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and Howard L. McCracken

SUMMARY

Results ere presented for a pert of a test program
on 2L8~T sluminum-2lloy flat compression panels with
longi tudinal formed hat-section stiffeners. This part
of the program is concernsd with panels in which the
thickness of the stiffcner material is 0.625 times the
skin thickness. The results, nresented in tabular and
gravhical form, show the effect of the relative dimen-
sions of a panel on the buckling stress end the average
stress at meximum load. Comparative envelope curves
are presented for hat~stiffened and 7=stiffened panels
having the same rsatio of stiffener thickness to sheet
thickness. These curves provide some indication of the

relative structural efficlencies of the two types of
panel.
INTRODUCTION

An extensive experimental investigation of the
strength of 2LS-T aluminum-alloy flat compression panels
with longitudinal formed Z-section stiffeners was
reported in reference 1. The data presented in that
naper were e@lso reworked on the basis of a selected
design perameter and were used for the preparation of
design charts in reference 2. A similar investigation
1s now being conducted on panels of the same material
with formed hat-section stiffeners for the purpose of
making design charts like those of reference 2 and also
to provide =n eventual complete comparison of the struc-
tural efficiencies of the two types of stiffener.
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hat-section stiffeners has now been completed and the
results are presentsd herein; this part of the vrogram
is concerned with panels in which the thickness of the
stiffener materia o625 times the skin thickness.
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For the tests reported herein, the nominal thicknesses
of the stiffena material and the slkin were 0.0,0 inch
and 0.06l; inch, respectively. The nominal ratio of the
stiffener thickness to the skin thickness ty/tg was

therefore constant at 0.625, With these dimensions known,
numerical values for all other cross=sectional dimensions
can be found by means of the vroper dimension ratios.

The stiffeners were formed from flat sheet to an inside
radius of 0,125 inch for all bends. The width of the
attachment flange by was 0.75 inch for all stlffeners,

The rivet lines on the stiffeners were on the longitudinal
center lines of the attachment flanges. A typical panel
cross section is shown in figure 1l.

The NACA flusherivet method (raference 3) was employed
in the construction of the test specimens. The rivet
holes were countersunk on the skin side of the panel to
a denth of three fourths of the skin thickness, the counter-
sink having an included angle of £0°. oOrdinary flat-head
A17S-T aluminum=-alloy rivets were inserted from the
stiffener side, and the shanks were upset into the counter=
sunk cavity., The protruding part of the upset shanks was
then milled off to provide a smooth surface. The rivet
diameter was 5/32 inch and the pitch wes 3/l inch.

In order to ensure uniform bearing in the testing
mechine, the snds of each panel were ground flat and
perpendicular to the longltudinal axis of the panel.

METHOD OF TESTING

The specimens were tested flat ended, without side
support, in the 1,200,000-pound=-capacity testing machine
at the Langley structures ressarch laboratory. For this
testing machine, within the range of loads used, the
indicated load is within 1/2 of 1 percent of the applied
load. Provisions were made for setting the spccimens
in the testing machine in such a manncr as to maintain
the flatness of the panels and afford uniform beering at
the ends. Tigure 2 shows a pancl prepared for testing.

r

de

Resistance=type wire strain gages were used to
measure strains at successive increments of load. The
gages were placed in those locations on the stiffeners
and skin where buckles were expected to appear first,
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RESULTS AND CONCLUSIONS

Specific results and conclusions for hat-stiffened
vanels.- By use of the method set forth in refererce I,
it has been found that for penels similar to those of
this investigation, which were tested flat-ended in the
same testing machine, the coefficient of end fixity c¢ 1is
about 3.75. This value of ¢ was consequently uszed in
reducing the oresent data.

In order to obtain the average stress at failure Op,
the load at which failure occurred was divided by the
cross~-sectional area of the panel. No adjustment was
made to offset the effect of having an unequal number of
stiffeners and bays. The effect of such an ad justment
would be to decrease slightly the values of Op &t high

be
velues of Ei and i %) « Inasmuch as the purvose of

the present paver 1s to present test data, however, and
not to prepare final design charts, the adjustment was
considered unwarranted.

In order to obtain the bucklihg stress for each
panel, the strain-gage readings were plotted in the form
of load-strain curves and the buckling load was taken as
the load beyond which there was a decrease in local com-
pressive straln, as shown by the reading of a gage near
the crest of a buckle. The buckling load was divided by
the cross~sectional area of the panel to give the observed
buckling stress. An adjustment was mede in the observed
buckling stress to correct for slight variations from the
nominal dimensions of the specimens. The method for
making the adjustment is explained in the appendix and
11llustrated in table 1.

Because stresses are determined by the relative
rather than by the absolute dimensions of the vanels,
nondimensiocnal ratios are used in vresenting the data.

P
In refersnce 2 the quantity el g

L/ 'v’;':
sultable parameter against which to plot the average
stress at maximum load. This parameter is used in
plotting the results of the tests in the present
investigation.

developed as a
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Tables 2 to 5 (facing figs. 3 to 6) list both the
\ 3 observed and the adjusted buckling stresses, together
with the average stress at failure, for corresponding
B s il
values of ——, The ratio —
LA/G -
for convenience in making comparisons between the hat-

stiffened test nanels and the Z-stiffened panels of

reference 2. Values of LA/K are also given.

is included in the tables

In figures 3 to 6 the average stress at fallure 18
¥
for the various dimension ratios

nlotted against -
L/VE

used. The buckling stress shown on the curves is an
average value of the corrected buckling stresses for
those panels which have identical cross sections but
different lengths. The inltiel dashed parts of the
curves were computed from the coluwmn strength of the
nanels based on nominal dimensiong and & column curve
obtained from equations (5) and (6) and table 1 of
reference 5; the solid-line parts off the curves were

S
drawn through the experimental test points.

.

d
(
kil
im

The primary results of this investigatlon are to

be found in the numerical values of test data contained
. in the tables and figures. In addition the following
general conclusions may be drawn regarding the effect of
the various dimsnsion ratios on the strength of the test
vanels. It 1s assumed that as each dimension ratio is
changed all others remain constent. These general con-
clusions can only be considered to apply within the
range of pnanels tested.

jeL
1
1. T%hen the parameter

has a very low value

L/\/e

(long panels that fall by column bending) the stress

developed by the peanels increases with an increase
P

Fn bmﬂtw: but for high values of - =

| i L/ve

decreases as Dby/t, Iincreases.

the stress

2. Although an increase in the ratio bH/bw increases
the strength of a panel against column failure, it tends
to decrecase the local-buckling eni local-fallure stresses
whenever by/ty 1s greater than 30.




6 ] NACA TN No. 1157
Py "
5. Except at very low values of —~— (long panels),

)
L/
the stress develooed by the test panels increases as
bg/tg 1s decreased.

li. The local-buckling stress increases as bS/tS
1s decrcased.

Comparison of hat-gtiffened and Z-stiffened psnels.-
Ps

In reference 2, envelope curves of Opr agalnst —— were
LA/E

presented for 7Z-stiffened panels with four values of the

ratio t"/%q Although the present paper is of a much

more preliminary nature than wes reference 2, it is

vossible to prevare a similar envelope curve based on

he present tests. 1In figure 7, such an envelope curve

1s compared with that for ZzZ-stiffered panels with

tTﬂT

— = 0.63. It should not be inferred that the ratio

t 1s considered a prover basis for final comparison;
Q

orooaoly the only true comnarison would be provided by ;
actual compsarative designs. The present data, however,
are too limited for such an sxpedient and consequently
tw/ts 1s used to afford a tentative evaluation.

The most imm“diﬂtelT evid
1s that the curve for hat-stif]

ent feature of figure 7
ened panels is aporeciably
P

b than
L \,6
thet for stiffened panels., It has been held by many
designers th it the hat sectlon is the more efficient of
the two stiffeners, beceuse of its greater stability
against twisting. The comparison shown in figurs 7 is
therefore rather surprising. Several factors besides the
inherent efficiencies of the two shapes, however, could
be responsible for the differencc. First, there is the
possibility of slightly different shop technigues in
preparing the snecimens. This factor could cause varia-
tions in either direction and cannot be evaluated.
Another factor, however, can definitely be held respon-~
8ible for a reduction in the envelope curve for the

""J LD

lower over most of the range of values of

(¢5)
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hat-stiffened nanels at high valuss of -——, Tt is

aoparent from figure 1 that thé clear distence between
the sides of adjacent stiffeners is appreclably greater
than bs. In fect,; had bS been measured as the clear

distance between the sides of the stiffeners, all values
of bg/tg would have becen increased by about 1l. On
this basis, the lowest value of bS/ts included in the
present orogram is 36, whereas the z-3tiffencd panels
included valucs of this ratio down to 25. It 1s quite
1ikely that data for hat-stiffened panels with values

of bg/te lower then 25 (measursd =g in flg. 1) would
oroduce curves that would rise above the envelope curve
for hat-stiffened psnels in figure 7, at the high values

P
i -

L/Ve

An unusuelly wide attachment flanpe was used in the
vanels of this investigatioan in order that, for possible
future tests, & lip might be added at the outer edge
without changing the over-all width of the flange. il
wide flange, 2lthough it »resumably doscs not aporeciably
affect the stresses that can be dsveloned, does cause a
narticular stress to correspond to a higher value of Py

i
(since P, = JpA; and the wide flange incrcases 1
This effect undoubtedly causes some of the disparity
between the two curves of figure 7 but is not considered
so important as the effect of stiffener spacing previously
discussed.

of

o

Tt is thus »nossible to effect an increase in the
afficiency of the hat-stiffened panels. There was a |
factor in the present tests, howsver, which tended to
improve the ¢fficiency of the hat-stiffened pancls as
compared with that of the Z-stiffened panels of refer-
ence 2: the rivets were, relative to the sheet gages,
larger and more closely spaced than those in the
7-stiffened nansls. The data of roference O indlcate
that stronger riveted joints in the Z-stiffened panels
would heve brought about some increase in strength.

Dosnite the general belief that the hat section 1is
the more efficlent stiffener shape, some justification
can be found for « view that the hat section could be
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inherently less efficient than the Z section, in that the
hat section seldom provides uniform spscing of the indivi-
dual stiffening elements (sides of the hats) across the
sheet. The view that a nonuniform spacing of stiffening
elements is 1nefficient seems intuitively reasonable and
is suoported in instances where it can effectively be put
to a test. There is undoubtedly some additional effect
due to the fact thet nonuniform spscing tends toward
higher values of Ay/tg than uniform spacing. As pre-
viously pointed out, high values of _A; /tg may have the
effeot of increasing the values of without appre-

f LAJC

c*ably affecting the stress. The incresse in A;/tg 1s
evidenced by the fact that if bg/tg, b, /ty, and ty/tg
are the same for a het-gstiffened and a Z-stiffened panel,
and bH/bW for the hat stiffensr 1s twice the value of
bp/by for the 2 stiffener (brp being the flange width)
the values of Ag/tg 4are in general greater for the
hat-stiffened pnanel,; and ths difference is more than

that accounted for by the wider attachment flange. This

comparison can be verified from the tabulated values
of Ai/ts given in refarence 2 and the present paper.

The fact that the envelops curve for hat-stiffened
vansls (fig. 7) is the higher of the two at low values

o}

s

ig undoubtedly largely due to the inclusion of
L / \/5 b’iu’
the value E* = 60 in the present tests; no nrovortions
\R
8o well sulited to resisting column bending were included
in the tests of Z-btlffened panels.

On the basis of testing experience, together with
the considerations mentioned, it appears unlikely that
modifications to the hat-stiffened panels to bring them
into closer correspondence with the Z-stiffened panels
of reference 2 would result in a shift of the envelope
curve to a nosition appreciably above that for Z-stiffened

P.
b

9

o

L / '\/E‘
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APPENDIX A
ADJUSTMENT IN BUCKLING STEESS

Inasmuch as slight variations from the specified
dimensions were unevoidsble in the construction of the
soecimens, it was necessary that adjustments be made
in order that the data might conform to the specified
dimensions of the panel. Because of the lack of a
satisfactory method for correcting the average stress
at maximum load, the adjustment was applied only to the
buckling stress. The formula used in making the adjust-
ment was

(

(

when the bucklling stresses exceeded the elastic range
of the meterial, the adjustment was mocdified to take
into account the reduction in the modulus of elasticity
according to the curve in figure 1l; of reference 7. A
sample calculation is given in table 1.

hS)

{measured)

t+{o

7

5 - G : Y X
o (corrected) v (observed) X

24
> (nominal)

/

ctlo

Tn a few Instances it may be observed that the
adjusted buckling stress was somewhat higher than the
corresponding average stress at failure. This discrep-
ancy occurred because the apnlied correction was positive
and greater than the difference between the observed
buckling stress and the avsrage stress at fallure.
Elimination of this apparent inconsistency would depend
on the development of & suitable means of correcting the
average stress at fallure for variations from the nominal
dimensions of the panels.
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TABLE 1

SAMPLE CALCULATION FOR ADJUSTING BUCKLING STRESSES

LGTT 'ON NI VOVN

(1) (2) (3) (&) (5) (6) (1) - (8) (9) (10)
Panel Element Mc;asured Nc/>minal (3) 5) > (

where b/t for b/t for o8 O ) o (s}
buckles element in | element in (1) (;Is'ic))bs (%)obs G%E (cr) adj
first col, (2) col. (2) fan) (6) ;d%B) (ksi)
=pppared (a) (ks1) (a)
Skin

A between 26,2 25.0 1.048 | 1.098 32.3 3543 38.8 34,6
stiffener
Top of )

B stiffener T3 T72.0 .991 .982 9.7 9.7 95 9.5

@0btained by use of figure 14 of reference 6.
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TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH SE =10.6

t
ts

TABLE 2

w

= 0.

625}

NACA TN No.

w

b, dér -~ P o
w L 1 A b cer - P
— (ksi) g - =t =W Op L g
ty - T |V | e ty ty il b7 gi
pbserved |Adjusted |(ksi) [(in.)|(ksi) Observed [Adjuated (ks1)|(in.)|(ksi) S
b
2 = 25 2§ = 35
S ts
32.1 32.0 56.5 2.48(1.626 25.9 26.6 3.3 2.30 1.448
e .6 8| L.99| .790 27 28.0 21 81l 701
20 ?--z ok 22.8 7.21 .go 1.721 || 20 22.% 27.8 2@.1 7.1 .Zas 1.585
———- ——— 27.1 1252 .25 ———— — 26.0|11.91| .222
AR EEE LI AT R
301 321 23:2 23:7 s 322 | 1.880 J130| 3376 | 24.1 |31.6]12.02| .290 | 1:725
--== | === | 26.5|20.85| .153 <m-= | ewe= | 20.9]20.33] .137
29.6 30.2 31.8 5.90| .678 gi.g 2.2 28.2 5.3& .585
275 275 0.8/11.721 : : 23. J|11. 2
wo| 233 23.& go.o 17.69 2?3 2.016 ffLo| 257 | 2L.3 1 %1 b5 .195 1.848
T ———- 26.5(29.32| .117 23.5 2.5 26.1|28.56| .10
15. 16.0 2. .31 .376 15. 1. 23.1| 9.20| .330
13.8 14.0 2&.3 1 .36 .% 8 12.2 1uhg 23.& 18.20 .;%6
6911 a8 | 15.8 |2h.5 az. 7! .126 | 2.235 || 60 15.g iﬁ.é 22.9(27.40| .110 | 2.053
15.2 15.6 23.71L6.43| .073 16. .3 22.2(L45.57| .néL
bs b
— = 50 T
tg Y 75
19. 19.1 05 .80[0.748 10. 10, 25.8| 3.06|0.718
16.3 12.5 20.3 %.67 .526 8.2 8.2 25.1 5.12 .le
2001 " 1505 | 1505 | 22.5[11.60| .18 | 155 ]| 20 8.6 8.8 T .zﬁz 1.333
S0 —ont 6.1]19.35| .029 99 10.L 20.6(12.23| .1L3
7.2 18.0 0.3| L.8B6| .628 8. 8.2 2L.9| 5.22| .428
1%.9 16.L 20.3 2] <311 o 9.3 10,0 zz.o g.gu .258 1.2
SO et qals | 37.8 .53 .132 1.573 || 3 3.8 g.? 2h.1]1k.1 .135 425
18.5 18.9 19.7(2L.28| .082 9.0 .9 19.2[21.2L| .083
18.3 18.0 zg.g 12.21 .585 3.8 g.; 53.6 1Z'g .igg
15. 154 28. . g 5 . . 5 A
Lo 1;.3 12.Z 27.9 18.22 i i 1.679 | Lo 3.7 8.7 z%.ﬁ ao.gg .110 1.510
19.3 18.7 21.6(31.1,| .075 .9 .9. |20.5|30.86] .06l
16.2 1.6 23.L | 8.36| . 9.8 10.1 20.h]12.:70) 171
6 15.0 1%.7 22.% 18.2& .iﬁ% 86 5 9.9 10.3 20.0/21.28 .130 X
Uil S I 13.2 23.6 22. i| .101 | 1-963 9.2 9.0 |20.2|33.95| .063 | 1-663
12.2 13, 21.1 |k .27 .05 10.4 10.L 17.6(50.81| .037
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TABLE 3
b
TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH Bg = 0.8
tw _
[Q = 0.625]
Jer % | X . Ay by Jer F h it
(ks1) Ve LAe T Ty (ksi) f \TE A ?1_
Observed |Adjusted| (ksi)| (1n.) |(ks1) observed|Adjusted| (ke1)| (1n.) | (ksr) | 3
b b
s Sye
- —=2 — =35
ts ? ts
3.2 36.1 26.9| 2.62(1.548 ——— ———— 3,.8] 2.45 1.2161
Ay . 26.0| 5.32| .T43 | 2.0 25.4 33,3| L.97| .680
2t 211‘-1-‘ gb,.g '? 3| ﬁ L.715|| 201 25.2 zg. 33% 7.59| 439 | 1-586
——— —— 27.0{13.22 | .22 ---- -——- 26.4|12.56| .213
32.6 35.5 35.8| L. .981 25.2 26.6 %2.8) L.2L| .849
20.8 23,2 33.5 %23 .360 861 0 23.0 25.1 32.% %.uz L21
30.2 | 33.2 53.3 13.09 | .303 | 1. 3 22.8 .7 | %1.0[12.58| .271 | 1-T19
———— ———— 23.8(21.80 | .130 24.3 26.2 25.4|21.02 | .133
29.3 28.1 30.5| 6.07 .65Z 22.2 .6 23.0 5.36 ‘550
29. 27 0.5(12.25 | .31 2L. 26. 28.3(11.86| .280
o e 29.% 1553 .30& 1.981|| Lo 21.2 21.b' 27.% 1784 | 178 | 1831
B — 27.2(%0.49 | .113 23.5 25. 25.9(29.90| .101
13.2 13. 22.8| 9.62 | .329 17.0 14.0 23.0 3%2 .319
13.6 § 22.%(19.23 | .161 16.6 o1 23.0(18. Sl
1ﬁ. lnéé 22.2 2 .7:3) .107 | 2.165|| 60 | 16.1 ih.'z 23.6 28.2) .13;( 2.010
13, 1.1 20.7|47.90 | .060 16.1 2 20.7|47.2L4 | .056
b b
s s
-_— = 50 -
ts 5 = 75
11é. 1.1 30.9| 3.88| .74 9.7 9. 26.1| 3.30| .6
1 g 19,2 0,11 7-88 " 3 313 11.Z 2. Bl B gg
17.6 1%.7 2.7 1'{.87 35% 1.hé1|| 20 9.2 9.k 2%.3 8:20| 331 | 1-340
———— ——— 10.2 |19.73 | .O. 9.1 9.4 18.5(13.06 | .121
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Figure 4.- Compressive strength of flat panels with hat-section stiffeners.
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14 NACA TN No. 1157
TABLE L
b
TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH ﬁ = 1.0
t
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16 NACA TN No. 1157
TABLE 5
b
TEST DATA FOR FLAT PANELS WITH HAT-SECTION STIFFENERS WITH -b-H- =7,2
w
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Figure 7. — Comparison of envelope curves for Z-stiffened panels
t
with E—VX=O.63 (reference 2) and hat-stiffened panels with




