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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 862

AN INVESTIGATION OF THE EFFECTIVENESS OF STIFFENERS
O SHEAR-RESISTANT PLATE-GIRDER WEBS

By E. L. Moore
SUMMARY

The results of 60 different tests on 2 aluminum
alloy 17S—T plate girders are presented to show the in-—
fluence of size and spacing of stiffeners upon the buck—
ling characteristics of shear-resistant webs within the
elastic range, It is demonstrated that stiffeners in-—-
crease the stability of a web by retarding the formation
of buckles and by providing partisl edge restraint to the
subdivided panels., An empirical method of proportioning
stiffeners is proposed which recognizes both of these
stiffener functions, and comparisons are made with design
procedures based upon theoretical considerations of the
buckling problem, Also, some experimental data are pro—
vided to show the effect of stiffener size and spacing
upon ultimate wed strengths.

IN eﬂODJCTION

Although stiffeners have been used for many years to
prevent shear buckling in plate girdérs of structural ,
steel, apparently little progress has been made in plac—
ing the design. of stiffeners for this class of structure
upon.a rational basis., The specificatidéns for steel rail—
way bridges adopted by the American Railway Engineering
Association in 1910 required that the width of outstand-
ing leg on intermediate stiffeners should be not less than
one—thirtieth of the depth of the girder plus 2 inches, ,
and this same requirement is incorporated in the 1938
specifications. In plate girders with a uniform depth,
no provision is made for varying the size of stiffemner
as stiffener spacings are varied; this proéedure is ob—
v1ouslv essential for a balanced des1gn.

The 1ncreasing emphasis be1ng placed upon the use of
more accurate methods in the design of light—-weight
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structures, particularly those for aircraft, requires some
congsideration of the stiffener problem. In reference 1
(p. 418) Timoshenko gives some data pertaining to the
flexural rigidity of stiffeners required to stiffen panels
of different proportions. (See also reference 2.) Although
theoretically the stiffener size increases with the number
of stiffeners used on any given web, only cases involving
one and two stiffeners have been considered. In the ap—
plication of these results to practical design, Timoshenko
assumes a required stiffness no more than double that in-
dicated by the theory for one stiffener,

The empirical formula for stiffener size given in
reference 3 is based upon a proposal by E, Chwalla found
in reference 4. (See also reference 5.) This solution
appears to be somewhat more suited for design than the
analysis of Timoshenko because it covers any number of
stiffeners.

The value of any solution on the basis of design de-
pends upon how closely it predicts actual behavior. Any
attempt to correlate tests results and the theory for
shear buckling in stiffened plate—girder webs, of course,
involves a number of complicating factors. FProbably of
foremost importance is the fact that definite critical
buckling loads usually cannot be experimentally deter—
mined, either for the individual web panels between stif—
feners or for the stiffened panels as a whole, Because
of eccentricities of loading, lateral deflections may oc-—
cur in both stiffeners and web from the early stages of
a test and no point that might be called eritical, or
might serve as a basis for judging the effectiveness of
a given stiffener, will be observed, Complete failure of
a web as a shear—-resistant member usually cannot occur
because of the redistribution of stress that accompanies
large deflections; hence the significance of a critical
buckling load in shear, even if it could be definitely
determined, is somewhat gquestionable.

The objects of this investigation were: (1) to de-
termine experimentally the influence of size and spacing
of stiffeners upon the bdbuckling characteristiecs of shear-—
resistant plate—girder webs within the elastic range;

(2) to evaluate,as far as possible from 'the test results,
certain methods of stiffener design that have been pro-
posed; and (3) to obtain some information on the influence
of stiffener size and spacing upon ultimate web strengths.

-
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DESCRIPTIONS OF SPECIMENS

All the stiffener tests were made on two plate gird-—
ers, designated specimens A and B, which were fabricated
from 175—T aluminum—-alloy plates, angles, and rivets.
Figures 1 and 2 show the structural details of the two
girders and give the pr1n01pa1 stress and deflection fac—
tlonistfior. Lhe type of loading used.

Table I summarizes the results of mechanical prop—
erty tests on the plate and angle materials. The tension
tests were made according to the method of reference 6;
the compression tests were made by the single—thickness
method described in reference 7. All strength values are
considerably above the guaranteed minimums (see reference
8) for 17S—T, although they are not outside the range of
properties frequently obtained on sheet and extruded forms
of this alloy: From the values ¢f yield strength obtained
for the webs in both tension and compression, the yield
strength in shear, which is of particular interest for the
purpose of these tests, was estimated to be in the vicin—
" ity of 24,000 pounds per square inch.

Although the choice of web proportions was quite
arbitrary, an attempt was made to provide specimens in
which dlfferent stiffener spacings would give a wide range
of buckling resistances within the elastic strength of the
web material. The flangzes were proportioned to provide
comparatively low ratios of maximum bending to shear stress
in order to minigize the effect of bending upon the buck—
ling of the webs, This feature of the design is empha—
sized by the fgct that the ratios of shear to bending de-—
flection at the center of the spans under central concen—
trated loads were computed to be approxlmately Sisdiiflor
both g1rders.

Figure 3 shows the different stiffener spacings, in-
vestigated and gives the theoretical buckling loads and
corresponding average shear stresses for the subdivided
panels, assuming simply supported edges. (See reference,
9, p. 60.) Panel widths were .assumed to be equal to the
distances center to center of intermediate stiffeners.

Eight different sizes of intermediate stiffener an-—
gles of 17S-T, ranging from 1/2. by 1/2 by 1/16. inch.to

1% by 1% 1nches by 1/4 inch, were .provided, although all
sizes were not used for each spacing indicated in figure
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d Pigure 4 shows the details of these stiffener connec-
tions.

PROCEDURE

Iy

Figure 5 shows a typical test set-up in the 300,000~
nound capacity Amsler testing machine. Central concen-—
trated loads were applied on both girders, the end reac-—
tions being carried through aluminum—-alloy plate and shelf-
angle supports bolted to the end stiffeners. Roller—
bearing supports were used as indicated to permit free
movement at the ends of the span, resulting from lengthen-
ing of the bottom or tension flanges. :

leasurements of lateral deflection, which were used
to indicate. the buckling characteristics of the webs and
the stiffeners, were made by means of the apparatus shown
in figure 6. The use of a dial indicator, graduated in
thousandths of an inch, between the webs of the girders
and a reference bar held against the top and bottom flanges
made possible the rapid determination of deflections within
0.001 or 0.002 inch, Readings were taken at seven differ—
ent stations over the clear depth of each web on sections
spaced 2 to 4 inches along the length of the girders.

In order to determine experimentally the effect of a
number of different sizes and spacings of stiffeners upon
‘the behavior of a single web, it was necessary to produce
fairly definite buckle patterns for each case without
exceeding the elastic strength of the material. For cases
involving relatively few stiffeners this requirement was
easily met although, as the number of stiffeners increased,
it became increasingly difficult to obtain the desired
buckle patterns without producing permanent sets. The
theoretical buckling loads for an assumed condition of
simply supported edees (see fig. 3) were used as a guide
in the selection of safe loads, although in no cases were
the average shear stresses allowed to exceed 20,000
pounds per square inch, or a value slightly below the
shear yield strength estimated for the web material used.
Loads were applied in increments up to the maximum value
selected for each case, after which permanent—set measure-—
ments were made.

Figure 3 indicates the order in which the different
stiffener spacings were investigated on each girder.: The
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first tests were made on the largest two panels without
stiffeners, labeled First test; later tests involved 1,
2 By, onr ¢ awiEteners, lLabelied geries I, series II,
and so forth. Table II indicates the sizes of stiffeners
included in each series., The smallest stiffeners for
each spacing were selected as far as possible from theo—
retical requirements (reference 1, p. 418), while the
largest sizes had a stiffness many times the theoretical
values. The order of tests was generally according to
stiffener size, starting first with the smallest single
angle to be investigated for a given case and proceeding
through a series of 4 to 10 different tests to a pairiief
the larger angles. The tests for any particular spacing
were stopped when a pair of stiffeners was obtained that
showed relatively 1ittle lateral deflection as compared
with the deflection found for the wedb panels, provided
such a condition could be obtained with the stiffeners
available and without exceeding the imposed limit of
20,000 pounds per sguare inch for average shear stress.

Lateral—deflection measurements in each test were
limited to the half of the span where the stiffener
sizes were varied (series I, II, III, ete.), which, as 1is
indicated in figure 3, alternated from side to side with
each change of stiffener spacing. The sizes and spacings
of stiffeners used on the opposite half of the girders
for each series (fig. 3) generally produced a more stable
web condition than that to be investigated; hence deflec—
tion readings throughout the length of the span in each
test were not deemed necessary.

The method used in determining the flexural rigidity
of single—angle stiffeners differs from the methods that
have been proposed by other investigators. Instead of
using the moment of inertia for an angle alone, about the
face of the web to which it was attached, an effective
width of web equal to 25 percent of the clear depth was
assumed to act with each stiffener, The justification
for such a procedure regarding effective widths 1s based
upon observations made in a previous investigation. (See
reference 10.) The use of an axis in the face of the web,
which recognizés the stiffening influence of the web ,
seems somewhat inconsistent in that it implies a different
effective width for each size of stiffener, For a 1/2—
by l/2~ by 1/16~inch angle on a 1/8—inch web, for example,
an effective width of web of 1 inch is sufficient to shift
the neutral axis for the combined section to the face of
the web. For a 3/4— by 3/4— by 3/16—inch angle, however,
approximately 8 inches of effective width are required for
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a-corresponding change in the position of the neutral axis.

Table,.III shows a comparison of moments of inertis
for all sizes of angle determined by the two methods. <for
the- small single amgles the values obtained when an effec-
tive width equal to 25 percent of the depth was assumed
were larger than those computed for the angles alone about
an axis in the face of the web; for the larger angles this
relative position was reversed. Although the differences
between moments of inertia computed by the two methods are
in most cases not. significant, the effective—~width method
seems to provide a more logical basis for the interpreta—
tion of test results, Effective widths of web were ne-—
glected in computing moments of inertia for the double-—
angle stiffeners, where the neutrzl axis from symmetry was
in the middle plane of the web.

At the econclusion of the tests %o determine the ef-
fectiveness of different sizes and spacings of stiffemners
within the elastic range, both girders were tested to
failure. (Figs. 9 and 10, to be discussed later, show the
conditions investigated.) In these final lcadings, the
lateral—deflection measurements were supplemented by 2-—
inch Berry strain—gage readings on the flanges and stiff-
eners. (Figs. 24 to 29 show the location of the gage.
lines wmsed.) Vertical deflections at the center of the
spans were also determined, using mirrored scales attached
to the webs, midway between flanges, and fine wires_
stretched between the ends of the spans.

DISCUSSION OF RESULTS

s

hAnalysis of Laterai Deflections

An analysis of the buckling phenomena observed in
this investigation involves a study of load-lateral de-—
flection data obtained from 60 different tests. Although
no attempt has been made to show the results of all meas—
urements, figures 7 to 10 show typical loazd—deflection
relations and buckle patterns for different sizes and
combinations of stiffeners.

Figures 11 to 18 show average load—lateral deflec—
tion curves for the web panels and stiffeners in all
tests. The web deflections.are the average of the maxi—
- mum measured values found midway between stiffeners,
which were also the maximum values for each panel in most
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cases., The stiffener deflections are the average of the
maximum values measured for esch stiffener, Although
consider=ble variation was found in some cases between

the deflections of supposedly like panels and stiffeners,
average rather than individual maximum values were believed
to provide the most satisfactory basis for a general in-
terpretation of the test results. The influence of dif-
ferent amounts of bending upon the shear—buckling tenden-—
cies of a series of like panels was apparently negligible.
Table II, which gives a summary of all but the ultimate
load tests, indicates the maximum range of web and stiff-
ener deflections observed.

From the nature of the load—deflection curves shown
in figures 11 to 18, it seems quite evident that a definite
value cannot be experimentally determined for the flexural
rigidity of stiffeners regquired to stiffen panels of given

_proportions, such as might be obtained by application of

the’ Buelciing theory., " "The firgl "ditficalty ‘enicounbered -1
in the determination of eritical loads or the relative
buckling resistances for the different sizes of panel from
which some measure of stiffener effectiveness might be ob-—
badmed. Althoungh most of the curves in figures 11, 14,

166 "and 16 show 'a falrly pronounced knee, which'is belieyed
to be indicative of some buckling phenomena, a quantitative
comparison of these results is obviously difficult. In
curves “off "the ‘type shown in figures 12, 13, I7and 18" the
change in the rate of deflection is so gradual that buck-
ling apparently was not involved., &n analysis of these
average load—deflection data by the Southwell method (ref-
g®ence 1,y p. 177) failed, moreover, to provide a generally
satisfactory basis for the selection of critical buckling
loads..

In spite of the gquestionable status of the buckling
involved in these tests, the results indicated fairly con-
sistently that the average lateral deflections of the web
panels decreased with increasing sizes of stiff ener.

Where such a behavior was observed, it seems reasonable

to sssume that the buckling resistance of the web panels
had been increased by increasing the size of stiffener.
This increazse may be attributed both to the effect of edge
restraint along the boundaries of the panels and to the
increased effectiveness .of the larger stiffeners in con-
fining buckling to the web. The buckling theory previously
referred to assumes that the stiffeners need support the
subdivided web panels only until the critical load for a
condition of simply supported edges is developed, after
which general buckling may occur. It appears from these
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tests that, although a given size of stiffener may appar-—
ently meet this requirement, a larger size may result in
a greater buckling resistance in the web.

From the load—deflection curves for the largest pan—
els tésted without stiffeners, there seems little question
that the actual buckling loads were considerably above the
theoretical values for a condition of simply supported
edges. ., The curwyés shown in figure 7 for specimen A are
believed to be as satisfactory for determining experimen-—
tal buckling loads as any obtained and indicate a criti-
cal value in the vieinity of 40,000 pounds. .From the
ratio of the theoretiecal buckling values for this size of
panel for fixed and simply supported edges (see reference
11), a load of 40,000 pounds corresponds t0 an edge fixity

of atout 70 percent., The estimated buckling load of 20,000

pounds for the unstiffened 24— by 48—inch wed panel of
specimen B corresponds to a fixity of almost 84 percent.
The difference in apparent edge restraint for the two
specimens is of the order expected in view of the fact
that different sizes of flange angle were used on webs of
the same thickness,

Although no attempt was made to estimate buckling
loads for the tests involving intermediate stiffeners, it
seemg reasonable to assume that edge restraint also had a
significant bearing upon the deflections observed for
these cases. In order to permit some estimate of this
effect, theoretical buckling loads for a condition of
sinply supported edges are indicated on the load-deflec—
tilionyicurves in figires7 010 and in'figupes . ll to 18.

In a few tests involving a close spacing of stiff-
eners, loads were applied which produced accidental per-—
manent sets sufficient to influence the buckling charac-—
teristiecs of the webs and stiffeners in all subsequent
loadings, In the case of specimen & shown in figure 12,
for example, the first test was made on_an intermediate
gize of stiffener (test 3). Both larger and smaller sizes
were left te be investigated later. Although the loads
applied in this first test did not involve .an average
shear stress greater than 17,500 pounds per square inch,
the permanent sets measured in the web were larger than
the values found in any previous case, As a result, the
lozd—deflection relations observed for both wedb and stiff-
eners in all subsequent. tests indicated the effect of
some eccentricity of loading.

Table Il gives a summary of the maximum permanent
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sets measured for the webs and stiffeners in gl tegten

In most cases these values do not appear large enough to
indicate any significant departure from the range of elas—
tic action. Permanent sets of 0.015 inch or greater were
found in the web in only three tests and these involved
average shear stresses ranging from 17,300 to 8,700
pounds per square inch, which were undoubtedly above the
elastic range of the web material.

Figures 19 and 20 show the results of an attempt to
reduce all tests to a basis of comparison where some ap—
praisal of the effect of size and spacing of stiffeners
and the effect of edge restraint might be made. Since
definite values of buckling load could not be experimen—
tally determined, test loads corresponding to certain
arbitrary values of lateral deflection were selected fronm
figures 11 to 18 to indicate relative buckling resistances.
Loads corresponding to average maximum deflections of
0.060 inch in the web and 0.020 inch in the stiffeners
were selected for comparison with the theoretical bdbuck-—
ling loads for the web panels assuming simply supported
edges. These load ratios are plotted as ordinates in the
figures. It appears significant that, for some cases at
least, a lateral deflection of 0.060 inch in the web was
within the range of deflections where buckling occurred,
according to analyses of the load—deflection data made by
the Southwell method, Such an arbitrary value of deflec-
tion does not, of course, imply the same degree of buck-—
ling for all the different sizes of panels investigated,
which is admittedly an objectionable feature of the method
of comparison used. Eccentricities of loading that may
have had a negligible effect in panels having a low buck-—
ling resistance may have accounted for the entire’deflec—
tion of 0.060 ‘inch, where high buckling resistances were

. involved. &n average deflection of 0.020 inch was used

for the stiffeners, both because it was small and because
it was one value within the range of values measured for
most of the sizes investigated. .

The abscissas in figures 19 and 20 are ratios of the
flexural rigidity (EI) of one stiffener to that for a web
panel between stiffeners, defined here as the ratio A,
The moments of inertia used for the stiffeners in comput—
ing these ratios are shown on the load—deflection curves
in figures 11 to.18. As previously indicated, the values
for the single—angle stiffeners include an effective width
of web equal to 25 percent of the clear depth. Although
the deflections of the stiffeners appear reasonably con—
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sistent in most cases with the moments of inertia computed,
the relative positions of the load—deflection curves can
hardly be used to demonstrate the correctness of the effec—
tive—width method over that in which the moments of inertisa
for single angles are computed about the face of the web in
contact with the stiffeners. The moments of inertia of the
web panels between stiffeners were computed from the rela—
Fdomn: :

bt°

I &2 ———

12

where

I moment of inertia, inch?
b stiffener spacing, inch
t web thickness, inch

Several observations may be made from figure 19, show—
irg the influence of stiffener size upon wedb defle¢tions,
which appear significant from the standpoint of design.
The ratios of the test loads corresponding to an average
lateral deflection of 0.060 inch in the web panels to the
theoretical buckling values for the case of simply sup-—
prorted edges are shown to increase with increasing size
of stiffener for any given proportions of panel. Such a
result not only indicates the extent to which stiffener
size may influence the buckling resistance of the webs
but also suggests that in no instance were the tests car—
ried far enough to obtain the maximum possible web effi-
ciencies, For values of A greater than those showa, the
load ratio should presumably approach a constant value,

A8 the proportions of the panels were changed, however,
and a closer spacing of stiffeners used, the ratios of the
test - to the theoretical buckling loads decreased. ZFor
example, the values obtained for specimen B having only
one stiffener (b/d = 1) correspond:to an edge condition
ronging from. 30 - to almpst 100 percent fixed. . The ratio of
buckling loads for fixed edges to simply supported edges
is-assumed equal to 1.68 for all sizes of panel, which is
the theoretical ratio for infinitely long plates. (See
reference 1, p. 362, and reference 11.) For the case of
seven stiffeners (b/d = 1/4), the ratios correspond to.
test lcads less than the theoretical values for panels
with simply supported edges. In other words, the effec—
tiveness of the stiffeners, as measured by a constant
value of web deflection, decreased as the stresses corre-—
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sponding to the computed buckling loads increased. The
relative position of the load—stiffness ratio diagrams
for specimens A and B, for cases involving the same pro-—
portions of panel with one or two stiffeners, corresponds
to the position that would be expected from the different
degrees of edge fixity indicated in the tests of the un—
stiffened panels. .

The curves in figure 20, showing the influence of
stiffener size upon stiffener deflection, 'indicate about
the same relative behavior for panels of different pro-
portions as shown in figure 19. The ‘shape of the curves
is fundamentally different, however, in that the load
ratios approach an infinite rather than a constant wvalue
as the size of stilffener 'is Increased. ©OStiffener deflec~
tions may avpproach zero; whereas deflections for the web
cannot be reduced below the deflections accompanying buck—
ling for edges completely fixed.

‘Proposed Basis for Stiffener Design

In the selection of stiffener sizes suitable for de-
sign from the results of these tests, an attempt was made
to recognize as far as possible the prineipal character—
istics of behavieor noted in the foregoing figures. The
degree of edge fixity obtained for any case is, of course,
not known, and various interpretations may be placed upon
the significance of the doad—deflection curves shown in
figures 11 to 18 with 'réspect to this factor. For the
tests in which a fairly definite buckling action was ap-—
parent within the elastic range, it is believed that an
assumption of 50-percent edge fixity, which involves loads
approximately 34 percent greater than the theoretical
buckling values for panels with simply supported edges,
may well be made as a basis for selecting relative pro—
portions of webs and stiffeners. For the tests in which
web buckling was not so evident, an average shear stress
of 16,000 pounds per square inch appeared to mark the
‘approximate limit of elastic action, and loads correspond-
ing to this stress were assumed to be equally significant
from the standpoint of stiffener design. ZPigures 11 to 18
show the position of the lower or critical value of these
two arbitrary design—load limits with respect to the aver-—
age web and stiffener deflections measured for each size
of panel,

Some arbitrary limits on stiffener deflections were
also necessary because none of the stiffeners investigated
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remained straight under the design loads selected, aand
stiffener effectiveness could be determined only on a
relative basis. It is believed that a stiffener which
shows essentislly the same load—deflection characteris-—
tics as the web that it supports (and there are numerous
such cases indicated in figs. 11 to 18) is not adequate,
regardless of the loading for which buckling may seem to
occur. Two arbitrary deflection reguirements were there—
fore imposed: (1) that the stiffener deflection not ex—
ceed 0,020 inch for the design loading assumed, and (2)
that the stiffener deflection not exceed 25 percent of
the smallest average web deflection observed for this
loading.

The moments of inertia required of stiffeners to
meet the foregoing conditions may be estimated from the
values of moment of inertia indicated on the load—
deflection curves in figures 11 to 18. For each propor-
tion of panel investigated, one value for stiffener mo-—
ment of inertia was obtained. Although the buckling
theory indicates that the number of stiffeners used in
providing panels of given proportions has a significant
bearing upon the flexural rigidity required for each
stiffener, the limited scope of these tests did not make
poasible .a conglderation of this factor. .In order to
make the results obtained generally applicable to design,
ratios of the flexural rigidity of each selected stiffener
to the flexursal rigidity for the corresponding web panels
were determined and plotted against proportions of panel,
as shown in figure 21. The relationship obtained may be
expressed approximately as:

where

N' ratio"of fillexXural' piglidity of “one stiffener to flexrusl
rigidity of web panel between adjacent stiffeners

d clear depth of web, inch

Figures 11 to 18 show estimated load-—latersl deflec—
tion curves for stiffeners proportioned by means of the
foregoing empirical formula. The relative position of
these curves with respect to those determined from the
tests is, of ecourse, only approximate, since the measured
deflections themselves were not always consistent with the
moments of inertia involved. ' ' ‘
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- Figures 19 and 20 provide a basis for evaluating the
proposed design formula in terms of observed lateral de-—
flections and theoretical buckling loads for the web pan—
els. The stiffener sizes computed for every case investi-
gated were sufficient to develop loads from 1 to 1% times

the theoretical values for a condition of simply supported
edges without exceeding an average web deflection of 0.060
inch, or a value less than one-half the webd thickness.
These load ratios correspond to edge—fixity factors rang-
ing from zero for the closest stiffener spacing (v/di= 1/4)
to 73 percent for the widest stiffener spacing (v/da = 1).

Comparison of Stiffener Design Methods

For purposes of comparison, the moments of inmertia of
stiffeners computed by the other two methods previously
referred to are also included in figures 11 to 18. In the
first method the moments of inertia were determined from
reference 3, where '

3
;o (0.1 + 0.02M)%%d (g2 4 0.p25)

biat not i to. exceed
| QLE_Eig(BE +.0.625)
gt
where
N number of stiffeners

d over—all depth of web, inch

B ratio of stiffener spacing to over—all depth of web
(Use B = 0.4 for all ratios less than 0.44)

In the second method the moments of inertia were de—
termined from the theoretical treatment of the stiffener
problem given in referenee 1 (p. 418), where ratios of
flexural rigidity A, as previously defined, are given
for cases of one or two stiffeners on panels of different
proportions. The moments of inertia selected for design
on the basis of the tests were in most cases considerably
greater than those obtained by either of the other two
méthods. No attempt was made to apply the theory to cases
involving more than two stiffeners.
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In the comparison of these different methods of com—
pubtiing mements of lnertia for stiffeners:, it should be
pointed out that the empirical formula proposed from the
tests and the theoretical solution given by Timoshenko in
reference 1 involve ratios of stiffener spacing to clear
depth of web; whereas the formula given in reference &
involves ratios of stiffener spacing to over—all depth.
The significance of the over—all depth dimension from the
standvoint of web buckling is not obvious ‘unless a con—
stant ratio of clear to over—all depth is assumed. It
appears that the design of the flange for a particular
girder might be varied in such a manner as to influence
the buckling resistance of the web appreciably without
changing the over—all depth and hence the size of stiff-—
ener required to prevent such buckling.

Another festure of the formula given in reference 2
to which attention is called is the indication . of con—
stant size of stiffener for cases involving five or more
gstiffeners, where the ratio of stiffener spacing to over—
81Y depth ig 0.4 or less. .  Unfortunately, the deflections
shown in figures 17 and 18 for tests that meet these con-—
ditionsdo not permit any conclusion regarding this limit
on maximum stiffener size. From the standpoint of elastic
stability, however, it would seem that for s given depth
and thickness of webd the size of stiffener should always
increase as the stiffener spacing decreases; otherwise
the resistance to general buckling would fall below the
resistance for the subdivided panels.,

Table IV presents a further comparison of these
stiffener design methods applied to a plate girder having
proportions far outside the range investigated. The ex-—
ample of plate—girder design in table IV is taken from
reference 5. 4&4s in most of the cases previously consid-
ered ,» the flexural rigidifies required by the empirical
method proposed are the highest. The maximum sizes pro-—
posed for the double—angle stiffeners, however, are no
larger than those required by current spécifications for
designs in steel. (See reference 12.) It will be noted
that the same size of stiffener is required by the
Moisseiff—Lienhard method of reference 3 for two of the
three stiffener spacings considered; whereas the method
proposed provides a different size for each spacing,
which seems to be a more logical procedure. For the
cases shown, it appears that the method used in computing
moments of inertia for the single bulb—angle stiffeners,
whether based upon the assumption of a definite effective
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width of web (I4.4) or upon the assumption that bending

in the stiffener is produced about &n axis in the face of
the web (Iz_z), may not be important as far as the actual

size of the angle used is concerned. It should be recog—-
nized, however, that for certain proportions of web and
stiffener, moments of inertia computed about the face of
the web in contact with the stiffener (13_3) may be higher

than those obtainable from any reasonable assumption re—

garding effective widths. In the case of the 62— by 3~ by
3/8—inch and 6— by 3— by 5/16—inch bulb angles given in the
table, for example, the values of Iz_3z correspond to effec—

tive widths over twice the stiffener spacing or the maximun
width available for each stiffener., One of the most sig-
nificant observations to be made from the stiffener ele—
ments given in the table is that the single bulb—angle
stiffeners are much more effective, from the standpoint of
weight-stiffness ratios, than the conventional double-—
angle type of stiffener.

Ultimate—Load Tests

Although stiffeners proportioned by the me thed pro—
posed are seemingly adeguate for shear stresses within the
elastic range, their ultimate resistance to buckling is
alss important from consideration of design., Ultimate~
load tests on the two girders used throughout the investi-
gation have provided an opportunity to obtain a few data
on this aspect of the stiffener problem. Figures 9 and 10
show the sizes and the spacings of stiffeners used in the
ultimate—load tests, The flexural rigidity of the stiff—
eners on the left half, where the closest spacings were
used, was chosen to agree approximately with the require—
ments of the proposed design formula. The same sigzes were
also used for the wider spacings on the right half to pro-
vide an extra margin of stiffener rigidity (46 percent
for specimen A and 86 percent for specimen B) to offset
in some measure the differences in buckling resistance
for the two sizes of web panel,

Table V gives the results of the ultimate—load tests
with the corresponding computed average shear and maxinum
bending stresses, The shear stresses developed in the
webs of both girders were in the vicinity of the shear
yield strength estimated for the webd material, which is
generally assumed to be the design limit for shear-
resistant web action. The strengths obtained in these’
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tests, therefore, were as high as could be reasonably ex—
pected.

Essentially the same type of failure was obtained in
both girders. The severe buckling action vproduced on the
weak half of the webs eventually broke the machine—screw
connections holding the stiffeners, so that collapse and
fraeture of the webs immediately followed, The stiffeners
on specimen A were badly bent before o iilare of (the jeen~
nections, but those on specimen B apparently were undam—
- aged except for a somewhat tattered condition at the ends
where they were pinched between the . flange angles. Fig—
ures 22 and 23 show the nattre of the failures obtained.
In specimen A, the wide diazgonal-tension fracture pro-—
duced in the web Ppassed through one of the holes for the
stiffener connections, which presumably constituted a
"stress raiser." In specimen B, the concentration of
tensile stress at the upper corner fractured the wed and
sheared the end-flange rivet,

Failure in the stiffener connections was not expect-
ed in these tests, although the weakness of such details
must be recognized as a possibility in design. From the
large distortions produced in the stiffeners on the right
half of specimen A before failure occurred, 1t appears
that about the maximum possible degree of effectiveness
was obtained from these stiffeners, and there is little
reason to question the adequacy of the connections, The
connections used for the stiffeners on specimen B are
admittedly smaller than would have been used if this de-—
tail had not bBeen carried over from previous tests in-—
volving smaller angles, The use of stronger connections
undoubtedly would have increased the load—carrying capac—
ity of the web; although the method to be nsed in design-—
ing such details, other than maintaining reasonable pro-—
portions, is not apparent. Even though the connections
used-on specimen B were not adequate to develop the full
flexural rigidity of the stiffeners, their shortcomings
in this particular test are not considered serious

in view of the high average shear stress developed.

The lateral deflections shown in figures 9 and 10
and the condition of the girders after failure shown in
figurés 5 and 22 indicate that the stiffeners 1nused on
the left half of both girders were adequate to develop
the full strength of the webs as shear—resistant members,
It is obviously not vpossible to say what margin of
strength these stiffeners may have had against ultimate
collapse as tension-field action became more pronounced.,
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The fact that stresses in the vicinity of the shear yielad
strength of° the material were developed, however, without
any signs of stiffener weakness appears to be a signifi-
cant observation from the standpoint of design. For loads
within a few percent of the maximum applied, none of the
stiffener deflections on the Left half exceeded 0,035
inch. The theoretical buckling loads for the web panels
were also near the shear yield strength; appreciable web
deflections were therefore not preduced until stresses in
excess of about 20,000 pounds per square imsch stress were
imposed.

The lateral deflections produced on the right half
of the girders, where web failures ultimately occurred,
were of much greater magnitude than those found on the
léeft half. The buckle patterns shown in figures 9 and
10 for loads near the ultimate load indicateztwo quite
different types of action. In specimen A the wave forma—
tion was continuous across the stiffeners and this pat-
tern, as shown in figure 22, was not changed appreciably
by failure involving some degree of tension-—field action.
In specimen B the stiffeners were sufficiently rigid to
confine buckling almost entirely to the web panels and
three or more half-waves were produced in each, As soon
as the stiffeners were broken off, however, a typical
tension-field buckle pattern was produced, as shown in
figure 23.

In view of the fact that the stiffeners used on the
wilght *Heilf of - both  giriders ad flexural rigidities some—
what greater than the rigidity required by the proposed
formula, it is only possidble to estimate the adeguacy of
the formula for these particular cases. There is appar-—
ently little question concerning the stiffeners on spec—
imen B because only small lateral deflections were
observed and a maximum shear stress was developed which
was greater than the yield strength of the mgterial and
approximately 90 percent greater than the theoretical
buckling stress for the web panels., & decrease of 54
percent in the flexural rigidity of the stiffeners, in
accordance with the proposed method, would not, it is
believed, seriously impair the strength of the web.

In specimen A large stiffener deflections were not
observed until loads corresponding to anm average shear
stress of about 20,000 pounds per square inch were im—
posed., Under such conditions, plastic yielding of the
web would be expected and the accompanying less in bueck-
ling resistance should result in some deflectien of the
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stiffeners. The margin of strength ageainst failure was
obviously not so great as in the case of'speéimean;

but. .the: fact that an average shear stress in the vicinity
of the shear yield strength of the material and about 40

“percent greater than the theoretical buckling stress for

the panels was developed seems 1nd1cat1ve oft fairly well—
balanced proportions for shear—resistant wed action,
Accordingly, as far as the results of these few ultimate—

strength tests -are .concerned, there appears to be no

reason to question seriously the adequacy of the proposed
stiffener formula for purposes of desSign.

In addition to the lateral deflections already dis-—
cussed, figures 9 and 10 show the results of vertical-
deflection measurements made at the center of the spans
in the ultimate—load tests. Unfortunately, the elastic
strength of the girders cannot be estimated from these
data because small amounts of overstrain were produced
unintentionally in some of the earlier tests, It is of
interest to note, however, the close agreement obtained
between measured and computed deflections within the
elastic range indicated. In each case approximately two-—
thirds of the deflection was computed to be the result
of shearing deformations, the remaining one—third was
computed to be the result of flexure. Such girder pro-
portions are not generally encountered in design, but
apparently they present no difficulty as far as the esti—
mation of probable deflections is concerned.

Figures 24 and 25 'show the results of stress measure-—
ments on a number of the intermediate s¢iffeners of both
girders., Although there is ample evidence of bending in

“4he stiffeners, which deflected appreciably with the

webs, no data were obtained to show that the stiffeners
carried part of the shear by column action, &s is the case
for stiffeners on webs of the tension-field tyve. This
observation is of interest in view of the requirement
given in reference 5 (art. 226) that vertical stiffeners
be designed as columns to resist a portion of the shear
load, the amount depending upon the ratio of stiffener
spacing to devth of web, According to the method of com-—
putation outlined in this spec1flcatlon, the intermediate
stiffeners on the weaker half of specimen A, iinder a load

“of 80,000 pounds, should have been subjected to an average

compressive stress of approximately 31 ,000 pounds ver

square inch. From the measurements shown in £ gures 24,
such a stress condition was not produced. 3By the same
requirement, the intermediate stiffepners on specimen B

-
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under a load of 160,000 pounds should have been subjected
to an average compression of 15,000 pounds per square
inch, which is also not supported by the stiress measure—
ments given.

The design of load-bearing stiffeners on the assump-—
tion of column action is perhaps a more logical procedure;
although,as far as the results of these test are concerned,
such a method appears gquite conservative. Figures 26 and
o7 show that the average measured stresses in the stiff-
eners near the top flange accounted for only about two-—
thirds of the apvplied load, while the stresses measured
at the middle accounted for about one—third of the total.
The ends of the load—bearing stiffeners on both girders
were machined to fit closely between the fillets of the
top and bottom flange angles. It should also be noted
that the top of the web was flush with the face. of the
compression flange. This condition caused the webd to be
loaded directly in bearing on its extreme fibers rather
than through the compression—flange rivets, as is usually
the case.

The results of stress measurements on the top and
bottom flanges of both girders are shown in figures 28
and 29. A very satisfactory agreement between average
measured and computed bending stresses was obtained for
the compression flange of specimen A, but in all other
cases the measured values were congsiderably greater than
those computed. Although it is not possible to account
definitely for the discrepancies shown, the effect of
gage length with respect to rivet spacing, the unequal
distribution of load between the flange rivets, the ef—
fect of stress concentrations, and the lack of integral
sction are all possible contributing factors. Moments of
inertia based upon net sections rather than gross sections
would have provided a better agreement vetween measured
and computed stresses in some cases, but there appears
to be no logical reason for the use of net sections when
an attempt is made to compute average stresses over gage
lengths equal to the distance between rivet holes. From
the good agreement between measured and computed vertical
deflections previously shown in figures g.end 20, it ap—
cears that these irregularities in measured stress were
not reflected in the over—all behavior of the girders.

Table V gives the computed bending stresses corre—
sponding to the maximum loads carried by both girders.
It should be recognized that, since no evidence of flange
failure other than plastic yielding was obtained, the
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values of stress given do not represent ultimate strengths, &
It may be pointed out, however, that the maximum stress

computed for specimen B corresponds very closely to the
theoretical buckling value, assuming that one edge of the

flange is to be built in and the other edge is to be free. |
(See reference 9, tables 11 and 12.) The maximum computed ‘
stress for swecimen A is about 20 percent less than the

theoretical buckling value for the same edge conditions, |
an indication that a considerably higher value of flange
stress might have been developed if failure in the web had
not occurred.

The average bearing stresses on the flange rivets
corresponding to the maximum applied loads were computed
to"be approximately 67,000 pounds per square inch in
specimen & and 72,000 pounds per square inch in specimen
B. After the ultimate—load tests had been completed, a
portion of the top and bottom flange angles and the end
load—bearing stiffeners were removed from the less severe—
ly damaged end of each girder for inspection of the rivet
holes in the webs. From the measurements of hole distor-—
tion it appears that, even for the sides where the webs
were still intact, the distribution of load bebtween rivets
ultimately obtained was not uniform. The largest changes
in hole diameter, about 10 percent for specimen B, were
in o direction consistent with the diagonal tension devel-—
oped in the webs. The maximum changes in hole diameter
found in svecimen A, where a somewhat lower average shear
stress was developed, were only about 2 percent. 4an ex—
amination of the rivet holes in the webs on the side where
failures occurred was not made because of the severe local
distortions produced and the uncertainty concerning the
magnitude of the bearing stresses involved.

CONCLUSIONS

he riesults of This investigation are believed to
justify the follewing conclusions:

1. Definite values for the flexural rigidity of stiff-
eners required to stiffen panels of given proportions,
such as have been obtained by application of the buckling
theory, apparently cannot be experlmentally determined.
Measurements of lateral deflection, as made in these tests,
are useful in presenting a relative picture of web and
stiffener behavior, but they do not permit a quantitative
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determination of buckling resistance or stiffener effec—
tiveness. Perhaps the most significant observation made,
and the one that is also the most confusing from the
standpoint of analysis, is that the buckling resistance
of a web always may be increased by increasing the sige
of stiffener used until a condition of complete edge
fixity is obtained for the subdivided panels.

2. The relative lateral deflections observed for the
different sizes and types of stiffeners, whether of
single—~ or double—angle type, were reasonably consistent
with the computed stiffener moments of inertia. Effec—
tive widths of wed equal to 25 percent of the clear depths
were assumed for the single—angle stiffeners, although
essentially the same results would have been obtained for
most of the sizes considered if moments of inertia had
been computed about the face of the webd in contact with
the stiffeners, This procedure is simpler from the stand—
point of design but implies an appreciably different ef-—
fective width of web for each size of angle, a condition
that is not believed to be consistent with actual behavior,
FPor large angles, moments of inertia computed about the
face of the web may correspond to effective widths far
greater than the stiffener spacing or the available webd
for each stiffener.

$. & comparison of the flexural rigidities obtainabile
from single— and double-—-angle stiffeners of similar pro-
portions indicates the single—angle stiffeners to be more
effective from the standpoint of stiffness—weight ratios.

4., The selection of stiffener proportions on the
assumption that buckling will occur in the wedb for the
load computed as critical for a condition of simply sup-—
ported edges, as is done in the case of the stiffener
theory, does not avpear to be a conservative procedure
as far as stiffener design is concerned in view of the
appreciable edge restraint indicated for the web panels
in many of the tests.

5. The following empirical formula is proposed as a
tentative basis for the design of stiffeners on shear-—
resistant webs:

14
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where : ; yi

A _ratio of flexural rigidity of one stiffener to flexural
rigidity of web panel between adjacent stiffeners &

b stiffener spacing, inch
d weclear denth of web, inch

6. For most cases:, apparently, the formula given in
conclusion 5 provides stiffeners having more flexural
rigidity than was indicated as necessary by either of the
other two stiffener-—design methods considered. Since
there -is no accepted basis for the determination of the
requirements. of an adequate stiffener. for purposes of de—
sign, it ds obvicusly difficult to evaluate different de—
sign methods. - On the basis cf the deflections observed
in these tests, it hardly seems likely that the stiffener
sizes proposed as adequate for the web panels investigated
Wl be 2enerally. classed as too largen. DTheustiffeners
proposed are not, in general, so large as the stiffeners
that would be required by CerenE specwf a#tions for de—
31gn in structural steel.

7. As far as could be determined from ultimate—load
tests on only two girders, each involving one size of
stiffener on two different spacings, the proposed design .
method provides ample margin of strength against ultimate
failure -in the stiffeners. In both girders, the dverage
shear stresses corresponding to the maxiwmum applied loads
were in the vicinity of the shear yield strength estimated
for the web material., These maximum shear .stresses also
exceeded the theoretical buckling values for theé weakest
web panels by approximately 40 percent in specimen A and
90 percent in sp\c1men B

8. Adthough the strengths developed in the two girders
were as high as would normally be considered obtainable in
the design of shear—-resistant webs .of aluminum alloy 17S-T,
it is significant that ultimate collapse and fracture did
not occur until the connections between webs and stiffeners
on the weaker half of the: girdérs were broken, In specimen
A, the full flexural rigidity of the stiffeners was appar—

nily developed; in specimen B, the use of stronger stiff-—
ener connections would undoubtedly have inereased the
load—carrying capacity of the web.

9. The stress measurements made on a number of inter—
mediate stiffeners on both girders provided no evidence
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that these members should be designed as columns to re—
sist a portion of the shear. The average measured stresses
in the load-bearing stiffeners at the center of the spans,
for sections within 22 inches of the top flange, accounted
oy only ‘gbout two~th§rds of tThe“applied load, ‘The
stresses at the center of these stiffeners accounted for
only one—third of the applied load.

10. The maximum computed bending stresses in the
flanges for the loads producing web failures were 28,100
pounds per square inch in specimen A and 33,700 pounds
per square inch in specimen B. The value for specimen B
corresponds closely to the theoretical buckling stress
for the outstanding flange, assuming one edge built in
and the other edge free. No evidence of primary flange
failure was obtained.

11, Within the avpparent elastic range, the measured
vertical deflections at the center of the spans were in
very close agreement with the computed values. Approxi-
mately two—thirds of these deflections were computed to be
the result of shear; the remaining one-third were computed
to be the Tesult of flexure.

12. The average computed bearing stresses between
flange rivets and webs for the maximum applied loads were
approximately 67,000 pounds per square inch in specimen A
and 72,000 pounds per sguare ineh 1n specimen B. 4n ex—
amination of some of .the rivet holes in the webs for the
half of fThe givrders still intagt indicated permanent dis=
tortions in the direction of the diagonral-tensile stresses
ultimately developed. The maximum increases in hole diam—
eter were about 2 percent in specimen A and 10 percent in
specimen B.

RECOMMENDATIONS

It is recognized that the proof of the dependability
of any proposed new method of stiffener design requires
more experimental verification than was obtained in this
intvegtigations It is proposed, therefore, as an essential
step in the formulation of a satisfactory solution to the
stiffener problem, that an additional series of aluminum-
alloy 178-T plate girders be fabricated for test purposes.
The principal object of these new tests should be to com—
pare the method of stiffener design proposed in this report
with other methods on girders representing more balanced
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proportions of conventional design. The intermediate
stiffeners should extend the full depth between flanges
rather than over only the clear depth of web,;, and they
should be riveted rather than bolted to the webs. Each
girder should involve only one size and spacing of inter—
mediate stiffeners and should be used for only one test,
and that test should be:'carried to failure. Such an
investigation not only would provide comparative data on
methods of proportioning intermediate stiffeners bdbut also
would make possible some analysis of the present design
methods of providing a reasonable equality in shear and
flexural strengths.

Aluminum Research Laboratories,
Aluminum Company of America,
New Kensington, Penna., December 19, 1941,
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TABLE I.— PROPERTIES OF 175—T PLATE GIRDER MATERIAL

Yield strengths

(offset = 0.2 percent) Tensile Elongation
Girder |Material® strength in 2 inches
Tension® |Compression®

(1v/sq in.)| (1b/sq in.) [(1lv/sq in.)| (percent)
Specimen| Web—-X 44,800 47,300 63,900 18,0
A Web-W 51 , OO © 40,900 65,800 22 w5
Flange—=W 48,700 42,800 68,800 180
Specimen|Web-X 42,800 44,400 65,600 ZA0) 5]
B Web—-W 48,300 39,400 66,200 21,0
Flange—-W 49,300 44,300 8. 500 #1900

®Web material 1/8 in. thick.
Flanges: 3-by 2-by 5/16—in. extruded angles, Specimen A
4.y 3-by 8/8—in. extruded angles, Specimen B
X indicates cross—grain specimen,
W indicates with—grain specimen.

b

Tests made on standard rectangular tension specimens with

2—in. gage lengths. (See fig. 2 of reference 6.)
®Tests on web made on 0.125- by 5/&—by Bg—in. specimens by
single—thickness method. (See reference 7.) Tests on flanges

made on 5/8— by 2—in. specimens of full thickness, tested as
columns with flat ends.




TABLE II.- SUMMARY OF MEASURED LATERAL DEFLECTIONS AND PERMANENT SETS FOR WEBS AND STIFFENERS

Theoretical Maximum web ;
Moment of | buckling |Corresponding deflections midway | Maximum stiffener| Maximum permanent
Number and size|Number of | Number and size |inertia per| load per average shear [Test load | between stiffeners deflections sets
of panels stiffeners; of angles per stiffeger panel stress (1b) (0.001 in.) (0.001 in.) (0.001 in.)
statfensy (%2) ) &ts) (1b/sq in.) (c) Range Average | Range |Average all | Web | Stiffeners
all panels stiffeners
SPECIMEN A
1 - 12x24 in. None 26,300 6,570 35,000 R e e e e e N
45,000 133 5 | ~mmmmm—
2 - 12x12 in. 1 1 - 1/2x1/2x1/16 0.0040 38,700 9,690 40,000 14-15 A 9 KR SR B S
(Series I) 50,000 86-111 98 ) e 11% 8 13
2 - 1/2x1/2x1/16 .0076 38,700 9,690 40,000 14-20 sl e 15 —iE e T
50,000 | 66-76 AR ST 81 7 6
1 - 3/4x3/4x3/32 .0136 38,700 9,690 40,000 9-14 12 4 ] N
55,000 108-113 110 56" 4 2
2 - 3/4x3/4x3/32 .0306 38,700 9,690 40,000 13-17 15 5 == |h——e=t o n
: 60,000 1235-139 132 33 6 4
1 - 3/4x3/4x3/16 .0264 38,700 9,690 40,000 29-30 30 5 TR . Sl e
60,000 128-132 130 38 3 2
2 3/4x3/4x3/16 .07086 38,700 9,690 40,000 20-24 22 4 N (e
: | 65,000 | 147-174 161 20 11 3
3 - 8x12 in. 2 1 - 3/4x3/4x3/32 0.0136 66,400 16,600 40,000 16-37 26 25 o | e
(Series II) 55,000 42-80 63 67 5 5
2 - 3/4x3/4x3/32 .0306 66,400 16,600 50,000 12-49 29 23 Ces R SEE e
70,000 37-111 76 70 4 9
1 - 3/4x3/4x3/164 .0264 66,400 16,600 80,000 6-21 13 4 e | BT
70,000 34-109 80 49 15 8
2 - 3/4x3/4x3/16 .0706 86,400 16,600 80,000 7-61 32 17 B e
70,000 24-89 52 28 2 1
1 - 1x3/4x1/8 .0400 66,400 16,600 60,000 18-75 45 22 N o ra
70,000 36-107 71 40 8 3
3 - 1x3/4x1/8 .101 66,400 16,600 60,000 | 11-65 34 11 £t 3| e e
70,000 28-84 51 17 6 2
4 - 6x12 in.
(Series III) 3 1 - 3/4x3/4x3/32 0.0136 105,200 26,300 60,000 7-25 16 15 r e
70,000 22-82 52 52 7 7
2 - 3/4x3/4x3/32 .0306 105,200 26,300 60,000 8-18 12 7 e R S S s
75,000 14-48 28 20 10 2
1 - 3/4x3/4x3/16 .0264 105,200 26,300 60,000 3-5 4 4 R
75,000 10-17 13 3 S 3 b 5
8oments of inertia for single-angle stiffeners include effective width of web equal to 25 percent of clear depth between 7langes. Web neglected

in cases of double-angle stiffeners.
bBaged on assumption of simply supported edges.

See table III.

CLarger test load was maximum applied in each case.

flection.

AFirst test made in this series.

“Check tests made after series V had been completed.

See table 17 of reference 9.

Smaller test load selected to show, by comparison with larger load, change in rate of de-

Permanent sets produced resulted in relatively large deflections for subsequent tests.
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TABLE II.~ SUMMARY OF MEASURED LATERAL DEFLECTIONS AND PERMANENT SETS FOR WEBS AND STIFFENERS

Theoretical Maximum web .
Moment of | buckling . |Corresponding deflections midway | Maximum stiffener| Maximum permanent
Number and size Number and size |inertia per{ load per |average shear|Test load | between stiffeners ~deflections sets
of panels stiffeners| of angles per stiffeper anel stress (1b) (0.001 in.) (0.001 in.) (0,001 §n7)
stiliener (in.%) 1b) (1b/sq in.) (e) Range Average Range |[Average all| Web | Stiffeners
(a) (o) all panels stiffeners
SPECIMEN B
1 - 24x48 in. 12,300 1,840 16,000 25 ——— | e —— =i
| 30,000 239 N L P 5 | ccmmmmemem
2 - 24x24 in. 1 - 1/2x1/2x1/16 0.0046 18,100 2,420 20,000 2-27 Ndemre=e— 16 S e
(Series I) 26,000 | 111-179 145 | —=-—- 83 ak 3
2 - 1/2x1/2x1/18 .0076 18,100 2,420 20,000 | 10-18 SR P 21 B s R el
30,000 | 115-133 124 | —— 132 2 3
1 - 3/4x3/4x3/32 .0150 18,100 2,420 20,000 5-13 O e 9 R e R L T
30,000 84-122 93 | —=m—- 113 4 3
2 - 3/4x3/4x3/32 .0306 18,100 2,420 20,000 15-16 16 | ——=—- 8 e e
30,000 68-131 100 50 5 2
2 - 3/4x3/4x3/32° .0306 18,100 2,420 20,000 30-32 31 7 So e aiae
30,000 | 119-124 122 43 3 3
1 - 3/4x3/4x3/16 .0304 18,100 2,420 20,000 9-18 14 3 Loplicte o S Ehaaen
30,000 97-113 115 43 3 2
2 - 3/4x3/4x3/16 .0706 18,100 2,420 20,000 10-12 T 3 sl e i
36,000 | 155-167 181, | —==-- 17 4 3
1 - 1x3/4x1/8 .0447 18,100 2,420 20,000 20-22 21 e 3 e T RS
30,000 | 108-128 118 | —==—- 36 2 1
2 - 1x3/4x1/8 .101 18,100 2,420 20,000 11-16 Tsle = [ commn 2 Sl e seesien i L
36,000 | 150-158 154 16 2 2
1 - 1-1/4x1x1/8 .0826 18,100 2,420 20,000 14-20 17 1 ake | EtmSn e
36,000 | 165-167 166 30 1 2
2 - 1-1/4x1x1/8 .192 18,100 2,420 24,000 5-10 8 1 L e
36,000 | 149-152 150 12 1 1
2 - 1-1/4x1x1/8¢ .192 18,100 2,420 20,000 23-33 28 2 e v = nee
| 34,000_| 148-155 152 | ————= 7 4 3
2 - 16x24 in. 1 - 3/4x3/4x3/16 0.0304 31,100 4,150 25,000 10-35 22 Q-7 4 e e
(8eries II) 35,000 40-103 70 27-39 33 3 4
2 - 3/4x3/4x3/16 .0706 31,100 4,150 30,000 17-24 20 3-9 6 e || e
45,000 | 105-147 122 38-66 52 2 3
1 - 1x3/4x1/8 .0447 31,100 4,150 30,000 9-14 11 1-9 5 =5 [Femreee
40,000 85-112 85 56-68 62 2 2
2 - 1x3/4x1/8 .101 31,100 4,150 35,000 13-19 16 10-12 11 e | m———————e
55,000 | 118-147 134 39-64 52 2 2
1 - 1-1/4x1x1/8 .0826 31,100 4,150 35,000 18-40 28 2-15 8 o | e e
: 50,000 | 104-159 136 26-64 83 3 1
2 - 1-1/4x1x1/8 .192 31,100 4,150 35,000 6-25 14 5-7 6 s ]l e T
65,000 | 168-185 177 24-48 3 i\
1 - 1-1/2x1x5/32 .168 31,100 4,150 35,000 8-45 31 2-8 6 ) e
55,000 | 139-185 166 36-43 40 7 4
2 - 1-1/3x1x5/32 .420 31,100 4,150 35,000 20-37 24 5-6 8 e T —
65,000 | 151-182 165 20-30 25 2 4
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TABLE II.- SUMMARY OF MEASURED LATERAL DEFLECTIONS AND PERMANENT SETS FOR WEBS AND STIFFENERS

: Theoretical Maximum web
Moment of | bucklirg |Corresponding deflections midway [ Maximum stiffener| Maximum permanent
Number and size|Number of | Number and size |inertia per| load per |average shear|Test load | between stiffeners deflections sets
of panels stiffeners| of angles per stiffeger anel stress (1b) (0.001 in.) (0.001 in.) (0.001 in.)
stiffener (dno*) 1b) (1b/sq in.) (c) Range Average Range |Average all| Web | Stiffeners
(a) (b) all panels stiffeners
i
- Specimen B (Continued)
4 - 12x24 in. 3 1 - 1x3/4x1/8 0.0447 49,200 6,570 35,000 10-28 19 6-17 12 P PR GO T
(Series III) 45,000 42-74 61 42-61 54 4 4
2 - 1x3/4x1/8 .101 49,200 6,570 45,000 3-34 12 Sl 8 e e
55,000 55-99 g1 36-53 46 6 4
1 - 1-1/4x1x1/8 .0826 49,200 6,570 40,000 23-51 32 1a=a 17 A R
50,000 54-99 75 40-57 49 3 4
2 - 1-1/4x1x1/8 .192 49,200 6,570 50,000 12-38 22 3-6 4 e
70,000 91-123 T3] 32-56 47 4 6
1 - 1-1/2x1x5/32 .168 49,200 6,570 45,000 18-48 30 6-17 10 e T
60,000 83-117 96 36-44 40 3 4
1 - 1-1/23x1x5/32 .420 49,200 6,570 50,000 1-36 9 2-9 5 S R I
80,000 85-163 134 32-49 40 4 3
1 - 1-1/2x1x1/4 .231 49,200 6,570 50,000 12-46 29 3-13 5 e =
70,000 | 112-130 119 39-47 44 4 5
2 - 1-1/2x1x1/4 .632 49,200 6,570 60,000 5-71 39 4-8 5 e e e s
i : 90,000 | 108-212 159 19-29 22 7 3
1 - 1-3/4x1-1/4x1/4 .366 49,200 6,570 60,000 58-93 78 3-14 11 el e
I : 80,000 | 129-155 147 16-42 31 5 5
2 - 1-3/4x1-1/4x1/4 1.03 49,200 6,570 60,000 3-87 46 4-9 6 ol e
__90,000_| 81-204 148 12-21 17 2 3
6 - 8x24 in. 5 1 - 1-1/4x1x1/8 0.08236 101,200 13,500 60,000 7-26 14 2-17 10 N e
(Series 1IV).. - 80,000 39-93 84 33-59 47 2 7
2 - 1-1/4x1x1/8 .0192 101,200 13,500 80,000 8-78 31 9-37 16 I R e
100,000 31-124 78 16-69 44 3 3
1 - 1-1/2x1x5/32 .168 101,200 13,500 70,000 4-38 20 3-18 12 S|l S e
90,000 29-72 59 13-37 28 4 5
2 - 1-1/2x1x5/32 . 420 101,200 13,500 80,000 5-52 23 7-19 11 e |l meodiot R
110,000 18-122 75 12-42 25 11 4
1 - 1-1/2x1x1/4 .231 101,200 13,500 80,000 5-43 20 3-13 7 —SE s TS
) 110,000 44-119 70 16-48 34 5 5
2 - 1-1/2x1x1/4 .632 101,200 13,500 90,000 6-65 22 7-15 11 R ey
: 130,000 40-145 96 12-45 23 23 3
1 - 1-3/4x1-1/4x1/4 .366 101,200 13,500 90,000 9-78 39 8-19 1 S S
; | 120,000 40-126 8l 14-45 25 4 5
2 - 1-3/4x1-1/4x1/4 1.03 101,200 13,500 90,000 5=77.| 33 6-14 10 e || e
- t _130,000_| 39-118 73 10-28 17 8 3
8 - 6x24 in. 7 1 - 1-1/2x1x5/32 0.168 174,000 23,200 80,000 12-37 22 1-15 10 S
(Series V) s 110,000 37-87 56 18-53 34 3 3
2 - 1-1/2x1x5/32 .420 174,000 23,200 100,000 6-48 18 4-18 : — | —eme——
130,000 12-107 51 7-40 18 4 5
1 - 1-1/2x1x1/4 .231 174,000 23,200 100,000 3-63 22 1-18 8 S Em———
140,000 39-187 82 10-66 50 18 9
. 2 - 1-1/2x1x1/4 .632 174,000 23,200 120,000 12-81 28 9-28 16 - e
150,000 15-127 49 15-44 23 9 6
1 - 1-3/4x1-1/4x1/4 .366 174,000 23,200 120,000 6-103 39 6-35 17 e e
| 150,000 32-133 72 13-59 35 9 5
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TABLE III.- ELEMENTS OF INTERMEDIATE STIFFENERS

og

Stiffener on one side of web only
Size of stiffener| Area of
angle one angle|I for effective width of web I for angle I for stiffeners
(in.) (sq in.) equal to 25H percent about face on both sides
of ‘clear depth of web of web®
(1n.%) a9 (in.%)
Specimen A Specimen B |Specimens A and B|Specimens A and B
1/g w1}z % 118 0.059 0.0040 0.00l6 0.0026 0.0076
3/4 x 3/U x 3/32 .132 .0136 .0150 0116 .0306
3/4 x 3/% x 3/16 246 0264 .0304 .0267 .0706
1x 3/4x1/8 .202 .0400 .Ollyy .0l13 .101
13 x 1 x1/8 27 0737 . 0826 .0820 .192
12 x 1 x 5/32 .37 U7 .168 135 420
12 x 1 x 1/4 .56 .198 .231 276 .632
12 x ¥ x /4 .69 .31h . 366 62 1.03
en

Effective width of web neglected.

‘"ON ©30f TEBOTUYOSL VIVN
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TABLE IV.- COMPARISON OF STIFFENER SIZES COMPUTED BY DIFFERENT DESIGN METHODS

Example of plate-girder design (1230- x 5/18-inch web; 112.5-inch clear depth) from reference 5, art. 805

Required moment of
inertia, I, per
Stiff- [Number stiffener Required size for single Required size for ordinary double-angle stiffeners?
ener of (1n 4) bulb-angle stiffenersa
spacing|stiff- ;
?1n.) eners |Refer-|Refer- | Pro- |Reference|Reference| Proposed |Reference | Reference Proposed Steel
ence 3|ence 1€| posed 3 i 3 1 specifications
(reference 12)
32.6 8 22.46| —————— 53.5| 5x3x5/16| ———maeeee 6-1/2x3x3/8| 5x3%x5/16 | —~——=———m 8x3-1/2x3/8 | 6x3-1/2x3/8
A=2.99 A=4.27 A = 4.80 A= 6.86 A = 6.86
13_3=24.‘9 13_3=636 Il_l=28.7 Il—l= 57.1 Il_1=57.1
I4_4=22-7 14__4=53.3
41.5 6 22.46| 19.5 | 33.1| 5x3x5/16|5x3x5/16 |6x3x5/16 5x3x5/16 | 5x3x5/16 5x3x3/8 6x3-1/2x3/8
' A=2.991A=2.99 |A= 3.31 A=4.80 [ A= 4.80 A=5.72 A = 6.86
I;_3=84.9|I5_2=24.9 I3_3=40.1 | I, ,=R8.7| I, 1=28.7 |I, ,=34.4 I,, = 57.1
14_4=R2.7|14_4=22.7|14_4=35.5
61.2 4 8.62 7.7 | 15.2|4x3x1/4 |4x3x1/4 |5x3x5/16 4x3x1/4 3-1/23x3x1 /4| 4x3x5/16 6x3-1/2x3/8
A=2.07 |A=2.07 |A=2.09 A=23.38 (A= 3.12 A= 4.18 A = 6.86
13_3=10.2 13_3=10.2 13_3=24.9 Il_1=12.2 Il_l=8.3 Il_l=l5.2 Il_l=57.l
14_4=10.1 14_4310.1 14_4=22.7

I3z =

moment of inertia of angle alone, about face of web, in.%;
width of web equal to 35 percent of clear depth, in.%.

bll_l = moment of inertia about center line of web.

CValues of I

are 100 percent greater than theoretical values for case of one stiffener.

8gelected from table 21 of reference 5 for aluminum alloy 278-T structures. A = area of stiffener, sq in.,
I,_4 = moment of inertia for amgle plus effective

“ON HION TVOINHOIL VOVN
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V.- ULTIMATE STRENGTHZS OF PLATE GIRDERS UNDER CENTRAL CONCENTRATED LOADS
and 10 for sizes and spacings of intermediate stiffeners in ultimate-load testd

Cver- Correspond—~ |Correspond-
Span Tltimate|ing average |ing maximum

depth load shear stress bending Renmarks

stress

fredilanad (1b) "(1b/sq in.)|(1b/sq in4d

L g% 93, 300 23%,300 28,100 |Web collapsed and fractured after
all stiffener connections on
weaker half of girder were
broken.

9| 1fe| 191,500 25,500 33,700 |Web collapsed and fractured after

connectipns for two end stiffen-
ers on weaker ‘half were broken.

End rivet in compression flange

also sheared off.

ca
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NOTE: (1) ALL MATERIAL, ALUMINUM ALLOY 17S-T
(2) ALL RIVETS 3 DIAM, DRIVEN HOT WITH
CONE-POINT HEADS IN &} DRILLED HOLES
(3) STIFFENERS HAVE CLOSE FIT BETWEEN
FLANGE ANGLES

Fia.l.- PLATE QGIRDER FOR

. ¢ .
=41 4%
P . 3 OYMMETRICAL o
A 11 SPACES @ 2"=]-10" |25 Ik asour & g, 13
‘ | | ‘ 2l 3"x2xFxa~8"—
=T
== S SoP[Oe 0000060606600
& s 1> N0 i R x
0= a2 v
© Off = 0 =
& & = WEB PLATE 1 e § tiv
a s 108 Pl il * > 3
| @ o T Y 16"x § x4-8"" Y ed o @
i - e e of <, ¢ o
£ 2-0 o ou SRS 2
@\ Sf © 2 L3 B &
1 o0T 90 ,;g o
24 lolls = w &0 "
‘e a o e
S 0O OO Sljo R R o o A Y e m
2l 3"x2"xB'x4-¢" 1
'% A A DRILL HOLES
P
=
e
...... — R
| ©

COMPUTED STRESS AND DEFLECTION FACTORS FOR
CENTRAL CONCENTRATED LOAD P, BASED ON
ELEMENTS OF GROSS SECTION :
AVERAGE SHEAR STRESS = 0.250 P
MAXIMUM SHEAR STRESS= 0278 P
MAXIMUM BENDING STRESS =0.301 P

35% FLEXURE
MUM VERT DEFI =0. P
MAXIMUM ICAL LECT(ON=0.00000280 { 65% SHEAR

SecTioNn AA

(BoTH ENDS ALIKE)

STIFFENER TESTS — SPECIMEN A
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. " T 18
i o
4 -6% SYMMETRICAL die 25
g ot - AsouT % 132
at 28 23 Spaces @2=3-10 =
|4 ~ Al 4 IE
="L* “ (e ok P )
\ 21 -4'x3 x5 x9-0
- ébeéeoeeaeoeeeeoeeeae&wee g ol00000000000000000000000 g
o eflo]-., = F} e ‘
oL [ofoN v - off o = ¥
o ofel . :; * L3
= s {3 * “mlo 3 »®
ad © ollo || e > Wes fL‘TE @0 e 9 <
@ 4 L 30" g xe-0" Y of =% 2 i =
bé -
g 4-0" ool = & el 2%z e =
o b 0 3 + & B _‘ +_ 0
& o flo Z ol o =3 e
= o oflofl & off| o 23 | &
- | 4 L | | I ; 2d RS ©
O 060606 66600060660666606600[0[6[[e6556 060000000060 00600000/0 =d hal B
( 21s-4"x3"x %"xg'—o"/ A K
= l "
e §‘5' DRILL HoOLES
9'-0%
=
~. =
NOTEOALL MATERIAL ALUMINUM ALLOY 175-T COMPUTED STRESS AND DEFLECTION FACTORS FOR
()ALL RVETS 5 DIAM. DRIVEN HOT WITH CENTRAL CONCENTRATED LOAD B BASED ON Section AA
CONE -POINT HEADS IN%, DRILLED HOLES ELEMENTS OF GROSS SECTION: (BoTH ENDS ALIKE)
(3)STIFFENERS HAVE CLOSE FIT BETWEEN AVERAGE SHEAR STRESS = 0.133P
FLANGE ANGLES, MAXIMUM  SHEAR STRESS =0.147 P

MAXIMUM BENDING STRESS =Q176 P

77 FLEXURE
MAX\MUM VERTICAL DEFLECTION=0.00000299 P {3
o e 29OF 1 634 sHEAR

FiG.2.- PLare GIRDER FOR STIFFENER TESTS — SPECIMEN B

298 °ON 930N TeOoTUYOS]l YOVN

g "8y



SHEAR Buqlg- Com;zsmun-
LING LOADP|IN& AVERAGE
CLeAR DEPTH BETWEEN FLANGES T FoR TEST [SHER STRESS
Py _I-%*g%ig | PaNELS¥|B|  PsL
FiRsT IEST 26,300 6,570
1-12 24" PANEL 2
]
‘\\ 24 24" /‘—)
CLEAR DisTANCE Bn;yr.zu IMAIN STIFFENERS
38,700 9690
e SeresI —»f 1333/}
e 4’®
2-12'x12" PANELS
\
e
B
\ 66,400 16,600

\ s 3t / \

2-3x3 xfls” |=— Series[—»

3-8"12 PANELS
26,300

N 105,200

F=— SERIES T —»|

4-6"12" PANELS

>

g le b

SPECIMEN A

% THEORETICAL VALUE FOR PaneLs WiTh

SIMPLY SupporTED EpcEs

Fi@. 3- SCHEDULE OF STIFFENER TESTS
See TaBLE JT ForR Sizes IN EAcn SeRiES

ISHEAR Bucvgr; ICorrESPOND-
LING LoAD P|iNg AVERAGE
Ciear DePtH Between FLANGES W34 FOR TEST |SHEAR STRESS
Py Ix3*s PANELS* LB PsI,
: FIRST TesT %
<+ Al 12,300 ,640
a 1-24"x48"PANEL = he
A ” 48" J
. 48 o
CLEAR DisTANCE BE;I’WEEN MaIN STIFFENERS
‘\ 18,100 2,420
e SeriesT —of 1-xd 1 g L7 A
2-24"x24" PANELS
31,100 4,150
2=[fx |'x'§lg/<—SEmes][—-
3-16"x24" ANELS
49,200 6,570
y T
L—ﬁmlgsm—- 215y “%b/
4-12"x24" PANELS
y
101,200 13,500
2 5adids’ < SeRESIY ot
6 -8'x24" PANELS
:
174,000 | 23,200

e SERESY
8-6"x24 PaNE

el -~
a-l%n%xi@/ .

SPECIMEN BB
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b Bopy- BounD MacHINE Screw ConnecTioN
i <_/

16 - SPECIMEN A

= 2

= |

s

ey

/T [
i i ] m
. 3% <
(55
o 5| &
Z Wi g Sl
Ll b b ® @
> ] AR
= Il A i G
O | W = S
Ll 0 o | <
5 ik ey S| &
=! Z =t ct)
sl | o | = &8 =
Pad) . )
’—t\x ’—fm ]
= - J L S— o
DouBLE-ANGLE  SINGLE -ANGLE
STIFFENER STIFFENER

ugoal VOVN

Size oF  |\WIDTH oF LEG | GAGE B
StiFFENER | ATTACHED  [DISTANCE(Q
ANGLE T0 WEB b
N i i B e
2Xz X| 2 6. =
i‘\ X 3||X §n 3\\ l\\
4 N F A3} p. 2 16 [©
3\\ §’ -_: 3‘ l\\
2X7XE| = 6|3
‘\\ X g\\x J_“ ~3—“ -Z‘ o
48 4 16
“ » A\ W [\
B =
| \ A\ 5\\ \ |\\
15 X1 X33 l 3
g T 3
Q\‘ l“ J_“ l“ .5—\\
] | 3

No. 6-32 N.C (O.|38\:DIA.) ALuminum ALLoy 17 6-T SCREWS For %“x%“x\‘{ ls
No.10-32N.E. (O.190DIA) ALumiNum ALLoy 17 ST ScrEws FOR ALL OTHER SizES
ALL HoLes DRILLED & ReEAMED FRom TemPLATES To BobY SizE OF SCREWS

Fia4.- INTERMEDIATE STIFFENERS For PLATE GIRDER SPECIMENS A & B

p *3yd




Figure 5.- Girder tests in 300,000~pound-capacity Amsler machine

(specimen B after failure).
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NACA Technical Note No. 86& Fig. 6

Figure 6.~ Apparatus for measurement of lateral deflections

(reference angle held ainst flanges by tension
springs hooked over opposite edge2§a




Thickness = 1/8 in.
2 - 3x2x 5/16 in. angles on outside edges.

1 - 12 x 24 in. panel.

LOAD, P, 1b.

g
1 ? 1 * | ? e :
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P/2 = 22,500 1b. (11,250 psi. avg. shear) ! ' '
| et bt | et
= | f
—K—-— e _ —— + — —|— {- -+ —t— — — — — — ALUMINUM COMPANY OF AMERICA
Theoretical buckling load i s .
20 0009—\for 12 z 24 in. pancl - fmply “‘mm'ag““.d‘ I‘*‘“’“A i
< uggorted edges | pecimen
225 ?6 0 psi. avg. shear) - i
j, I E and Deflection Contours
0 2D 3E | 5C 6D puvsicar Test No__(090839-4
T—_Q 040 ' | 1 i) : | KIND OF METAL 17S-T
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o
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4

on 4. I = 0.0076 in:

ges.
= 0.014% in.%)

.

es at Secti

?81371 in.4

es on outside ed
a

} :ll]G in.

panels. Thickness = 1/8 in.
5/16_in.
posed from tests = 0

Rax /2 xl,

/

I pro
Ipgroposed by Moisseiff and Lienha

2 =12 x 12 in.
2-3x2x
2 -1

f

I

LOAD, P, 1b.
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T P/2 = 25,000 1b. (12,500 psi. avg. shear)
! e e e —
| Theoretical buckling load for
40 000——0"—412 x.12 in. panels - simply 4 /
. supported edges
?9880 psi. avg. shear)
ALUMINUM COMPANY OF AMERICA
Aluminum Research Lahoratories
20 000 T :
! X _Specimen A
d | [ Load-Lateral Deflection Curves
r —and Deflection Contours
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P = 90 000 1lb.

All intermediate stiffeners: 2 - 1 x 8/4 x 1/8 in. angles

4 - 6 x 12 in. panels 3 -8 x 12 in. panels

L IR EEE RN
A—| - B P et e :
-~ 0 - Y T
> \ l’ N . )/-\ P e /, = /”,/":‘ 'I /R-//;\\
=il [ PR 1 N / \ =iz A (5 A
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b X AT N Gl | ol
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SEl 4 Bt (\ \\ s 544, G5e Al
L q ///// ] /'/ U e 24 |
\ gc Al / e |
L $ \u : ! “"’// L\__/_/J/ ‘l'\__r/ ;
¢ — | N S
Contour interval = 0.050 in. Contour interval = 0.050 in.
A Theoretical buckling load for 6 x 12 in. panels Theoretical buckling load for 8 x 12 in. panels - 7 b/2
P/2 with simply supported edges = 105 200 1b sim supported edges (16 600 psi avg. shear) /
LY ,é Lo

7¢ Y V(Loggl¥or lﬁ 000 G0
/ psi avg. shear I
80 000 sl / / e %/ e 7

o J =
(T T
i s e e e s e O VA
60 000 ) [ [ [ /
o)
) Vertical deflection at
o / j /chntégaof gpag el
= 40 000 ; o F I ‘ ALUMINUM, COMPANY OF, AMERICA
3 i AlumnEE EesEarc gbora ories

Specimen A. Toad-Deflection
20 000, 4 / — Curves and Defleetion
g 1 Contours
[ / PHYSICAL TEST No.. Og_O_BAQQi;i = S
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All intermediate stiffeners: 2
2

- 1-3/4 xll-l/4 x 1/4 in. angles

P = 160 000 1b

8 - 6 x 24 in. 2anels L 6 - 8 x 24 in, panels
3 7. ) 10
o e Eod el cp T e A IO . . R R
b o R 2 N ’::‘ //:'.:'::‘\‘ = 5 N
B— 0 CA T LU AN A) D (DA
\L// ) I‘ Nt ) 8 \‘ : ( v ) I‘\\\\_l '| % ";I' g p g 7 U }
Sl e \/ AN=17 27
5 s NI ) /)
\ \/ 8] 1 ‘\ 57 s }\ —
0 \ = N,
D— ) : > //_4‘ FE=SoN
4 A0 & >
0 \ Il N V—-\
E— . ‘1‘
Pk L \ )
i \
§ J0 N/ ‘ >
G i
Confour intervel = 0.020 in. Contour interval = 0.020 in.
A Theoretical buckling load for 6 x 24 in. panels - i
p/2 / simply supported edges (28 200 psi avg shear) Theoretical buckling load for 8 x 24 in. panels - 7 P/:E ==
T LT e e e simply supported edges (13 500 psi avg shear) é 1
160 000 -
( oad for 16 00 Ve
{psi avg shear / >
S 1] /
o 7] / / :
: : el r
F: 80 000 ‘/ l j ertical detlection at
& / [ 7 . [ ] [ / f/ cenfer of span
5 / / Bl
= j / [ / [ / / ALUMINUM COMPANY OF AMERICA
0 %0 ’ s iesgeroh Lsgratorses
/ Specimen B. Load-Deflection
,/ _Curves and Deflection
/ / & wod Contounst i a g o L
od_1%B . | 14 18| | 1eB lic|  JisB 220 | 24D pursica Test no_090839-A
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LOAD P IN POUNDS

eﬁ\
70 000 L%
401 y\/
2
®) 1=.0706 o7 .
/’/ l enne™ I
60 000 | r | EZL 1=.0306 ond V¥
Theoretical buckling load for AD) T=-0264 T (303080
12 x 12 in. panels - odges 50% fixed | A= / / 3e AL =
— ( (13,000 psi. avg. shea_r? i —- B)- - —T3) I=-0136
—— — — ——] —— = e e MR, (T ) (e [ —— p— | —] —

50 000 ; ,//W/ ) 1=.0076 1=.0040 —|
| | _— e
e = ] B

S e i ; e
é/%/ 175-T Plate Girder - Spec. A / Theoretical buckling load for
40 000 7 7 Web thickness = 1/8" ) / /1121 )éoﬁeénédggrslels - simply
_-127 o ET e e e T e x 28" test anel bounded o5 7 —-?9890 psi. avg. shear)
by 3" x.2" x 5/16" angles Test Description of Intermediate _
/ / | i ’ No. Sgiffener Angles*
30 000 / P or_g_1/am ! @ 1/2 x 1/2 x 1/16 - one side |
[ @ - 1/2 x 1/8 £ 116 - both siden
| ® 3/4 x 3/4 x 3/32 - one side __|
j/ @  3/4x3/4 x 3/32 - both sides
20 000 d ® 3/4 x 3/4 x 3/16 - one side =
e = ] ®  3/4 x 3/4 x 3/16 - both sides
~ ~
¥ Short legs attached to web.
10 000 I = moment of inertia, in.4
RSN l e L i
T .
! Average of Maximum Web Deflections _ Maximum Stiff Deflecti Load-Lateral Deflection Curves
0 Midway between Stiffeners | l]’/Z | 1] enelr Ilec 1]0 3 from Tests of Stiffened
l Plate-Girder Web:
0-020 e 5 0-020 PHYSICAL TesT No., QSQBBQ-A
LATERAL DEFLECTIONS IN INCHES Fig. 11 LATERAL DEFLECTIONS IN -INCHES wowo or w1 7S=T

rLorreollfitorre £ AT Am\onnm oare /L34
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LOAD ? IN POUNDS
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e a
S
52 8 ) |
i o 7 a2 |
"@ et |
R ql\\' =T
B> |
iy a4 |
g Theoretical buckling o S 7 o0 y 8|
load for 8 x 12 in. ] ‘4/ & S 264
70 000 3 panels - simply supporte ® s (2)1=.0306 j
e edges_ (16,600 psi. ave. s i Rt |
— s —— |-¥— shear) — iy IR R CEO o el LS| B (S
Vo =2
TEA T e ==
S b5 y // -\Igad for 16,000 psi. avg. 7 / ;
shear =
! / 0L ~
//// @ / i o= |
T g =
X‘.
50 000 / 7 / / / / : 2 |
[ / / % 175-T Plate Girder - Spec. A | 14 g
% Wieb thickness = 1/8" o]
/// VZ 12" x 24" test panel bounded Test Descrigtion of Intermediate |
5. 68 ' by 3" x 2" x 5/16" angles / No. Stiffener Angles*
/ / / i’/ 4 @©., 3/4 x3/4x 3/32 - one side
® 3/4 x 3/4 x 3/32 - both sides
/ / l l// / ® 3/4 x 3/4 x 3/16 - one side
30 000 21_4-1/4n “ ®  3/4 x 3/4 x 3/16 - both sides
[// ® 1 x 3/4 x 1/8 - one side
L : / ® 1x3/4x1/8 - both sides
20 000 _—_—f_— k| * Short legs attached to web.
el . / I = moment of inertia, in.4
LR
10 000 .
f A T ; ALEJMINUM COMPANY OF AMERICA |
“' panels@O” = 247 Average of Maximum Stiffemer _  Aluminum Research Laboratories
: Average of Maximum Web Deflections  P/2 Deflections | Load-Lateral Def.ection Curves
Midway between Stiff \
2 ! ! 3" n : i eners{ | | | | | from Tests of Stiffened
[ [ | [ ] I Plate-Girder Web
I 0.020 0.020
e BEFTECTTORS T THCHES . Puvsicat Test No.___(090839=A
Ty Fig. 12 LATERAL DEFLECTIONS IN INCHES Kmpormen 1757

7L°WEDMDAH’M AppROVED T2 oATe_ . -4 |

et ‘3L



80 000

70 000

60 000

50 000

LOAD P IN POUNDS
&
8
(=4

L~

.

Theor tical buckli
§x 18 in -

load for
anels with simply
00 Ib

2 '@ I=,101

supported' egges = 105,2

[ J |
4 ‘Z___——b—l-.]ﬁs (llolissoi f and

[
Lienhard)

; 7‘////—-—1-.125 (proposed )

oF®

.// @V'®&..

~,

N
s @\

Load for 16,000 psi. avg. shea

D 1=.0136

R

%
N
|

— —_—

|

[/

Web thickness = 1/8"

17S-T Plate Girder - Spec. A

by 3" x 2" x 5/16" angles

12" x 24" test panel bounded

| ;

Description of Intermediate |
Sgiffener Angles*

3/4 x 3/4 x 3/32 - one side
3/4 x 3/4 x 3/32 - both sides —
3/4 x 3/4 x 3/16 - one side
1 x 3/4 x 1/8 - both sides

Short legs attached to web.

I = moment of inertia, in.4

P
30 000 e
A
20 000 ’—
= 7 o
e
10 000 B :
' ALUMINUM COMPANY OF AMERICA
| ‘ s Average of Maximum Stiffener | _ Aluminum Research Laboratories
Average of Maximum Web Deflections P/2 Befleekians Load-Lateral Deflection Curws
Midway between Stiffeners | | ] from Tests of Stiffened
B ! 4] ! o i [ i Plate-Girder Web
> > = PHYSICAL TEST No. 090839-A
LA VLI T T Fig. 13 1 LATERAL DEFLECTIONS IN INCHES 178-T
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LOAD P IN POUNDS

20 >
- (Y 5¢ o f@‘
JO S /R | &
) 6)- <A
8 o e
== / P
32 000 Theoretical buckling load for B OO > 'T/:\
24 x 24 in. panels - edges 50% fixed S g 7 P =
[ (3240 psi. avg. shear) e / / / . onb®
=gl

-

\\
RIS
\\ﬁg.
ce.

‘o, 4’0,
tsa‘ \b’
\ 5
B2
\a
&
N
\¢e
\[
o
5
°
g

Z i

\
\
\
é

28 000

24 000 L

"

\
A
[)

/
/ 0
7 == 1=.0073 (Timoshenko)
i O e SN B S // _._;7{;2_4 iR
== I|= moment of inertia, in.*
/
4

\l

AT
\
%
W

/ Theoretical buckling load for
24 x 24 in. panels - simply

supported edges
f ZEBO psi. aég. shear)

20 000,

e [
7 17S-T Plste Girder - Spec. B _| //

Web thickness = 1/8" /

~J

- 24" x 48" tust panel bounded —

|
|
i
|

Description of Intermediate

by 4" x 3" x 3/8" angles

Stiffener Angles*

N
SNV
N
\

1-1/4 x 1 x 1/8 - one side

1-1/4 x 1 x 1/8 - both sides

1-1/4 x 1 x 1/8 - both sides (ck.test)
Short legs attached to web J

ALUMINUM COMPANY OF AMERICA
uminum Research Laboratories

Test
No.
@ 1/2 x 1/2 x 1/16 - one side __|
16 00( ///k P 4'-6-1/4" ® 1/2 x 1/2 x 1/16 - both sides
v ® 3/4 x 3/4 x 3/32 - one side __|
| — / @ /4 x 3/4 x 3/32 - both sides
12 00 / @  3/4 x 3/4 x 3/32 - both sides (ck.tey
(ﬂ l/ e W/ @), xSl x o116 ~-ahe Bide
38 ® 3/4 x 3/4 x 3/16 - both sides __|
/ [ @D 1x3/4x1/8 - one side
1 x 3/4 x 1/8 - both sides  __|
©)
()
@

e s ol
4 00 |

Average of Maximum Web Deflections Average of Maximum Stiffener
Midway between Stiffeners | Deflections Load-lateral Deflection Curves
0 s Tem S , la l __from Tests of Stiffened
| 1 | I | (=% Plate-Girder Web
.02l l | 0.020 |
et . / | PHYSICAL TesT No 090839-A
e LTINS T TR i R o A o) N \ W KIND OF METAL l7S-T
LATEKAL DrFLRCTIONS IN INChiS f SIEONS 14 LATKRAL DEFLECTIONS IN INCHES ey SR TR s

*

8 00 TEzE W G
2 panels@24" = 48" /
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64 000

86 000

48 000

40 000

32 000

LOAD P IN POUNDS

24 000

16 000

8 000

P e
Ao
@ 5@ s i)
c@& \,’)‘9‘@
3 %9‘/ 2 '9{\ %
/ & ‘&'/‘% g._\:‘»‘«
/ & % i Q‘Z‘L\‘?&/
e
8 / / /z)/ D T
= // -
Theoretical buckling load for 7 / / 50820
e 252024 in. panelisl - edges 50% fixed _17// // o //©
psi. avg. shear o /
5
/ ‘ /% /'ér@ : / //,@ I=.0706|
| S B R B8 7kl e
i =0 = D ol
///,/‘7 / /r/,_ —1—:35; (TLvnos\““‘“’)
] -t
s == ) —D1=.0%04 Test Description of Intermediate
//////// /l7S—T Plabs Gier < Sons, B // No. S’giffener Angles* :
7/ AT S e Web thickness = 1/8" = B 75/?'— S A BT ®© 3/4 x 3/4 x 3/16 - one side
/ /5/ — 24" x 48" tost_pancl bourded . ® 3/4 x 3/4 x 3/16 - both sides_]
X angles ; : 5
i ; ek = Beooff BT I @ 1x 2/ 1/6 - one sde
4'-6-1/4" simg%y supported edges 1— @ 1 x 3/4 x 1/8 - both sides
/}/ ' | (4150" psi. avg. shear) ® 1-1/4 x 1 x 1/8 - one side
= | ® 1-1/4 x 1 x 1/8 - both sides
/ @ 1-1/2 x 1 x 5/32 - one side T
T 1-1/2 x 1.x 5/32 - both sides _
/ / AR
4 NS * Short legs attached to web.
/ [ I = moment of inertia, in.4
e | | 1 j8
s "
3 penels @6 4‘;’1 [ ALUMINUM COMPANY OF AMERICA
l | i [ ; | b/o Aluminum Research Latjc,‘ra_tomes
Avgelrage of h[a;{imuml. Web Deflections Average of Maximum Stiffener Load-Lateral Deflection Curves
Ml_dway lbetwe‘en St}ffengrs | | Deflections | | | l from Tests of Stiffened
' I | | I 1 | ! I -Girder Web
l 0.020 ,' 0.02 T
~ y ] ;’—'O—Q-Jl pursicat Test No__090839-A
LATERAL DEFLECTIONS IN INCHES Fig, 15  LATERAL DEFLECTIONS IN INCHES wnsor e ___L75-T

nun:nﬁlnnvtw»wnnw oare LL-9)
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LOAD P IN POUNDS

1-1/4 x 1 x 1/8 - both sides
1-1/2 x 1 x 5/82 - one side

e
; i /
4'-6-1/4"

30 000]

" I I,,y“\
) LY 0?'_' ‘19 B‘}'
/ o /& «f o‘- fye/'a\
80 00 A o 7/ O Sl ) gf &
/ / l @?%’ '?}b
tical buckling load for 3
= Tgﬁoiez}zﬁapan:fs o 50% fixed S ONA Q). b
%8800 psi. avg. shear% &/ / / ] P Z?,mx I
70 000—— L B DY o
e //l 4 ////
e e e | CJ | e Bl D 0 T L3 .-L,Z_.______-_.___
T
60
60 00 4/ =1 / e
/ 7 = @
/% / // / / BT e Theoretical buckling load for
7 // HO)- v @) i 127 x 12;4:1' pgnels - simply __|
supported edges
/| /%/// // 1 (;\Z.(‘st / (Sg}?)O psi. avg. shear)
50 000 pe—i- 3___________ —] S)——t H— 4 t
7’7‘% = 7 [ I R ] e ]
dl — 175-T Plate Girder - Spec. B_| 3" “Test No. Description of Intermediate
. —O SHitfener Angiost
[ / = Web thickness = 1/8" = ‘ iffener Angles
40 000 / W, '/ 24" x"48" 3est pagel bounded /] — 1x3/4x1/8 - one side _|
//// LGP0 2 o™ iglen / L= 1 x 3/4 x 1/8 - both sides
l// | ;// 1-1/4 x 1 x 1/8 - one side _|
/

1-1/2 x 1 x 5/82 - both sides
1-1/2 x 1 x 1/4 - one side

4 1-1/2 x 1 x 1/4 - both sides
20 000 1-8/4 x 1-1/4 x 1/4 - one sl.de
: J ; 1-3/4 x 1-1/4 x 1/4 - both sideq
> : ’ :
=1 : = Short legs attached to web. -l
10 000 | e Ci=gin 4 I = moment c|>f inertia,l in.4 =
: T /2 ALUMINUM_COMPANY OF AMERICA

Aluminun Research Laboratories

] - F

24"
30"

OeeRROe® OO

*

Average of Maximum Web Deflections Average of Maximum Stiffener

Midway between Stiffeners Deflections Load-Lateral Deflection Curves
ol L T ||,||_fLQm_T_e§ts_qr_StifgeMd_

l 0.020 I | I | | ] | 0.020 ' | I ] Plate-Girder Web
o I

PHYSICAL TEST No. QSQBEB-A

ERAL - Fi ' i
I0NS IN INC Fig. 16 LATERAL DEFLECTIONS IN INCHES wounor werwe L7
w i o S g > PLOTTED, uum»novmm nu[L'i-iI
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J b gﬁl ,iggﬁ
‘ l L o A‘T 9%
Load for 16,000 psi. avg. shear :,'Q—Al \éo >
M. P DY
| : @ 9o s | | o
128 00 /21
A © 3
/ /«,‘?b ‘?
e e mENmaE o anE
.
112 004 / . ® W & o
/ y/@) L-® Theoretical Buckling Load for
./ 7 ?" x 24" panels - simply supported edges
e e Bl el el ____.___/__ZL T s _r}3’5°° RAE- RaRE T
96 000 / /V// hee! // I=.192
D £47 I-.168
// i /@
80 00 2z > D / _@z-cc0%
1)
2 el 17S-T Plate Girder = Spec. B //'/
=) ;
= Web thickness = 1/8" Jgta :
Test D b £
7 o4 00— - 24" 3,48 sogt ponel. bounted z S 1
o Coab e / @ 1-1/4 x 1 x 1/8 - one side
9 4'—6-1/4" | ® 1-1/4 x 1 x 1/8 - both sides
S ® 1-1/2 x 1 x 5/32 - one side
48 004 Z @ 1-1/2 x 1 x 5/32 - both sides
/l ot ® 1-1/2x 1 x 1/4 ~ one side
o = S ® 1-1/2 x 1 x 1/4 ~ both sides
4 ©) 1-3/4 x 1-1/4 x 1/4 - one side
32 00d / il 1-3/4 x 1-1/4 x 1/4 - both sides_|
WP i g et |
F—ﬁ"mmw L’ * Short legs attached to web ‘
| l /2 I = moment of inertia, in.%
16 0 et
| ALUMINUM COMPANY OF AMERICA
Aﬁ? (Ii'age gftmuimge“geb Deflontions | Average of Maximm Stiffener Aluminum Research Laboratories
t i wTy elweenl i {?nerT ‘ Defﬁectlins ‘ Load-Lateral Deflection Curves
0 & J ___from Tests of Stiffened
| 0.020 ‘ ‘ ! 2 ' | Plake-fimer Wehe
‘ : L—Q‘m‘! ! vt S Mo+ 090B39-A
LATERAL DEFLECTIONS IN INCHES i LATERAL il i 175-T
Flg. 17 DmECI‘IONS IN INCES uorvuﬂa_nuﬁ&[nnovwm muL}'_?;’//
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180 000
gl T 1 A I s i S o P R S
I~—Theoretical Buckling Load for
" x 24" panels - simply supported edges
® q‘—l - 128,200 psi. shear)
160 000 v §° n}}' ' t
P el £
7 O 70 et =
////’ 4 'gﬁ“‘ v |
140 000 /, 4 "_7@ I=.221
// AL = //
/V / oad for 16,000 psi. avg. shear £ V
120 000 / 7‘ r
(7 / L / ﬁraue
émo 000 % / ,/ 178-T Plate Girder- Spec. B //
8 /// Web thickness = 1/8"
= / 24" x 48" test panel bounded /
~ (/Z by 4"x 3"x 3/8" angles
(oW
80 000 / | | | |
2 7 = e P X
S /I// Test Description of Intermediate
S 4'—6-1/4" _l No. stifrener Angles*
/ / — @  1-1/2x1 x 5/32 - one side
60 000 Z = ® 1-1/2 x 1 x 5/32 - both sides
/ @ 1al/2x 1% 18 - ops aids
e @ 1-1/2 x 1 x 1/4 - both sides
/ 1& % 1-3/4 x 1-1/4 x 1/4 - one side
40 000 = 1-3/4 x 1-1/4 x 1/4 - both sides e
: ey
n o= agn * Short legs attached to web.
l I I | P/2 I = moment of inertia, in.4
20 000 | i | | i 1 [ | ,
ALUMINUM COMPANY OF AMERICA
Agegage ogtm%%imum Web Deflections Midway Age§iget9f Maximum Stiffener HI IR &5 sertk Tabotoldnies
etween Stiffeners eflections Load-Lateral Deflection Curves
Plate-Girder Weh:
I. 0.020 " 0.020
: puvsicau Test No.__ Q90839-A
LATERAL DEFLECTIONS IN INCHES Fig. 18 LATERAL DEFLECTIONS IN INCHES KoM 175-T

= 21 ’f =
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Aluminum Research Laboratories

Stiffener Tests on 17S-T Plate

Girders
P.T.No. 090539-4
Plotted:
Approved Date
l f
(Values of N from eupirical relation A = (Hé)ﬁ FIR R B L e s s R P A e
. B mlt e E
Ratio for test load equal to theo- b = o T ]
/ retical buckling value for web ' . . :
¢ panels with fixed edges ofd ; o o g oFd ; =
2CEs ==
]
® Specimen A —
O Specimen B -
Influence of Stiffener Size
Upon Average Web Deflections
: » = Plexural Rigidity of Stiffeme
LU L g by [ fgy Heperal Rpeidity of WebiRemed )y ) g oy g abiel DLt |l
LY s ve } 2 i 8810 2 3 5 8 100 2 9 8§ 8 1000 2 3 e 8

Fig. 19
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] R E R S R D R B R R N R e o R R S R A [ T7T T [ Aluninum Research Laboratories
Stiffener Tests on 17S-T Plate
irders
P.T.No. 090839-A
Plotted:
Approved Date
N s = i
Values of N from empirical relation A = I %43 e l WEN
o — -
2.00 = 2 3 "
"
1.90 o o . ' o
1.80 — Ratio for test load equal to theo- "Qw T / ffw i _

retical value for web panels with /
1.70 —| _fixed edges

Theoret1cal Buckling Load for Web Panels with Simply Supported Edges

@ Specimen A
o Specimen B

Ratio:

Influence of Stlffener}Upon Average
Stiffener Deflections

I L g_%emwa Rierd fl':w‘ b.me 1
exural Rigidity of Web Pane i
T s e L T SR e ] 0 e T T T A 0 T A L e M e e b A A 0 e ] L
SRS » 4 & 810 2 + 6 8100 2 + o 81000 2 L

Fig. 20
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1000
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| s R ) | T
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i

Proposed Empirical Relation Between Ratios of
rlezgral Rigidity M and Proportions of Web Panel

n = L2EI(1-p¥)

Ebt3

where 1 = moment of inertia of stiffener, in.4
E = modulus of elasticity, psi.,

b = stiffener spacing, in.,

t = web thickness, in.

W

and = Poisson's ratio = 1/3

® Values of A obtained from tests in which average
stiffener deflections were approximately 25 per
cent of average web deflections for assumed
critical loads.*

] r— X .
10 - 3 ~ © Values of A obtained from tests in which average
& d stiffener deflections were approximately 0.020 in.
2 L p S ~  for assumed critical loads.*
of L —
- febofe ol -
- | | | S 1 [ e 181
E 2 4 T
Aluminum Research Laboratories -
: = # Assumed critical loads equal to theoretical buckli
Stiffener Tegggdggsl’ls T Plate alues for web panels wi%h edge.z 90_per cent fixodl:e
2 = 1 34 pe}c- geng greaﬁeg thgn buc %1.:)3 loads forhaimply'
T Now = supported edges) but not exceeding average shear
glg‘trg:dzosoeag ¢ 2 = str‘gas of 16500 psi. : %
Approved Date
Sk | o S B i)
0.1 a Ao masreae 1050

b _ Stiffeper Spacing.
d - Panel Depth
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Figure 22.- Specimen A after failure of stiffener
web under load of 93,300 pounds.

connections and fracture of
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Figure 23.- Specimen B after failure of stiffener connections and collapse
web under load of 191,500 pounds.
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LOAD, P, 1b

3 21|13 4 23|41 4 1 3|2
9 P
J ] p
60 000 l 2 6 10 14 g
| | AR
40 000 2 ==
t@ 6" - 24" |3e 8" - 2t
Stiff 2 Stiff 4 RR : Lk
iiiener iifener ; All intermediate stiffeners
Stiffener 6 | 2~ 1'z23/4 1 1/8 in. angles
20 000 i 1( 4
+ - + ] - o - L
- 3
10,000 10.000_% r 10,000 10,000 10,000 10.000441 ‘
///// e i
\_c‘ O l
3 g /
4 2
60 000 / a4 :
\ [ [ 1 3 4 Section E showing location
/ of 2-in. gage lines
2\ / !
40 000 al
o im&icates tension
; : - indicates compression
Stiffener 10 —\ Stifferer 14 3 j l
80 9 ALUMINUM, COMPANY OF AMERICA
Alumins 'ﬁesearq I?abora ories
+ 2 + Specimen A. Load-Stress
0 : : S;iff
0 eners
I': 10,000 10,000 | 10,00 10,000 | SR A 08 -
F i g P 24 STRESSES’ psi KIND OF METAL 17S—T

protren £t MVWA»MV"M oare_L2-G-4/
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L T
P | [
T 4
2 4 6 012 % 3
s —§ Web
E
89 6" - 48“ -146@ 8" - 48"
P/2 LT : P/2 2 #
A1l intermediate stiffeners |
2 - 1-3/4 x 1-1/4 x 1/4 in. angles Section E showing location
*of 2-in. gage lines
2 2 18 :
160 000 LRl 1828 R .

I

) 20

T
%ﬁ

Stiffener 17

Stiffener 21

< 120 000 |
- [ { + indicates tension
o - indicates compression
g | /
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