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ABSTRACT: This paper presents the results of finite element simulations of elastic wave propagation in an underwater steel plate and the
verification of a proposed method utilizing elastic wavebased damage detection. For the simulation and verification, we carried out the following

procedures. First, threedimensional finite element models were constructed
damages (mechanical defects and deteriorations) were applied to the underw

using a general purpose finite element program. Second, two types of
ater steel plate and three parameters (defect location, defect width, and

depth) were considered to adjust the severity of the applied damages. Third, elastic waves were generated using the oblique incident method with
a Gaussian tone burst, and the response signals were obtained at the receiving point for each defect or deterioration case. In addition, the received
time domain signals were analyzed, particularly by measuring the magnitudes of the maximum amplitudes. Finally, the presence and severity of
each type of damage were identified by the decreasing ratios of the maximum amplitudes. The results showed that the received signals for the
models had the same global pattern with minor changes in the amplitudes and phases, and the decreasing ratio generally increased as the damage

area increased. In addition, we found that the defect depth was more critical

than the width in the decrease of the amplitude. This mainly occurred

because the layout of the depth interfered with the elastic wave propagation in a more severe manner than the layout of the width. An inverse
analysis showed that the proposed method is applicable for detecting mechanical defects and quantifying their severity.
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2011; Dowling and Burgan, 1998; Melchers, 2005). w2}A] & &
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f3 G840 FARTE flslixe B71A e HIE7]HR)
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sk7] ffeir= AEE 24 =70t 590] Besit. o= fiy
7} e B o] BE(Mode)sh BAFEI9) Bl F)elait,
A E2 AR @] olaieh ARk gt 7uke] &3
&= 2S Hsl 1AL s o] AR AL 3IEHWoo et al., 2007).
FreRgvhs dibzo g mido] gy FHellA HuteE e4d
3h(Elastic wave), 413 3Linear wave), T+ @€ ZH(Linear
elastic wave)2} B3tk B/d3= A& 3iBulk wave)} =32
s, A Py e SR, fRdhks vl 718tehE
Fodoll wet HIH(Plate wave), UF-FE=3HCylindrical guided
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SAEA = =4d
ke, 7]H}°§ A|=El& BAFSEAY 2Eah7] wiiel] HsiA
(Inverse analysis)olgtgity. 1eu} djFEe] &AAEA A=
8159 JEITE BT ARSI A|&EE 451 o]
A 3] A TG54 (Semi-inverse analyms)olﬁ‘r sk 4= 9ok
—ESL ] A i 72E e A9 S4X7F Al=H
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sol 92 9 A= Gelsich A8 E A el SAE
o] ek sh), £ oot Folrt 3xkl /3 eawES
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hodf® AST @9l 71 8 el 489 Ak ar
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TR A #4019 sjdel F2 ARHE A
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B8] Aole 24 F7](Element size)9} Al7HEE-(Time
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PSR 2k 2715 AT XA AHeE A7S
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32k Fek 24 S Fig 13 o] 738k el &
H-oF sl #1A1% &4 2o ]E 452l 7% 50mm, -2

787 15mmelt}. ZFde] wjxl= Fg. 13} 2o 2] Zol= 160
mm, & 15mme|t}h &2 E’— -4 Tl A= -5
WO E 10mme] ZolE 7AW F3} zlol9] A7|= 2d+
Fstel] wet WIE FUoh B AFolAs 2852 (Pitch-

[

ZAAL

AT =

s
4%

catch mode)E A3l 2™ 71717 (Excitation point)> Z.d <]
FTEFAA HASHLS 2 50mm, F417 (Receiving point)2 552
2 50mm Eojxl Aol X FAlRe} 71N e 0]

7w 7l AA RAFHAT A7|A el A Fart gk
AbE AL Heuint Jas Sl AeEHe 4%gl 2008 AR
H(Woo and Na, 2010).

AN WALEE vhe] ks dEh] S8 fEed B
deo] I, oF S upetel BWkAL A A 27 (Non-reflective
boundary condition)S AM&-3te] WHARTES] <3RS A ASHATH
HIWAL Al 2202 Adele g40] o)) 73 oS 2y
sto] RIS WG frekads AlEd ol AdellA HIRkAL
Az 73 Joo g Fojdrt ol= & {3 24 A&l
A AgellA -5 uhebA Tl"zﬂ(i)ﬂ' & S v
o F3etA EAchs Aor RAFEHISS rdth 18
Fe] s nAste HE FHEATh ol fFAl9 B¢

7RIS Ao s JFS vRle FHRelug FAIEC 9
gk R A S] ol frAle] FEE AL AAlEA S
ARgISlem 7RIS o] J3Fo] AR os AL Tue] g

AEACR A4S TPk

E— ATe A = -4 HEAE 0|83 ZIHAE 7IRE

8 AlgEolde stk weby 7ixIR-e} AR 7

ol
of °
18
tio

r

r°(‘

Excitation Area Receiving Point

50 mm 2] 6.
Water

A4

5mm :‘ /J Steel Plate
: Water
15 mm Defect
Length : 10mm
l 15 mm
50 mm 50 mm
< 400 mm

Fig. 1 Three-dimensional model
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Table 1 Material properties of steel

Steel

Young’s modulus (GPa) 200
Poisson Ratio 43

Density (kg/m’) 7850
Longitudinal velocity (m/sec) 5850

Shear velocity (m/sec) 3230

Table 2 Material properties of water

Water

Bulk modulus (GPa) 22

Density (kg/m’) 1000
Longitudinal velocity (m/sec) 1480

Table 3 Damage description

Defect location Defect type  Defect case Defect area
No-defect N/A No-defect N/A
2
Mechanical defect E}é ;mmz
widths (1, 3mm) mm,
U U31 3mm’
depths (1, 3mm) 2
(upper plate) u33 9mm
Deterioration 3mm’
widths (3, 5mm) U0 U0 5
2
Mechanical defect E}; ;ﬁz
L widths (1, 3mm) 131 3
depths (1, 3mm
(lower plate) pths ( ) L33 9mm’
Deterioration LD3 3mm’
widths (3, 5mm)  LD5 5mm’

At B9 {3had AlEF el 63
Center line Center line
v I ‘3

Defect of upper plate
Fig. 2 Layout of damages
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Table 4 Mechanical Defect description

Maximum  Decreasing Ratio of

Defect Case Defect area Amplitude (mm)  Amplitude (%)
No-defect N/A 0.1416 0

Ul1l Tmm® 0.1353 445

U13 3mm’ 0.1192 15.82

U31 3mm’ 0.1299 8.26

U33 9mm’ 0.1033 27.05

L11 Tmm® 0.1350 466

L13 3mm’ 0.1169 17.44

L31 3mm> 0.1308 763

L33 9mm’ 0.1030 27.26

30

27.05 27.26
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‘s 15
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(@]
£
(8]
[0
(ST
uU11 U13 U31 U33 L11 L13 L31
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@

. 9 Deceasing ratios of the maximum amplitude of the
mechanical defects
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Table 5 Deterioration description

Defect Case Defect Maximum Decreasing Ratio of
area  Amplitude (mm) Amplitude (%)

No-defect N/A 0.1416 0
UD3 3mm’ 0.1260 11.02
UD5 5mm’ 0.1215 14.19
LD3 3mm’ 0.1262 10.88
LD5 5mm’ 0.1215 14.19
15 14719 14719

<

K 11.02 10.88

2

35 10
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Deteriorations

. 10 Deceasing ratios of the maximum amplitude of the

deteriorations
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