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Effect of internal pressure for a pipe with an axial cross-sectional crack in geometrically 
nonlinear formulation 

Oryniak Andrii, Kryshchuk Mykola 

Abstract. The determination of stress intensity factors (SIF) and crack opening area or displacements (COA or COD) is 
important constituent when performing the “leak before break” analysis of piping systems in NPPs. The tabulated 
parametrical results of their calculation are widely presented in modern scientific and normative literature. 
Nevertheless, there is one aspect of crack behavior, at least in thin walled pipes, which still had not obtained its due 
attention. We mean here the geometrically nonlinear effect, which can be the big enough to be accounted for in 
practical applications. 
It is considered in geometrically linear analysis that only the inner pressure opens the crack, and COA and SIF are 
directly proportional to it. SIF is presented usually as solution for infinite plate multiplied by so-called bulging factor, 
BF, which depends on dimensionless crack length, i.e. ratio of crack length divided on square root of product of radius, 
R, and wall thickness, t.  
Two loading factors in thin walled pipes can contribute to geometrically nonlinear behavior. The first one is axial 
stresses induced by value of axial force or bending moment. The second one – is the inner pressure itself.  
The results obtained are presented as a percentage of difference between the linear and nonlinear results. They show 
that influence of geometrical nonlinearity is fairly essential to be accounted in practice and can reach for practically 
real cases almost 3-10%. 
Keywords: SIF; geometry nonlinear pipe, crack. 
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