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Ultimate strength analysis for thin-walled structures with initial imperfection using inherent strain method

by Makoto Nagao

Abstract

Initial imperfection of thin-walled structures such as residual stress and initial deflection is induced by inherent strain due to
welding in fabrication. The initial imperfection can be predicted by elastic FEM analysis and its input parameters on the magnitude
and shape of the inherent strain distribution”. Ultimate strength of the structures can also be predicted by the elasto-plastic large
deflection finite element analysis and the derived imperfection computed from the inherent strain information. In this paper, ultimate
strength analysis for the thin-walled structures with initial imperfection using inherent strain method is proposed. Firstly, the
inherent strain for bead-on-plate welding is assumed from the method of tendon force®” for longitudinal shrinkage and Sato’s
empirical formula® for transverse shrinkage and angular distortion. Secondly, the residual stress distribution of the bead-on-plate
welding using the inherent strain method is compared with thermal elastic plastic finite element analysis in order to check the
accuracy of the assumed inherent strain. Finally, the effect of the initial imperfection due to the inherent strain on the reduction of
ultimate strength of stiffened plates is discussed. The impact of heat input Q and plate slenderness ratio f is investigated. It is found
that the ultimate strength of the stiffened plates with thin plates, which means big f, is influenced by heat input Q.
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Fig. 2 Distribution of inherent bending strain
in an isoparametric shell element
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Table 1 Assumed and presumed transverse shrinkage

Case 1 Case 2 Case 3

AsiﬂESdS -5.0x10* | -5.0x107 | -5.0x107
e, 2055107 | 0.5%10° | -0.5x10~
8ﬁ2;;ifh4 -5.0x10* | -5.0x107 | -5.0x107

Table 2 Assumed and presumed angular distortion

Case 1 Case 2 Case 3
Assumed 0 5.0x10* 5.0x107 5.0x1072
« (1/mm) 0.5x107 0.5x10° 0.5x107
9 from FEM 4.9x10™ 4.9x107 4.9x107
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Fig. 8 Ultimate strength of a stiffened model
with imperfection calculated by inherent strain method
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