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Wide-range and Short-term Damage Detection of a Large Floating Structure

by Satoshi Nakada, Member

Hideyuki Suzuki, Member

Summary

Realization of a large floating structure is considered to be effective for ocean space utilization in Japan.

As examples of ocean

space utilization, floating airport, container terminal and offshore wind farm are proposed and there are many researches for its

realization.

To realize the large scale floating structure, an establishment of maintenance technology after construction is
important as well as comprehension of elastic response characteristics and structural response characteristics.
damaged area in a short time is meaningful when the large scale structure is damaged in-service.

Identification of
Therefore, it is significant to

establish a wide-range damage detection method which can comprehend a structural health of vast region.
In the present study, a new method of damage detection of large floating structure is proposed based on elastic wave tomography.
To verify and confirm the availability of the proposed method, basic model experiment and numerical simulation were carried out

with flat plate.
successfully.
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Then the same approach was carried out with box model consisting of flat plate and the damage was detected
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Fig.1 Flowchart of damage detection.
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Fig.2 Conceptual sketches of time series of intact & damaged
condition, arrival time and propagation paths.

2.2 HEHEEOEEBEREH
ERBECRER R EOBEPEEET HEL OBERD
b, ARFRSCCILBRE T (HER) & & AWHE (R O 2 FEEO
EREEER L EBOGEEE B EARELICE S THRER
IR VEERT D, E5I12, EREIEEYORER TR
Pra < VIRTERICAE U ZBER &L EAWKOE— RO b
ZRT D& TAREMNIE EET DR ORERE %
HHT5, 22T, F— FOMEOBEOBRER & ¥ A KK DI
FEHE DO RBIMRIT()FUTRT Snell DIERNCHES, £7-. B
IHETHD L L EEYNEERET DR OREIX—E
ETHIETREZ L OBIERAEZENT S, Z 21T, iR
FITI U BB & ABEDEBEEC, . Cildrr
RE, SANBHEGREG. BT Y vty BEp KOVUT
DEFLBRTEZ BB,

Cr Cs

=5 )

sina  sin f3

C, = 51 L @
pll-v

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

RIU2  1E ) O TR BBAL IR E 12 B 9D AR AT 78 161

C'7f§ & BT EET DR TOT IOV TEDTE L B2 & T,
S \p B 72 L ORHE D FTREMEIC BT BBV, 2 BT 5,
N
V=2V, @

2.3 WHAEIFROHER

2.2 8 TR UTARTE IR B B HH OO fs 3 & 212 8 OART
BONBZEREO F%%ﬁ%Tmﬁ@%D%ﬁ%45
NN XBIDWTEIRT B, ZE/ IV 2 DK BIERZNCE
WS ﬁ&mﬁﬁ@ﬁﬁ%mﬁbiwﬁﬁ@m#@A*
TRZAL LI iz ko TEH ., BEOUERITI, VE.
ZAERDOT OREE N | %AT_OMT%%ném%%
BOWEE N, (=12, ,N)& L, BEsasLofs
BOREE 4, (j=12,N,). FRICHERNOREZ
Ay, & L& Z T, IR T, (%12 R CEET B,

Ay — Apy
J; =—1—"2 %100 ©)
L
B I HIE DRI HLE b 72 B H 2 IR IEHEE T [%) & L.

BB BT ORBIT & 0 B LAV, R 3B OB 5
AL 1T OV TIRALRRE O IRIE D B DIRIB & ) b/ &
7B LEATREDEET 5.

STOHREES, 12DV T, J, 352 DEWEE T 2B
BALRE LHEL, BARPVEES LHES 5, T 0L
HEZERTHELNDETORBICOVTRY R LTV R
H LOHIE ST BRI ORI IR I TR LS
NIZB LD 5 5 % OREHPRE 52T OR/MTHEITHIR

DESVETFTEEHE Y U TDH, 22T, ARENBBT S
EADOERE No, & L. BB LD N, BO@BEAOE
B2 M, (k=12,N,)ET5.

W8 LR SRR MCH Y 5C h B, S
ADEVERITLE LY ERREREZAL TV L B2 Fik
BOBHED, DU LT BT L TEAMITEATO, EX LA
ESNIBEEIH D Y TONDEEE e LT 5, AL/ TH
DUTHNBIEECy, (1= My My, My )EF5E,
C, HERKTEZ BN,

1/D,
Ci =1,

INHOER. B OHEE 2 TCORZERZNZOVNTITo
B, BENT L CEEDOFIE &Y —DDEZERDITIT
TRV EOEERETA, I T, BOREE M

v,27,)

(7, <J5) ®

LTB e FEANORBKT L OEORY, (m=12,--,M)
RKATELBIB,

Np;

J=1

VUEN KBXTIRESTHIHETNVIY XL2DMETHD,
INHDOWNEF E DL O% Figl IR,

Receive Point : 4

= Receive Point : B j = Receive Point : N =
-------- SOR - P

ilp i ; ] L. nN%

gg Receive Point B §§ Receive Point N fi;

| 1
4

Unified Damage Level at each cell

’0’1 Damage Level at each cell
T T T AL LT

Fig.3 Flowchart of damage level calculation.
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Fig.4 Flat plate model.

Table 1 Material properties & elastic wave velocities.

material Acrylic o o1 02 03 04 05 06 07 08 09 1
Young's modulus E  [NmY 3.16%10° Lo

shear modulus of elasticity G [Nm’] 1.12x10°

Poisson's ratio v 0.35

density 1 o xgm® 11803

P wave velocity Cp [m/sec] 1746.7 =

S wave velocity Cs [m/sec] 995.8 =
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Table 2 Calculation condition of plate model for FEM analysis.

Element Shell
Number of node (Intact Condition) 8181
(Damaged Condition) 7820
Number of element (Intact Condition) 8000
(Damaged Condition) 7600
Time step  [sec] 5.0%10°
Number of step 6000
30
,,,,, . intact condition
g 5| e | damaged condition
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Fig.6 Time series of elastic wave propagation at No.3
(FEM data, plate model).
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Fig.7 Damage detection map based on FEM data (plate model).
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Fig.8 Measurement system in plate model experiment.
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Fig.9 Time series of elastic wave propagation at No.3
(experiment data, plate model).
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Fig.10 Damage detection map based on experiment data
(plate model).
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Fig.11 Box model (overall view & expansion plan).
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Fig.12 Time series of elastic wave propagation at No.4

(FEM data, box model).
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Fig.13 Damage detection map based on FEM data (box model).

BT ERIERIC L 0 B O DRV CERIBERT O
WEEITo RS Figld (77, T2 T, ERFBERICE
WA O R & THEICERE L7518 A No.3 & No.5 12 FHH)
F—EZDREENR NS Tl LTRELEZES
DHFNE 2 EETE RO, 6 BT e L CHHBRERTOHE 21T
o7, EBRIZEBIT 5HAIC AT A8 L OEHITE EH IR PR O
LRI U & L7z, Figld X0, EBRFERICESBESERT
DHEERRIZOWVT S Figl3 OBEHEERICESSHE
RERLLETILEEREL VWA LOD R THEHENE
WIEEFTA TR LEWVENECAKRE L R->TRY UED
DB TR SN L EEED I OV T HIREFIE
W2 L DB BT OHEE DR B DR TE 2,

@ lransmission point
® receive point

0
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36

Fig.14 Damage detection map based on experiment data
(box model).
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Fig.15 Ratio of detectable number at each damage size.
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