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Prediction of deformation distribution of buried pipeline under
longitudinal action of landslide debris flow
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Abstract: For the safe operation of buried gas pipeline under the action of landslide debris flow, a pipe-soil
deformation analysis model was established based on the thermo-elastic-plastic theory and the pipe-soil coupling
method. The axial strain distribution of buried gas pipeline was simulated and analyzed. On the basis of the strain
distribution characteristics of buried natural gas pipeline, the prediction model of axial strain distribution of pipeline
was determined by nonlinear fitting method. Results show that the soil deformation area under the action of
landslide debris flow was mainly the area of debris flow and its vicinity, and the soil deformation in the front area of
landslide debris flow was significantly greater than that in the rear area. The main deformation of the pipeline was
bending, the deformation between the pipe and the soil was not synchronous, and the deformation of the soil was
obviously greater than that of the pipeline. In each path, the pipeline was under both tensile strain and compressive
strain. In the area of landslide debris flow action, the extreme values of axial tensile strain were obtained from the
bottom and top paths of the pipeline respectively. The breadth and thickness of the debris flow had limited influence
on the strain distribution range of the pipeline, and the strain distribution range significantly expanded with the
increase in the length of the debris flow, in which the area affected by the debris flow was about 3 times the length
of the debris flow action zone. The strain distribution prediction model was related to three parameters of u, o, a,.
The data of axial tension and compressive strain of only three positions were needed to determine the axial tension
and compression strain distribution of the pipe segment in the region. The research results will provide important
theoretical basis for the determination of pipeline strain distribution under pipeline landslide disaster.
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Fig. 1 Diagram of landslide debris on soil surface
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Fig.2 Simplified model on deformation analysis of buried natural gas pipeline under longitudinal action of landslide debris flow

1.2 #REM

T Y5 RE J UR A i) A T B 8 E J B A , =
FEh AR AP AU 4G B T AR S PR
VRIS , LU E AR 1360 36, R R FE+ %
JBAE 2 A A AR L M R b A T, EAT A - RS A
P T 5 8 TR HDOUERAE SRS A A AR I A A

T B A TE SRR B AR L o DIRARR E,
I 538 BE 0y 5 - 38R ] Drucker-Prager 5l 9 {: 4
B,D-P ARG 4 DRSS HCK, G, ok, 1]
PAFERIR 7 BEE A RPREE TAAN FLAR AL e 5
o, SRR T1 C O 39 kPa, BEEHESR o Ty 24° HoAl
HAAE RS0 1,

x1 ExXmHEN

Tab.1 Material properties of pipeline and soil

1k W/ (kg - m™) MEL /N P/ Pa Ji HR IV F7/ MPa YIZ it/ MPa LWIKRE (1K)
1360 7 850 0.30 2.1x10" 418 954 1.20 x10~°
#+ 1940 0.35 1.5x108 - - 5.36 x107°
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Tab.2 Mesh-independent validation
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Tab.3  Relation between test data and simulation results on
axial strain of buried natural gas pipeline (y =25 m)
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Fig.3  Deformation distribution of pipeline and soil under the
action of landslide debris flow
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Fig.4 Distribution of axial strain along pipeline with different paths
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Fig.5 Distribution of ¢, and ¢, at different lengths of landslide debris flow
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Fig.7 Distribution of ¢, and ¢, at different thicknesses of landslide debris flow
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Fig.8 Distribution of g, at different breadths and thicknesses of

landslide debris flow
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