresses on
planes perpendicular to the buckle for an a/b = 1.0 between
pure shear panels and panels of beams with transverse shear
load, the maximum difference being within 16%, which could
probably be reduced with more test data.

The agreement of test results with theory for primary stresses a-

gree closely with the comparisons made to test data on 40 and 25 inch

depth beams made by N.A,C.A., <0

thus indicating the reliasbility of the
data herein presented on panels having larger thickness to beam depth
ratios then N.A.C.A. tests.

Further tests should be made by using beams with greater depths
and different gage thicknesses to confirm the conclusions drawn here on

secondary stresses.

2OKuhn and Chiartio, and Peterson, ops cit.
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DIACONAL TENSION STRESS, 0% , SSNTSR

TABLE I

ey
i o8

o

90
[

20y
«039 243T .EB, a/b = 1.0 Ref.Figs. 20 & 34
4 HEetm€e )
E=10.5% 10 A=, 33 R R o T T = 5/1000het. 1000(1- * )
LOAD 2%5 DECADE ;ggf}g a4k | n.g. 1 a sz. e,: ! Aeft. (€ eﬂ_f:) 3TRSS
1000 x10 x10 x10 x10 x107T [ 150003
0 Q 5030 «535 0 | 2.395 ] 0 0 0 2

300 756 1.336 .201 <93 | W9L3 | W311 | .656 | 770

600 1512 2,140 1.605 1.890 | 1.890 523 | 1.310 | 1540

900 2268 2.912 2. 377 2.800 | 2.8C0 .923 | 1.9L5 | 2290
1200 3020 %757 34222 7.790 | 3.790 | 1.250 | 2.432 | °100
1500 3775 44580 | L.O45 40750 | 4e750 | 1.507 | 3.309 | 3290
18C0 4530 5. 450 L.915 5.780 | 5.730 | 1.605 | L.1L6 | L4370
2100 5290 6.510 5+ 975 7.03¢ [ 7.030 | 2.310( 5.210 | 6130
2400 5040 7.635 | 7.100 8.350 [ 84350 | 2.750| 6.378 | 7500
2700 5800 8.960 | B.425 5,900 | 9.900 | 3.265| 7.725| 9100
3000 7560 10.190 | 94555 11.310 [ 11.350 | 3.740 | 9.020 | 1050
3300 8320 11. 480 | 10. 945 12.900 | 12.900 | 4.250 | 10.38C | 12200
3600 9020 12.775 | 12.2L0 L8400 | 14 0D | 4740 | 11.690 | 13760
3600 9020 L4y3) 0 0 2. 391 0
3900 9830 1. 240 1. 342 1.580 [ 15.980 | 5.270 | 13.060 | 1538C
4200 | 10580 2537 | 2537 2.980 | 17.380 | 5.730 | 1L.280 | 16200
4500 | 11330 3.Th0 3. 760 L. 400 | 18.800 | 6.200 ( 15.48C | 18200
L800 12080 5.075 5075 5.970 | 20,370 | 5.710| 15.80C | 19800
5100 | 12830 6.375 | 64375 7.500 | 214900 | 7.230| 18.080| 21300
5400 13600 7757 7757 9.130 | 23.530 | 7.750( 19.LOC | 22800
5700 14350 9.072 9.072 ! 10.A70 | 25.070 | 8.270| 20.630 | 24300
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ThLE II
PRIMARY DIAGONAL COMFRYSSIVE STRESS,Gc , C:INTER 747ES,
.039 24ST ®8, a/b = 1.0 Ref. Tigs. 21 & 3L

5 _ E(Ecr €t
E=10.5x 10 =33 Bompl =20l T = 5/1000het %€= T000(1-A )

LOAD | SHEAR | DECADE| MICRO. | -A¥ | B.S.F.| —a€ -€. -ME. | E€zm€)| STATSS
L READ Y 1074 %1074 | s107%| s107% | a107"|10000%
0 0 6640 | 13.610 0 2.402 0 0 0 0 0
200 756 12.865 | 745 83| .85 .287 | .565) -465
600 1512 12,113 | 1..97 1.760 | 1.760 | .380 | 1.137 |-1240
900 2268 11,405 | 2205 2.595 | 2.595 .855 | 1.672 |-1970
1200 3020 10.640 | 2.97G 3495 | 3.495 | 1.152 | 2.245 | -2640
1500 3775 9.980 [ 3.530 L+ 270 | Le270 | l.44l | 2.703 |-3180
1800 4530 9.309 | 4202 Le950 | Le950 | L.63L | 2.045 |=3580
2100 5290 84923 | L4537 5,520 | 5.520 | 1820 ( 3.210 |=3780
2400 60L0 8.520 | 5.090 5.980 | 5.980 [ 1.972 | 3.230 {-3200
2700 6800 8.008 | 5.602 6600 | 6.600 | 2.175 | 3.335 [-3920
3000 7560 7.600 | 6.010 7.070 | 7.070 | 2.330 | 3.330 |=3920
3300 8320 7.1 | 6.499 7.6L0 | 7.540 | 2.520 | 3.390 |=29%0
3600 9070 6.615 | 5.995 84230 | 84230 | 2,710 | 3.490 [=4110
3900 9830 6.086 | 7.524 84860 | 8.860 | 2.920 | 3.590 |-4220
4200 | 10580 5.61C | 8.000 9.410 | 90410 | 3.100 | 3.680 |-4330
4500 | 11330 5.048 | 8.562 10.030 {10.080 | 3.320 | 3.880 [-4560
4200 | 12080 Le395 | 9.215 10.820 |10.820 | 3.570 | 4.110 |-4830
5100 | 12030 3.758 | 9.852 11.580 |11.580 | 3.820 | 4.350 [-5120
5400 13600 2.988 | 10. 622 12,520 |12.,520 | 4.130 | 4.770 |-5610
5700 | 14350 2,170 | 11.440 i 13.470 |13.470 | 4.L4C | 5.200 [-6120




TAZLE TII
SECONDARY BEuNDING STRESS, 05’ , PARALLFL TO RUCKLE,
CxNTER GAGRS, .039 2LST ®B, a/b = 1,0 Ref., Fig. 20

6 - B B oz = E,(..e".*”‘:’}l
E=10.5%10 aa=.33 B:3.F = 20l T = S$/1000het s IO001- 48
LOAD | SHEAR | D:CADE | ..ICRO. B 237 | A€s | €d | m€l |E€-p€) "TATS3

20001 i x107% | 1074 | »2074] «1074 %107 100067
0 0 4569 1. 440 0 2. 495 0 0 0 0 0
300 756 1.511 | 036 <OkL| -Oih | 4015 |-.026 g3
600 1512 1. 575 .078 +096 | +096 | +032 | =053 62
900 | 2268 1.645 | .103 126 s126 | s0u2 [=i021 25
1200 3020 1.753 «157 <192 .196 | .063 | -.051 -55
1500 3775 1.919 < 24L0 «262) .292 [.095 | .020 =24
1800 | 4530 2,202 | .391 J478( L478 |.158 | 178 | =209
2100 | 5290 2,661 | 612 «750| +750 | o268 | 650 | =765
2400 o040 3.015 .788 +965| «965 | 2319 | 1,420 | =1670
2700 | 6800 3.310 | +935 Lo 1Ll 1. 14k [ 4378 | 2,456 | -2290
3000 | 7560 2.440 | 1.000 1.22311.223 | 4404 | 3,187 | =2750
2500 | 8320 3.551 | 1.056 1.291(1.291 | 4426 | LeCB9 | -LB1O)
300 | 9070 3.630 | 1.095 10261 |1e 361 | 43 | 4e6el | -5500)
3900 9830 3.700 | 1.13C 1.384 1. 384 | + 457 | 54516 | ~HLYC
4200 | 10580 3.762 | 1..161 2 422|14422 | 470 | 6.2L8 | =7330)
4500 | 11330 3.810 | 1.185 1.452(1.452 [ 4479 | 7.028 | -8270
4800 | 12080 3.916 | 1.238 151510515 | +500 | 8.025 | =9430
5100 | 12830 3.990 | 1.275 1.561|1. 561 | « 515 | 84559 | ~10080)
5400 | 13600 40102 | 1.331 1.631{1.631 | .538 [ 9.289 | -10920
5700 | 14350 Le200 | 1.380 1.688(1.688 | . 557 | 9.962 | -11720




TABLE IV 2%

SECONDARY BINDING STRESS, O&", FEZRPINDICULAR TO BUCKLE,
CENTSR GACES, 039 24ST "EB, a/b = 1.0 Ref.Fig. 21

3 oL E €5 +u€s
E = 10.5%10° v, 33 Ge5eFo = 2. 04 < 5/1000hgt = 1000 El-,c;

Lo | smmss | ot gamen. | 0K [asn |-a€d |oer | ous) | Ceue)| sTRmSS
10007 2 | w1074 x107% | x107% | «107% | <2074 | 10000%
0 0 5130| 11.650| © 2.50 0 0 0 0 0
300 756 11.561) QL5 .055 .055 -018 .0LO =L7
500 | 1512 11440 +105 129 .129| .ou3| .097| 1w
900 | 2268 1113 | 260 .318| .38| .105| .276 -325
1200 | 3020 10.935| 358 38| .e38| Js| .5 T
1500 3775 10.105| .773 « 945 « 945 «312 +8L49 -1000
1800 | 4530 8.399 | 1.526 1.990| 1.990| .656| 1.832| -2155
2100 | 5290 L. 715 | 3.L468 1.250| 4.250| 1.400| 2.002 | =4710
2400 | 6040 -.165 | 5.908 7.230( 7.230| 2.385| 6.911( -8130
2400 | 6040 6050( 13.790| © 2.505| 0
2700 | 6600 %2810 | 2.990 3.670| 10.900| 3.600| 10.522 | -12400
3000 | 7560 30767 | 5.012 6.140| 13.370| 4.410| 12.966 | -15220
3000 | 7560 6946| 13.8L0 | © 2,509 | 0
3300 8320 9.019 | 2.411 2.955| 16.325| 5.380| 15.899 | -18800
3600 | $070 40810 | 4,015 4.910| 18.280| 6.025|17.837 | -21000
3500 | 9070 8006 | 13.822| 0 2512 0
3900 | 98%0 94530 | 2.151 2.650| 20.920| 5.900 | 20.473 | -24100
1,200 | 10580 5,790 | 4.021 Le960| 23.240| 7.670 | 22,770 | =26750
4500 | 11330 1.805 | 6.0L4 7.420 | 25.700 | 8.480 | 25.221 | -29700
4500 | 11330 9989 13.697 | 0 2.515| O
L800 | 12080 9.515 | 2.591 3.195| 28.895| 9.5L0 | 28.395 | -33L00
5100 | 12830 5,610 | LeOLL 4.980 | 30.680 | 10.120 | 30.165 | -35400
5400 | 13600 1.420 | 6.139 70430 | 33.130 | 10.920 | 32592 | -38300
5,00 | 13600 | L 7901| 12.845| © 2511 ©
5700 | 14250 t 10. 341 | 1.752 ’ 2.160 | 35,290 | 11.650 | 34.733 | -L0800




(@]
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OTAL STRESSES FARALLEL

TABLE V

AnD THERPRUDICULAR TO 2MCKLE,

NTER 3»GES, +039 245T "B, a/b = 1.0 Ref.Tigs.32-34
SHEAR | oTHESY STRESS TOTAL | STRESS| 3TRESS | TOTAL
5Taed3 .| STRESS «| 5TR®SS
1000T| 10000%| 100005 | 10009 | 10009 | 10000 | 1000S¢

0 6 0 0 0 0 o)
756 | T7C| =31 | 739 | -665 A =712
1512 | 15401 =62 | 1470 |-1340 | =114 | =1454
2268 | 2290 | =25 2265 |-1970 | =325 | -2295
3020 | 3100 55 | 2155 |-26LC | -uul | =308l
3775 | 3890 24 | 391L |-7180 | -1000 | -41%20
L350 | L87C| 209 | 5079 |-3580 | -2155 | =5735
5290 | 6130 | 765 | 4895 |-3780 | -4710 | -2490
6040 | 7500 | 1570 | 9170 |-38CC | -8130 | -11930
6800 | 9100 | 2890 | 11990 | =3920 |=124C0 | -16320
7560 | 10600 | 2750 | 14350 |-3920 |-15220 | -191L0
€320 [ 12200 | 4810 | 17010 |-23990 |-1880Q | =-22790
9020 | 12760 | 5520 | 19260 [-4110 [-21000 | -25110
9830 | 15380 | 6490 | 21870 |-4220 | ~24100 | -22320
10580 | 15800 | 7330 | 24130 |-4330 | =26750 [ -31080
11320 | 18200 | 8270 | 26470 [=4550 |-29700 | -34260
12080 | 19800 | 9430 | 29230 |-4830 |=33L00 | -32230
12830 | 21300 | 10800 | 31380 |-5120 [=-35.00 | -40520
12600 | 22800 | 10920 | 33720 |-5610 |-38300 | =-43%10
14750 | 24300 | 11720 | 36020 | -5120 [~40200 | -46920

>



TABLE VI
THEGRETICAL STRES3ES FARALLEL AND FERPZNDICULAR TO BUCKLE

FOR a/b = 1.0 CALCULATED BY KUHN'S METHCD, 'R-L-367

SECTION PROFERTIES: CALCULATED DATA: (By "R-1-1367)
a/v= 1.0, Iy = +201 INk Ter= 34650 ksi, G, = +22
cheord
he= 10015,Iy = 8Le6 INk T=.002525 , Cp = 0 at center
Leam
- Aae o+ o ) noo= & = 0 -
t bt | - = a Y ~ 0 1&5 dtl ! ll 62
Jﬁv,nue AU 505 Ii 1 ’ ’ AUe/
op: Lamkar (1-i)] (Lekcy)(A*kCp)/Cy -—(1)
oc= [ (1-k)] (ke (1vkey)/Cy --(2)
LOAD | 4, e | 1060 » 1000~
5 Ter| k 'r Ik [ 1akC, | 0% -k | og
0 0
10]0] oh:L.L
1200 | .a28

1200 | len2 | +11 L5330 l.11 | 1.024 5150 «+89 | -41L0
2400 | LenSo | 20 o040 1.20 | L. ouL £80 .80 | -5060
5000 | 207 « 34 7560 1.34 | L.075 | 10600 56 | =5370
3600 | 20485 | «40 ga70 1.40 | 1.088 1382C «50 | =-5930
L200O | 20900 | 44 | 10580 leih | 1.097 16700 .56 | ~-6500
LBCC | 2. 210 | «47 120€0 1.47 | 1104 | 19500 «53 | =708C
S5LO0 | 26730 | 50 | 13600 1.50 | 1.110 | 22700 «50 | =7550
5000 | 4«10 | «53 | 15140 1.53 | 1.117 | 256C0 «47 | =7970
6600 | Le50G | «56 | 14660 1.56 | 1.124 [ 29300 Ll | -8280
7200 | Lo 900 | .58 | 18150 1.56 | 1.127 | 322G 42 | -8690

7800 | 54280 | «60 | 15680 1leo0 (| 1.132 | 35700 L0 | -8970
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