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Research on stress detection method of natural gas pipeline with
settlement based on electromagnetic ultrasonic

WEI Xing?, PU Zhe?, LYU Guiyang?, XU Jichao*

(1 Shanghai Natural Gas Pipeline Network Co., Ltd., Shanghai 200120, China; 2 Shanghai Institute of Special
Equipment Supervision and Inspection Technology, Shanghai 200062, China; 3 Geyu Technology (Shanghai)
Co., Ltd., Shanghai 201613, China; 4 School of Urban Railway Transportation, Shanghai University of
Engineering Science, Shanghai 201620, China.)

Abstract: The non-uniform subsidence of natural gas station will cause stress concentration of pipeline.
Excessive stress concentration will lead to deformation and yield of pipeline, and even catastrophic accidents. In
this paper, the double refraction method based on electromagnetic ultrasonic is used. The electromagnetic
ultrasonic transducer is used to generate two ultrasonic shear waves with perpendicular polarization direction in
the pipeline, then the actual value of stress is accurately measured. The results show that there is a stress
concentration phenomenon in the natural gas pipeline with settlement, and the stress value of the horizontal
straight section at position 1 reaches the maximum of 275 MPa, which is close to 70% of the yield strength.
However, there is no obviously stress concentration area in the non-settlement pipeline, and the circumferential
stress distribution is relatively uniform, which is less than 210 MPa. The experimental results in this paper show
the feasibility of the birefringence method based on electromagnetic ultrasonic for stress detection of natural gas
pipeline with settlement, and provide an accurate non-destructive testing method for stress detection in the
pipeline.

Keywords: Natural gas pipeline; settlement; electromagnetic ultrasonic; double refraction method; stress
detection.
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Fig.1 Schematic diagram of double shear wave stress detection based on electromagnetic ultrasonic
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Fig.2 Using MTS stretcher to calibrate the acoustoelastic coefficient
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Fig. 3 Calibration results of acoustic elastic coefficient of L415 steel for natural gas pipeline

2.2 PG IREE Rt

ASSCEE R TR AR T TR TE AT DU A TN, R AR R S 46 TN B 73 81 (0 75 38 v 2R
K, FFEERD U HE R E G NN AL A SR BB A5 H RRE P N el
SR R AR SR = 1) TE R AT 2 ARl . Gl 4 o, K RV TE 2 AL B 1
52, BMIE KT EEBNEEEE B, E%EEBEBE 8 MR AL, S
SO AN B E IR E % OK” TR EHE . Pz E 1 KR EEBURALR
A, ALE 2 KK EE B RS A A, i BB B AR BRI (i
K 5 FRELTR) . KBS BOE SOVUMREENIA T . SEERENED, WA S5 . £5
B B RN R A TR P TR P RS (S T BEAT N A RS LS L B AME BE IR
CATH BRI SR P AR IR EE o O 1t 2B X L AT TR S8 1 N 3 7041, X AN[R] =
A FFIASE B R AR R TE R AT A ) s 2 PR L A A o

(a) (b)
2



(a) o U0 X 3 () & Ao
K4 JEIE RN TE: R A

Fig. 4 Natural gas pipeline in a valve chamber: electromagnetic ultrasonic
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Fig. 5 Schematic diagram of gas pipeline measurement position 2 and 1
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Fig. 6 Electromagnetic ultrasonic transducer receives ultrasonic signal
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Table 1 Stress measurement value of position 1 on the natural gas pipeline

B K B E B (c/MPa) #H B EER(0/MPa)
TR EIE JEpEEIE TR EIE FEREEE

0 - 146.01 - 115.59
45 147.27 133.39 144.82 124.10

90 147.66 143.44 265.80 113.32
135 - 131.45 175.93 113.36
180 - - - 121.68
225 - 193.51 132.87 142.51
270 275.91 - < 123.07
315 147.78 205.16 123.12 109.59

K2 RINAEEALE 2 R EH
Table 2 Stress measurement value of position 2 on the natural gas pipeline

B JKIF B & B (6/MPa) #H B E K& (c/MPa)
TREEE JETBEEE TEEEE FETBREE

0 136.13 169.28 - 159.39
45 132.90 148.81 234.01 133.47
90 151.79 150.43 171.82 -

135 - 147.21 138.06 156.10

180 - - 142.51 158.44

225 - 150.10 135.19 176.72

270 137.63 171.90 131.96 139.92

315 141.96 184.28 122.06 118.75
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Fig. 7 Circumferential stress distribution of position 1 on the natural gas pipeline
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Fig. 8 Circumferential stress distribution of position 2 on the natural gas pipeline
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