NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHENICAL NOTE NO, 921

REQUIREMENTS FOR AUXILIARY STIFFENERS ATTACHED TO PANELS
UYNDER COMBINED COMFRESSION AND ‘SHEAR

By Merit Scott and Robert L, Weber
SUMMARY

Panels of aluminum alloy sheets, framed by side and
end stiffeners, were. subjected to comtined loading by
meansg of offset xnife edges acplving loads to top and
bottom end plates with reacting forces against the end
plates supplied by laterally acting rollers,

Tho tost srwvcimens wera 175-T alupinum alloy shocts
0.540 inch thick in pancls of 10-inch width and throe dif-
oront longths (approximatoly 10, 2¢, and 30 in.). Data
werc obtained for the bowing of transversc and longitudi-
nal ribs of rectangular cross section arnd varying depths
mountcd on onc side of the sheet only, for sceveral rasiocs
of  clodprosmion to shear loads. . .siimiting valnesofi Stihio
nonents of inortia were calculated from these measurec-—
ments. Tho cxperimental valucs excced the theoretical

k

valuos sivon by Timoshenlzo for the caso of simply sup—
ported shoots with uniformly distributed boundary strcssos.

Tho work roported includes mecasuremcnts of the offcc—
tive shear moduli of the nine test pancls with and without
Tibse - Thoso data are comparcd with values publishod dy

fahdo landt Wagner',
it s S
.s.|¢.'\\.DTJCAJ. an

>

onomical use of material in structural pancls

a0d by ribs roeguires some fieans of detormining the
ary flexural rigidity of the »ibs. liothods for
ating the roguircd momgnts of inortia of stiffoning

4

rivs have deoen outlined by Timoshenko (refercnce 1) for
casgs of rectangular shcots stiffoened by transverse or
longitudinal ribs and loaded in shear or coupression.
Tho monents of inertia so calculatcd aro thoso for which
the ribs remain straight whon the plate buckles under
load,
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Thore is evidence that in practical cases the
required rigidity of ribs on sheet panels is greater than
that predicted by the approximation theory based on
equating the sum of the strain energy of the buckled
plate and that of the rits to the work done by the ex—
ternal forces. It is therefore desirable to have experi-—
nentally determined limiting values of Y for the re—
quired moments of inertia.

Data were obtained on the bowing of ribs of differ-—
ent moments of inertia under panel loads gradually in-
creased to nearly the yileid values (as determined from
preliminary tests) on each of nine types of rectangular
sheet panels stiffened by transverse or longitudinal rids
of rectangular cross section, mounted on only one sids of
the sheet.

This investigation, conducted at The Pennsylvania
State College, was sponsored by and conducted with finan-

cial assistance from, the National Advisory Committee for
Aeronautics.

SYMBEOLS

Test specimens are identified by a c~de number (for
example, 11T2) in which the first digit specifies the
length—t o—width ratio, the second the numder of ridbs, and
the last the reciprocal of the rib depth in inches. The
letters T and L are used to indicate ribs in the trans—
verso and longitudinal position, respectively. The fol-
lowing summarized notation is substantially that used dy
Timoshenko, s
A crogss—sectional area of ribd
a panel length, between screw lines
a' width of ridb cross section (3/8 in.)

B = EI
b pancl width, between screw lines

b! depth of rib cross section

by limiting value of V!
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2¢c = depth of rectangular bveanm (eguation (3))

sheet diagonals

(£ig. 5)

increase of panel diagoral ¢

decrease of other panel diagonal c'!

nodulue of elasticity (0.3 x 165 18/in.° Sor

aluminum alloy)
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base of Haperiaan logarithns

oeffective shear modu

thickness of sheat

iaonent of

las

inertia of rib cross section relative to

axis through a'

knife edge

edge

nife—ocdge displaceueni, incics

longitudinal distance tcotween gage points (Tize

(9}
~

longth of beam between supports (equation (2))

loungitudinal stiffenecr

knife—odge load, pounds

slope of

slcpe of

8

8

against

against

transversc stiffeoner

P

P

curve

curve at zero rib thickness

lateoral distanco botwoen gage points (fig. 5)

a

b

deflection of rib at midpoint

A
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Y snear stress

Y = ;s, panel in compression

Y = 2%, panel in shear (See reference 1, chap. VII,)
a

s |

YL 1imd ting iwadue oft Y Fop . gtiiffener of larzge rigissf

€ mean conpressive strain
A a constant
shear load
o5 shear stress in sheet, —————0=
nb
0 Poisson's ratio (0.33 for 175-T aluzinun alloy)

APPARATUS, MATERIAZS, AND T35T PROCEDURI

The method used to sub ject the snecimens to combined
compression and shear is shown schematically iz figure 1,
The load was applied to the test vamel through two knif
edges K and the small rollers r; while reactions
occurred through rollers R, eight in number located i
pairs at the four corners of the pancl., With the knife
edges in central positions, the pranel was subtjected to a
compressive load, When the knifc edges were displaced
laterally, the panel experienced a load of com®ir=d cox—
vression and shear, When the knife edges were cvar tkhe
vertical line of screws in the side stiffeners, it was
assumed that the loading was pure shear.

n

The frame of the testing j was built from struc-
thira ) ¥a tiole INR(E U asid 2 ain A BHicE i vertical guides for the
test panels were angle ircms (5 by 5 by 1 in.) bolted in
pairs to form T's in which slots were machined to receive
the pangls, Rigidity of the frame was socured dy welding
four plates (20 by 8 by 1 in.) between the vertical mez-
bers at the top and bottoms The frameo rested can 2 bdase
made from an H-bocam (10 by 10 in., weighing 72 lb/ft)
between the flanges of which vertical stiffeners cut from
angle iron (4 by 4 by 1/2 in.) were welded belcw each of
the upright membors of the frame to provide a rigid sup-—
port for them.

ie
18
he
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Loads were applied by a hydraulic jack of 7—ton caw
pacity (Blackhawk Mfg. Co. Model C—11-G), mounted on an
upright H-beam bolted to onc side-of the frame. The Jack
was provided with a pressurc gage (Harshalltown lfg. Coe)
of G—inch diametor calibrated to road loads from O to
20,000 pounds for a 1l,544—inch-diameter ram. The lever
bar 'was a piece of Yo, 2 Samson steel (6 by 1 by 60 in.,
The Carponter Stcel Co.). The roller bearing used for tkhe
fulerum of the lever was of 4d-inch diameter and l-inch
length (gencrously supplicd by Messinger 3earings, Funciil
Knife eodges ware machined from Stentor steel and hardecmcd;
while the rollers were cut from drill rod and were hard-—
encd.,

The ond platos shown in figures 3 and 4 were machined
from tool steel and had a rectangular cross section with
a hoight of 1% inches. Rollers R of 3/38—inch diancter
werae rccesscd in the cnd plates to bear against the up—
right guides of the testing jig.

Tho pancls tested were of l8-—gage 175—T aluminun alloy
of commercial grade mado by tho Aluminum. Company cf America,
cut so that tho dircction of rolling was along the (verti-
cal) direction of loading in tho jig. The stiffoning ribvs
and tho side stiffeners were milled from 175-T bar stocks
Side stiffeners were cut to butt cleanly against the end
platose The fit of the panel in the slot of the vertical
steel guidos was within C,005 inch, dbut the specimen could
be pushed along the guides ty hand. A list of sheet dimen-
sions and sketches of the nine types of panel tested are
shown in table I and in figure 5. :

Tho bowing of tho stiffening rids was measurod dy
dial gages (Federal Products Corp. !lodel D-8-IS, full jow—
eled) mounted as shown in figure 2, connected to the ribds
by moans of 30-gage aluminum wire. Dial gagos also were
used to obtain data on the effective.shear modulus. For
this purpose they weroc mounted along the diagonals of the
sheet panels as shown in figures 2, 3, and 5, connections
being made with 26—gage aluminunm wira.

PRECISION

The validity of thesc measurements depends on threo
factors: correct calibration of the gages used to mecasure
loads and deformations, a rigid frame of reference for the
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and negligible friction betwoen

doformation measurements,
4 in tne loading systed.

sheet panel and guides an

" Dial gages were checked against a Gaertner compara-—

Those of the full jeweled typo were found to give
ngs under tho conditions of use when the
aluminum wire was directod along the axis of the gage.
The calibration of the jack goge was checked against a
Crosby dead-weight gage tester: and a correction curve
drawne Load measurements are judged to be accurate with—
in 50 pounds and deformation measuremcnts within C.003

tor.
reproducibvle readi

inch,

A satisfactory checck was madae cf the rigidity of the
jig by substituting for the aluniuvam test panel a steel
plate of 7/16—-inch thickaes and apply:ag the zoxioun

load to oe used in thc %est

S e

REZSULTS AHND ANALYSIS

Liniting Values of Gamme

t knife—edge load were obtained

for several depths of stiffening ribs and for positions of
the knife edges ranging from pure compression to. practi-—
cally pure shear., When plotted, the data of bowirng (5)
against load (P) resulted in smooth curves with fairly

well defined slopes. Curves obtained from a sequence of
five different knife-—edge positions show a regular decrease
in slope with decreasing values of the ratio cf shear to
compression., The Tange of values of the slope 1is nuch less
for sheets with longitudinal ribs than for those with
transverse ribs., These characteristics are shown by the
sanple curves of figures 6 and 7, for the 21T4 and 2114
sheets, respectively. A regular decrease in slope 1is
observed with increasing moment of inertia of the ribs,

as is 1llustrated by figure 8. Values of the slopes deter—
mined from the graphs of & against P are listed in

table Il

Data of bowing agains

ginally that Southwell's nethod (ref—

erence 2) might be applied to the determination of the
limiting values of the moment of inertia, but after trial
_the method was set aside, as were several empirical meth-—

ods, in favor of the following,

It was hoped ori

Trial showed that the relation
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S =ns e">‘bl (1)

holds satisfactorily for the stiffening ribs that are not
too decpe The limiting value of ribd dopth was therefore
defined as the value of ! for whick 8§ 1is equal to

50/8. In almost all cases the liniting velue of rid depth,

as defined above, occurred in the region in which the

relation (equation (1)) was valid within the limits of t=ne

experinental error,

The procedure for finding the liniting values of tiwe
rid depth by was to plot the logarithns of the slopes
of the 8~against~P curves against the rid thickness hats
Tho intercept on the logarithnic axis yieldod S, and

the velues of bL then were read dircctly from the curves.

Owing to limitation of data, it was helpful in nany cases
to plot § against D' to serve as a guido In 'propexly
woighting data.

Illustrative curves of S against 3bv' and log S
ageinst b! are given in figures 9 to 11. Tabdle III
lists the summary of the limiting values of ¥ obtained
as explained previously, with pertinent information for
all panels, Figure 13 and tadle IV list Timoshenko's
values of Y against B, taken from reference 1, for
sinply supported panels with uniform doundary stresses.
Figures 14 to 16 show the experimentally determined val—

ues of ¥ for the particular parels of this report plot—

ted along with related values given by Timoshenko. The
moments of inertia of the ribs from which the values of
¥ were calculated were obtained from the relation

I=1/3amnm’® (2)

neglecting the effect of the associated sheet, the screw
holes, and the screws that held tho rid to the sheet,

Since it was a priori questionadle whether the cal-—
culated values of the rid moments of inertia ware "made
good," the effective values were measured for a particu—

lar case for each thickness of rib, To the rid there was

attached a strip of 0,040 inch 175-T sheet 1.22 inches

wide, using 6-32 brass screws spaced 8/4 inch between cen—

ters just as in the experimental panels. The stiffencr
was then supported horizontally between xnifc oedgos 2346
inches apart and loaded at the center to produce bowing

in the same sonse as that experienced on the test panecls -

that is, with the rid concave toward the shecet, placing
the screw holes in conpression. ' £ A4S
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For o concentrated load P on a beawr, the zaxinun
(contral) doflectioa is given by rence 3)

5
s RS M baihe e e (3)
48 TI J
or i appr oxEnatoly,
P1° P
Qi = emmm——remtn \"‘/
48 31
For cach rib the deflcections corresponding to several dii-—
fercat londs werec measured by a zicrometer screw, and aver-—
age volucs of I were calculatoed fron cquation (31}
Thesc repreosent effective nmowents of inertia for the ribd
plus = strip of shest of width approxintately 16 tiies the
sheob thiclkness on onch side of its cernter line. These
offoctive wvalues arc coaxpared withk the monecats of iaervic
coleulanted for the ribs plus shecet rolative to their ncu-—
trol axis ia table V, which also incluées for convenionco
the valucs 1/3 a'v'®, In figure 12 the effoctive moments
of inertiz and calculated values relative to the neutral
axis arc shown as ordinates with the 1/3 2'b'® values as
obscissase Tne values of A = “/oh for The ribsailstosarc
given in table V.
Iffective Shear odulus
Valn f the effective shear modulus were obtaine

c
for cach o
various docpt e« Thesce werc .based on shear aensurc:iionts
nade with dial gages attached by tads o0 the lLowor onds
of the side stiffeners (fiz. 3) azd connccted by aluminum

he ninc shect pancls using stiffoncrs of
s

wiro to 2easure the c“anbes in the lengths of the gheet
dingonals (fize 5)¢ The shoar strain wes calculatod fron
t hioriclacion

5 EoEleE T (4)

Grmphs'of shear stress against strain were drawn,
such as figure 17, and the shear zoduli taken as the val-
ues of the slopgs of secants drawn from the origin to
points on the curves corresponding to stresses of 1000,
2000, and 3000 pounds per square -inch, respectively.
Thoso shecar moduli together with values of the pgramcter

h/o VB;T arc prescated in tadlec VI,
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The data listed in table VI for unstiffoned sheets
represcnt prelinminary measurcrents of shear taken before
the sheet was drilled for ribs. Thus 11TO0 and 11LO rop-—
resent sinilar, unstiffencd sheets and should have equal
noduli,

Effect of Bending of Side Stiffeners

The nothod in which the sheet panels were supportcd
in the testing jig pormitted a possible bowing of the
side stiffeners toward the center of the panel, Tho log-—
nitude of this bowing and its effect werc investigatcd.

A Whitteonmore gnge was used to span the shcet pancl and to
reasuroc the slight bending of the side stiffeners toward
cach othor as the shecet was loaded. With a 30—-inch shoct
without ribs and at the highest loads, the nmaxinun inwvard
bending of the side stiffeners was about 0,002 inch for
conpressive loading (k = 0) and about 0.025 inch for shecar
loading (k = lOf). '

Use of Sproaders

To study the effect of reostrainins the inward dbowing
of the side stiffenors, steel spreaders were nade of drill
rod provided with ond pieces machined to bear against the
side stiffoners of the shect pancl without touching the
shects UThose were attachecd as shown in figure 3. With
two such sprecadors spacod synmetrically on cach side of
the 30—inch pancl, the maxinun inward bowing of the side
stiffoners was about C.001 inch for compressive loading
and about 0.013 ineh for shear loading.

Measurenents of rid bowing and of shear of the sheet
ranels werc nde with and without spreaders for all sheets
except these having longitudinal ribs too deep to pernit
cloarance of the spreaders, 4s nany as four pairsg of
spreaders were used (33T sheet), placed nidway between t he
transversce ridbs. These mneasurcnents showod that the effec—
tive shecar nodulus of a shoet was increascd about 5 percont
by the presence of the spreaders. It was not sensitive to
the placing of the spreaders or the vxtont to which they
were tightened. On the other hand, the negnitude and direc—
tion of the ribd bowing were grecatly influenced by the addi-
tion of spreaders. All data reported on bowing were talken
without spreaders. .Insofar as valuecs of effective shoar
nodull are concerned, it is concluded that the testing jig
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usecd yicided results subtstantially the same a2s these that
would te obtained with a jig that provided the side stiff-—
cners with continuous support against inward bowing.

g g

Limiting Values of Gamma and Moment of Inertia

Figurcs 14 to 16 show tihe principal results. 4 sim—
ilarity cxists between the experinental values for the
particular panels of this report and Timoshenko's theo-
retical values for simply supported parels with uniform
boundary stresses, but the experimental values are in all
cases higher., The experimental points are tased upon mo-—-
ments of inertia computed by 1/3 a'p!'® without regard to
sheet or screws or screw holes. The use of 1/3 a'b!3 fol-
lows Timoshenko, as shown by exazple in the reference
given; its use here is Justified by the evidence shown in
table V that the effective and ccmputed values of the
nomerts of inertia of the ribs are in guite close agree-—
menit +f or raliieibes up’ to 1vinchi'depth foriithe iparticular
case tried.

In the casc cof longitudinal ribs, the experimental
values should be expected to be somewhat too high as the
& values were high for the limiting ribs (tables III and
V).

It should be emphasized that Timoshenko's theoreti-
cal values for the limiting sammasare based on sheet pan—
els with all edges 'simply supported and with uniforn
boundary stresses. The experimental panels of this report
were not designed to duplicate the conditions of
Timoshenko's caleulations but were chosen as a feasible
case with which to experiment and one for which the results
would have considerable practical value.

The comparison depends on the defirition adopted in
the experimental work for the limiting moment of inertia,
If a value corresponding to So/lo were accepted, for
instarnce, much greater values would result. Just as a
centrally loaded column deflects because of lack of ini-
tial straightness, so these ribs may be expected to deflect
at the initial loads as a result of the imperfections of the
sample and the esccentricity of the ribs, As will be pointed
out under EZffective Shear iodulus, &ll sheets as well as
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ribs did show lateral deflecticn at the initial loads and
anything corresponding to calculated critical bdbuckling
‘stress 1is quite suppressed and not dircctly observables
Perhaps, as suggested undor the following section, the
liniting value should be based on the attainzent of liz-
iting rigidity, dbut experimentally this is indircct.

Effective Shecar Modulus

Figure 18 and tabdle VII show the variation of effcc-—
tive shear nodulus_for sheect panels against a parancter
defincd as /b J/E/T as given by Lahde and Wagner (ref—
erence 4) together with the exporinmental values cbtainecd
for the panels of this report. The experinental valucs
plotted are averages, for each panel, over the range cf
ridb depths enployed. The slopes of the experincntal
curves as drawn are higher than thise of the theoretical
curves. For the 11T and 11L panels, there is one value
of G, higher than that for a panel in pure shear. This
probably results fromn the-fact that the ridbs and the fraue
brace the panel in such 2 way as to bring Young's aodulus
into action.

All poanels and ribs werc in all cases observed to
start lateral displaceuent at the lowest loads., Thaus,
theoretical buckling load could not be directly related
to these observations, a fact which accords with other
workers! reosults.

Fizure 19 and table VIII show how the coffective shear
nodulus for each pancl varies with the noaent of inertia
of the ribs, This in itself provides a second nethcd of
deterniniang the liniting ribv, and qualitatively corrobo—
rates tho procedure enployed in this report for cbtaining
the liniting nonents of inertia.

CONCLUSIONS

Liniting Ganras

Since the sheets and the ribs: of the pancls of this
report showed lateral deflection at- the initial loads,
sone nethod of defining the liniting rid was necessary.
When the liniting ganras for these pancls, as obtained by
the enmpirical nethod for finding the liniting rid dopth
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as dovised in this report, arc plotted as 2 function of
length—-width.ratio and brought into juxtaposition to those
obtained thecorptically by Tincshenko for panels with 21l
odges sinply supported and with unifora boundary stresscs,
a sinilarity of the.relatiocns is obvserved, but in all
cascs the oxperinzental values are higher. The conditicns
of sinplo.cdge suppert and wniforn boundary stresses can-—
not be considered to cotain for the cxperizental panelse

In all cases the experizental ridbs were nounted uwpon
only ono side of the shoet. However, the ribs uay not
have bont with the neutral axis in tho plane of tkhe siect,
thus offering a uaxioun nolent of inertia, as is assuzcd
by Tinoshenko.

The experiiental values cover the cases ofi panel s tin
convression and in shear with one to fhree transverse
rivs and in compression and in shear with cne longitudinal
rive )

Effective Shear Hedulus

The experizental values of the effective shear (sccant)
ncdulus of the panels are in as good agreenent as could oe
expected with the valuos published by. Lahde and Wagner.

Departaent of Physics, . ,A A
Pho Pennsylvania State College, . -
State College, Pa., September 16, 1943.
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TABLE I.,- DIMENSIONS OF TZST -PAELS

__ [b.= 10,63 in. for all panels]

Sheet a w
thickness |
Ak iny) (in.) (in.)

0.0392 4 10.22

TABLE V.- COMPARISON OF CALCULATED AND EFFECTIVE MOMENTS

CF INERTIA FOR RIBS

Rib cross section

(in.)

T =11/3 a'Bv>

I .
calculated”
(neutral

axis)
(in.4)

T
effective

1/8 x 3/8
1/# x 3/8
1/2 x 3/8
3/% x 3/

1-x 3/8

2.45x 107 ¢

19.60
156.2
by

1275

5.0kx 107 %
11.58
il
196
4l

252 x% 16"‘?
11.28
5.6

193
346
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' TABLE 111

15

SUMMARY OF CALCULATION OF LIMITING VALUES OF GAMMA BY EXPERIMENTAL METHCD

|
Sheet| k S 8 ® I 3 % f Ak B
code ¢ _62 bL bI‘ L L ‘ b

(in.) (in.) (m=3") (in.d) |

|
110 G "33 |a2.8 |0s2851 1195 % 107%| o2u4x 107 | 2,510| 3.8 1 ; }
21T 65 |23.9 | .019| 9.3 61.6 635 96 | 2
31T 33 [12.5 | .09 73 19.3 gko | 1.4 3
227 0- | 16.7! 6.15|0.168| U475 594 6,120 9.2 | 2
32T 2Bk [ oo | w085 . BkS 76.9 792| 1.2 | 3
330 | o |20.6! 7.6 {0.18 | 385 730 2500 | @1 b 3
117 | 10% | 60 [22.1 [ 0.311| 3010 3760 38,700 | 58 1
217 94 |34.6 | .190 686 357 B,520| 6.7 2
71T 94 [34.6 | .174| 528 660 6,8001 3.4 3
227 | 10% | 36.5({13.4 | 0.19 686 §60 8,350 | 6.7 2
32T 59 [21.7 |- .145| 306 782 3,940 2.0 3
337 | 103 | 36 |13.3 | 0.2% | 1380 1730 17,800 9.0 3
11L 0 39.6{14.6 | 0,275 2090 2610 26,900 41 il
21L 46.8/17.2 | .473{10600 13300 137,000 207 2
1L 52.6{19.4 | +725|38200 47700 492,000 | 744 3
11L | 10% | 66 |&4.3 |0.27 | 1970 2u60 25,400 38 p
21L 76 |28.0 | .4 7400 5250 - 95,200, T2 2
7L 104 | 38.3 f .60 21600 27000 278,000 {140 3
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TABLE IV.- TIMOSHENKO'S VALUES OF LIMITING GAMMA FOR PANELS

WITE SIMPLY SUPPCRTED EDGES

e ——
p————

Panel in compression,
one transverse rid

]

Panel in shear,
two ribs transverse

", 3 to "a" dimension
Vg TP p=2 B4
i B " aD
0.50 12.6 3 0.64
60 7.18 245 1.37
.70 4,39 2 353
.30 2.80 | 1.5 107
.50 1.82 | 1.2 22.6
1.0 | 1.26 | It
1.2 . 433 B ‘ s
1Y LF]! 0 Panel in compression,
one longitudinal ribd
L it
Panel in compression, Bae ! &Y = %
three transverse ribs b
: a 3 0.6 .5
= =T 1.0 i 10
o REE s SISy 1.4 5 15 A = 0.05
0.60 . 101 ! 1.6 20
.80 L2.6 l 2.0 25
140 2l.7
1.2 12.4 ,
1.1 ! iy .6 i 5
! I R 10
i | 1.2 . 15 A = 0.10
Panel in shear, 16 20
one rib transverse 1.8 25
___to "a" dimension -
B = % e B .6 5
T e a4 it | 8 10
2 0.83 l 1.2 15 A = 0.20
Loty 2.9 ; Tl 2C
1.25 6.3 | 1.8 25
1 15 i
1
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TABLE VI.— SUMMARY OF EFFECTIVE SEEAR (SECANT) MCDULUS

OF PAVELS BY EXPERIMENTAL METHOD

(x = 10%]
Sneet code| Shear stress, l‘b/in.a{ »1000 2000 3000
h(fE '
R DR 0.38 0.27 0.22
11T0 3.08 x 10% | 2.52 x 10°
8 3.85 3eBi5
L L4,5L x: 108 g.us 3,00
2 4,54 .00 3.66
1110 E.gu 2.90 2.80
8 45 ;.3& 3,08
4 4.50 4.55 4,62
2 5.69 3.92 3.02
4 4.85 3.6L 3.62
21T0 ;.33 2000 1.83
g b 2.4l 1.91
e 2,70 2.67 2433
2 3.70 2.76 2.66
2110 3.08 2.16 | 1,82
8 3.64 2.74% 2.29
b 3.50 2.67 2.36
i 3.64 2.86 2.66
22T0 3.64 2,22 1.85
8 3,03 2,47 2.40
4 2.50 2.40 | 2458
2 3.84 3.26 3.24
3110 2.00 1.48 | 1228
8 222 1.91 1.64
4 2.98 222 1.94
2 2.98 2.38 2.16
3 2.70 2.28 2613
3170
8 2.35 2.08 1.56
4 1.96 1.43 3y
2 2.00 1.60 1.68
3270
8 2.04 2.00 1.63
- 2.60 2.1 2.05
2 2.50 2.33 2.05
3370
2,18 2,06 1.89
4 2.5 2,20 2.04
2 | 2.28 2.15 1,97
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G
TABLE VII.~ AVERAGE VALTES OF -58- OF PAVELS BY EXPZRIMENTAL METHOD,

k = 103, .AS “2LOTTED IN FIGURE 19

Sheet Shear stress, 1b/in.2. i 1600 2000 3000

|td

e SR B 0.27

|
e e ,_...,.__. e ’ I

'—‘

} 117 ' 0.540 0.348 0,309
11L 455 . 356 3%
o1 ,. .363 .2L8 .212
o j a2 252 222
2o . 315 L2u 2u4
L : e asg 1199 177
37 : 204 .1€65 .160
30T . | 231 .218 «185

33T ' el .208 .191

g ey - T — .;_.-
,"p.ff\,~ FY, SRR B IR B el RS St o B
R R L T SR e RS R P e e S

Rai s o gt

gk e

v o
o
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TAZLE VIIT.~ VALUES OF I/I; AMD G,, k= 10}, AS PLOTTED IN FIGURE 20

Rib Gy
Sc};?et 8o thickness I Iy, I/IL av. effective
i ; S dul
o (in.) (1ns %) (1nt) h?;‘_;/?g.a )us
1 N 00 0.00 i .00 0.00376 | 0.00 3,36 x 10°
125 .000245 0652 3.69
.25 ,00196 .521 3467
31D 1480 0.00 0,00 0,00246 0.00 3.2
125 .00024%5 .0996 5.62
.25 .00196 .796 65
.50 ' .0156 1 6.34 4.l
T 0 50.8 .04
21T 1 “2.00 0.00 | 0,00 0.000857 | 0.00 2.72
125 | .0002W5 .286 2.93
25 | 00196 2.29 2.90
.50 | +0156 | @82 3,04
T T
215 g0 | 000 i 0,00 0,00925 | 0.00 2,35
125 i .000245 i .0265 | 2456
.25 | .00196 -0 2.84
.50 i .0156 | 1.69 2405
I~ 11,00 P l125 | 13.5 5e53
& b
227 | 2,00 0,00 } 0,00 0.00086 1 0.00 2.57
125 | ,000245 | .285 2.63
.25 L ,00196 | 2.28 2,49
.50 J, L0156 | 18.1 7,45
AL | 3.00 0.00 | 0,00 | 0.0270 | 0.00 1.58
125 1 .000245 | | .00908! 194
.25 00196 | I 0125 | 2.38
.50 L0156 | 577 2.51
1.00 22y | | %53 2,37
3103500 0,00 0.00 | 0.000660{ 0.00
125 .000245 1 | - a37L *1.82
.25 .00196 | 2.97 »1 .8k
.50 0156 | 23.6 *1.3%
320 | 3,00 0.00 0.00 0.000382; 0.00
.125 000245 .6 1.89
.25 .00196 5.13 2,35
.50 0156 40.8 2.26
337 | 3.00 0.00 0,00 0.00173 | 0.00
.125 .000245 142 2,04
25 000196 113 2e27
50 | 0156 9.02 2.13

*Averaged over two values only.
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Figure 3.- Testing jig for loading shest panels.
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