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Abstract; The purposes of the paper is propose to draw the dispersion curve equation of liquid —
filled buried pipeline, and propose a damage identification method for pipeline structure with water
and buried in soil using piezoelectric guided waves. The Naviers Equation and the second Hankel
function are used to derive the dispersion curve equation of the water-filled pipeline buried in soil
and experimental studies. The results show that the velocity and attenuation of the model are in
good agreement with the theoretical values of the dispersion curve at some different excitation fre-
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quencies. The derived longitudinal modal dispersion curve can be used as a theoretical guide for

excitation frequency and mode selection. The second Hankel function can be used to characterize

the energy of the wave from the pipeline to long distance and gradually disappearance and then de-

duce the ultrasonic wave in the pipeline in the filling fluid, Derive the dispersion and decay curves

and determine the pipeline health monitoring excitation frequency and mode.
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Fig.3 Guided wave dispersion curve and attenua-
tion curve

HRAE ] 3 IF-45 G AH OGSk i D A2
VA — PR A2 1] R 1] 7 B 43 A AR, 1T LAAS 1
LI 4518

(1)7E 0 ~0.15 MHz, Fl23 0> 18 4 B
M2k LA 3R R A3 22 T — Nl A
B o B M LSS, H o BAK
HEHURE 2NE 2, s KA 2 013 m/s; i
DL o RS Ti0 B R AR DT L3R /N, O
ANIE A FASOROR IS

(2) TERE B AR &, L(0,2) B S

[ S5m

TR 3 AR A5 B AE 0. 060 ~ 0. 080 MHz i Bt
W, 8 iF F — 4 B & o T b FE
4 800 ~4 510 m/s,L(0,2) FEZAS AU ZE k44
AR/, L(0,2) BEAAERE L m 67 8 o 32, IR,
L(0,2) B2 G TG OAARS.

(3)EIEIRAE L rh B K T I, YU e &
WAEALRE R b i T e e 21 £ rh el oK
H e | P PSS e AR 285 A A T P R LA e ik
ANFIRRBEAAAE T A A B T P, W
HL % .

(4)F£0 ~0.15 MHz ,L(0,1 ~0,3)
A T T 0 #0580, O L 76 Tk
WA AL RS 3 ARt 2 e T30 R IS X Bt
YR ek A A XS B /0N R Ll 1)
5% FINE 3 U 548 o3 A AR 7E P30 X P e
A AT RIS FH T ) e -

3 KRS

J T BRI R e
TR RGEIATRAE, WA 4 FrR. O
RIGOL DG {EEIEIEAG 5 KA %% PZT JEH
FRIEES TR B RS HHREE K
FEKAEE BF R AR, S8 R G0k
FHCTR A 5 2% FH G 48 404 B AR 1fE) (GB
T8163—1999) i) Q235 TCEEAN , A4S 1A% K
159 mm, BEIE Ky 4.5 mm, HASHLFE 1.

1 MRS

Table 1 Parameters of materials

X YA P/ T I i 3574
E 214 (m-s~1) (m-s™1) (kg-m~3)
W 5 760 3 260 7 950
B+ 1 500 300 —
7K 1500 — —

| DIEY N R Ry PN

Bt

B4 {5 RGAEE

Fig.4 The experimental system



816 WHERKEZ%WM(ARB %K)

9533 3%

R T AEAE TR R AR L(0,2)
FRZS  YEHZ: Hanning T pRECRE 6 19 5 48
WIS 5, B %k 70 kHZ'™®'. B4
iS5 Y B R A&l 5 k.

B ] /ms
(a) BIEE
500 -
400 |
m 300 |
o
8
B0 |
100 F
0 20 40 60 80 100
PR /Hz
(b) SIEE

5 i
Fig. 5 Excitation signal

KB PZT W% )5 5 {55 B9 SR A
B2 (LIRSS 16 i PZT P i 16 B vl Ay
[ JE I HEX R AT B PZT A% 8% g 4 B i 4
B PZT PR (RS HOLER 2) AR &
FRRG T B0 1) S 3 P e P B0 BE Ty 1] ~F-
(x-gitiilmp

F®2 PZT W% HRZSEL

Table 2 PZT material parameters

Kox 5= WERB WL BH4T/ JEH
J&/mm  F/kHz AEH Q R
20 x4 x0.5 68 ~76 >0.38 7.4 >700

4 RIeLE R 500
&l 6 i R AN 70 kHz , 3 IR E K

0.3 m FEI 7K (98 T PR USCR] B9 101 £ 5
ALLE Y, 7E 0 ~0. 008 s, HAZUH] 4 Wi B
Ml 1A 1190, AT e A W, O ELA B B 4k
JE I LR/, AT ABRAG A O R e L.

0.002

BBV

—0.002 ! ! : !
0 0.005 0.015 0.025 0.035
A /s
6 M FEKAEIE AR A S
Fig. 6 End-reflected signals of 70 kHz under 0. 3

m depths of soil cover

W g R P B A S AT b 4
YR ity 8 T 8 1 1 47 SBR[ 7. 963 ms, 1
PRI T LR R 2 x5 x4/
(7.963 x107*) =4 680 m/s, HHE=(9) .(10)3}
A ESRER R 4 730 m/s, " HMIEN
1.05% REEAMPEHEALT A

7 25 T EAEIH 0. 3 m R FTACHK
AT RS AR A A T iR g A A S (R B
RS I e (R LR L M 4 LT, TT N
R E A W) & 1R

6 N
. © RBEE

0L(0,2)

L(0,3)

[ L(0,1)
[e}

W E/(m - ms™)




55 1 A3 P S T A AP P AR PR B 15 040 §17
. ros TR L
— Mgk
A 5% W
- (1] (A A, BTk, a5 S I i th £
83y L SR B R AF [ ], TR 1%, 2012, 29
g (2):159 - 163.
ﬁ 27 ( YAN Shi, HE Binbin, ZHAO Naizhi. Experi-
mental validation and plotting guided wave dis-
Ir persion curve of pipe structure[ J]. Engineering
mechanics,2012,29(2) :159 - 163. )
0 0.05 0.10 015 (2] A, x0T 5, 25, 55 R R Sl 2 R
%ﬁ%&ygz L RO U [T, TR B SRR 2 4l

B7  FEOKAE TE R R A el h £
Fig.7 Guided wave dispersion curve and atten-

uation curve of pipe in water-filled
:l_: N
5 45

(1) F) A Navier — Stokes J7 2 7F # R X
TR A — B B B BRI | R A 2k
Hankel pREHE T ) 70 Y3 b 55 T A9 A3 155 b
2RI AR 45 2% Hankel PRER (W7 35 AT L 25
IR (%) B 2 DA rP o B G B 2 O L 3% vt
TRV T 2R A PRk

(2) MR HE T 1 0 A0 A i 2 et Y R
b 70 Y A5 TE A I RS 7 U0 114 3
TETHI 2R, 15 B 2598 o BZS T 0% B AR AT
ORI AR LA/ AR A, A3 A A0
FARAS. L(0,1 ~0,3) M4 S P 1 o i 4k
SR, JT EL7E 80 32 08 8 BT 30 A3 75 th 4
T, FEBH A DX B T I8 A9 H0R 3 ek #0 AH
XA/, ] LGS G il 1) 457 B RN ) 38 2544 4
AT AR T30 X P B A 30 AR S T
e SR W T 11 35 A AR

(3) 3 X 6 1 22 il 45 A 3 b
0.3 m RFICIRE T FB/ AR T IK
05 A A P 0 R U (15 L A0
2Rt R A E W) A AR 4F

(4) B R HH K 70 kHz B9 L(0,2) fids
SRR Y 113 45 5 4E 0 ~ 0. 008 s i ]
B S0 3 4 s I b v 1 [0, O HLI%
A RS I K BB AR G 2 i/,

( HERBL24RR) ,2016,32(4) 619 - 626.
(YAN Shi, LIU Dingjia, LI Ying, et al. Dam-
age identification for layered pipe structures u-
sing piezoelectric guided waves[ J]. Journal of
Shenyang jianzhu university ( natural science) ,
2016,32(4) 619 - 626. )

(3] UK. IR e r 7 5 0 I (] B e vk iR 8

IEZSUE R YT IATSE[ D] K KO TR
2% .2013.
(ZHAO Naizhi. Research on pipeline structural
crack monitoring by using PZT-based ultrason-
ic guided waves time reversal method [ D ].
Dalian: Dalian University of Technology,
2013.)

[4] 75 BT PZT fi5 F P i) 2 REUE E

BUIWFFE [ D], P« TR B HTR 2014,
( QI Ji. Research on multiple crack pipeline
structural monitoring by using PZT-based ultra-
sonic guided waves [ D ]. Shenyang: Shenyang
Jianzhu University, 2014. )

[5] A, Bl 45 2REE SRR 42

il Mg B UE [ T]. PP SR F 2 i (AR
BH£) ,2016,32(1) 145 - 50.
(YAN Shi, CHENG Yang, WANG Wei. Plot-
ting and experimental validating of guided
wave dispersion curves for layered pipe struc-
tures[ J]. Journal of Shenyang jianzhu universi-
ty (natural science) ,2016,32(1) :45 -50. )

(6] AR5 EF. Lamb B L 195X

AR SRR [V ], BRI ),
2010,27(1) ;1 -4.
(YAN Shi,ZHANG Haifeng, MENG Yanyu.
Numerical calculation and experimental valida-
tion for Lamb wave dispersion curves [ J].
Journal of huazhong university of science and
technology ,2010,27(1) :1 -4.)

(71 B9k, B, 555 BT Rk i E
J ) AR M R [ 7] Dk PR SR 2 2 4l
(AZRBIARR) ,2013,29(1) 144 - 49.



818

Ve B R OR A cE 4R (A R RE A )

%33 %

[10]

[11]

[12]

[13]

(ZHAO Naizhi, YAN Shi, QI Ji. The pipeline
circumferential cracks damage detection based
on time reversal method[ J]. Journal of Sheny-
ang jianzhu university ( natural science) ,2013,
29(1) .44 -49.)

FrE RN TR A PRI )
B A T B AR R (D] TSI, 2009,
31(11):901 —909.

(WANG Xuepu,ZHANG Huixin, HE Cunfu,
et al. The propagation characteristics of longitu-
dinal guided wave in steel pipe partly buried in
soil[ J]. Nondestructive testing,2009,31(11) ;
901 -909. )

XA WUNAR S, 55 T i S/ N R e
F14 JEE B A T ] o) S 1 A AR SR RIS (]
ML T 244 ,2013 ,49(2) .14 - 18.

(LIU Zenghua, JIE Xiaodong, WU Bin, et al.
Experimental research on circumferential
guided wave scanning imaging of thick wall
pipes based on continuous wavelet transform
[J]. Journal of mechanical engineering,2013,
49(2):14 -18.)

PADMAKMUAR P, ROSE J L. Ultrasonic
guided wave inspection of a titanium repair
patch bonded to an aluminum aircraft skin[ J].
International journal of adhesion and adhe-
sives,2010,30(7) :566 - 573.

JHRAR. A MM E Sk [ D], M
A AUR 2 ,2008.

('YIN Xiaochun. Guided circumferential waves
in multi-layered hollow cylinders [ D ]. Nan-
jing : Nanjing University,2008. )

ROSE J L. Guided wave nuances for ultrasonic
nondestructive evaluation [ J |. IEEE transac-
tions on ultrasonics, ferroelectrics and frequen-
cy control 2000, 47(3) :575 - 583.

ROBIN E J,FRANCESCO S,MICHAEL J S
L,et al. The effect of bends on the long-range
microwave inspection of thermally insulated
pipelines for the detection of water[ J]. Journal
of nondestructive evaluation, 2011, 31 (2):
117 -127.

[14]

[15]

[17]

[18]

[19]

5, IhE e, AR M Lamb 3 45 14 B 101445
WAL ]. RE S AL, 2016,38 (1) :
170 - 173.

(WANG Qiang, SUN Lihua. Early structural
damage detection based on nonlinear lamb
wave[ J . Piezoelectrics & acoustooptics,2016,
38(1):170 -173.)

WA, 5k, 50 Lamb 45 F 301473 W I vh i
(5 S T]. 5 7556,2014, 36

(35) .814 -816.

(PAN Qun, WANG Qiang. Nonlinear signal
extraction process for active Lamb wave based
structural damage monitoring [ J ]. Piezoelec-
trics & acoustooptics, 2014, 36 (35): 814 -
816.)

MOHAMMAD H S,SALEH D. Study on the
effect of a new construction method for a large
span metro underground station in Tabriz — Iran
[T]. Tunnelling and underground space tech-
nology,2010(25) :63 - 69.

B S S AE L(0,2) BRI
RGN 25 e 1) BB AR AL RS2 B e [T ). o
PR 2R (A AP0 L, 2014,45 (9)
3029 -3036.

(LUO Gengsheng, TAN Jianping, LU Chao,
et al. Numerical simulation and testing research
for defect detection in bend pipes using longi-
tudinal mode L(0,2) [J]. Journal of central
south university ( science and technology ),
2014,45(9) :3029 -3036. )

FLAUDR. A8 T 0 P 904 A 00 ) S (A 400 52
B[ D], RiE  REB TR ,2011.

(KONG Shuangqing. Numerical simulation and
experimental investigation of defect detection
in pipes using ultrasonic guided waves [ D ].
Dalian: Dalian University of Technology,
2011.)

LIEW J Y R. Survivability of steel
structures subject to blast and fire[ J ]. Journal

frame

of constructional steel research, 2008, 64 (7/
8) :854 —866.



