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Design Sensitivity Analysis of Elasto-perfectly-plastic Structure
for Stiffened Shell Structure
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Abstract

Design sensitivity analysis for nonlinear structural problems has been emerged in the last decade as a
glowing area of engineering research. As a result, theoretical formulations and computational algorithms have
already developed for design sensitivity of nonlinear structural problems. There is not enough research for
practical nonlinear problems using multi-element, due to difficulties of implementation into FEA. Therefore,
nonlinear response analysis for stiffened shell which consists of Mindlin plate and Timoshenko beam, was
considered. Specially, it presents the backward-Euler method which is adopted to describe an exact yield state
in the stress computation procedure. Then, design sensitivity analysis of nonlinear structures, particularly
elasto-perfectly-plastic structure, is developed using direct differentiation method. The accuracy of the
developed sensitivity analysis was compared with the central finite difference method. Finally, on the basis of
above results, design improvement for stiffened shell is suggested.
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Table.1 Properties of stiffened shell
T E v oy
0.005(m) 21(Gpa/m?) 03 192(Mpa)
XS XSA XSI Xz
0.02(m) 0.03(m?%) 0.25(m") 0.01(m)
YS YSA YSI YZ
0.02(m) 0.03(m) 0.25(m") 0.01(m)
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0 0D, 0 0 0 0 O
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D= 44 45 (25)
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Table.3 Displacement finite difference method

=3 [0 +o +0, ]+’tiy+‘tiz+‘tiz -0y (37) (Ab=0.0002)
Node | UX Uy Uz 6 X 6 Y 827
1 0 0 -0.024262 0 0 [
{GK’GV’GZ’ZTX 21,2t Z}T (38) 2 | o | 0 | -0.023830 | 0.000090 0 0
2\/—— ’ g 3 Y 0 -0.022458 0.000177 0 ¢]
4 0 0 ~0.020402 0.000222 0 0
AG8lA FrEdee Do Yol do AF 0
ob gdomz B Faois 2| o | o 0 -0.000021 | caoo2e0 | o
93 0 0 0 -0.000024 0.000156 0
94 0 Q 0 -0.000026 0.000105 9
{0 O O G 0 2TXY * Xz ’21: } (39) 95 0 0 0 -0.000026 0.000057 Y]
s
96 Q 0 0 -0.000025 -0.000025 0
ol ®Erh 2253 4(39)g 10y tYsiH, B
Ao FARAANS 28+ A Table.4 Sensitivities for design variables of
stiffened shell
42 SZEe| dAviLEaiN
21(14), (158 B3 ¥ Ag 4E 3 T, 2 Design variable Sensitivity
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ME FEH A AR ZIE Table2 XS 0.00511
o} Table.3 of ERIR Ys 0.00511
Table.2 Displacement sensitivity of stiffened shell XSA ~0.003146
YSA -0.003146
Node UX Uy uzZ o X oY ¥4 Xsl __0 00003_‘
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3 | o | o | -0.022476 | 0.000178 0 0 XZ -0.018751
4 | o | o | -0020414 | 0.000222 0 0 YZ -0.018751
92 0 0 0 -0.000021 0.000200 0
93 0 0 0 -0.000024 0.000156 0 5. 7Ed [
94 0 0 0 ~0.000026 0.000105 0
95 0 Q Q -0.000028 Q.000087 O _t\i_ %T‘E’.—Oﬂ Ai'é D}%&i% A}% _}04, %/\é'%zﬂ.‘
%6 |0 | o 0 ~0.000025 | -0.000025 | © 24 AS5E st BT vy g 95t
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