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SUMMARY

Experimental results are presented for the pure-bending strength of
53 multiweb beams of various proportions. The beams were fabricated from
758-T6 aluminum-alloy sheet material and had channel-type webs which had
been cold formed with bend radii of four times the web thickness. Local
and wrinkling modes of buckling were observed prior to failure. All
failures occurred with the formation of a trough in the compression skin
extending across the web attachment flanges. The stress levels achieved
at buckling and failure are discussed in terms of existing theory. Based
upon the failure stresses, design charts are presented which permit rapid
selection of the most efficient proportions for given values of an appro-
priate structural index.

INTRODUCTION

A current investigation by the Langley Structures Research Division
is concerned with obtaining experimental data on the strength character-
istics of thin wings with thick cover skins under various loadings. One
phase of the investigation is devoted to the study of multiweb construc-
tion in which the cover skins are stabilized by equally spaced full-
depth spanwise webs.

Multiweb-beam specimens representing structural sections of small
absolute depth, such as are used in stabilizers and thin-wing sections,
have been tested under a pure bending moment. These specimens were fab-
ricated from 75S-T6 aluminum-alloy sheet and tested to evaluate the
structural behavior and efficiency obtainable in multiweb construction
using channel-type webs formed from sheet material.

This paper presents the experimental results for 53 beams of various
proportions. The effects of varying the depth, spacing, and thickness of
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the webs on the mode of buckling and the falling strength are described.
Charts are also presented which, within the range of these tests, permit
the design of the most efficient multiweb beam with formed-channel webs

to meet given design requirements.

SYMBOLS

Symbols for dimensions of test specimens listed below are also
shown in figure 1.

Ay average cross-sectional area per chordwise inch, consisting of
area of compression skin over one cell plus one-half the area
of one web, all divided by the cell width, sq in./in.

bg web spacing, the distance from a point halfway between one rivet
line and web midplane to the corresponding point halfway between
next rivet line and web midplane, in.

by web depth measured between center lines of attachment flanges, in.

c beam width, in.

dr rivet diameter, in.

Fq distance from rivet line to back of web, in.

Fo width of attachment flange, in.

h center-line depth of beam, outside depth minus thickness of one
skin, dn.

I moment of inertia of beam cross section, in.u

T length of beam measured inside of end fixtures, in. (see fig. 2)

Mer bending moment at buckling, in-kips

Mg bending moment at failure, in-kips

M;i bending moment at failure per chordwise inch of multiweb beam,
in-kips/in.

PR rivet pitch, in.

ry radius of bend between web and attachment flange, in.
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tg skin thickness, in.
ty web thickness, in.
g average stress in cover skin at buckling, Mcrh/2I, ksi

average stress in cover skin at failure, th/EI, ksi
SPECIMENS

A multiweb cross section representative of 49 of the 53 tested beams
is shown in figure 1. Each of these beams had a constant depth and con-
sisted of three cells (four webs). The remaining four beams (speci-
mens 36, 37, 38, and 39 in table I(b)) had 1, 3, 5, and T cells, respec-
tively, with the flanges of all the webs turned in the same direction.
A1l beams were fabricated from nonclad 75S-T6 aluminum-alloy sheet with
compressive yleld stresses varying from 69.5 ksi to 75.3 ksi with an
average yield stress of 72.2 ksi. Numerous individual measurements of
beam dimensions were taken on each beam before testing, and averages of
these dimensions are given in table I.

Three-cell beams were assumed to give a good indication of multiweb
behavior. The validity of this assumption was borne out by tests on
beams with different numbers of cells, the results of which are presented
in figure 3. The use of more than three cells produces insignificant
changes in the buckling and failing stresses of the beams.

The length of the test section was designed to be five times either
the web spacing or the web depth, whichever dimension was larger, in order
to allow the free formation of a buckle pattern. At each end of the
beam beyond the test section, three angle-section upright stiffeners
were riveted to each web to stiffen the beam near the points of applica-
tion of the bending moment. ILengths given in table I were measured
between the inside edges of the end fixtures (see fig. 23

The width of the specimen was 3bg plus the additional width for
two attachment flanges. Web spacing bg was defined as the distance

from a point halfway between one rivet line and web midplane to the cor-
responding point halfway between the next rivet line and web midplane
(see fig. 1). This method of defining web spacing enables a good corre-
lation to be made between the local buckling stress calculated by the
method of reference 1 and the experimental buckling stress for those
beams that developed local buckling.
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Channel-type webs formed from flat sheet, which is the type used in
this investigation, require a bend between the web and the attachment
flanges. A preliminary check on the effect of varying the bend radius,
which in turn changes the eccentricity of the rivet line, indicated
significant changes in the beam failing strength (ref. 2). Changing the
bend radius from Mtw to 6tw reduced the failing strength by 15 per-

cent for the beams tested. Because of the appreciable detrimental effect
of larger bend radii on strength and because the 75S-T6 aluminum-alloy
webs could be consistently cold formed to a bend radius of Mtw without

cracking, the beams of this investigation were fabricated with a bend
radius of lty.

Cover skins and webs were joined by strongly riveted connections
through the web attachment flanges. The diameter and pitch of the
A17S-T4 aluminum-alloy flat-head rivets used are given in table I and
were selected on the following basis for strong riveting:

dg = tg + ty (1)

PR = BdR (2)

Equations (1) and (2) are based on past experience with stiffened panels
and indicate the rivet diameter and pitch which will develop the poten-
tial strength of the structure (ref. 3). Additional tests of a few beam
cross sections have indicated significant effects due to variations in
the riveting. Increasing the rivet pitch produced a decrease in failing
strength. Keeping a rivet pitch of 3 diameters, holding the rivet line
as close to the bend radius as production would permit, and making small
changes in rivet diameter produced no significant effect upon the failing

strength of the beams. Rivet lines were located l% rivet diameters from

the edge of the web attachment flanges. Attachment-flange width was
designed by the following formula:

F2 = tw + Ty o+ ;% + 2.5dR (5)

Use of this formula keeps the riveting as close to the plane of the webs
as the corner radii permit, with a l/52-inch tolerance for variations
in fabrication.

Beams were fabricated with three nominal ratios of web thickness to
skin thickness (tW/tS = 0.27, 0.41, and O.65>. For each thickness ratio,
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three ratios of web spacing to skin thickness (bs/ts = 25, 30, and MO)
and five ratios of web depth to web thickness (bwytw = 30, 40, 60, 80,
and 120) were designed. In addition, for tw/ts = 0.41, beams of
bs/ts = 60 were designed in each of the five depths.

INSTRUMENTATION AND TEST TECHNIQUES

Strains were measured at various locations on the specimens by means
of Baldwin SR-4 wire resistance strain gages. Continuous records of
strain against applied bending moment were obtained up to failure.

Longitudinal strains measured on the tension and compression skins
indicated the overall beam response to the applied bending moment prior
to buckling and were used to detect buckling on the compression skin.

On most of the specimens, compression-skin gages were placed back to
back in order that a strain reversal would be detected regardless of the
side of the sheet on which strain reversal occurred. For the few beams
where web buckling was expected prior to skin buckling, gages were
mounted back to back on the webs.

Moment-strain records typical of the multiweb beams tested are
reproduced in figure 4. The buckling moment was defined as the moment
at which there was a vertical tangent to the moment-strain curve (marked
as My, 1in fig. 4(a)). When a number of gages showed reversal, con-

sideration was given to the location of the gages with respect to the
buckle pattern. Only the moments indicated by those gages closest to
the buckle crests (or troughs) were averaged for a determination of
buckling moment. The difference in initial slope of the moment-strain
curves for back-to-back gages on the compression skin (Pig. h(a)) is due
to the difference in their respective distances from the neutral axis of
the beam.

For a few of the beams, strain reversal was not indicated either
because back-to-back gages were all located near transverse nodes of
buckles, or because gages were located only on one side of the compres-
sion skin and did not show a reversal. In both of these instances (as
in the right-hand curve of fig. 4(a)), buckling was defined as the point
at which the strain deviated sharply from its linear relationship with
moment since this point is close to the strain-reversal moment for back-
to-back gages. Where no definite break in the curve occurred, buckling
is given in table I by a bracketing range of stress values.

In order to measure the crushing forces present in the beam webs,
strain gages were placed on the neutral axis of one exterior and one
interior web of each beam and in the direction of the crushing strain.
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Back-to-back gages were used so that the crushing strain could be sepa-
rated from transverse bending strains (fig. 4(b)) which result from
eccentrically applied crushing forces. The gages were centered on the
neutral axis to minimize the components of longitudinal strain due to
bending of the web in its plane.

TESTING PROCEDURE

Before testing began, the ends of the multiweb specimens were bolted
to heavy end plates. This assembly was then placed in the combined load
testing machine of the Langley structures research laboratory, and the
end plates were bolted to the T-slotted heads of the machine (see fig. 2).

During a test, pure-bending load was applied continuously at a rate
which produced an increase in compression stress in the skin of from 1 to
5 ksi per minute. All other components of load were kept at zero during
a test. Falling moments were taken as the maximum moment which the
specimen supported and were measured with an accuracy of t1 percent.

RESULTS AND DISCUSSION

Buckling.- Two distinct modes of buckling occurred in the 53 multi-
web beams, and the stresses associated with these modes are given in
table I. In 15 of the beams, the joints between the webs and the skins
behaved as unyilelding supports having rotational restraint, and local
buckling of the plate elements occurred with longitudinal nodes along
the skin-web joints. This mode of buckling corresponds to the theory of
reference 1. Five of the beams which developed local buckling had a
thickness ratio of 0.63 and bS/tS = 40. The remaining 10 beams had a

thickness ratio of 0.41 and bg[tg = 40 and 60.

In 38 of the 53 beams, a mode of buckling occurred in which only
transverse nodes appeared on the compression skin at a spacing which
varied from 0.8 to 1.2 times the web spacing. This buckling is denoted
as wrinkling. The wrinkling mode has been observed previously in sand-
wich construction where the face plates develop short-wave-length trans-
verse wrinkles when the stiffness of the core material in the thickness
direction is low. Wrinkling in multiweb construction is similarly asso-
ciated with depthwise flexibility of the supporting webs. Reference 4
brings out the importance of an effective rivet offset distance in evalu-
ating this flexibility and presents a simple method for calculating
wrinkling stresses in multiweb beams.
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The correlation between calculated and experimental buckling stresses
is shown in figure 5. Reasonable agreement is obtained for the beams of
this test program if the effective rivet offset is taken as the distance
between the web midplane and the near edge of the shanks of the rivets.
The theory of reference 1 is used for those beams which buckled locally,
and the theory of reference 4 is used for wrinkling. For the beams with
the deepest webs (bw/tw = 120), buckling was initiated by the webs and

was adequately predicted by the theories of references 1 and 4.

Crushing effects.- Web crushing stresses measured in the multiweb
beams prior to buckling were small both in absolute magnitude and in
relation to their critical values. Interior webs developed about twice
as much stress as exterior webs. The moment-strain record for an inter-
ior web of one of the beams developing the most crushing stress is shown
in figure 4(b). The agreement shown between experimental web crushing
straln and calculated strain is typical for most of the specimens.

Cross-sectional distortions.- Dial-gage measurements made on the
center cross section of a typical beam as it was loaded to failure indi-
cated the absence of any appreciable overall cross-sectional-shape change
prior to buckling. Subsequent checks on other beams by visual observa-
tion with a straight edge laid across the compression skin also indicated
an absence of overall shape change. A slight dishing of both tension and
compression skins between webs was evident in the beams with large values
of bs/ts, as would be expected due to the action of the crushing forces.

Failing stress.- Regardless of whether local buckling or skin wrin-
kling occurred, all the specimens failed with the formation of a short-
wave-length trough which extended completely across the compression cover
of the beam. This mode of failure was associated with a local collapse
of the web in the region of the bend radius. No rivet failures occurred.
Because of the localized nature of the failure, the addition of upright
stiffeners to the webs of these beams would appear to have had little
effect on the beam strength unless the upright spacings were very small.

The 38 beams which developed wrinkling in the skin failed at stresses
less than 125 percent of the skin wrinkling stress. Thus, for multiweb
beams of these proportions which develop skin wrinkling, designing on the
basis of a failure load equal to 150 percent of the 1limit load will result
in a wing structure which has buckle-free skin under all design flight
conditions. The 15 beams which developed local skin buckling had larger
differences between buckling and failure, with the difference depending
on the buckling stress level.

Prior to buckling, beam behavior as evidenced by strain-gage readings
was in good agreement with elementary beam theory. Because the wrinkling
mode of buckling does not produce any appreciable redistribution of stress
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at any one cross section, the failing stresses for beams which developed
wrinkling were evaluated by

Op = — (&)

Beams which buckle locally, however, undergo a considerable redistribu-
tion of stress in the skin before failure, which builds up the stress in
the regions of skin adjacent to the webs. Because there was one more

web than there were cells, the total moment for beams which buckled
locally was reduced by the amount carried by one web and beam overhang
after the stress buildup, and the moment of inertia was correspondingly
reduced. The moment carried by one web was computed from strains meas-
ured by long strain gages (Baldwin SR-4 type A-9) placed on the skin over
the webs.

The average stress in the skin at failure for 75S-T6 aluminum-alloy
multiweb beams with formed-channel webs with a bend radius of htw is

shown in figures 6 to 8 and is listed in table I for the specimens tested.
The symbols are experimental values, adjusted for the beams that developed
local buckling, and the curves (based on several types of cross plots)

are faired to give the best fit to the experimental data.

Failing stress Bf is plotted against the ratio of beam thickness

to skin thickness h/tS, since these dimensions are usually fixed by ini-

tial design considerations. Results for ratios of web thickness to skin
thickness ty/tg of 0.27, 0.41, and 0.63 are shown in figures 6, 7, and

8, respectively. The curves indicate that, for any given web spacing bs,
the failing stress is reduced slightly as the beam depth increases. This
stress decrease results from a deflectional-stiffness decrease in the
formed-channel webs as the depth increases. Higher failing stresses
result from closer web spacing and increased web thickness. With respect
to the general stress level achieved at failure, it was noted that, for
many of the beams which developed skin wrinkling, the failing stresses
were less than the buckling stresses predicted by references 1 and 5 for
integral structures of the same dimensions.

Design charts.- From aerodynamic considerations, a general airfoil
shape is usually specified so that the structural design has given values
of applied bending moment per chordwise inch M; and beam depth h, where
h 1is the distance between center lines of the tension and compression
skins. TIn addition, a minimum skin thickness tg may be specified for

torsional stiffness. Design charts incorporating these quantities are
presented in figures 9 to 11 for 75S-T6 aluminum-alloy multiweb beams
with channel-type webs formed with a bend radius of htw. Figures 9, 10,
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and 11 are for ratios of web thickness to skin thickness tw/ts of 1027,
0.41, and 0.63, respectively, and present M; lh as a function of h/ts
for values of bs/ts of 25, 30, and 40. The design curves shown were

calculated from the experimental curves of average skin stress at fail-
ure (Pigs. 6 to 8).

When figures 9, 10, and 11 are entered with a fixed value of Mi/hg,
various combinations of bs/ts, tw/ts, and h/ts can be obtained for a
variety of cell proportions, any of which will carry the design load at
the design depth. The most efficient of these combinations will be the
one with the smallest cross-sectional area. The cross-sectional area of
the beams in this investigation is expressed as a nondimensional ratio
Ai/ts where

Ay, O:Stufts e S 5 (5)
For tw/ts = 0.27,
L e + 6. u7> (6)
tg bg/tg ts
for tyltg = 0.4,
Ay _ 0.205 < )
—= =1+ + 7.75 (7)
tg bg/tg \tg
and for ty/tg = 0.63,
ﬂ=1+_3_20-1< +976> (8)
tg bg/tg \tg

The use of the design charts and equations (5) to (8) is shown in
the illustrative examples.

Efficiency chart.- When a particular structural configuration is
proposed to satisfy aerodynamic, structural, and production requirements,
it frequently is useful to know how the compromise design compares with
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the most efficient design that would be obtainable without satisfying
all the requirements. One type of beam efficlency chart is shown in
figures 12 and 13. The average stress level in the compression half of

a beam M;/Ajh is given in terms of a structural loading index M;/hZ.

The most efficient beam for a given depth and moment will be the one
developing the highest average stress.

For each value of tw/ts, the most efficient test specimens were
those having a value of bs/ts = 25. Figure 12 shows the effect on the
efficiency of a variation in the ratio bS/tS fon tw/ts = 0.63 and is

typical of the other thickness ratios. Figure 1% presents the efficiency
curves for each of the thickness ratios at a value of bs/ts = 25, and,

as can be seen, the thickness ratio tw/ts = 0.63 1s the most efficient

over the range of the experimental program. Since values of bs/ts = 25
and tw/ts = 0.63 also correspond to limiting values of these parameters

in the experimental program, it is not obvious that they are the most
efficient that could be obtained with the formed-channel type of con-
struction. However, extrapolation of the failing stresses as functions
of the ratios tw/ts and bs/ts as well as a study of predictions

based on the theory of reference 4 indicates that close to peak efficiency
is obtained at values of ty/tg = 0.63 and bg/tg = 25.

These efficiency curves show that, for multiweb beams with formed-
channel webs, the most efficient proportions do not correspond to those
found in references 1 and 5. In references 1 and 5, local buckling and
a mode of failure associated with local buckling were assumed to occur,
whereas the beams of the present investigation failed in a mode asso-
ciated with wrinkling.

Efficiency charts such as figures 12 and 13 are useful not only for
comparing various multiweb designs but also for comparing other types
of skin stabilization such as stiffened-panel or multipost stiffened
construction. Such comparisons should serve as a guide in determining
the limits of efficient wing construction for each type of internal struc-
ture. Design of multiweb beams on an efficiency basis is illustrated in
the following section.

TLLUSTRATIVE EXAMPLES

By use of the design charts (figs. 9 to 11) two examples are worked;
each gives the most efficient design for the stipulated conditions of the
problem.
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Example 1.- From aerodynamic considerations, Mj is required

to be at least 37.5 in-kips/in., and an average beam depth over the
structural portion is 5 inches. In addition, a minimum skin thickness
tg = 0.188 inch is required to provide torsional stiffness. Thus

Mi/h2 = 1.50 ksi, h/ts = 26.6, and bg and ty can be varied to give
the most efficient structure.

Entering the design charts (figs. 9 to 11) with these values and
using equations (6) to (8) yields the following values:

ty/ts b /tg A [tg Aj

097 & 1.179 0.222
41 31 1.227 .231
.63 40 1.286 242

The structure having the smallest value of A; will be the lightest and,

therefore, the most efficient. Thus, for the stipulated conditions
Mi/h2 = 1.50, h =5 inches, and tg 2 0.188 inch, the most efficient

structure is

A; = 0.222 inch

bg = 4.70 inches
tg = 0.188 inch
t,; = 0.051 inch

If the skin thickness is not restricted, a more efficient design
than the one above could be obtained. As shown in figure 13, the most
efficient design at Mi/h2 = 1.50 1is tw/ts = 0.63 and bS/tS =025,
for which tg = 0.121 inch and A4 = 0.198 inch.

Example 2.- Redesign the beam in example 1 with the further require-
ment that the web spacings must be at least 6.5 inches.

Having a minumum web spacing specified as well as a minimum skin
thickness leads to an initial requirement of bg/tg 2 34.6. Since only
one of the three designs in the first example satisfies this requirement
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(tw/ts = 0.63, Dbg/tg = 40), a heavier skin will be required for trial
designs having values of tw/ts = 0.27 and 0.41. Using the next heavier
standard gage tg = 0.250 inch requires values of hftg = 20.0 and
bg[tg = 26.0.

In a manner similar to that in the first example, the following
values are obtained for tg = 0.250 inch:

tyfts bs/ts A ftg Ay
Q.27 55 1,102 0.276
JAa iTe) 1.1k2 .286

It can be seen that the use of heavier skin reduces the efficiency in
this example. In the first example, as thickness ratio was decreased,
efficiency increased. A plot of values of bs/ts against tw/ts shows

that ty/tg may be as low as 0.50 when bg/tg = 34.6. Using a standard
sheet gage of ty = 0.102 inch gives values of tw/ts = 0.54 and

bS/tS = 36.0. From equation (5), A; can be computed to be 0.238 inch.
Thus, the most efficient structure for Mi/h2 = 1.50 ksi, h = 5.0 inch,
tg 2 0.188 inch, and bg 2 6.5 inch is

A; = 0.238 inch
bg = 6.76 inches
tg = 0.188 inch
ty = 0.102 inch

which is a heavier structure than that in example 1 because of the added
restriction on web spacing.

SUMMARY OF RESULTS

Experimental results have been presented for the pure-bending
strength of 75S-T6 aluminum-alloy multiweb beams fabricated with channel-
type webs formed with a bend radius of four times the web thickness. The
following observations were made of the tests:
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1. Local buckling of the plate elements and wrinkling of the entire
compression skin were the two modes of buckling that occurred, and the
agreement with buckling theory was satisfactory.

2. All beams failed with the formation of a trough in the compres-
sion skin across the web attachment flanges. For the type of failure
experienced, no gain in strength would be expected by the addition of
upright stiffeners to the webs unless the upright spacings were very
small.

3. Due to the adequacy of the strongly riveted connections, no
rivet failures were experienced. Increasing rivet pitch produced
decreasing failing strength, but small changes in rivet diameter produced
no significant change in beam failing strength.

4. Three-cell beams gave a good indication of multiweb behavior.
The use of more than three cells produced insignificant changes in the
buckling and failing stresses of the beams.

5. Measured crushing forces in the webs prior to buckling were in
good agreement with theory and always were small.

6. The average skin stress at failure can generally be increased
by any of the following: decreasing web depth, decreasing web spacing,
and increasing web thickness.

Design charts presented make possible rapid selection of efficient
designs. An efficiency study indicated that, for the type of beam tested,
close to peak efficiency was obtained with values of the ratios of web
thickness to skin thickness tw/ts = 0.63 and web spacing to skin

thickness bg/tg = 25.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., January 20, 195k.
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TABLE T.- DIMENSIONS OF MULTIWEB BEAMS AND TEST RESULTS

s

(a) ty[tg = 0.27

= 0.91 inch; ryfty = 4; dg = 1/4 inch; Py = 3/ incﬁ]

t

Me,

b b b F c h B T o G

i w2 g W2 S 1 ) ) ’ P Nt ftalba el R/t cr» i)

iadamens ST T 5 ¥ o Wil e in. [in. [in. | ip. b4 w[ts|Ps s [ts in-kips | ksi |ksi
il .051210.190]1.52| 4.68| ----115.35| 1.76| 28.6| 4.75|0.270|2k.6 | 9.3 215 38.3|39.8
2 0513 .184 2.0414.68/0.56|15.40| 2.28| 28.6| 7.80| .279|25.4% [12.k| 266 37.2| 38.9

3 .0512| .182[3.06|4.69| .50|15.40|3.30| 28.5|16.21| .281|25.8 |18.1| L20 42.8| 42,
L .0515| .186|4.11 (k. 71| .54|15.4%0|L4.35| 28.5(30.16| .277|25.3 234 519 27.0| 574
5 L0514 | .186[6.14|4.69| .57|15.40|6.37| 35.3|65.81 .276|25.2 |34.2| 650 sl 2LaLE
6 .0521| .190|1.54(5.65| .54|18.20|1.78|33.1| 5.75) .274|29.7 | 9.4 217 52:2 55.6
Vi .0518| .185[2.08|5.65|----|18.22|2.31| 33.1| 9.62| .280 305 | 12.51 276 30.4|33.1
8 .0517| .184]3.07|5.64| .54|18.20|3.30| 33.0/19.55| .281 30.7 |17.9] 388 31.4] 32,7
9 .0508| .192|6.14(5.65| .54(18.21|6.38| 35.3|77.77 .265(29.4 (33.2} T15 agi:g 29.3
10 .0506( .192|1.56(7.50| .52|23.83|1.80|42.8| 7.65| .26k 39.1 | 9.4 210 23.3| 24,7
11 .0508| .189|2.08|7.50| .54|23.81|2.32|42.8|12.60| .269 39,7 [ T2.5]. " 270 22.51295.6
12 .05081 .18913.09|7.48| .54|23.84|3.33|42.8|26.35| .269|39.6 17.6| 388 21 518l .5
13 0507 .189(4.10(7.53| ----[23.82( 4. 34| 42.8| k.87 .268(39.8 23.0| 498 21.8/24.1
14 .0512] .189(6.15|7.50|----|23.80(6.39| 42.8|98.86| .271|39.7 | 33.8 45 ag}-g ey

8Average stress in cover skin when webs buckled.
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TABLE I.- DIMENSIONS OF MULTIWEB BEAMS AND TEST RESULTS - Continued

(b) tw/ts = 0.41

[Fz = 0.76 inch; rw/tw = 4; dp = 3/16 inch; pg = 9/16 incg}

: ty, tg, | bws, | Pbg, | Fi c, h, L, I, tufte [balt 1 nlt Mg, Ocrs o,
Speelenili S, in. | in. |in. | in. | tn. | 1n.| 1n.| in.* Wfts [Bsfts| Bts in-kips ksi Kksi
15 0.0504 | 0.125] 1.55] 3.12| 0.49]10.42| 1.73| 20.6 | 2.14 | 0.403 | 25.0| 13.8 104 36.4 k2.0
16 .0505 | .126| 2.05| 3.12| .50|10.42| 2.22| 20.7| 3.64 4ol | 24.8| 17.6 146 38.4 Wy 7
17 .0511 | .125( 3.08| 3.12| .48|10.42( 3.26| 20.7| 7.98 409 | 25.0 26.1 212 38.8 4z.3
18 L0503 | .125| %.08| 3.12| .44{10.41| 4.26] 25.2 ] 13.91 402 1 25.0 341 268 32.0 to 39.7| 41.0
19 0510 | .126| 6.15] 3.14| .50[10.38| 6.32] 35.3 | 32.38 | .4o5 | 24.9| 50.2| 39k agg:g 38.5
20 L0500 | .125] 1.56| 3.74| .48|12.27| 1.74| 23.5| 2.50 400 | 29.9| 13.9 119 37T hi.y
oL .0500 | .125| 2.08] 3.75| .48|12.27| 2.26] 23.5| L4.30 .4o0 | 30.0| 18.1 139 33.4 36.5
22 0502 | 1251 3.101 3.75| .48j12.27| 3.281 23.5! 9.31 bo2 | 30.04 26.2 204 3L.5 35.9
23 .0502 | .126 | 4.08{ 3.75 g lalee) steor | [T Tt IEaTos ol | (S5 s A .398 | 29.8| 33.7 265 31.7 35.0
24 L0513 | .128| k.14 | 3.80| ----|12.25| 4.32]| 25.2 | 16.86 4ol | 29.7| 33.8 292 37.0 BTD
25 L0506 | .125| 6.17| 3.75| .48|12.27| 6.35] 35.3 | 37.15 .k05 | 30.0| 50.8 388 agg-g 33.2
26 099 [ 125 1.56| k.99 | ----[16.06 [ 1.74| 29.7 | 3.22 .399 | 39.9| 13.9 111 25.8 30.0
27 0507 | 125 2.08]| 5.00| -~---|16.06/| 2.261 29.7 1 5.52 .4o6 | 4o.0| 18.1 148 25.8 30.3
28 L0501 | .12k | 3.12]| 5.00| .46[16.07{ 3.30] 29.7 | 11.94 hok | 4o.3 | 26.6 196 22.2 Ol
29 .0506 | .125]| 4.10]| 5.00 | .46]|16.05| 4.28] 29.6 | 20.56 .405 | 40.0| 34.2 265 24.2 27.6
30 .0509 | .125|6.17|5.00 | .48|16.05| 6.35] 35.5 | 46.73 | .ho7 | 40.0|50.8 | 385 {;gi-g 26.2
31 <0505 [ 126 | 157 | 746 | ====|25. 5% | 1.7 42,00 { .70 .bo1 | 59.2]13.8 124 12.0 22.4
32 L0510 | L125 | 2.02 | ke | ====] 2352 | 2.30 |i42.0 8.18 409 | 59.9 | 18.4 156 1,5 288l
33 .0501 | .125] 3.12| 7.51| .48|23.52| 3.30| 42.0 | 17.06 4ol | 60.1 | 26.4 234 3010 21.9
3L .0508 | .125| 4.12| 7.50 | .4h4|23.52| 4.30 | 42.0 | 29.34 406 | 60.0 | Bh4.k4 307 11625 21,5
35 L0499 | .125| 6.17| 7.50 | .48|23.52]6.35]| k2.0 | 65.46 .399 | 60.0 | 50.8 430 STEIIT: 195
b34 L0509 | .125]| 3.60] 3.75| .48| 4.51]3.78]23.5| 4.82 407 | 30.0| 30.2 95 30.6 37.2
357 .0519 | .125| 3.58| 3.76 | .47|12.02] 3.76 | 23.5 | 12.24 SHIGH | Sleloal i telaal 252 37.1 38.6
38 L0507 | .126 | 3.58 | 3.74 | .48|19.50 | 3.76 | 23.5 | 19.73 403 | 29.7129.8 398 35 37.9
bzg 0504 | 195 | 3.58 | 3.75 | drler.ok | 3.76 125.5 | 27.03 411 | 30.0 30.1 559 37.9 38.9
aAverage stress in cover skin when webs buckled.
bSpecimens 56, iy 58, and 39 have 1, 3, 5, and 7 cells, respectively.
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TABLE I.- DIMENSIONS OF MULTIWEB BEAMS AND TEST RESULTS - Concluded

(c) ty[tg = 0.63

[Fe = 0.60 inch; rw/tw = 4; dg = 1/8 inch; Py = 3/8 incﬁ}

. tws tg, by, bg, Byl e, h, L, L, Mg, Ocrs Ef;
e in. | in.| in.| in.| in. | in.|-in. |in. ¥ tW/tS bg/ts htg in-kips| ksi |ksi
Lo 0.0520(0.0825(1.55(1.99|0.41| 6.84|1.68 k.71 0.97(0.630| 24.1|20.4 59.0 | 46.3|51.1
41 -0505| .0823|2.07(2.02| .40| 6.842.20(15.1| 1.70| .61k 2h.5|26.7 77.9 | 49.6]/50.4
Lo .0503]| .0836|3.08|2.07| .42| 6.85|3.22 19.9/ 3.95| .601| 24.7/38.5 | 121.0 | 48.6 49.3
L3 L0514 | .0835|k.11|2.04| .41| 6.84 L.25125.2| 7.14| .615| 24.5(50.9 | 161.0 | 46.L k7.9
Ly .0512| .0828|6.13|2.02| .40| 6.80|6.26 35.3116.72| .619| 24.4|75.7 | 228.5 agf-i 42.8
L5 .0519( .0830|1.55|2.41| .L42| 8.06|1.69(16.9 1.13| .624%| 29.0(20.4 61.2 | 39.8/L45.8
46 .0k99| .0828(2.07[2.44| .Lko| 8.06|2.20[16.9 1.92{ .602| 29.5|26.6 76.2 | 33.5|43.7
47 .0507( .0839|3.08[2.49| 44| 8.07|3.22|19.8 4.591 .605| 29.7(38.4 | 116.3 B9ea|ilig]
48 -0512| .0825|6.16|2.45 .43| 8.07(6.29(35.3(18.93| .621| 29.7|76.2 | 211.0 a58-9 35.1
L9 .0513| .0834|1.55|3.24 .40|10.50]1.68{21.1! 1.40 6151 3B.9120.2 59.0 | 27.2| 35.4
50 .050k4| .0838|2.06|3.25| .40 10.5012.19|21.1| 2.44| .601| 38.8|26.2 81.6 | 29.8|36.6
51 -0503| .082413.06(3.21| .40{10.50|%.19]21.0 5.33] 6111 30,0858 8 a5 B0 1 =8
52 .0518( .08%2|4.08|3.24| .40[10.50[L.22 25.2| 9.78{ .622| 39.0!50.7 | 152.0 | 25.4 32.8
5 -0513| .081416.17|3.26| .42/10.50/6.30(35.3|22.76| .630| %0.1|77.5 | 215.0 {éig-g 29.8
®Average stress in cover skin when webs buckled.
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Figure 2.- Multiweb beam after pure-bending failure mounted in combined
load testing machine.
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Figure 3.—Effect of variation in the number of cells on the strength of multiweb beams loaded in pure bending.
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Figure 5. — Comparison of theoretical and experimental buckling stress,
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Figure 8.— Failing strength in bending of 75S-T6 aluminum-alloy multiweb beams with formed-channel webs .
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Figure 12. — Efficiency chart for 75S-T6 auminum-alloy multiweb beams with formed —channel webs. :—w =0.63.
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Figure 13.— Efficiency chart for 75S-T6 aluminum-alloy multiweb beams with formed-channel webs.
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