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Buried pipelines and tunnels at earthquake faults crossing
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Buried pipelines and tunnels at earthquake faults crossing
Farzad Talebi (Structural Engineer and Data Analyst, GSE Inc., Tokyo, Japan)

Pipeline systems have played a significant role in human history and industrial development. Pipeline networks such as oil and gas
transmission lines and water and sewer lines provide the vital needs of human societies and have been constructed worldwide even
in high seismic risk zones. Earthquakes pose the largest risk for widespread structural damage. Earthquakes can cause extensive
damage to buried gas, oil, fuel, and chemical transmission pipeline networks, and water and sewer pipelines. In case of buried
pipelines, most damage arises owing to permanent ground deformation (PGD) such as fault dislocations, liquefaction, and landslides,
even though very few pipelines themselves are damaged by wave propagations [1]. Large ground movements related to earthquake
fault movements can cause severe plastic deformation, PGD has been reported to cause extensive damage and even ruptures of
buried pipelines and tunnels during historical earthquakes such as the 1971 San Fernando earthquake, 1995 Kobe earthquake,
1999 Kocaeli earthquake, 1999 Chi-Chi earthquake, 2011 Tohoku earthquake, 2016 Kumamoto earthquake, and more recently, the
2017 Sarpole-Zahab earthquake [2]. In Sarpole-Zahab earthquake a large range of damages to the pipeline system is observed, and
it had a significant impact on the recovery of the cities and villages after the earthquake. In which in some cities, they had water
outage up to two weeks because of the contamination of the water resources due to pipeline network damage. The damage of buried
pipelines during previous earthquakes has caused severe health and environmental issues [2]. To ensure the reliable resistance and
economic design of these pipelines, it is essentially important to develop analysis methods for buried pipelines. It is evident that the
construction of tunnels and buried pipelines subjected to fault displacement in earthquake-risk zones and mainly fault intersections is
a key problem in engineering design.

00

=

Figure. Experimental and numerical study on buried pipelines performance
at an earthquake fault crossing done by the author.

Talebi and Kiyono investigated the problem of buried pipelines at faults crossing from a comprehensive point of view, including
earthquake site investigation, analytical stability analysis, numerical FE based analysis, and full-scale experimental studies. Despite
substantial advances made by previous studies in the development of analytical stability analysis methods for a buried pipeline at
earthquake fault crossing problems, there was significant shortcomings which was limiting the application area and accuracy of those
methods. In 2020 and 2021, Talebi and Kiyono [3, 4] removed most of the previous simplification assumptions and shortcomings
in previous analytical methods. They introduced a novel governing equation that includes the nonlinear longitudinal pipe force,
nonlinear longitudinal and lateral soil-pipe interaction (longitudinal sliding of buried pipe within soil and lateral soil spring yielding)
and effects of the geometrical nonlinearity in their governing equation. They substantially increased the accuracy of the analytical
method for nonlinear stability analysis of buried pipelines at strike-slip faults crossing. Their proposed method is useful for (1)
verification of the nonlinear FEM analysis; (2) fast, economic, and reliable stability analysis and design of buried pipelines and
tunnels.

Nowadays, by improvement of processors and finite element method (FEM), FEM-based analysis is an applicable solution for
the problem of the buried pipeline crossing active fault. The beam-spring models and 3D-solid models are most common modeling
approaches in the problem of buried pipeline at fault crossing. The 3D-solid model shows the most realistic performance of buried
pipelines, however, because of their complexity, they are commonly used just in research projects. It is pretty common to use a
beam-spring model for the design purpose of buried pipelines at fault crossing and all the design guidelines are extended based
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on this modeling approach for analysis of buried pipelines. But because beam-spring model cannot model buckling phenomenon
and local stiffening of soil around earthquake faults, this modeling approach underestimates the soil-pipe interaction forces and
correspondingly stress-strain on buried pipeline. Regarding Talebi and Kiyono research, there is a need for application of stiffening
coefficient for soil around the faulting zone to make up this shortcoming [5].

Talebi and Kiyono in a collaboration with POLITEC association carried out two full-scale experiments, and created corresponding
finite element (FE) models for a high dense polyethylene (HDPE) pipeline buried in at strike-slip fault crossing. Results of verified
FE models indicate that ALA 2005 [6] guideline has not considered effect of the soil compaction on the ultimate soil-pipe interaction
forces, and its suggested values for dense sand case is much lower than experiment and verified FE analyses results. It is found that,
ovalization damage has a direct relationship with principal stress/strain on the crown/invert of pipe cross-section and can be used as
a damage criterion. Moreover, HDPE pipelines showed high flexibility and good performance during the faulting even in very large
fault movements.

After all, there still a need for further studies on the damaged and old buried pipelines and tunnels performance during the
earthquake, especially at earthquake faults crossing.
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