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In this note values arc obtained for the plasticity reduction factor
for plates in shear, based on incremental plasticity theory. These
values are compared with other theoretical results and with some

experinental results.
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NOTATTION

Rectangular cartesian coordinates Ox,} and O:cz are
axes in the middle surfeace of the plate and OX5 is

nornal to the plate.

Displacement in the Xj direction,

Stress resultants applied to the edges of the pla gé.
Flexural rigid ty,of the plate.

Width of long p@. e,

Slde of sqguare plate.

Length of half waves of the buckled plate.
Slope of the nodal lincs.

Young! s Modulus

Shear Modulus

Tangent Shear Modulus

Secont Shear Modulus

Poisson's Ratio
2 G, (1+7)

B

Materiel cheracteristic in the expressicn

. 1
€ = »f; + & (&) (Seec R.Le.S Data Shoet 00,02,04)
B R iR

Plasticity reduction factor
actual buckling stress
@lusmc huckling stress

o3

. A
Buckling shear stress 1b/in



Introduction

The plastic buckling stress of a plate is usually obtained by,
multiplying the elastic buckling stress by a factor T, the plasticity
reduction factor, ’

D, He Smith, Ref. 3, obtained some experimental values of 7 for plates
in shear and the aim of this note is to calculate theoretical values of 7,
based on incremental theory, for comparison, Other theoretical values of 7,
based on total strain theory and some suggested approximations for 7,

Cs/¢ and ¥1/¢ ave slso shomn in Figures 3 and L.

1 The Approximate Solution of the Equation for Plastic Shear Buckling
of an Infinite Plate

Consider equation (14), Ref.l,
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Following Timoshenko, let the deflection be
"X
3 4 AT fd g - o !
VB = A sin 5 sin S (JCJI (XXZ). g-o(1g2)
s ™,
1 b /
. x {
g SR — \
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S
the deflection (1.2) becomes
V. = A sin 7 in o (& ag ) (14)
5 = sin “52 sin x (&, = 5 eealls

and equation (1.1) becomss
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where U = b

Substituting (1.4) in equation (1.5),
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v putting TRO= 0 = 57 Tor stationary values of 5, the

following two equations are obtained,
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The solutions of equations (1.7) and (1.6) are tabulated in Table 1 and
plotted in Figure 1.



2. The Approximate Bolution of the Equation for Plastic Shear
Buckling of a Square Plate

For the square plate, following Timoshenko, let the deflection be

[oe] oo

. mT x . . nTx ,
V:,) = & b o sin ___ _ 1 sin "2, (2.1)
m=1 n=1 ; a a b

Substituting (2.1) in equation (1.1),
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- o 2
6l a2 D D D a mnoyog
mn p g mm o pg (P{Z _ mz)(mz _ q2)

vee(242)
The system of constants & apq’ to meke B a minimum, are

selected as in Ref, 2, This process leads to the following set of
equations,

(2 + P)y ks 0 0 o | Tay, 1= [0
b/ 162+ By s A Pt | e 0
0 s (82 49R)y 0 0 23 ol ,
0 ..4/5 0 (8249F)y © 2 1o
. ¢
0 36 /o5 0 0 B1(24F)y| | o5y i 0
oo Q( 2 05)
where y = - ng-g . 1};‘*22
a S

end F = 2v + 28 (1 =-v).
For the set of equations (2.3) to have a solution other than a,, = a,,
S eee =8y = 0, the determinant of the coefficients must vanishj and

hence the ceritical values of § can be found.

Thegse resulis are tabulated in Teble 2 and plotted in Figure 2,
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b Comparison of Some Plagticity Reduction Pactors

In Figures 3 and L the values of the plasticity reduction factor
obtained in paragraphs 1 and 2 are compared with s~

(i) Blfleard's theoretical factors based on total strain
plagticity theory.

.. S G /. G, ) .
(ii) Values of “s/G and “T/G based on the Mises-Hencky
distortion energy hypothesis,

(

All the plasticity reduction factors have been calculated for
aluminium alloy DID.603 (.2% proof stress in the A8 ,000 l“b/:'m_2 region;
m = 16 in the stress-strain expression), the material used by Smith
in his tests. '

b

ii) Experimental values obtained by DH.Smith.

s ~ Discussion of Results

The calculations in this note for aluminium alloy DTD,.603 show as
usual, see Benthem Ref, 4., that incremental theory predicts values of 71
that are too high, Although Smith's test results are not conclusive, the
general trend is more in agreement with theoretical wvalues of 7 based on

total strain theory.
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TABIE 1

e LTINS

T

oo | (/)
# ¢ p 7 \pa?/ \D'flz u=4,0
1.0 0.707 1423 5.67 1.0
0.8 0,686 1.20 5440 0,955
0.6 0,665 1,17 5414 0.909
Oulr 0,643 11l 4487 0,861
0.2 0,622 1,11 1459 0.812

0 0,600 1.08 Lo31 0.762

|




u y . D@ #)  n=1,0
1.0 3,274 x 1072 9,42 1,0
0.8 3,493 x 1072 8.83 0.937
0.6 3,745 x 1072 8.2L 0,874
0. 1,039 x 1072 7.6 0.810
0,2 1385 % 1072 7,03 0,747

0 14,798 x 1072 6.3 0,682
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FIG.I. INFINITE PLATE, FiG.2. SQUARE PLATE
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FIG. 3. INFINITE PLATE.
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FIG 4. SQUARE PLATE.
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