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TESTS OF 10-INCH 245-7 ALUMINUM-ALLOY SEEAR PANELS
WITHE 1% -~-INCHE HOLES

By Paul Kuhn and L, Ross Levin
SUMMARY

Tegets were made of a number of 10-inch shear panels
of 2485~T aluminum alloy with 1Y% ~inch holes to determine
the strees concentration at static rupture and the de-
formation characteristics. The average factor of stross
concentration was found to be about 1.,1l; reinforcements
around the edges of the holes did not increase the ulti-
nate strengthe, Permanent set began in specimens with-
out holes at nominal shear stresses of 10 to 12 kips per
square 1lnch, In thin especimens with holes, permanent
eet begen at the buckling stress,

INTRODUCTION

In connection with a previoue investigation of the
strength of shear webs, some tests had been made of 24S5-T
aluminum~-alloy tension specimens 1 inch wide with 3Ae-
inch holes (reference 1). These tests indicated a stress-
concentration faoctor of about 1.08 for static rupture.
The question arose as to whether this factor could be ap-
plied to somewhat larger holes, such as those used to
permlt the passage of conduite, tubing, or controls
through a shear web, and as to how much the stress con-
centration could be reduced by reinforcing the edges of
the holes. The results of a series of tests undertaken
to answer these questions are presented herewith. In the

course of the tests, information was also obtained on the

depth of the shear buckles both under load and after re-
moval of load.
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SYMBOLS
a glde of ehegr frame, inches
d diameter of rivet hole, inches
D diameter of hols, 1nc£ee
B Young'e modulys of elasticity, kips per square inch
P ultimate load, kips
t sheet thickneseg, inches
g normal strese, kipes per eauare inch
%y .p. normal strese at yleld point, kips per square inch
T norinal shear strees, kips per square inch
Tor critical shear stress, kips per square inch

TEST SPECIMENS AND PROCEDURE

Material.~ The material used was 24S;T aluminum

alloy with nominal thicknesses of 0.020, 0,032, and 0.051
inch, The specimens for each nominal thickness were cut
fror a single sheet. The stress-strain curves for the
three sheets are shown in figure 1l. The shear pansels
fall essentially in diagonal tension; the test coupons
were therefore cut at an angle of 45° with the grainm,

. Specimene.~ The specimens (fig. 2) conslsted of

eheets 12 inches square and were bolted into the square-~
picture~frame Jjig described in referemce 1. The distance
between the center linee of the hinge pins of thie frame
was 10 inches; the clear width of specimen was 8 lnches.
The edges of the specimens were attached by Hie-inch
bolts pitched 1 inch,

The perforated specimens had 1% ~inch holes. Three
types of perforated specimen were tested, (See fig. 2.)
The first type had plain holes. In the second type, the
edges of the holes were reinforced by turning them up to
45" flanges about Ya-inch desp. In the third type, the

——
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edges were reinforced by riveting two steel rings Ye-inch
thidk to the- specdmen. -. . ...

N

The s0lid specimens either were plain or had steel

bosses riveted to them (fig. 2).

Test procedure.— Two different.test procedures were

used. In procedure A, the load was increased by egqual
inorements until faillure occurred. At eackh load, the
depth of the main dbuckle wee measured with a micrometer
depth gage. In procedure B, the ldad was returned to
near zero after each reading and the depth of the perma-
nent buckle at this "zero load' was measured.

TBST RESULTS

Ultimate strengths of perforated specimens.- For the

specimens with plain holes or flanged holes, the nominal

shear stresses T at fallure were caloulated by the
formula

0,707P

Tt e - )

wvhere &a = 10 inches and D = 1.5 inches. At failure,
the stress condition in the panels was fairly close to
the condltion of pure dlagonal tension; consequently,

diagonal-tenslon stresses O were calculated by the
formula

1.414P (2)

O = 2T =& ——22L8F
= t(a - D)

In the specimens with ringe, the net section was reduced
by two holes of diagmeter d for the rivets used to at-
tach the rings. Formula (2) was therefore replaced by

1,414P
t(a = D - 24)

o = 2T = (3&)
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The stresses .calculated by formula (2) or (2a) are given
in table 1, The stress-concentration factors glven in
table 2 were obtalned by dividing the ultimate diagonal-
tenglon stress glven by formula %2) or {(2a) into the ul-
timate allowable siresas determined from the test coupons.
Figures 3(a) ard 3(b) show the factors for the specimens
tested by procedures A and B, respectively. The average
factor is 1,09 for the firgt group and 1l.l11 for the sec-
ond group. These values are only slightly higher than
the velue of 1,08 for rivet holes discussed in the Intro-
duction, It 1a evident from an inspection of flgure 3
that neither the flanges nor the steel rings appreclably
changed the ultimate strengths of the speclmens,

Ultimate strengths of solid specimens.- The ultimate

strengths of all solid specimens -~ plain-or with boss ~
were calculated by the formula

at

The stresses shown in table 1 indicate that the presence
of a boss riveted to 0,030~ or 0,.,032-inch sheet has little
influence on the strength. The specimens wlth bosses
developed about the same stresses as the plaln specimens,
and fallure started sometimes from the edge bolts, some-
times from the boss rivets. In the 0.051-ircch specimens,.
however, the presence of the bogs distinctly weakened the
specimen, and both specimens tested failed through the
boss rivets., .

The stresses developsd by the plain-aﬂeat speclimens
are in good agreement with those given in reference 1 if
a8 rivet factor is introduced as described in the refer-
enco.

Critical stresses.~ The oritical shear etresses Tor

of the plain-sheet specimens were computed by the standard
formula; the olear width of sheet was used, and the ocom-
putatlions were made on the assumption of simply supvorted
edges as well as on the assumption of clamped edges. In-
spection of figure 4 indicates that measurable buckles be-
gan t0 appear on the 0.051-inch sheet at a load between
the two calculated oritical loads, On the two thinner
sheets, the appearance of measurable buckles coincides
more nearly with the oritical load calculated on the -
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assumption of clamped edges. Attempts were also mede %o
"determine the  critical-1oad by observing the reflesotloen .
of a reotangular grid on the specimen, On the 0,051~
inch epecimen the oritical load obtained by thie methed
agreed wery clogely with the l0oad at which measurable
buckles began, and the method appeared to be very sensgi-

-tive, On the thinner sheets, the method could not be

used successfully because the sheets were not initially
flat. )

Permanent set.- Inspection of figure 4 indicates
that the plain-sheet specimens began to show permanent
set at nominal shear stresses of 10 to 12 kips per square
inch., A tentative curve of effective shear modulus was
given in reference 2, based on measurements of the change
in length of the dlagonal of the shear frame; this ocurve
indicated a 1imit of proportionality in shear of 13,5
kipe per square inch. The fact that permanent set 1in the
present tests occurred at somewhat lower stresses tham
this limit of proportionality can prodably be explalned
by stress concentration along the main buckle. The ex-
istence of guch a concentration is indicated by the
greater depth of the main bduckle as compared with the
other buckles in the panel and also by some i1solated
straln measurements. The measurement of the local buckle
depth can show this concentration better than the meas-
urement of the length of the dlagonal.

In the perforated 0.051-inch specimens, as well as
in the specimen with a steel boss, permanent set dbegan
at about the same stress as in the plain~sheet specimen,
In the 0,032-inch specimens with holes or bosses, however,
permanent set started at a much lower strees and, 1ln the
0.020~inch apecimens with holes or bosses, permanent set
began as soon as the flrst duckle appeared.

The eteel rings did not deform measurably either
within their original plane or normal to theilr plane,.
The flanged holes elongated about the same amount as the
corresponding plain holes., This elangation started at a
fairly low streses (fig. 5) and was accompanied by flat-
tening of the flanges. The stiffneas of the flanges was
not sufficlent to prevent the msheet from buckling .acressa
the flanged holes, '

Langley Memorial Aeronautical Laboratory,
National Advieory Committee for Aeronautics,
Langley Field, Va.
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[411 values in kips/sq in.; on specimens A, the load

ULTIMATE DIAGONAL-TENSION STRUSSES

TABLE 1

vas lncreased continuously;
was reduced to zero after each increment)

on specimens B, the load

Perforated specimens|Solid specimene
Plain |Flanged]| _ "With | Plain
Specimen| nole | hole |B18& | voss | eheet |00UPORE
(a) (a) ()
0.020-1nch gheet
A-1 65.7 64,0 | 64.2 | ®62.6 | ~-~--- 69.44
A-2  |e-eem- 66.8 | 65.4 |~——===| ——=——-
63.5 64.2 | 64.6 |%61.2 63.8
0,032-inch sheet
A-1 51.8 | 59,9 |69.2|%9.2 | ~--—-- ]
A-2 e 57,8 | 61,0 |~—==== | —-——=- 67.40
60.6 | 60,8 |6z2.0|%957.4 | 57.0 _f
0.051~inch sheet
A 67.0 | 63.3 |62.2 |456,2 62.2
B 57,0 | 61.9 |67.6 |454.4 61.4

bolt holes.

b.Lverage of two tests.
®Failure at edge.
dFailure at bose,

8¥o allowance made for reduction of area by “ie-inch
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TABLRE 2
STRESS-~CONCHNTRATION FACTORS FOR PERFORATED SPEOIMBENS

[On epecimens A, The load was lncreased continuously; on
specimens B, the load was reduced to zero after each

increment] -
Type of specimen
Specimen
Flain Flanged R
hole hole ng
0.020-inchk sheet
A-l 1.0867 1,086 1,082
A-"a ------- 1.040 1.062
B 1.093 1.083 1.075 .
0.032-inch sheet )
A-1 1.092 1.125 1.138
A._a ------- 1.167 1.105
B 1.116 1.109 1,087
0.061l-inch gheet
A 1.015 1,075° | 1.094
3B 1.194 1,099 1,183
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I~-500

Torn

T

l

|

t
-t

1
S I

1
T
I l

| =10.32 X 10% kips/sq in | B = 10.35 x 108 ]:ipalsq in. | E = 10.5v x 1% kips/sq in.
Oy.p. = 45.7 kips/eq in. Oy,p. = 45.3 ps/3g iz, 0r.p. = 45.1 Idps/sq in.

D e

| N I i S

) — AR _;/_
t-o.om i!.l.- /, t=0-r)32 1!1:/(/ t=01051 1n- '//‘/.

oyl no— —— - Eaiveah ror mome s tete St e avarpna o aar eand od e b W S dnef

| < —4 WP [NV SRR BN ISR = iy
I e I A L

LA A AL

/ ’

.002 n 002 0 002
Strain

Figure l.- Strese-strain curvea for 245-T aluainum alloy 459 to dircction of rolling.

T *2i&



http://www.abbottaerospace.com/technical-library

LMAL 32669

Figure <. - Typical specimens after failure.
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Stress-concontration factor
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