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Effect of Mechanical Properties on Tensile Strain Limit for Leakage of
High-Pressure Pipe with Surface Crack
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The tensile strain limit for leakage of high-pressure pipe with a circumferential surface notch is simulated by FE-analysis
based on the proposed damage evolution models, and compared with the experimental results. In this paper, it is demon-
strated that the simulation model can be applicable to predicting ductile crack growth behaviors of a circumferentially
notched pipe with internal high pressure subjected to tensile loading. This result implies the limit for leakage of high-
pressure pipe subjected to tensile strain can be quantitatively related to the material properties with respect to 2 types of
ductile properties. The parametric simulation provides the guideline to improve the tensile strain limit for leakage from the
mechanical properties’ point of view.

INTRODUCTION

Natural gas pipelines installed in a seismic region or permafrost
area are prone to being subjected to large deformation due to
large ground movement associated with ground liquefaction or
frost heave. Thus, a strain-based design concept would be more
efficient and rational for the fitness-for-service assessment of line
pipe installed in such deformation-controlled conditions (Barbas
and Weir, 2007; Kan et al., 2008).

This paper gives a developed simulation method for quanti-
tatively evaluating the tensile strain limit for leakage of high-
pressure line pipe with a crack-like defect in girth welds under
large deformation. A damage model for numerically simulating
ductile crack growth has been proposed (Ohata et al., 2010). The
ductile crack initiation from the crack-tip is in accordance with
the local strain criterion, and the subsequent crack growth with
the triaxiality dependent damage criterion. In order to apply this
simulation model, only 2 ductile properties of steel are required.
One is a resistance of ductile crack initiation estimated with
critical local strain for ductile cracking from the surface of the
notch root obtained with the notched bend specimen; the other
is a stress triaxiality dependent ductility obtained with circumfer-
entially notched round-bar specimens. The local strain criterion
for ductile crack initiation has been verified to be applicable for
notched/cracked bend specimens as well as notched specimens
subjected to tensile loading (Ohata and Toyoda, 2004a; Ohata et
al., 2004b; Ohata and Toyoda, 2006, Ohata et al., 2010). It has
been also demonstrated that difference in ductile crack growth
resistance of cracked specimens with different crack-tip plastic
constraint was accurately predicted using the proposed simulation
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model (Ohata et al., 2010). Thus, the proposed simulation model
is expected to be applicable for predicting a tensile strain limit for
penetration of a ductile crack from a circumferential crack-like
defect in high-pressure pipe.

This study focuses on demonstrating the applicability of the
proposed model for simulating the tensile strain limit of high-
pressure pipe subjected to tensile loading associated with duc-
tile crack extension; it has not been necessarily realized whether
or not the local strain criterion for ductile cracking would be
applicable under biaxial loading associated with internal pressure
(Kawaguchi et al., 2005) and applied longitudinal strain (Saki-
moto et al., 2009. Then, the simulation model, which consists
of the local strain criterion and the triaxiality dependent damage
criterion, was applied to an internal high-pressure pipe specimen
with circumferential surface notches subjected to tensile loading,
and the predicted ductile crack growth behaviors followed by leak-
age were compared with experimental results (Sakimoto et al.,
2009). According to the proposed simulation model, a sensitivity
analysis can be conducted of the effect of mechanical properties in
terms of the critical local strain, stress triaxiality dependent duc-
tility as well as strength properties on the tensile strain limit for
leakage in high-pressure pipe. In this study, the effect of ductile
properties on the ductile crack growth resistance that controls the
tensile strain limit of the pipe was simulated using the small-scale
SENT (Single Edge Notch Tension) specimen after demonstrating
the comparability with the pipe.

SIMULATION MODEL FOR DUCTILE CRACK
GROWTH BEHAVIOR

The damage model for numerically simulating a ductile crack
growth resistance—that is, the R-curve—has proposed taking 2
ductile properties of steel into account, where the ductile crack
initiation from the crack-tip is in accordance with the local strain
criterion, and the subsequent crack growth with the triaxiality
dependent damage criterion (Ohata et al., 2010).




