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Finite Element Analysis of Ceramic Beam with Different Modulus
Based on Stress Balls Tensor Method
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Abstract: For the materials with different modulus of elasticity in tension and compression which can not
follow the classical theory of elasticity for stress and deformation analysis, to solve the problem of the structure
calculation, the idea by judging the sign of the stress balls tensor to determine the modulus of elasticity in ten-
sion or compression was proposed. Based on ANSYS, analysis and calculation modules of the materials with dif-
ferent modulus in tension and compression were developed. Taking the simply supported ceramic beam of pure
bending as an example, the finite element model was established. The structural analysis of the ceramic beam
was completed by using the developed module. By comparing the results of the finite element (FE) solutions
and analytical solutions, the error range could be found. Error of stress was not more than 2.1% and the deflec-
tion error did not exceed 3%. Feasibility of the proposed method is proved. By comparing the errors of FE solu-
tions of the maximum tensile (compressive) stress between bimodulus and the same modulus, it could be
found that the error value increased as the ratio of elastic modulus in tension and compression reducing. Error ex-
ceeds the allowable range of engineering, so the application of different moduli theory is important.
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Fig. 1 Nonlinear (Bilinear) model
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Fig.2 Pure bending beam schematic
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Fig. 4 Simply supported ceramic beam
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Fig. 5 Comparison between analytical and FE solutions of x direction normal stress with E'/E* varying
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Fig. 6 Comparison between analytical and FE solutions of deflection with E'/E* varying
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