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Design Draft (Mld.) 135m
Service speed 24.5 knt

2.2 JKEJIEE

TKEN T By e T R B T Ao F 2 BB Y
BSEREERUE M E K2 RIE o /KB I > 485%
oA B AE REE E Ry FEIE o /KB AR FH Y
HUEE S &y HydroStar - HydroStar F|F =4/ MR
STECRAEE R AT 0 IMRUE R IA K AR T MR
97 B 28/ I > 0 TRFEE(E /N 53 5 TR B 1S 2R
SRR K AR S 2, > FE (A S FIE R S BT
HHERES) > HEMRESSERER - &i&
K ARA AR BN 52 U A IR R R R A R B R B

fi] o AWTFE 2 /KBS 2342 {li/ MEOTZRFTRERR -

KEIEAIPEKE Ry 139839.8 AN » HZ/KE Fy
14.95K > 40 1 Ry At 5e H it 2 KE A -

1~ KEhIsa

23 TROEE

TR R M A 451 S MR AR 28 (o 518
TEKENSIETERS » FE A a5 ERRE T AR Z R
BB IR ST - TE/KSE ST BT > AR P 2R i ah 1
TR 28 b B B /K B A R A T Bgss - AHHSE
FI|F FEMAP2HOMER T B /A FEMAP #88 s 451
TR GERE MR, » &/ MR AR R 2R % R
feFRAS - WEER Homer wl{f HAVREZAEK > 40
TE 2 R ARBHST H AN &5 1R -

2~ TR

24 ARTREE

Fo T EtE BEEAEAR FEUEILIRIE T 2 ROR A
HYRETJEESS R - IR RN B AR A TRT R
HAMRTTR A - TR E A - Qg
PRI S BT B ARG IR 1 ST RS R E R
e - (B B ALY S fHoT R 2 Aagrs oy
AIsERERRIRE EOR > (HERETRERN - kit
AW Z HEFERS T IL H AL 2 Bl Es s i (1L
KA R R R 2 JT AT - BRI E IR K H AR
AATRITRIER Z RS - 3 2 BT TREE R
TLRIEHEIRRE AR L

% 2 HIEEAAIRT R HEASE T L

TLREE RS AT
IR ~ RITECHRL ~ S ~ HtTErfT
WROTER | MR AERBE Z B - Hel R
[FIPREEAE - fEEE
if £z dem s ~ EEOK
IS SHOsERE > e ETA R As A
=1
EEITER W] | KRS - B - i
EIE Z8 - BHRAE

WE 3 Frm Ay HAEf TR Z AR R A -
A HEEMSHROT R R =8P KUV ROT &
TR MEERST A A EE HE > s =Pk
=(EESE B > ARZE N -~ ST SR K
B o BRI R 500 x 500 mm? 5 BEITER R
SREPRT RS MM TT RS AR AR
BAMFEMY - BEMZ ARTRHA A 165,295
{lE|E%G > 336,537 {EyTE : SHt R A 198,031 i -
FRTERA 137,357 fi ~ BVE &4 5758 ~ MM TRA
575 {f -



SNAME 2022, June 11-12, 2022, Keelung, Taiwan (R.0.C)

3 HEfATRITREA (RotH)

25 FEEASIERRES

AUFFERLHA B E AT > E B = (EE Dy FraH ke -

SR Ey - E TR FERIE E R T (Stress RAO) -~ P-
M J7st (P-M Spectrum ) EEFEFR IR von-Mises fE )
sHE% > AR
® ESIEFENRIEEE T (Stress RAO)

7K 7cEe (HOMER ) 35 BAEARIE AR
[EIRNEE ~ fim A R AR TR &L - EEiES
B AR IMBEN AR CEER L 5TE B
TEREVE G T AV4EREENE » WL BT A
T X~ Y 7 AR FE S E R EE T e XY T
1) 5 U] JEE ) B AR s T Y BB SR D

® P-M st (P-M Spectrum )

R ELSL R (Tp ~ Hs) AL EHETTIR
SrEtE o W SHE AR T E R R IR U - A
WFTE R T 26 fEE IR LR PR AR R -
(Up 26 7% )
®  JEXIAIE von-Mises & /R 5%

RLHSSEREIEAR AR von-Mises JESIETETTE »
HI 0 SoRHRL RS S R FE TR R IR i A A K B L
THTRRZ Z €S FOR R AT ER N RTARZ Z EST -
1. FPKETfT - f£ HOMER K& J#ag FEtE BT

S AYA% 7K BE 77 ( Hydrostatic Pressure ) > FEf

BfEEN AR T ZEAEE - SRS

TEERR/KIE T AVSSREEERE - A0 HUH B AEALFT

AROTE X J71A ~ Y J7 A 1E [ FE R E R 25

Bk XY Az 8V E & EREEE TR

B4EE SR ENETREER EE -

2. RET - EGMEEER 2R T 0 IS I

SRETEHE R T BV ER RIS 1 TR 5% o] Hrfgpk di

S AR FLRZ I T ER SR 4R 4 i ( Linear Super-

position) [k « FAHZ (1) FEHERIVEE

GESRHEA R I -

R(t) =R, * A * cos(wt + € — @) 1)

A (1) RO RfiERoTRAIESINSE (I
) > R Rt RIENEERIEER T 51 H
A (2) fon e

Ry = 0Oimac* + Orgar?® 2

H (2) Fomac MBI E IR E R+ 2 FEEL
Orpar P TESVETEIRIE EHE 2 85 - =0 (1)
quoﬂi%ﬁ_\./j%Ra’u N RUZZ&RUH ’ Ra'u N Ra'zz)jz
SANFR Ry X~ Y J7 1A 2 1A fE ) RE R e A
BT Ry, BHTTE XY J12 By SR
IEER T - &l AR ES] 2 R -
e Ry BB AL BB R AL - BUEEE R 0~2
Z R AR MR A A AEE - X (1)
OHYETEAFT
_ _1 “O1mac
¢ = tan OREAL ®)

ol bl 7 SHROVER R - IROTMABERTE
TERF KR T FTEE 4 2 FE A2 B R AE R R
TR EE 4B 2 JEFA AR FE D ERaR - F [E 5 1]
(X J71E) ~ Y TR J50E) ZEgKIEShn EIRR
RIRz e FIaR5% - £ 05 1 2 FERRL AR FE 73R
FRAF - BT S RIS ER T EE AR R
iR~ Z FERRAINRZ von-Mises [ J7EH5E -

26 FRHRNEESGETOT

FEAERY T TTI » SRR FERYAMER 5
i e T RO, » B0 2 KR B e B A A A A
AN FERVERERE - BT R A RIS 2
GEEEE s B ERA HEESeRAY TE -
EL TR AR (g P A P 2 B A e R R —
BB R AT Z AR - R BRI H 0K
REFEAARTREL T REEEE T - —(E
MALKHTE 0 (4) B

{(t) = {o cos(wyt) (4)

FERR/ N R B T HRE BB IE P TR IELE - RER
AR (5) Pk -

1
E= Epg(oz (5)

ERFRATE EIE SN 2R IACS Rec. 34 (5) #ik
JER PG AR 58 fy Pierson-Moskovitz(P-M)
S RUACEI TR o SO AN S LR EE
R~ AR KA MERERERT » FH—
friE A T B st E N E R E AR T EA R AR E



PRIE##EE T (Response Amplitude Operator, RAO) >

AR 2 AR Bl R AR 1S S A AR 2 A
ZAIRAR > FHRIEOR AR E PR DU R
BEREf RAO BIAERO S - FRokE=t (6)
B o

H (6) BHERFRE © y(@) BHEIIEIR AR
{E ~ RAO By MR & o7 S FE IR A -

31 BEBRRERS

TR BB R AR (i ) bR IERE MR m] S -
RS H ARV HE KR ~ 0~ R0~ BRKIREET
SR T A EE EE4E (Vertical Bending Moment)
B S (Vertical Shear Force) > 93 o E45t/K
B AR K E B B E [F H AR HEKE -
T A KBNS BLAY 7 0 B TROT R R R A A ) B0
EEEEM—E 0 EREF/NN 1% TR F
4 EEP PR T KSR « ARRTTERERIN
HE - HOOfrE KEREE -

#* 3 HEILR

HE (MT) e (%)
AL 138690
7K@ )RR 138396 0.2
HIR T ZE A 138396 0.2

A HREEOLF O

HLITE | e (90)
A5 152.71
7KEf) A 152.72 0
AR TTZEHA 152.72 0

S E AR R 53 (018 4 B - (] internal loads
LA ERKA 1 &N TE B S R J 5T 1704
N BT M P Y (EELEE 6 ~ [ 7 sy Rl REEE
A R T (A5 7 o ffif Z PR R - 8] 6 ~ 8 7 el
BEHEMET REREER TIEENS -

4 ~ FEEE AT

B PR (A still water f5H i /KBRS 7 i el
5 frn > WiieEstERDEBETRENEZES 20
B I ERZE By 1% - 4008 EMCPERTE - BUERAIE
SERCER/K Pt R BRI - P8 BTl
T LSS R AD B PR S A o

Bl 1478E+00S
1.344E4+005
1,209E4+005
1,075E+005
9.407E+004
8,063E +004
6.719E+004
5.375E4004
4.032E4004
2.68BE+004

B 1 344E+004

I ©.000E4000

5~ FKBR I i

w = w @

Still Water Vertical Bending Moment (Nm)

N

50 100

150 200 250
X Position (m)

6 ~ = A EHE i Z LR E



SNAME 2022, June 11-12, 2022, Keelung, Taiwan (R.0.C)

1.0 — Loading manual
—— Homer

N)

ce (

Still Water Vertical Shear Fore

50 100 200 250

150
X Position (m)

7~ FEET I ffi Z bR E

3.2 BRI th 2 ) ST

MEAEAE S T2 BURTEA > — U8 2 RoNE
HEES > 5l R4t (Surging ) ~ 1

(Swaying) ~ #f{X (Heaving) -~ #%# (Rolling) -

4% (Pitching) A48 (Yawing) - 1E 8 Fiw

BB S IEFEMIEE - BRELE

R — AR AR R By o (E T N =R

EN (GG

1. EEMA R > S HE R -

2. {ERTEMAA_ERVRR AL B2 K/ N IRE » RERE
K FIFEAR S22 -

3. MEMATERR AR iy RIS B > JREIEE) IR
JFEE VT R ) A SRR B O 4R 1 P R R P

AWTFEEH] HydroStar 515 HARAGHY A FIAGEE -

L ) 7 R P AR - SRR RIS R T 75 M B
JEHY SN e fiRiE 5T (Motion RAO) -~ AV/INEf
e I HARAAVASIR ~ Btk R e @ B B E R

/:ﬂ'v‘:k
B&EHE -

a kit dRE
e N b e ftiE
C ook LFE d

X

8 ~ i N H R EIE

9 B BRI o - 8 14.7 B T AEIRTE A
FFARATRE IR EBI S ERAO » 8 o 7] DL IR 25 A
F AN ER w0 <075 (rad/s) ZRKENELSE
RO o HElE A A AR AR SRR - 2
BB R IZ SR AIRRE -

1.2

—— degree 0
—— degree 15
—— degree 30
—— degree 45
1.0 degree 60
degree 75
—— degree 90
—— degree 105
0.8/
— —— degree 120
e degree 135
E degree 150
—0.6 - degree 165
@ —— degree 180
S 9
©
[
I 0.4
0.2/
0.0/

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Frequency(rad/s)

9 ~EEORIEE) (fivER 14.7 6)

10 Fy B ARG RRARE o > SSERAE 14.7 8 MR
A~ FAREREEESINE RAO > HIEAEER
HTERIAGEG IR B RE - It G EA R E
B (EAER 14.7 BR1EIC T HERBDR TERT R AEAE
0.2 (rad/s) HJEM(E -

0.40

—— degree 0
—— degree 15
0.35 —— degree 30
—— degree 45
degree 60
0.30 degree 75
—— degree 90
—— degree 105
0.25 —— degree 120
g degree 135
~ degree 150
%0.20' —— degree 165
: —— degree 180
© |
z0-15
0.10
0.05 /t
AP AV A N
0.00 s —— =

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Frequency(rad/s)

10 ~ fEfEAES) (AR 14.7 1)



11 5% HEFAGT AR AR o > 2R 14.7 67 MR R
A~ FARERAVHEHEEEI N E RAO -

—— degree 0
—— degree 15
—— degree 30
—— degree 45
degree 60

0.012/

0.010
degree 75
—— degree 90
—— degree 105
—— degree 120
degree 135
degree 150
—— degree 165
— degree 180

0.008/

tch(rad/m)
o
3
[e)]

I

P

0.004
0.002

0.000/

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Frequency(rad/s)

11 - SesfsEs) (AR 14.7 61D
3.3 BEEMIZNERORARSET 2T
ENTIEEIIERS 65 RN o e A o e

ZHRRGRIE » (RIS PE BRI S 2R EMTIL T AE
BARRE 2 FRRAL - i FE RO R & TR A

IRTRBALERZ ST > T R RS Rt

AR EEt A R R & 2 RS R LS R - &
FRERRIHA T -

Short-term
irregular wave load

(_‘%.‘.‘ = Structural Rules .
)/ for Container Ships ‘_

Hangvs * Ultimate strength
£y \

+ Non-linear
wave load
(Schematic diagram)

12 ~ FRGHAD SE TR E

Regular wave load
Amplitude (iteration)
Stress distribution

AW FEAE TR AL st 58 T B AR 8 A
[EIRGIRN - 735l B+ T E M REE AT %8 H
AL A EE R AR 52~ /KRR E I RO R AR 7y
A FE B o =5 AR AIRE 2 DR e i 7 s BELRR IR 2
RBALTAAERNEE - FESFBOR A St SRR
IR RS R P P S B K A i Z 2 BN
T (40 fiE A~ AR o TR AN B E R
B2 R IR 5 81 (3) -~ ARG EEE N

0.01~2.0 (rad/s) - sHHMEEA 0.05 - fiE AR
HIER0°~180" - SRS - 15 13 i
A e AR BN R E IR R [EIfTE A TR B 4
o Q0E 13 For o e AT DIEEEE o ARy E
ROREE R R A E R BN A R 1807 » AR
Fo 046(CK ROFNR—EMR)IIER T - famgim
firft 0.75 fER-REEHTMC RN A FEME A NS
T 4E R > 40ME 14 Fow o FEE Pl DLE R - RURE
B KA A S LEAERTIA A 151207 ~ AdEE Ty 0.76
(radfs) HITEM T SR BMIRE R E & it
RANTTEFREEGER (SRR ER) R ERH
ANgaeaT 2 BN AR SR »

1.0¢ — 0 degree ~— 105 degree
== 15 degree == 120 degree
= 30 degree 135 degree
—— 45 degree =~ 150 degree
= 60 degree == 165 degree
0.8 = 75 degree = 180 degree
= 90 degree
o
c
[
§
s 0.6
o
£
=l
[
[
®0.4:
© \
et
15
>
0.2 ‘ \
W N\
‘v\"'&‘ 019 0/ Ve,
V \.‘» 4 ) AVAD A
SVl WAORREA
0.0

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Frequency

13 ~ FEEROREIER A FEFTE A T Z AR
(Atsfirfez )

—— 0 degree
—— 15 degree
=~ 30 degree

1.0¢

= 45 degree
= 60 degree
= 75 degree
= 90 degree
= 105 degree
= 120 degree
— 135 degree
w150 degree
—— 165 degree
= 180 degree

© o o
e Cd @

Wave torsional moment (0.75L)

o
)

0.0/

0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Frequency

14 ~ FEORHFER A FEfiE A T Z & e (0.75
fERGRIE )



SNAME 2022, June 11-12, 2022, Keelung, Taiwan (R.0.C)

%5~ ReE T IR A ST R R AT

E4gIEN o
(N-m) E/g%
M=)
180° L
9.72E+08 P I
FEEN 0.46
SREE BN
180° Lk
0.46
I BN
7K 120°
e 5.25E+09 e R
0.71
- M=) -
R 120° 0.75 At
i 8.17E+07 R e
0.76
- BN e
RR 60° 0.25 Rz
s 2.05E+08 g, =
0.66

fe Ak

9.72E+08

A

34  RHlEsERE R bR

AR H LR HET T AR ST RO 25 4 35 Ay 7>
T > ASCHREE 26 [EFEARAEILEL 8 TR A E
A FEIETEIRIE Slat B T R AV B e R
B BRI ERE R FRR AN T 2 15
R > B 9 R MR ORI E > A0E
15 AR -

FARBH 12

a  ferIfanE P

d. EKIPME

e A E

[l 15 R RS s L B

S

AL 8,000TEU AEVEHERS FB1 - DUER]
Eafintine (BV) ZAKENA TE > stEREMZE -
B ~ AR IS RUT R E ) R EIRIE EE
T (RAO) - & HASHTZERE (Short-term Analy-
sis) KRR AT 5T ( Equivalent Design Wave,
EDW) ZETHE&ERE > R 2 9 IEESEMARECH
wmLE  Thl A& ﬁ%ﬂ’nﬁ'ﬁ[ﬁé FRAR ~ TR -
BRAURE - MEARE - EEJEAR - FRUAERE - AR
JEEHR ©

e
[F7

AW FERE M EE N O
TFLAERISERE - R LR -

SE M

Bureau Veritas, Structural Rules for Container Ships p169.
DNVGL-CG-0130, Section 7-5 p49.

Bureau Veritas, Structural Rules for Container Ships p244.
Homer GUI Manual, Phase Convention p97.

IACS REC 34 Standard Wave Data (2001).

Standard mesh permissible yield utilisation factor table.

STEE R

ouk~whE



Structural Health Monitoring Method base on Numerical Analysis
Cheng En, Tsai* Chu Yun, Chen* Chi Fang, Lee** Chang Cheng, Wu** Hsin Haou, Hung*

*Department of Engineering Science and Ocean Engineering, National Taiwan University
**CR Classification Society
Keywords: Structural health monitoring, Dynamic analysis, Finite element analysis, Sensor placement optimization,
Response analysis, Equivalent regular wave

ABSTRACT

Nowadays, the capacity of container ships have increased because of the the rapid economic growth of the world.
Today's largest container ship can carry about 23,000 TEUs. The ultra large container ships sail at ocean for many
years. During her lifetime, the hull structure may encounter a variety of wave loads and corrosion, which can result in
injuries, severe damage. Therefore, it is important that doing the sensor placement for the structural health monitoring
to the container ships. In this research, we do different sea conditionsT,,, Hs to our container ships for calculating the
structural response. In frequency domain, panel method was used for calculating the wave loads in different knot,
angular frequency and heading angle. These loads input to the finite element model of container ships for calculating
the stress RAO. After the response analysis and equivalent regular wave analysis, we conclude 9 sensor placements
for advice.



