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Dynamic failure mechanism of gas pipeline with flange joint
under blasting seismic wave

ZHAO Ke', JIANG Nan'?, JIA Yongsheng*’, YAO Yingkang>’, ZHU Bin', ZHOU Chuanbo'
(1. Faculty of Engineering, China University of Geosciences, Wuhan 430074, Hubei, China;
2. Hubei Key Laboratory of Blasting Engineering, Jianghan University, Wuhan 430024, Hubei, China;
3. Wuhan Explosion & Blasting Co., Ltd, Wuhan 430024, Hubei, China)

Abstract: In the process of blasting and excavation of urban subways, controlling the impact of blasting vibration on adjacent
pipelines is critical. Based on the characteristics of directly buried gas pipelines in Wuhan and the full-scale direct-buried gas
pipeline blasting seismicexperiment, the dynamic finite element numerical calculation software LS-DYNA was used to
establish gas pipeline without joints and flange gas pipeline models under different blasting source distances. The effects of
blasting seismic wave’s dynamic response characteristics of flanged gas pipeline were analyzed. The research results show that
the strain of pipeline section is mainly axial tensile strain, supplemented by circumferential strain. The peak particle velocity of
pipeline without joints and flange pipes and the ground surface increase with the decrease of the distance from the blasting
source under different blasting conditions. Along the pipeline axis, the peak vibration velocity of the pipeline without joints and

the ground surface decreases along the two ends with the central section of the pipe as the symmetry plane. The peak particle
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velocity of the flange pipeline gradually increases from two sides to the middle but suddenly decreases at the flange joint.
There is an obvious stress concentration at the flange interface. The flange joint is the key point of pipeline under blasting
earthquake. The peak effective stress of the bolt, the axial pressure of the gasket, the peak effective stress of the flange, and the
flange deflection angle decrease with the increase of the explosion source distance. The deflection angle of the flanged pipeline
has a corresponding relationship with the peak vibration velocity of the ground surface. The control vibration speed of 13.82 cm/s
on the surface directly above the center of the flanged gas pipeline is used as the safety control value of the adjacent gas
pipeline under blasting engineering.

Keywords: blasting vibration; dynamic response; vibration speed; flange interface; control vibration speed
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Fig. 1 Schematic diagram of field experiment design

12 DAl G R

Ry B G M ATE 5 T b R AE T A IR SRR, AR S0 DR S S AN VL g AR B A R
B AIREIE A9 ) PR L SR PR WAIR S AY TC-4 850 HEATA T 41 zh ok B Wi, AR 91 S PR 75 B A 45 18
PR S A T N I 1 T 1 T b 3R AT AR Bl B I S, FLrp SIS D2, D3 D4 Fil DS 43 i T IE Y
1/4, 1/2., 3/4 R, Wl D1, D7, D6 2 ML TAFIE 1/4, 172, 3/4 AbIE R b . B N REIL I &
2 A g A W U T, ELH T T A S T T RS, T B R B A I W I 2 m A T 3h A5 N AR T O A A
TEWTTET A B PRRERS I B [ R0t ] 0 1z 28 e 0, 39047 M 0 A et G 1] 2 B s

Pipeline

Blasthole

Explosive

S S,
Section B Section A

P2 S ) s A

Fig. 2 Layout drawing of experimental monitoring points
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Fig. 4 Schematic diagram of numerical model of field experiment
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Table 1 Model material parameters
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Fig. 5 Waveform and spectrogram of experiment and numerical simulation
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Table 3 Comparative analysis of numerical simulation

results and measured data
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