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Fig. 1 Principle of damage development monitoring for defective weld
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Fig. 2 The geometry and size of the specimen (unit: mm) Fig.3 The experimental apparatuses
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Tab.2 The parameters of the modulated Gaussian sine pulse signal
HUOIR R/ kHz R/ V WHEEIRE /s SRR /s  HREmbE/s R FE/dB

150 1 1E—8 SE—5 1E—4 0.15 0.8
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Fig. 5 The waveform of the modulated Gaussian pulse signal

3 KBWERSWIE

3.1 fAMRMBREER
ARSC—FxE 5 AN KFREAT T RPN B S A E— PR R AN 100000 U, EERF 10000 UK . 15
I RAE 1 URCSE S Bl 0 2 0 R EFTE TIRN L AN R 9E BR0 2 KT B il 32 88 DLk 3,
3 RIREFR N R T Bl i 5 B

Tab. 3 The axial displacement of different cyclic loading cycles

TEFF N4 A AR WAF 1 B 2 w3 B 4 A5
WHL /kN MTS #i 5] 5 % /mm

0 11 0. 246 0.180 0.150 0.155 0.188
10000 11 0.337 0. 245 0.214 0. 200 0.235
20000 11 0.434 0. 340 0. 306 0. 294 0.309
30000 11 0.510 0.414 0. 390 0. 380 0.413
40000 11 0. 547 0. 466 0. 445 0.443 0. 486
50000 11 0.570 0.493 0.471 0.482 0.534
60000 11 0.587 0.508 0. 490 0. 505 0.561
70000 11 0.597 0.521 0. 500 0.517 0.578
80000 11 0.599 0.525 0. 505 0.521 0.584
90000 11 0. 602 0.531 0.510 0.525 0.590
100000 11 0. 605 0.535 0.512 0. 531 0.594
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Fig. 6 The received signal waveforms under different cyclic cycles of five specimens
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A P Y 1 R T T8 T 1 0 T BOA [R)08 BR0CHCT 1 1) 458 0 Rt 5 A O xR i IR A ) Ok A AR A
TR 285 | FEL R D5 AR X I S 78 A A 8 T A PR 3 e T R 4 AR R e BV R A X 8 S A
AT LA 250 B e A A TR 41 B BT phy 7 R KR 02 ol I 5 | A R Ak ) Rl A8 A Xl A B 45 R R T
PATEAT AT 20060 0 W A0 23

4 28

ASCHE T — L T AL RS 8 R T O 0k R S TR AT B A A8 U BT R AR R 5 R Y AR
AN AE A BEAT SN 5GP 0 A 4 45 2R T AT B O PR R R AR A () 2 7 4
T MTS Haly i) 437 8% 7 32 7 48 K & W AF B0 9 SR PR AR I 0F BB W A2 K. SRR X R I T L s
B B4 I SRR S 2E AT 7007 X e T A RS TR PR OCBCT B B R BOE | LIS B OR LR B
ZERF WU T LR B ARG PR R BT (9 R U A 5 =2 18] 2 A WY 8 ) 5 I 0 2% 5 132 71 R o B 1 4
15 Bk — 28 X A [ R g 22 8] B4 7 ) i B R A7 3155 49 3 1 A0S R 2R RO B9 LA 56 R 80, LA KCH
HH G 28 508 AR T X I A 1 47 R s » BV RE D A AR O BB AR . AR 3 R SR SR 45 R 15 38 1 4
A AE A [ 9 30 YRR B8 1 240 11 45 28 B0 e 246 X (L1 28 A 380 2R B IS 267 10 2 U0 1) 384 0 - 349 {4 4
BB e 20N (L IV B0 A X I8 1) 2 AU T8 W 09 R B B R — B A f LA . MR I 3R RS
PP 45 2R B e X (EL A S N S 2R 0T AT 368 5 0 R T A R 9 o A A B 3330, AT UAR Bt s e 114 3K
AN TR S 200 by oA 5t e I 5 1 A 1) ol /IR A 52 BRI 1 £ £ it JBE ) A 23



462 S A B (2022 4F) 55 37 %

0.06 0.06

- 0.04 . 0.04
0.02 I 0.02
J 0

mﬂ by Jz |u< G ER R Eor
(a) {1 (b) ik fF2

max

ma

003

0.08 0.04
0.06
= 0.02 }

IIIIIIII N “III
s 1 1 | 1 1 L J_l.
0 | 2 3 4 5 [ 7 8 9

HE DB 10 ﬁﬁJ{-.}J&E:IlI‘

() ilf3 (d) 14

“max
max

= 0.04

0.02

1]

10

0.06

0.05
0.04
%
£ 0.03

0.02

0.01

o 1 2 3 4 5 6 7 8§ 9 10
HaER I EL 100
(e) {5

B8 5 AN IRAFTEA [ 3R UCRCT 1 - 35 i 45 28 i ot X {8

Fig. 8 The absolute value of the average stretching coefficient for five specimens under different cycles
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Monitoring of damage development of defective weld
based on coda wave interferometry

HUO Linsheng', ZHOU Detian', YANG Zhuodong', LIU Yang®

(1. State Key Laboratory of Coastal &. Offshore Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China;

2. Liaoning Transportation Research Institute Co. Ltd. Shenyang 110015, Liaoning, China)

Abstract: When there is an incomplete penetration defect occurring in the weld, the test piece will
have slight plastic deformation under the cyclic loading and affect the weld strength. Therefore, it is
important to monitor the damage development of incomplete penetration effectively. However,
current detection methods have low accuracy and cannot achieve the long term monitoring. In this
paper, we proposed a Coda Wave Interferometry (CWI) monitoring method using piezoceramic
transducers. Aiming at the defective weld with the incomplete penetration, a cyclic loading experiment
was designed to generate the plastic deformation and then the small damage change of the welded
specimen under the cyclic loading was monitored. Experimental results show that the slight plastic
deformation was occurring in the weld and developed gradually under the cyclic loading. According to
the monitoring results of the CWI method, the coda wave is more sensitive to the small deformation
than the direct wave. The calculations are performed using the stretching method, which eventually
leads to the conclusion that the average stretch coefficient (i. e. , the relative velocity variation value of
the coda wave) increases gradually with the increasing cycles.

Keywords: Coda Wave Interferometry (CWI); piezoceramic transducer; weld defect monitoring;

incomplete penetration defect



