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Pipeline systems are the most important means for transporting gas and other liquid fuels.
Most of these pipelines are buried underground and are highly susceptible to sudden ground
movements caused by earthquakes and landslides. Severe damages inflicted on pipelines
during such events can lead to joint failures and consequently significant economic losses.
With each ground movement, the pipeline is subjected to one or all types of axial, bending,
and shear loads. These loads may result in large compressive stresses, which can lead to local
or global buckling. In this study, the interaction between the pipeline and the surrounding soil
due to sudden ground movement is investigated using a coupling model between the pipeline
and soil, incorporating nonlinear soil response, nonlinear material behavior, and nonlinear
geometry. The most critical parameter for determining the performance level and extent of
damage in buried pipelines during an earthquake is the maximum strain. Vital infrastructure
codes (such as ALA and APA) also evaluate the seismic behavior of buried pipelines by
examining the maximum strain. Using code-based relationships, stress and strain values were
derived and compared with results obtained from Abaqus software.

The most influential factor identified in this study is the pipe thickness. As the pipe thickness
increases, the strain and stress values decrease, and the deformation mode also changes. The
burial depth of the pipeline does not significantly affect the applied stress values but does
influence the strain values. At shallow burial depths, the strain is not highly sensitive to the
pipe diameter. However, as the burial depth increases, the strain values become more
sensitive to increases in pipe diameter. Additionally, for larger thicknesses, an increase in
pipe diameter leads to a noticeable rise in strain values. For several model cases, stress and
strain values were calculated using code-based relationships. Comparing these results with
those obtained from finite element analysis, it can be concluded that both stress and strain

values are overestimated in the codes.
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Introduction

Pipelines are commonly buried underground to enhance safety and durability, particularly in
seismic regions. However, this configuration exposes them to complex loading conditions,
especially in areas intersected by active faults. Historical events such as the 1971 San
Fernando earthquake and the 2011 Japan earthquake have shown extensive damage to buried
pipelines due to fault movement, highlighting the urgent need for robust seismic design
methodologies. This study addresses the seismic vulnerability of pipelines crossing reverse
faults by evaluating their mechanical response under varying parameters using numerical
simulations.

Method

A three-dimensional finite element model is developed in ABAQUS/Explicit, where the soil
is modeled using the Mohr-Coulomb elasto-plastic model and the pipe is simulated using API
X65 grade steel shell elements. The interaction between soil and pipe is defined using surface-
to-surface contact with a friction coefficient of 0.6. Simulations consider multiple pipe
diameters (914.4 mm to 1600.2 mm), wall thicknesses (6 mm to 14 mm), and burial depths
(1.5 m to 2.5 m). Soil types include both sandy and clayey materials. The seismic loading is
applied in the form of fault-induced displacement corresponding to a magnitude 6.5
earthquake.

In addition to the finite element simulations, analytical estimations of stress and strain are
performed using codified relationships from standards including ALA, APA, and Iran’s
Seismic Design Guidelines for Oil and Gas Pipelines (Publication 038). Key formulas include
the Ramberg-Osgood model for material behavior and fault-induced deformation estimation
based on empirical relations.

Results

Soil Type Influence: Stress and strain levels are generally higher in sandy soils than in clayey
soils, due to lower cohesion and higher stiffness.

Wall Thickness: A significant reduction in both hoop stress and longitudinal strain is observed
as wall thickness increases.

Burial Depth: While burial depth has minimal influence on stress, it affects strain
considerably—particularly at greater pipe diameters.

Diameter Effect: At constant wall thickness, increasing pipe diameter results in higher stress
and strain. The effect is amplified at greater burial depths.

Code Comparison: Analytical results from codes (ALA, APA) consistently overpredict
stresses and strains compared to finite element results. This conservative approach, though
safe, may lead to excessive design thickness and increased construction costs.

Conclusions

The study demonstrates that finite element analysis offers a more accurate and optimized
understanding of buried pipeline behavior under fault-induced movements compared to
codified equations. Pipe wall thickness is the most effective parameter in controlling strain,
and an optimized balance between diameter and burial depth is crucial. The overestimation of
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stress/strain by codes suggests that numerical simulations should be integrated into the design
process to improve economic efficiency without compromising safety.
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