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Seismic response analysis of PCCP considering the effects of the construction process

TONG Dawei, WANG Xing, REN Bingyu, YU Jia, LIU Minghui
(State Key Laboratory of Water Conservancy Engineering Simulation and Safety, Tianjin University, Tianjin 300350, China)

Abstract: In order to study the impact of the construction process on the prestressed concrete cylinder pipe (PCCP) under the action
of an earthquake, a PCCP seismic response analysis method considering the impact of the construction process is proposed: a nonlinear
finite element model that considers the impact of the PCCP construction process is established and the alive and death element
technology is used to realize the finite element analysis of the PCCP from the ground stress balance to the application of prestressed steel
wire prestress, pipe laying, and backfilling to determine the degree of compaction. As an index to measure the construction quality of
backfills, based on the viscoelastic artificial boundary theory, equivalent nodal force ground motion input method and static-dynamic
boundary conversion method, the analysis considers the construction process and the impact of different backfill compaction quality on
the PCCP seismic response analysis. The results show that the stress of the pipeline is affected by the gravity of the backfill and itself.
The hoop compressive stresses of the inner and outer concrete pipe tops, the outer units of the pipe bottom, and the inner units of the
pipe waist are larger considering the influence of the construction process than those of the pipe top without considering the construction
process. The hoop compressive stress of the inner unit of the tube bottom and the outer unit of the tube waist is smaller than the
construction process without considering the construction process; under the the earthquake, the backfill soil is evenly compacted, and
increasing the compression degree of the backfill soil can reduce the axial tensile stress at the PCCP socket. The more uneven the
degree of backfill compaction, the greater the maximum value of the horizontal and vertical rotation angles between the pipes, and the
impact of the backfill compaction quality on the vertical rotation angle is greater than the impact on the horizontal direction.
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Fig.3 The influence of grid size on calculation results Fig.4 Finite element calculation model
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