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Summary

At present, the finite element method has become a standard tool directly and widely applied to ship
structural design. One important application is the overall analysis of ship hull or a large portion of it
to evaluate stresses acting on different members. Although accurate results may be obtained by the
finite element method, the accuracy of these results depends on the way they are used. For example,
when plate buckling strength under combined loads is evaluated approximate buckling interaction
equations, the inaccuracy of these equations may diminished the value of the accurate stress analysis
by the finite element method.

In this paper, an accurate and efficient calculation method of the buckling strength of a rectangular
flat plate is presented. The boundary condition is any combination of being simply supported and fixed,
and the plate is subjected to combined two directional axial stresses (¢ and o%), inplane shear (z) and
two directional inplane bending (62 and 6¢). Biharmonic deflection function which satisfy the boundary
conditions is assumed and made to satisfy the boundary conditions. The principal of virtual work is
applied to formulate a general eigenvalue problem in a matrix form. Solution of this problem provides
the buckling stress and the corresponding buckling deformation pattern. The accuracy of this method
is estimated. The same method is used with any boundary and loading conditions, and is implemented
in one compact and efficient computer program. The buckling values may be more accurate than those
by the finite element method with less computer time.
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Fig.1 Dimensions and coordinate system of a rectan-

gular plate and positive acting stresses.
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Tablel po: and dp: for both edges being clamped. Table 2 Infinitesimal values of dF: and dH..
1 | Poi dp; ; dF; dH;
1] 1.57 | +0.01765176 1| —0.01749779 | —0.02749700
2 | 2.5m | —0.00077701 21 40.00077731 | +0.00120484
3 |3.57 | +0.00003355 3 | —0.00003355 | —0.00005203
4 | 4.57 | —0.00000145 4 | +0.00000145 | +0.00000225
5 | 5.57 | +0.00000006 5 | —0.00000006 | —0.00000010
6| 6.57 0 6 0 0

")) 1 1 1 I z
0 0.2 0.4 0.6 08 1

Fig. 2 1st, 2nd and 3rd mode deflection shapes of bihar-
monic series in the case of both edges clamped.
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i| poi dp;

11 1.257 | —0.00038850
212257 | —0.00000072
3| 3.257 0

0 0.2 0.4 0.6 0.8 1

Fig. 3 1st, 2nd and 3rd mode deflection shapes of bihar-
monic series in case where the left edge is
clamped and the right edge is simply supported.
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Table4 Buckling strength calculated by biharmonic
series and power series.

Power series Biharmonic series

K | 1term | 6terms | 1term | 6 terms | 20 X 20

(1)| 54713 5.4024 | 5.3690 | 5.3080 | 5.3036
(3.16%) (1.86%) (1.23%) (0.08%)

(2) | 4.4581 392603 | 3.2586 | 3.2496 | 3.2476
(37.27%) | (0.39%) | (0.34%) | (0.06%)

(3)] 3.4618 26631 | 2.6649 | 2.6627 | 2.6627
{30.01%) (0.02%) (0.08%) (0.00%)

(4) | 2.2201 2.0000 | 2.0000 | 2.0000 | 2.0000
(11.46%) (0.00%) (0.00%) (0.00%)
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Table5 Relations betweefx number of terms, buckling
strength and C. P. U. time for a simply suppor-
ted rectangular plate under pure shear (aspect

ratio is 4 )
mXn K error (%) | time (sec.)
2x2 |12.5346 122.8 0.0013
3 x2 | 7.4617 32.7 0.0043
4x2 | 6.2981 12.0 0.0087
5x2 | 59706 6.1 0.0151
3 x3 7.2503 28.9 0.0110
4x3 | 6.0527 7.6 0.0239
5x3 | 5.6842 1.1 0.0538
6x3 | 56670 0.8 0.0822
16 x 4 | 5.6354 0.2 3.04
20 x 5 | 5.6276 0.1 15.5
40 x 10 | 5.6247 — 998

I

Fig.5 Buckling shape of a rectangular plate which is
clamped along all edges and subjected to in-
plane bending (aspect ratio is 4.0).
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Fig.6 Buckling shape of a rectangular plate which is
simply supported along all edges and subjected
to compression along the left and right edges
and tension along the bottom and top edges
(aspect ratio is 4.0).
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Fig.7 Rectangular plates used for comparison of C. P.
U time (simply supported along all edges and
aspect ratio is 4.0).
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