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Abstract

The use of high tensile steel plates is increasing in the fabrication of ship and offshore structures.
The softening region which has lower yield stress than base metal is located to prevent crackings in
the conventional high tensile steel. Also, thermo mechanical control process (TMCP) steel with low
carbon equivalent has the softening region which occurs in the heat affected zone when high heat input
weld is carried out. The softening region in the high tensile steel gives rise to serious effect on
structural strength such as tensile strength, fatigue strength and ultimate strength. In order to make
a reliable structural design using high tensile steel plates, the influence of the softening on plate
strength should be evaluated in advance.

In the previous paper®, the authors discussed the ultimate compressive strength of 50HT steel
square plates with softening region. In this paper, the ultimate compressive strength with varying the
yield stress of softening region and the aspect ratio of the plate is investigated by using the elasto-
plastic large deformation finite element method.
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Fig. 1 The local coordinate of the rectangular plate
element and its nodal force and displacement
used in the present analysis
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Fig. 2 Schematic diagrams of the high tensile steel
plate with softening region

Fig.'3 The finite element modeling of high tensile
steel plate with softening region subjected to
uniaxial compression
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Table 1. Description of the high tensile steel plates with softening region subjected to uniaxial compression

Specimen | a | b | ¢ | o | oon Mesh | o, :Bi CPU Time(Min.)
No, (mm) | (mm) | (mm) (kgz/ (kg/ | h/t | W,/t| size | (kg/ %100 By CYBER 932/31
mm?) |mm?) (mxn) mm?) |~ computer
(%)
P1 500 | 500 10 | 36.0 | 36.0 0 0.1 | 5x5]27.48|76.33 23.00
P2 500 { 500 10 | 36.0 | 32.4 4 0.1 | 6x5|26,99|74.97 21,11
P3 500 | 500 10 | 36.0 | 28,8 4 0,1 | 6X5(25.76|71.55 19.19
P4 500 { 500 10 | 36.0 | 25.2 4 0.1 | 6x5/(23,73|65.92 17.29
P5 1000 | 500 10 36.0 | 36.0 0 0.1 |10X5(30,90185,83 45, 30
P6 1000 | 500 10 36,01 28.8 4 0,1 {11X527,30]|75.83 37.80
P7 1500 | 500 10 | 36.0 | 36.0 0 0.1 |15x5]28,80 80,00 72.32
P8 1500 | 500 10 | 36.0 | 28.8 4 0,1 |16X5]26,62|73.94 62,47
P9 2000 | 500 10 36.0 | 36.0 0 0.1 [20X5}30.1283.67 103. 45
P10 2000 | 500 10 | 36.0 | 28.8 4 0.1 [21x5]28,11|78.08 95. 50
P11 2500 | 500 10 | 36.0 | 36.0 0 0.1 |[25x5129,06|80,72 141,10
P12 2500 | 500 10 | 36.0 | 28.8 4 0.1 |26%5](27.77177.15 128,80

Note: 1) o,sy denotes the yield stress of base metal
2) 0.sk denotes the yield stress of softening region
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Fig. 4 Simplified shape of the initial deflection
existing in the plate element
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Table 2 Magnitude of the initial deflection components when W,/t=0.1

el 4 aolNRARRe At AdE

axb 500X 500 1000 X 500 1500 X 500 2000 X 500 2500 X 500
Ay (mm) (mm) {mm) (mm) (mm)
A, 1, 0000 1,2017 1, 2416 1. 2558 1, 2623
Ao - 0, 0060 -0, 002 0. 0000 -0, 0001.
A - 0.2390 0, 3333 0, 3717 0. 3910
Ao - 0, 0000 -0, 0002 0, 0000 0. 0000
Ags - 0. 0281 0, 1237 0,1735 0.2014
A - 0. 0000 0. 0000 0. 0000 0, 0000
Ay - —0, 0226 0.0337 0, 0806 0.1114
Ags - 0, 0000 0, 0002 0. 0000 0. 0001
Ao - —0. 0166 -0, 0001 0, 0306 0, 0584
Aoio - 0. 0000 0, 0002 0. 0000 0. 0001
Ao - —0, 0042 —0, 0031 0, 0057 0, 0259
Aoz - - - 0. 0000 0. 0000
Aoss - — - —0,0028 0, 0083
Aors - - - 0, 0000 —0, 0001
Aus - — - —0, 0019 0, 0010

Note: Plate thickness t is set to be 10mm
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The influence of the yield stress of softening
region on the the ultimate compressive stren-
gth of a high tensile steel square plate
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Fig. 6 Deflected shape of a high tensile steel plate
without softening region with increasing of
uniaxial compression(a/b = 3)
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