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Buried pipelines for water, gas, and fuel often cross faults in regions with frequent
fault activity due to their wide coverage requirements. Since the 1980s, seismic design
and earthquake mitigation measures for pipelines crossing faults have been crucial
topics in earthquake engineering. However, despite advancements, significant damage
to pipelines has been observed in earthquakes like the 1999 Chi-Chi Earthquake in
Taiwan, the 1999 Kocaeli Earthquake in Turkey, and the 2018 Kumamoto Earthquake
in Japan. Damage from fault displacement is severe, requiring prolonged recovery
efforts. Ideally, fault zones would be avoided during planning, but constructing linear
infrastructure such as pipelines often makes this infeasible. Moreover, fault
displacements during earthquakes are highly uncertain. While deterministic approaches
have been used to consider fault displacement in design, small earthquakes or deep
faults may result in displacements that do not reach the surface. Assessing the seismic
risk posed by concealed faults is therefore necessary, particularly as shallow-buried
pipelines (about 1m) are subject to complex soil-pipeline interactions under significant
fault-induced deformation, requiring experimental validation of analytical models.

This study focuses on the impact of concealed faults on buried pipelines by
examining ground displacement and strain induced by fault movement. Fault parameters
are used to systematically evaluate strains, and finite element methods (FEM) with
experimentally validated parameters are employed to analyze the dynamic interaction
between pipelines and soil.

In Chapters 2 and 3, strains caused by concealed fault movements are analyzed using
dislocation elasticity theory, which has been widely applied in fault research since the
1950s. Ground displacement derived from the theory is used to calculate pipeline strain
in specific directions. The study considers strike-slip and reverse fault movements and
examines the effect of pipeline-fault intersection angles on strain distribution.
Maximum strain locations are identified for different fault types and angles. Regression
analysis of parameters such as fault types, intersection angles, and fault depth yields an
estimation formula for maximum pipeline strain. This formula allows strain prediction
using fault parameters and aids in determining whether fault mitigation measures are
necessary.

The 2023 Turkey-Syria earthquake is used as a case study to validate the applicability
of the dislocation elasticity theory. By using observed fault parameters provided by
researchers, ground displacement along the fault direction is calculated and compared
with actual displacement data. The comparison demonstrates the reliability of the theory

for estimating ground displacement and its applicability in assessing pipeline strain in
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concealed fault regions.

Chapters 4 and 5 refine the accuracy of response analysis for pipelines crossing faults.
Fault displacement results in elastoplastic behavior in both pipelines and the
surrounding soil. Shallow-buried pipelines (about 1m) face complex interactions with
soil, making parameter estimation difficult using standard penetration test N-values. To
address this, experimental results from Kobe University on ground reaction forces
acting on buried pipelines are analyzed. These experiments are reproduced to validate
and refine analysis models. The study reveals that the relationship between
displacement and ground reaction force for small-diameter pipelines (50—150mm)
varies by loading direction, such as horizontal, vertical downward, and vertical upward
loading. Appropriate soil parameters for horizontal loading are identified for use in
FEM analysis.

Using the refined soil parameters, simulations analyze the deformation characteristics
of small-diameter polyethylene and steel pipelines (diameter 100mm, length 20m) under
strike-slip fault displacement. The soil surrounding the pipeline is modeled as solid
elements in the finite element analysis to accurately capture the dynamic interaction
between the pipeline and the soil. Results demonstrate that this approach effectively
represents pipeline deformation under fault displacement. By combining these results
with ground deformation derived from dislocation elasticity theory, the study provides a
clearer understanding of pipeline responses to concealed fault movement, supporting the

development of more reliable seismic designs for pipelines.
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