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Evaluation of pipe wall thickness through frequency response function
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Abstract; The corrosion and blockage in pipes has influenced on pipe wall thickness variation. This paper proposes
frequency domain response function to evaluate the pipe wall thickness. System field matrix by continuous and
momentum equations is derived, and the evaluation model of the pipe wall thickness is based on frequency response
function. The position of pipe wall thickness change and length of wall thickness varying are evaluated by pressure
response function in frequency domain (k) and the number of peak (m). The theoretical equation is verified by the
field experiment, and estimation error is less than 4%. Meanwhile, the degree of wall thickness change directly
affects the resonant peak shift, and frequency response model can be used to evaluate current pipeline status.
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Fig.1 Pipeline system model
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Tab.1 Experimental initial condition
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Fig.2  Schematic diagram of wall thickness change position
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B JEL PR AR A L, 158K % FH DN32 438 , S 3 AT Tab.3  Characteristic parameter calculation of the length of pipe

A TE L, B gk R e w5 7 2, L, 7E 6 ~30 m

wall thickness change

. saa gt N , e A A A }
TOERGEREAG L NE 2, R it Ry S0 N b M
o 1 0.005 0.01 0.035 0.1 0.36 31.4
BOFFIES AL
x2 ERUTKELEHEE 2 0.005 0.01 0.030 0.2 0.36 31.4
>z = =R
3 0.005 0.01 0.025 0.3 0.36 31.4

Tab.2  Detail information of the length of pipeline changes

4 0.005 0.01 0.020 0.4 0.36 31.4

7} L,/m L,/m Ly/m D/mm D,/mm D;/mm

1 12 6 4 40 3 40 5 0.005 0.01 0.015 0.5 0.36 31.4
2 12 12 36 40 32 40 N N
3 #RiT®H
3 12 18 30 40 32 40
4 12 24 24 40 32 40 3.1 BEETHRMEBELSREIE
12 30 18 40 32 40 & 3 JE R S5 5 I T A 15 2 I (E 2K
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Fig.3  Acquisition pressure signal on the peak number conversion
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Tab.4 Experimental verification of pipeline fault location
SPRE A TR S E
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EX0]
[ [ - sl [ g
R vy BEL T iy REL
1 0.1 0.0145 0.3131 3.1245 0.099 7 0.014 1
2 0.2 0.0139 0.626 1 4.1254 0.1992 0.0139
3 0.3 0.0142 09318 3.5414 0.296 6 0.014 2
4 0.4 0.0141 1.2544 45478 0.3993 0.013 9
5 0.5 0.0139 1.5805 4.8547 0.5031 0.014 2
6 0.6 0.0144 1.8852 3.2154 0.5978 0.014 1
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Tab.5 Prediction error of the length of pipe wall thickness change

ZH Li/m RE/%  Ly/m RN Ly/m RE/%
1 11.87  1.08 5.85 250 4228  0.67
2 1179  1.75 1183 142 36.83 1.06
3 11.88  1.00  18.14 078  29.88  0.70
4 11.92 080 2429 121 2379  0.88
5 11.89 092 2957 243 1854  3.00

xo6 EREEMTREEXHARFER

Tab.6 Detail information of pipeline wall thickness change

7} L,/m L,/m Ly/m D/mm D,/mm D;/mm

1 12 6 42 40 32 40
2 12 6 42 40 28 40
3 12 6 42 40 24 40
4 12 6 42 40 15 40
5 12 6 42 40 10 40

®7 EREENTEERESHITHE
Tab.7 Characteristic parameter calculation of the degree of

pipeline wall thickness change

ESY]| Ao A Aj e &y @0

1 0.005 0.01 0.035 0.1 0.36 31.4
2 0.005 0.01 0.035 0.1 0.51 31.4
3 0.005 0.01 0.035 0.1 0.64 31.4
4 0.005 0.01 0.035 0.1 0.86 31.4

5 0.005 0.01 0.035 0.1 0.94 31.4
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Fig.4 Wall thickness varying degree on maximum deviation of

resonant peak
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