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The authors have obtained by experimental
methods an effective shear modulus for the sheet in
a stiffened pleane sheet beam combination under bend-
ing loads. TFor the combinations tested it was found
that the modulus decreases rapidly under light load-
ings from the elastlic value to some asymptotic value
depending upon the eheet thickness., The thick sheet
combination gave higher values of the effective shear

modulus than the thin sgheet,
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STIFFENER N
g
SPRCERS S e g PLim
(a) Q
; . $
MAN ////////’U///////M 22k
SPAR (o : ' ! ' | ! "

(b)

(e)

/V‘N/N/'\n/\xf\/\\](&/ DEFLECT (on

G P /\ ENDING MOMENT

The tension field in the sheet loads the main spar laterally,
or chordwise, while the chordwise spacers act as supports of

a. continuous beai. The deflection curve thus produced is of the
1

Lile Jenerad 1ol Lcl.,w ]

Torm shorm at (b) and the bending moment of

T
shown at (c).The stresses caused by this bending are superimposed
upon “tine stresses from the applied moments, the corbinatlion

] -~

rroducing the doltted curve of Fip, <.

—

STrRAN

At the point on the main spar vhere the sheel ends 2 sudden

bo i T o

L tn ey g ey [P T R e ] ey vy R I R e YR
caane 1n the moment of inertia and neutral axis takes -
Tam E. Ty o] e P - A P R " B I R ) o sy eh o
n an elastlic body ol such discontinuities as this the stress

instead of making a charp chaye takes up the load more cven-

Tinal value aboul a sper depth further on.

[
o)
o3
o
£
0
jooy
]
e
fin
ot
(6

N T T N N ER RN BN T T
scontinuity existe at the fixed end ol the gheet

where a securing angle changes the sgection properties ol iLle
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In converting strain into stress the value of

Young'e VWodulug for dural was taken as 10,4 X 10

Figures (12) to (27) show the stress distri-
bution for verious bending loads and thicknesses of
Sheet, It is of interest to note that the stressces
at any station vary directly with the bending moment

Tor both the thin and thick gheet, and while the

thick sheet extrapolates to zero, the thin cheet

@

-

does not, This is thought to be due to the fact that

some initial stresses existed in the thin sheet set
up in the unloaded condition. (See Fig, 12 to 14
and 20 to 22),

The authors have no explanation 10? the
peculiar shape of the stress curves of stiffener

"G of the thick sheet near the free end,
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o T
In]
X o d
O X - S N B
F‘C IL F’C"ﬂﬂ\‘\\\ " _ s
=
Ts
-
. _ _ _ ¢ 4
2 8§ /\snesr
FI\G. T THickness ¢
w.on w "
AT STATION N RT STATION N+l
A} "
ForcE N R = F“n = D—‘;‘n gn i Fﬂnﬂ - Ganiv\ gﬂ

SHERRING FORCE m“n',' 'T:==FHM‘-— F“r\: RR (0—‘—:‘7\4'\— G—gn)

SIMILARLY, IN STIFFENER B, FBn= 0s,Rs, FBpa™ anﬂ Ae

E-T_.B:: FBn- Fann = Rg (ﬂn- G~arn|)

AND 1N “C", Fén== G;;ngc Fcnﬂ:-"ﬂznﬂ Rc
~\= Ac (Ezn - ﬂnﬂ )

BUuT BECRUSE OF SYMMETRY ABOUT LONGITUDINAL ¢, Ts=oO

Tq-Ts = Fe— R,

We cAan write @ L*Te 'S't =T, =G,J, FOrR PAawneL X
z ,
@@L T ! —T,=06,% ) X
z ot eT e

SUBTRRACTING, D -@),AND ASSUMING THRAT PaneLs I ~II RARE v~
THE SAME sTarc, l‘N wHich G =G,=G" WE GET
® T+(1p-13)-T, =26t G (Y, -Y,)
or Ao (. oo ) As (05,0 F5,.,) - A (12,702, )= 2 SE (8 -4,)
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GQH) is the "effective" cross-section area of the main spar
and it was obtalned as followg: Consider a section at x inches
from the fixed end of the sheet, Assuming that the stress across
the depth of the heam has a linear variation the stress at the
bottom fibers is composed of three parts

1- Compression due to the uniform bending moment Mo

2= Tension due to the bending moment produced by the shesriag

-

2- Tengion due to the shearing force T, acting as an end load

Then the compressive stress (Up) is I T
G=M< hrc _ T - Aren
A 1 2 '-I——--E’t_ R=RArEn e h
The change in g; in & small length dx is - L l

Ao;a=_[£-b_+_L}dT,_ d [ LA o

21 R CI’L d x Errecrive AREA

d
ol - 42

I
ZAlI A A =\ =
2I +Ach |+ ChA |+ £bh
2 I 2/01
Tre effective ares computed in this way is 0.563 8g. 17 and

the area of the stiffener crosc-sectlon ig 0,044 c¢.in, A1l
items on the left side of equation (3) are known., e must now
find (8,- §,). Ve assume that the angle (J) and ite tangent

are ecual for small deformations,

J} A
5\ = __d__. and ] KZ = —-——-—d

]l
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But since an average value of § should be taken over
the interval between (n) and (n+1l) the area shown in

Fig. 8 should be taken.

4) § = 2 - [ area under 0, curve to (m%)]
]

g dE T
- { area under (g curve to (n+3)

Similarly, for &,

dE

(6) 8= —c%n 2 [ area under (g curve to (mé-)]
- [ area under 0

curve to (n+d )]

In our case we have assumed © = 5 inches
and our stiffener spacing is d = 5 inches
We now have ( J, - §,) in terms of E. Subgtituting in
equation (3) we get the egquation for &Gt

3+

An (Oany, - Gan ) + Ap(%s, — O0p,,,) = Ac (0c, ——GEM.)

B [x - v]

LGY
(6) ==

where .
X = area betweenOp and 0 curves to (n+%)

Y = area betweenOp and G; curves to (n+%)

The &areas were obtained from the stress distribution
curves with a planimeter, Results of the computations

bﬂr this formula are plotted in figures 9 to 1l.

-/é-



SALPLL CALCULATIONS

For a section at £5% of the span from the fixed end of the
04025 gheet subjected to a bending moment of 120,000 in.lbs,
n = 60 inches and n+l = 85 inches and the numerator of

equation (8) will be:

A (8a. =0h, ) = 0,563 (12000 - 12750) = 426 1bs.
A (G, -Gy, ) = 0,044 ( 5100 = 3450 ) = 72 1be.
A (Oc, =0¢,,, ) = 0,044 ( 3500 ~ 2000 ) = - 66 1bs,

. S o 00 T i WS

432 1bse
For the denominator:

X = 5,80 sq.in.

Y = 1,12 sq.in.q

XKV = 4,58 s@.in. and since one square inch of chart area
represents 2,000 1bs/sqg.in. times 10 inches, or
20,000 1bs/in,

K=Y = 4,68 x 20,000 = 93,600 1lbs/in,

2 2 Y (xey ) - 2EZEO.02 4 93,600 = 4620 1vs.
Then,
G 432

F° 7590 = 0.092

-/7-
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Page 19 is a blank pg.
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