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Abstracts:

Buried pipelines, commonly used to transport water, gas and oil, are critical elements of the infrastructure
of today’s modern cities and usually pass through large geographical distances. They are classified as
lifelines as they carry materials that are essential to support human life. Due to the importance of
maintaining the operability of these lifelines, it is of primary importance to study the effect of different
hazards on their behavior in order to be able to mitigate any possible damages. Therefore, they could be
subjected to different types of natural hazards such as earthquakes in the form of permanent ground
displacement and/or wave propagation. Seismic waves could pose great threats to above ground facilities
and perhaps to a lesser content to buried pipelines. Permanent ground displacement is often caused by
surface faulting, landslides, or liquefaction. Over the past years, many researchers have attempted to study
the behavior of buried pipelines crossing active faults. Many reconnaissance reports show that significant
damages are observed in buried steel pipelines crossing active faults. The corresponding ground
deformations are applied in a quasi-static manner, and are not necessarily associated with high seismic
intensity. During the ground deformation, the pipeline may undergo severe deformation, well beyond the
elastic range of pipe material and may cause pipeline failure, i.e. high tensile stresses may result in tensile
fracture of the pipe wall, specifically at welds, whereas compressive stresses may cause local buckling or
wrinkling of the pipe wall. In case of moderate buckling, deformation of the pipe cross-section can lead to
flow restriction and high friction losses, and eventually require line replacement; while for severe buckling
high localized strains can lead to pipe rupture, loss of contents, and possible pollution of surrounding soil.
The present study investigates the mechanical behavior of buried steel pipelines, crossing normal faults of
right angle in loose clay. The pipe is assumed to be normal to the fault plane. The interacting soil—pipeline
system is modeled through three-dimensional finite element method, which accounts for large strains and
displacements, nonlinear material behavior, friction and gap forming on the soil-pipe interface. The
analysis is conducted through an incremental application of fault displacement. Considering steel pipelines
of various diameter-to-thickness ratios, and typical steel material for pipeline applications , the present
study concentrates on identifying the fault offset at which the pipeline fails considering different
performance criteria and to use them for performance-based design purposes. The results are presented in
the form of diagram showing the critical fault displacement, and the corresponding critical strain versus the
pipe diameter-to-thickness ratio. Results show that for pipelines buried in loose clay, the governing failure
mode is local buckling of the pipe wall, which occurs at two locations along the length of the pipeline. The
distance between the two locations at which local buckling occurs increases with decreasing pipe diameter-
to-thickness ratio. It is shown that with increasing pipe diameter-to-wall thickness ratio, longitudinal
compressive strains in the pipe wall increases and consequently the capacity of the pipeline to accommodate
the ground deformation decreases significantly.

Keywords: Buried steel pipelines, Normal faulting, performance-based design
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