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ABSTRACT 

In the present study, a two-scale stochastic framework has been proposed for predicting the 

failure strength probability of heterogeneous materials. The analysis at both scales (meso and 

macro) is performed under plane stress condition. The meso-scale analysis is performed by 

XFEM whereas the macro-scale analysis is performed by FEM. The heterogeneities (pores 

and reinforced particles) are considered at meso-scale. The effect of shape, size, clustering 

and volume fraction of heterogeneities is analyzed at meso-scale. A new scheme is developed 

for modeling the arbitrary shape heterogeneities using periodic B-splines. An adaptive 

hanging node mesh refinement technique is employed to reduce the computational cost. 

Maximum principal stress failure criterion has been implemented for modeling both tensile 

and compressive behaviors at meso-scale. The volume fraction of pores and reinforcement 

particles is distributed stochastically to the elements at macro-scale. The average volume 

fraction of the pores is taken as 8%, 10%, 12% and 14% whereas the average volume fraction 

of the reinforced particles is kept constant at 20%. The statistical analysis of numerical data is 

performed through normal and Weibull distribution fits. K-S goodness of fit predicts that the 

numerical data is better fitted by the normal distribution. 
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1. INTRODUCTION 

Due to high strength to weight ratio, the composite materials are widely used in engineering 

applications. The composite materials dominate the aerospace, defense and energy sectors 

due to their good strength, creep, fatigue and wear resistance at higher temperatures (Barekar 

et al., 2009) as compared to metals and alloys (Junior et al., 2009).  Some of the prominent 

materials like ceramic composites (Grigoriev et al., 2010) and nuclear graphite (Murti and 

Charit, 2008) are suitable for high temperature applications. These materials possess brittle or 

quasi-brittle behavior with a large scatter in strength (Nemeth et al., 2010; Tracy and Daly, 
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