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ELASTIC-PLASTIC ANALYSIS OF PLANE BURIED PIPELINES
UNDER FORCED GROUND DEFORMATION
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By Hiroshi SATO, Satoshi KATSUKI and Nobutaka ISHIKAWA

This study presents a quasi-static approach using a matrix method based on the linear

programming (LP) for the elastic-plastic analysis of a plane curved buried pipeline

subjected to forced ground deformation. The actual buried pipeline is initially modelled

as a discrete pipeline-ground system, in which pipe and ground spring elements are

supposed to have elastic-plastic behaviors, respectively. The incremental deformation

analysis is formulated as a LP problem. Herein, the objective is to maximize ground

deformation increment during the successive yielding of ground spring or pipe element,

while simultaneously satisfying the conditions of compatibility, equilibrium, yield and

plastic flow as constraints. From the results of numerical examples, it is found that this

method is very useful to evaluate the plastic strain and plastic rotation which are

necessary for the seismic design of buried pipeline.
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Table 1 Dimensions of model pipes.

Model A ] B c | D

Type of steel pipe ST ser
400 A 800 A 400 A 200 A

Outer diameter D (c¢m) 40.64 81.28 40.64 21.63
Thickness ! (em) 0.69 0.69 0.69 0.48
Sectional area A (em?) 86.60 174.7 86.60 31.89
Moment of inertia I (x10' em*) 1.728 14.18 1.728 0.178
Young’s modulus E (kgf/em®)(GN/m?) 2.1% 10% (206)
Yield stress ay (kgf/cm®)(MN/m?) 2300 (226) 2000 (196)
Axial plastic capacity N,( x 10°kgf)(kN) 1992 (1954) | 4.018(3940) | 1.732(1699) | 0.638 (625)
Plastic moment M, (% 10°%kgf-cm) (kN-m) 2533 ( 248) | 10.31 (1011) | 2.203( 216) | 0.430( 42)

(EEEEhZThoBHEL v EANRE LTAEIK | mm 2 #5RL7~.)
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Fig.7 Yielding process of the pipeline-ground' system.
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