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Seismic stress analysis and investigation of soil’s lateral pressure on buried pipelines are among the challenging
subjects in the seismic design of lifelines. Buried pipelines are considered as long structures buried in a semi-infinite
medium of soil and be modeled as beams on spring support of the soil, in a conventional technique. The
specifications of the support springs were determined using the codes’ relations (such as ASCE 1984 and ALA2001
guidelines). The specifications of pipe-soil equivalent springs are presented as a function of the diameter of the pipe
and soil’s mechanical properties. Numerous researches were shown that the pipe-soil interaction is highly dependent
on other factors; such as the wall thickness of the pipe, material type of the pipe, and the loading condition as well.
In this research, in the first step, two full-scale tests on steel continuous pipes buried in dense sandy soil were done.
A computer program (BPSIOS) was developed in MATLAB and ABAQUS to generate the specifications of pipe-
soil interaction springs through an optimization algorithm. BPSIOS determined the force-displacement relation for
the pipe-soil equivalent springs so that the deformed shapes of the pipe were matched with its real values for any
given base displacement. The experimental data were analyzed by BPSIOS to present a comparison with the code’s
results. The numerical models were validated and verified using the experimental data in the second part of the
study. The finite element simulations were employed to develop a numerical database. The database included
twenty-four nonlinear 3D shell-solid finite element models. They were constructed and analyzed in ABAQUS. The
database consisted of steel buried pipes with four diameters (in the range of 100 to 400 mm) and six-level of wall
thickness (from D/t = 11 to 48). The pipes were widely used in supply lines in natural gas distribution networks. The
results of the models were fed into BPSIOS software to determine the specifications of pipe-soil interaction springs.
Considering the wall thickness of the pipe, a new relation was established for lateral pipe-soil interaction of dense
sandy soil and steel pipes in place of a strike-slip fault. The sensitivity and 3D regression analyses were done, using
MATLAB Curve-fitting Toolbox, to develop a new form of relations for pipe soil interaction. The sensitivity
analyses showed that the wall thickness of the pipe had a great level of effect on the exerted lateral force on the pipe.
The results of the numerical models, made by BPSIOS, show that the ASCE1984 presented results are only valid in
the case of small pipes with D/t = 48. However, the ALA2001 guideline presents greater values of the interaction
forces, which are closer to the results for moderate pipes. The proposed pipe-soil relation is dependent on the
diameter and wall thickness of the pipe and exclusively specified for the material properties of the steel pipe, dense
sandy soil, and strike-slip loading condition. It was found that the wall thickness of the pipe had a great effect on the
initial and secondary stiffnesses of the pipe-soil equivalent springs. However, the yield displacements were found in
the previously presented values for most of the cases.

Keywords: Pipe-Soil Interaction, Steel Buried Pipe, Finite Element Analysis, Wall Thickness of the Pipe, Strike-
Slip Faulting.



