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Abstract

Plate buckling is very important design criteria when the ship is composed of high tensile
steel plates. In general, the plate element contributes to inplane stiffness against the action of
inplane load If the inplane stiffness of the plating decreases due to buckling including the
secondary buckling, the flexural rigidity of the cross section of a ship’s hull also decreases. In
these cases, the precise estimation of plate’s behaviour after buckling is necessary, and
geometric nonlinear behaviour of isolated plates is required for structural system analysis.

In this connection, the author investigated the geometric nonlinear behaviour of simply
supported rectangular plates under uniaxial compression in the longitudinal direction, in which
the principle of minimum potential energy method is employed. Based on the energy method,
elastic large deflection analysis of isolated plate is performed and simple expression are derived
to discuss the bifurcation point type buckling and limit point type buckling.
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Fig. 1 Rectangular plate under thrust
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Fig. 2 Elastic large deflection of square
plate under thrust
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Fig. 3 Load-deflection coefficient curves of a rectangular plate under thrust(a/b=5.0)

Table 1.1 Secondary buckling stress of plates with two primary buckling mode
(m=1,2,3,5,6,7 n=1,3)

a/b

V2

15

1.6

17

18

1.

2.0

2.1

2.2

2.3

2.4

\/—é—l

Oy

72.10

61.38

51.54

4357

36.58

30.53

2542

21.19

1779

15.14

13.11

12.27

Table 1.2 Secondary buckling stress of plates with three primary buckling mode
(m=1,3,5,7,9,11 n=1,3)

| ab [ V6 [25 [26 [27 [28 [20 |30 |31 |32 |33 34 | /O
| %o |4800 |4535 [1053 [3613 [32.12 [28.49 |25.23 [22.37 1987 |17.73 |15.93 |14.94
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Table 1.3 Secondary buckling stress of plates with four primary buckling mode

(m=1,4,7,9,12,15 n=1,3)

ab V12 |35 |36 |37 [38 (39 [40 [41 |42 |43 |44 [V
Orr  [40.43 [39.21 [3599 [32.98 (30.18 (2758 (25.19 [23.01 [21.05 [19.28 (17.72 [16.72

Table 1.4 Secondary buckling stress of plates with five primary buckling mode

(m=1,5,9,11,15,19 »=1,3)

ab (V20 |45 |46 |47 |48 |49 |50 |51 |52 |53 |54 |V30
Orr 3665 [35.95 (3353 [31.25 {29.09 [27.07 [25.18 [23.43 {21.80 [20.31 [18.96 [18.00

Table 1.5 Secondary buckling stress of plates with six primary buckling mode

(m=1,6,11,13,18,23 »=1,3)
a/b V30 |55 |56 |57 |58 |59 |60 |61 |62 |63 |64 |V42
Osr  [34.38 [33.92 [31.99 [30.15 {2841 126,75 |25.18 (2371 |22.33 [21.05 |19.85 [1895
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Table 3 Secondary buckling stress of plates
a/b 08 1.0 1.2 14 V2 |m=1,3,5
O2cr 1258 54.76 34.80 22.63 2196 | #n=1,3,5
a/b 1.6 1.8 2.0 2.2 2.4 V6 | m=2,6,10
O2¢r 125.71 75.60 54.76 43.26 34.79 33.05 {n=1,3,5
a/b V6 26 2.8 3.0 32 34 V12 {m=3,9,15
Ogcr 113.96 87.41 66.81 54.76 46.61 40.20 3838 |n=1,3,5
a/b V12 36 | 38 40 42 44 V20 | m=4,12,20
Ogcr 767 75.60 63.24 54.76 4843 43.26 4158 (#=1,3,5
ab | V2 46 | 48 5.0 52 5.4 V30 {m=5,15,25
O2cr 77.34 70.03 61.30 54.76 49.59 45.23 44.29 =1,3,5
a/b V30 56 5.8 6.0 6.2 6.4 V42 | m=6,18,30
Oer 73.30 66.81 60.09 54.76 50.38 46.61 .4523 |»=1,3,5
Note : 1) gy, notes bifurcation point type secondary buckling
2) m and 7z note the deflection component of length and width direction.
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