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Evaluation of Buckling Characteristics with Respect to
Slenderness Ratio for Thin Cylinderical Structures
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Abstract

This work was done as one of the pre-research of buckling behavior for LMR
reactor vessel. For the reduced scale buckling test, the three types of test
specimen(slenderness ratio 1.0, 2.0, 4.8) was selected. Using the buckling formulae by
Okada and the elastic—plastic finite element method, the buckling characteristics are
investigated. From the results of buckling load evaluations, as the slenderness ratio
decreases, the buckling load increases and a deflection shape approaches shear
buckling mode. As the slenderness increases, the deflection approaches bending
buckling mode. In comparison of buckling loads, the calculated buckling loads by the
elastic-—plastic finite element method are in good agreement with those of the
evaluation formulae considering with plastic effect.
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Evaluation of Plastic Effests
= Plasticity Reduction Factor
= Bending Stress Distribution Factor

Evaluation of Plasticity EHects
= Plasticity Reduction Factor
= Shear Stress Distribution Factor
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Calculation of Flastic Bending
Buckling Strenath
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Calculation of Plastic Shear
Buckiing Strength

|

Selection of The Smaller Buckling Strength of The Two

Evaluation of Initial Shape Impeariecion Elffect
Imperiection Reduction Faclor
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Calculation of Minimum Flastic Buckling Strength
using Yield Strength Value Sy

L

Results

Determination of Buckling Safety Factors Based on Experimental

Calculation of Allowable Buckling Load

Fig. 1 Flow of the evaluation formulae”



Fixed B.C

Shear Load

Fig. 2 FEM model (Cylindrical Structure)

Table 1. Determined Dimensions of Buckling Test Specimen

Buckling Load(kN)
L(mm) | D(mm) | t(mm) L/R Shape

A7 | e

Model-A 100 200 0.5 1.0 17.21 24.05 Shear

Model-B 200 200 0.5 2.0 13.75 17.33 Mixed

Model-C 480 200 0.5 4.8 5.73 8.50 Bending
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Fig. 3 Stress-Strain Curve in Nonlinear Elastic-Plastic Buckling Analysis
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Fig. 4 Results of Buckling Strength Evaluation by Formulae (t=0.5mm, D=200mm)
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Fig. 6 Buckling Shape of Model A B,C Specimen
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Fig. 7 Comparison of Buckling Strength Values Corresponding to Slenderness Ratio
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Fig. 8 Concept of Imperfection Measurement Facility for Cylindrical Structures
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