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e PR iy N A
— e«
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(a) Wedge0 (b) Wedge5

600
i FR18 section of 5,500 TEU container carrier

Deadrise angle of 10 degree (Unit: mm)
(Unit: mim)

400
450

p1 p2 P3 P4 PS

(c) Wedge10 (d) Fri8 (5,500 TEU)
L 740.44 .‘

Station 1 section of 13,000 TEU container carrier
(Unit: mm)

500

(e) Stl (13,000 TEU)
99 21 9 GeAEe AAE 299 v 24 2 4 A 94

12 . Jﬂ ‘~,_| )



q

s = F4 (bush)E
Faednh. EY golE XS] 9tk dw dAe A 5=
AbEsEl e, st z31s dASA FAE7] ekl AAA
AHAE ol & AAE AFESIYTE AlE Ao dAAA FA FEHE
AFRL 219, Bl ZoJRe] Rae AxpAl e A 226 7+z)

UHER 2T

13



230 Ut 13 229 oM 402 WAR A% o] ¢Ee
93] A% AR RARYEd, 299 FYRAE BPe AW
2247k A5} Qold FHAAA Fol WFOZ 100 mm Bol R A7l
% Wgow 57 A GEAT AAKAE wY vhte thzb T el
A7 Pe) 4R L AW ASEAR ANAAT. Y HEE
NEE AR Bool Ui SEE FR4E deln Agagr

B
o
g
(]

' 100 mm

. Vacel

% 22 99 YA & BF A 2 HEEA HA A4A
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£ 21 GEAY F2 A

Pressure range

50 psi (=345 kPa)

Diameter

5 mm

Operation mode

Sealed gage

Over pressure

2 times rated pressure

Combined nonlinearity, hysteresis and

0.1% FS (best fit straight line)

repeatability
Resolution Infinitesimal
Natural frequency 500 kHz

Acceleration sensitivity

1.5x10% FS/g (perpendicular)
3.0x107% FS/g (transverse)

Operating temperature range

-55°C~+175°C

Thermal zero shift +1% FS/100 °F

Thermal sensitivity shift +1% FS/100 °F

2g xHoMe gEe SAE A5 gAY S md 9 o
wo]l AXAES shof ol AYIN YEF FABE Aol Fsn
7t FHoR Fo] Eol7HA dxE FES fAske Zo] Fadth,
dEAe] AAg HAE 98t HA P mHe] #4 wFow dF
TS AT T Abelel A REOl Abed AF AS AHEE
HZE 5 ‘ =3

15 it ,{-‘I




LA Kyowa®l ASW-2AZ10 RE& Abgsglow Hejel F2
ARk AFR 2.5 2 E 220 Zh7E dERg 9l

~

e

.marﬂ'

‘!i

- )‘ -+
¥

AHZ 2.5 7S EA )

2 THEEAL F2 ARY

Rated capacity £19.61 m/s” (= +2g)
Safe overload rating 300%

Nonlinearity +1% RO
Frequency response DC~ 60 Hz
Natural frequency 100 Hz

Safe temperature range -15°C ~+65 °C

2 AP A AMEsE TS EASE b Al AdstE Ald YA
AA 2 Unipulse®] AM30 EE-& AR5t oW, AM30S] +Q AR
2.3 YER ST

H 23 A28 AYMYE FRA G FQ AR

Frequency response DC ~ 100 kHz

Nonlinearity +0.01% FS

Zero drift +0.5 uv/°C

Gain drift +0.005%/°C

elshs BYel f1A S4& S8kl LED HiE=s F48k= 7hvel

%% AAE AHESSl=d Hamamatsu®] C1373-16 RS ARE3FSITH
gnlel 9 Telle= 1/5000017, Hul 300 HzOl &% 57d°] Stk ©
e mdol depske wete] fAE ST F A vEs T
g8 S8 S5 bl Agstan.

7% oldma ABE5S FHE XY Nse W] 9skol
ADC (analog to digital converter) X & A}-&3}%1=Hl, National Instrument®]
DAQCard-6062ES} SCXI-1200 =98 AL}l Th.

Alg A AFEE olgske] FYsla, AR Alde A

DS ol ed BIE WaE.

o

16 2 21l



23 A¥ XA HF

2 HetAl S 5 7R ] 7] Hst =0l (50, 100, 200, 300, 400 mm)©ll
sl A AAskAh 271 dek Fole R¥E b mig pRe
AN FE FHIA ] AYE Rom, T7 2304 7]E “H'E
Uebd Aol sigetct 2] FA= 3 7FA e #1719 Frig @ o
_]

= A
S A
o]F St1 EFEE yzol F7tE AAerd=d, st $ By
o] AFoz AX FAE sdA LE 5 AV "ol Fx
T4 ()2 1.0 mE FA8H AL, volE AEH &9 10 kHzet 20 kHz9)
T O7HAE ARSI dHolE AlEY £¥& 10 kHz oo wE HA
AL o] fabst GetAlE AE S Fato]l Fetst ZAo®, A4 5 kHz
ol £Hog FAS F AE £AA 4HY HU@pS HygHo=w
Z4% F A9t BEAY 1S B2 FYsid X 249 2ok A
5 & ®2F AF 300 mm o]Fe] EoloA YsAIES AAld Af
4% ggo] g=EA] B4 4 HAE "oyl "ol 54 AnE
Ao A 2 sk ok
H

9 23 ekA RS AEA D 27) Gt Folol A
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¥ 24 AF T A H8AE 24

H
50 mm 100 mm 200 mm 300 mm 400 mm
Model
Run32 Run34 Run36 Run38 Run27
Wedgel0
Run33 Run35 Run37 Run39 Run28
Run52 Run55 Run57 Run62 Run64
Wedge5
Run53 Run56 Run59 Run63 Run6s
Run82 Run80 Run78 Run74 Run70
Wedge0
Run83 Run81 Run79 Run75 Run71
Fris Run99 Run101 Run92 Run95 Run97
r
Run100 Run102 Run93 Run96 Run98
Stl Runl106 Run109 Runl12 Runll15 Runll18
Run108 Runl10 Runl13 Runl17 Runl19
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Vacc1(run36)

Vacc2(run36)
n37)
Vacc2 (run37)
-80 —!
2 —
2 Vz1(run36)
1 1 Vz2(run36)
S N Vz1(run37)
-1 X = ==== Vz2(run37)
2 i
E 12
N
> —
0.8 —
04 —
120 —
P1(run36)
7 P2(run36)
80 —| P3(run36)
= P4(run36)
o 1 P5(run36)
° o 1 4t |===== P1(run37)
€ 40
2 A A P2(run37)
o e T R N A B P3(run37)
& N T Fepep— P4(run37)
0 Rl B5(run37)
-40
\ \ \ \ \
4.55 4.57 4.59 4.61 4.63 4.65
Time (s)

a9 2.7 AE 23] WHEA EQl (Wedgel0, H=200 mm, Run36, Run37)

¥ 25 AF AF9 HHEA g9l (Wedgel0, H=200 mm, Run36, Run37)

Item Unit Run36 Run37 Diff (Unit) Diff (%)
Plmax kPa 88.8 99.5 10.7 12.1%
P2max kPa 106.8 94.8 -12.0 -11.2%
P3max kPa 74.3 76.9 2.6 3.5%
P4max kPa 50.9 51.8 1.0 1.9%
P5max kPa 38.2 374 -0.8 -2.1%

Vzl Plmax m/s 1.88 1.88 0.00 0.0%
Vzl P2max m/s 1.73 1.74 0.01 0.6%
Vzl_ P3max m/s 1.47 1.48 0.01 0.7%
Vzl_ P4max m/s 1.23 1.24 0.01 0.8%
Vzl_ PS5max m/s 1.04 1.04 0.00 0.0%

* Diff = (Run37-Run36)/Run36x100 (%)
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Pressure (kPa)
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0.4
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-100

Vace1(run57)
Vacc2(run57)

n59)
Vacc2 (run59)

Vz1
Vz2

run57)
run57)

Vz2

run59)

P1(run57)
P2(run57)
P3(run57)
P4(run57)
P5(run57)
P1(run59)
P2(run59)
P3(run59)
P4(run59)

)

247

2.49

251

Time (s)

253

2.55 2.57

a3 2.8 A8 A9 wkEA Q1 (Wedge5, H=200 mm, Run57, Run59)

¥ 2.6 N A7 vHEA g2l (Wedge5, H=200 mm, Run57, Run59)

Item Unit Run57 Run59 Diff (Unit) Diff (%)
Plmax kPa 151.8 234.0 82.2 54.1%
P2max kPa 269.2 2933 24.2 9.0%
P3max kPa 3232 231.8 91.5 -28.3%
P4max kPa 182.4 219.3 36.8 20.2%
P5max kPa 74.2 86.1 11.9 16.1%

Vzl Plmax m/s 1.85 1.86 0.01 0.5%
Vzl P2max m/s 1.75 1.76 0.01 0.6%
Vzl_ P3max m/s 1.53 1.52 -0.01 -0.7%
Vzl_ P4max m/s 1.21 1.21 0.00 0.0%
Vzl_ PS5max m/s 0.93 0.94 0.01 1.1%

* Diff = (Run59-Run57)/Run57x100 (%)
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100

-100

-200

Vacc (m/s2)

-300

-400

1.6

1.2

Vz (m/s)

0.8
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N
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Pressure (kPa)

— Vacc1(run78)
—— Vacc2(run78)

n79)
Vacc2 (run79)

— Vz1
— Vz2

Vz1
Vz2

run78)
run78)
run79)

run79)

(
P2(run78
P3(run78
P4(run78
P5(run78

77777 (

(

***** (

(

run79

M BENTY

)
)
)
)
)
)
)
)
)
)

44

4.44

Time (s)

446

4.48 45

a3 29 AE A9 wkEA Q1 (Wedge0, H=200 mm, Run78, Run79)

¥ 27 NP A7 utEA g9l (Wedge0, H=200 mm, Run78, Run79)

Item Unit Run78 Run79 Diff (Unit) Diff (%)
Plmax kPa 64.0 65.6 1.6 2.5%
P2max kPa 68.0 72.0 39 5.7%
P3max kPa 70.4 74.2 3.8 5.4%
P4max kPa 71.3 76.1 4.8 6.7%
P5max kPa 68.3 73.3 5.0 7.4%

Vzl Plmax m/s 1.58 1.57 -0.01 -0.6%
Vzl P2max m/s 1.58 1.57 -0.01 -0.6%
Vzl_ P3max m/s 1.57 1.57 0.00 0.0%
Vzl_ P4max m/s 1.57 1.58 0.01 0.6%
Vzl PS5max m/s 1.59 1.57 -0.02 -1.3%
* Diff = (Run79-Run78)/Run78x100 (%)
27 A -1



Vacc (m/s2)

Vz (m/s)
>
\

Pressure (kPa)

Vacc1(run92,
Vacc2(run92,

e e ST NBRRHEUNI3

)
)
)

77777 Vacc2 (run93)

Vz1(run92)
Vz2(run92)
77777 Vz1(run93)
77777 Vz2(run93)

P1(run92
P2(run92
P3(run92
P4(run92
P5(run92
P1(run93
P2(run93
P3(run93
P4(run93

n93

5.63 5.65

5.67

Time (s)

5.69

5.71 5.73

I 2.10 A8 279 HHEA <91 (Fr18, H=200 mm, Run92, Run93)

¥ 28 A3 A wrEA <9l (Fr18, H=200 mm, Run92, Run93)

Item Unit Run92 Run93 Diff (Unit) Diff (%)
Plmax kPa 15.0 15.1 0.1 0.7%
P2max kPa 29.7 28.8 -0.9 -3.1%
P3max kPa 33.8 29.3 -4.5 -13.2%
P4max kPa 34.0 36.7 2.8 8.2%
P5max kPa 39.7 32.6 -7.1 -17.9%

Vzl Plmax m/s 2.16 221 0.05 2.3%
Vzl P2max m/s 2.28 2.24 -0.04 -1.8%
Vzl_ P3max m/s 2.12 2.08 -0.04 -1.9%
Vzl_ P4max m/s 2.08 2.02 -0.06 -2.9%
Vzl_ PS5max m/s 1.90 1.79 -0.11 -5.8%
* Diff = (Run93-Run92)/Run92x100 (%)
28 Q1
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Vacc1(run92)
Vacc2(run92)
Vacc1(run93)
Vacc2 (run93)

Vz1(run92
Vz2(run92
Vz1(run93
Vz2(run93

S W

P1(run112)
P2(run112)
P3(run112)
P4(run112)
P5(run112)
P6(run112)
P7(run112)
P1(run113)
P2(run113)
P3(run113)

)

)

)

)

P5(run113
P6(run113
P7(run113

5.325

5.345

5.365

Time (s)

5.385 5.405

5.425

a9 2.11 A8 A vrEA &9l (St1, H=200 mm, Run112, Run113)

¥ 29 A A7) wrEA g9l (Stl, H=200 mm, Run112, Run113)

Item Unit Runl12 Runl13 Dift (Unit) Diff (%)
Plmax kPa 29.1 31.2 22 7.4%
P2max kPa 29.7 30.2 0.5 1.8%
P3max kPa 29.7 30.0 0.3 1.0%
P4max kPa 29.6 30.0 0.4 1.4%
P5max kPa 26.1 26.6 0.5 1.9%
P6max kPa 7.5 7.3 -0.2 -3.1%
P7max kPa 7.7 7.8 0.2 2.2%

Vzl Plmax m/s 1.63 1.58 -0.05 -3.1%
Vzl P2max m/s 1.49 1.61 0.12 8.1%
Vzl P3max m/s 1.56 1.61 0.05 32%
Vzl_P4max m/s 1.60 1.63 0.03 1.9%
Vzl_P5max m/s 1.72 1.70 -0.02 -1.2%
Vzl_P6max m/s 1.96 1.96 0.00 0.0%
Vzl_P7max m/s 1.32 1.34 0.02 1.5%
* Diff = (Run113-Run112)/Run112x100 (%)
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Vace (mis2)

Pressure (kPa)
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I I I I

432 434 436
Time (s)

(a) H=50 mm (Run32)

4.38

Vacc (mis2)

Pressure (kPa)

I
4.56 4.58 46 4.62
Time (s)

(c) H=200 mm (Run36)

Vaca (mis2)

Pressure (kPa)

474 476 4.78 4.8
Time (s)

(e) H=400 mm (Run27)

Vace (m/s2)

Pressure (kPa)

422 4.24 4.26
Time (s)

428 43

(b) H=100 mm (Run34)

Vace (mis2)
IS
3

120
160
i —P
— P2
120 — - pP3
_ B — P4
5
% 80 — p5
.
2
8 40 —
o -
0
0 \ \ \ \
452 454 4.56 4.58 46
Time (s)
(d) H=300 mm (Run38)
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Velocity squared at impact (m2/s2)
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Pressure (kPa)

Vace (mis2)

Pressure (kPa)

P4
P5

20
I I I I I

436 438 44 442 444
Time (s)

(a) H=50 mm (Run52)

-160 —
400 —

252
Time (s)

(¢) H=200 mm (Run57)

Maximum pressure exceeds
the capacity of the transducer

(e) H=400 mm (Run64)

35

Pressure (kPa)

Pmax (kPa)

P4
P5

432 434 4.3
Time (s)

4.38

(b) H=100 mm (Run55)

Maximum pressure exceeds

the capacity of the transducer

400 —

(d) H=300 mm (Run62)
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Velocity squared at impact (m2/s2)
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Vace (m/s2)

Vace (mis2)

Pressure (kPa)

Vace (mis2)

Pressure (kPa)
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(a) H=50 mm (Run82)
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442 444 4.46 4.48 45
Time (s)

(c) H=200 mm (Run78)

4.66 4.68

a7 472 474
Time (s)

(e) H=400 mm (Run70)

Vace (mis2)

Pressure (kPa)

3.96 398 4 4.02 4.04
Time (s)

(b) H=100 mm (Run8&0)

Vace (m/s2)

Pressure (kPa)
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Time (s)

(d) H=300 mm (Run74)
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Velocity squared at impact (m2/s2)
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Designation Symbol Unit Ballast

Scantling

LBP m 366.0

Length between perpendiculars

366.0

Breadth B 54.2

54.2

Draft FP TF 8.13

15.00

AP TA 9.61

15.00

B|B|B|B

Mean ™ 8.87

15.00

Segment1 Segment2 Segment3 Segment4
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(b) Segment 3

(c) Segment 2 (d) Segment 1

(e) Whole ship model
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AF BL (surge), FHF T2 (way) B AF FL (awE THIHO,
At To, F L 9 3 FToE AFEE AYE A5t B A Y
Az &5 o dake] &3 sttt

=
a9 313 o] pAdskgler gEE REA A=

dolg A5
20 kHzO &g o7 (AA m7|2 3atd A9 234 kHzol aild), WA
ANTEL 23 I7]2 200 Hz9 8oz (AA 3712 ke 39 234
Hzel| &%) 54383
TOWING CARRIAGE
AMP » ADC [—P» PC
A
Heave|
Pitch
Acc. Acc.
LCG
[] L] L]
Loaglcell Loadcell Loaficell
19" 31 A" ZA Y A
jie-
l” ® (X} ¢
b4
4 § i
St.5 [st15 ] [sti7 | [Cr ]
@ Heave, pitch at LCG
@ VBM, VSF at Stations 5, 10 and 15
@ Incoming wave at forward of the model, relative motions at Stations 1 and FP
@ Vertical acceleration at Stations FP and AP
@ Pressure at Stations 1/4, 1/2,1, 17 and FP

1% 32 53 FA S A A (13,000 TEU)
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® 32 53 5 (13,000 TEV)

Ch Quantity X (fwd AP) Y (to STBD) Z (above BL)
1 Incident wave elevation Front of vessel Port side Free surface
2 | Heave displacement CoG Centerline Deck
3 | Pitch angle CoG Centerline Deck
4 | RMatFP FP FP FP
5 | RMatStl Station 1 Station 1 Station 1
6 | Vertical acceleration at FP FP Centerline Deck
7 | Vertical acceleration at AP AP Centerline Deck
8 | Longitudinal strain at St.15 Station 15 Centerline 15.518 m
9 | Longitudinal strain at St.15 Station 15 Centerline 15.518 m
10 | Horizontal strain at St. 15 Station 15 Centerline 13.322 m
11 | Diagonal strain at St. 15 Station 15 Centerline 13.322m
12 | Vertical strain at St. 15 Station 15 Centerline 13322 m
13 | Longitudinal strain at St.10 Station 10 Centerline 16.250 m
14 | Longitudinal strain at St.10 Station 10 Centerline 16.250 m
15 | Horizontal strain at St. 10 Station 10 Centerline 13.688 m
16 | Diagonal strain at St. 10 Station 10 Centerline 13.688 m
17 | Vertical strain at St. 10 Station 10 Centerline 13.688 m
18 | Longitudinal strain at St.5 Station 5 Centerline 15.884 m
19 | Longitudinal strain at St.5 Station 5 Centerline 15.884 m

20 | Horizontal strain at St. 5 Station 5 Centerline 13.505 m

21 | Diagonal strain at St. 5 Station 5 Centerline 13.505 m

22 | Vertical strain at St. 5 Station 5 Centerline 13.505 m

23 | Pressure flare at FP FP 4394 m 23.200 m

24 | Pressure bottom at St.17 Station 17 0.000 m 0.000 m

25 | Pressure bottom at St.1-1 Station 1 -6.002 m 10.754 m

26 | Pressure bottom at St.1-2 Station 1 -3.001 m 10.777 m

27 | Pressure bottom at St.1-3 Station 1 0.000 m 10.777 m

28 | Pressure bottom at St.1-4 Station 1 3.001 m 10.777 m

29 | Pressure bottom at St.1-5 Station 1 6.002 m 10.754 m

30 | Pressure bottom at St.1-6 Station 1 14.640 m 10.874 m

31 | Pressure bottom at St.1-7 Station 1 18.007 m 11.624 m

32 | Pressure bottom at St.0.5-1 Station 0.5 0.000 m 12.112 m

33 | Pressure bottom at St.0.5-2 Station 0.5 6.002 m 12.098 m

34 | Pressure bottom at St.0.5-3 Station 0.5 18.007 m 12.791 m

35 | Pressure bottom at St.0.25-1 | Station 0.25 0.000 m 12.779 m

36 | Pressure bottom at St.0.25-2 | Station 0.25 6.002 m 12.781 m

37 | Pressure bottom at St.0.25-3 | Station 0.25 18.007 m 13.375m
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X 33 4 35 (13,000 TEV)

No Quantity Symbol Unit Positive direction
1 Incident wave elevation Wave (or A,,) m upward
2 | Heave displacement Heave m upward
3 | Pitch angle Pitch deg | bow down
4 | RMatFP RM fwd m upward
5 | RMatSt.1 RM aft m upward
6 | RVatFP RV_fwd m upward (calculated)
7 | RVatStl RV_aft m upward (calculated)
8 | Vertical acc. at FP Vacc fwd m/s2 | upward
9 | Vertical acc. at AP Vacc aft m/s2 | upward
10 | VBM at St.15 (total) VBM fwd MNm | hogging
11 | VSF at St. 15 (total) VSF fwd MN | fwd body up/aft body down
12 | VBM at St.10 (total) VBM mid MNm | hogging
13 | VSF at St. 10 (total) VSF mid MN | fwd body up/aft body down
14 | VBM at St.5 (total) VBM aft MNm | hogging
15 | VSF at St. 5 (total) VSF_aft MN | fwd body up/aft body down
16 | VBM at St.15 (WF) VBM fwd WF | MNm | hogging
17 | VBM at St. 15 (WF) VBM fwd HF MN | hogging
18 | VSF at St.15 (HF) VSF fwd WF MNm | fwd body up/aft body down
19 | VSF at St. 15 (HF) VSF fwd HF MN | fwd body up/aft body down
20 | VBM at St.10 (WF) VBM_mid WF | MNm | hogging
21 | VBM at St. 10 (WF) VBM_mid HF MN | hogging
22 | VSF at St.10 (HF) VSF mid WF MNm | fwd body up/aft body down
23 | VSF at St. 10 (HF) VSF mid HF MN | fwd body up/aft body down
24 | VBM at St.5 (WF) VBM aft WF MNm | hogging
25 | VBM at St. 5 (WF) VBM aft HF MN | hogging
26 | VSF at St.5 (HF) VSF aft WF MNm | fwd body up/aft body down
27 | VSF at St. 5 (HF) VSF aft HF MN | fwd body up/aft body down
28 | Press. flare at FP P flare bar | compression
29 | Press. bottom at St.17 P _bottom bar | compression
30 | Press. bottom at St.1-1 P Stl 1 bar | compression
31 | Press. bottom at St.1-2 P _Stl 2 bar | compression
32 | Press. bottom at St.1-3 P Stl1 3 bar | compression
33 | Press. bottom at St.1-4 P_Stl 4 bar | compression
34 | Press. bottom at St.1-5 P Stl 5 bar | compression
35 | Press. bottom at St.1-6 P Stl 6 bar | compression
36 | Press. bottom at St.1-7 P St1 7 bar | compression
37 | Press. bottom at St.0.5-1 P St0.5 1 bar | compression
38 | Press. bottom at St.0.5-2 P St0.5 2 bar | compression
39 | Press. bottom at St.0.5-3 P St0.5 3 bar | compression
40 | Press. bottom at St.0.25-1 | P _St0.25 1 bar | compression
41 | Press. bottom at St.0.25-2 | P_St0.25 2 bar | compression
42 | Press. bottom at St.0.25-3 | P _St0.25 3 bar | compression
63 A 2-1
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313 Ad 279 AF

%741 13,000 TEU & ZHO]Y R RPAIHL ballast 313}
scantling Z=1oA HAAJstom AF AL 747 3
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¥ 3.4 A Z7A (13,000 TEU, Ballast)

ID (regular) Hw (m) | Lw (m) | Heading | Vs (kts) | Run No.

Twin Bal F 0 REGI 9.8 400 Foll. 0.0 6
Twin Bal F 0 REG2 19.6 400 Foll. 0.0 7,8
Twin_Bal F 0 REG3 12.4 201 Foll. 0.0 4,5

ID (irregular) Hs(m) | Tp(s) | Heading | Vs (kts) | Run No.
Twin Bal F 0 IRR7 13.9 13.4 Foll. 0.0 9

¥ 35 AlY =7 (13,000 TEU, Scantling)

ID (regular) Hw (m) | Lw (m) | Heading | Vs (kts) | Run No.
Twin Sca H 0 REG4 28.2 292 Head 0.0 48
Twin Sca F V_REGS5 17.5 400 Foll. 16.7 20,21
Twin_Sca H V_REGS5 17.5 400 Head 16.7 |49
Twin _Sca H V_REG6 17.5 351 Head 16.7 | 44
Twin_Sca F 0 REG7 12.6 221 Foll. 0.0 15,16
Twin Sca H 0 REGS 133 221 Head 0.0 (23)
Twin Sca H 0 REG9 20.0 221 Head 0.0 39)
Twin_Sca H V_REGI10 17.3 391 Head 16.7 (40)

ID (irregular) Hs(m) | Tp(s) | Heading | Vs (kts) | Run No.
Twin_Sca F 0 IRR6 12.5 12.0 Foll. 0.0 19
Twin _Sca F 0 IRR7 13.9 13.4 Foll. 0.0 17
Twin Sca H V_IRR7 13.9 13.4 Head 16.7 52
Twin Sca F 0 IRRS8 14.8 14.8 Foll. 0.0 18
Twin _Sca H V_IRRS 14.8 14.8 Head 16.7 51

Note)

- Run No.’s in the parenthesis denote runs that “RM_aft” signal was not recorded

12 (s)
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E 3.6 7 I FFF (13,000 TEV)

Mod Ballast Scantling Mode sh
ode ode shape
Measured Calc. Measured Calc. P
VBM_FWD: VBM_FWD:
0.44 Hz 0.32 Hz
Ist VBM_MID: VBM_MID: \/
- 0.54 Hz - 0.38 Hz
peak | 0.46 Hz 0.34 Hz (2-node vert.
VBM_AFT: VBM_AFT: bending)
0.46 Hz 0.33 Hz
VBM_FWD: VBM_FWD:
1.04 Hz 0.78 Hz
2nd | VBM_MID: VBM_MID: /\/
- 1.02 Hz - 0.77 Hz
peak 1.04 Hz 0.84 Hz (3-node vert.
VBM_AFT: VBM_AFT: bending)
1.07 Hz 0.81 Hz
VBM_FWD: VBM_FWD:
1.59 Hz 121 Hz
3rd | VBM_MID: VBM_MID:
- 1.47 Hz - 1.14 Hz
peak | 1.65Hz 1.23 Hz (4-node vert.
VBM_AFT: VBM_AFT: bending)
1.56 Hz 1.21 Hz
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VBM fwd (MNm)

VBM mid (MNm)

VBM aft (MNm)
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(e) VBM at St. 5 (f) PSD of VBM at St. 5
Y 3.6 4 Aol 9% VBM A& 2 F34 54 (13,000 TEU, ballast)
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VBM mid (MNm)

VBM aft (MNm)
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(a) PSD of incident wave
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(b) PSD of vertical bending moment at midship
19 3.9 97 85 F3 54 o (WF @ HF A&)

54 ATE A st 2 7K 24 9HE e,
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Pitch (deg)
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RM_fwd (

RV_fwd (m/s) VSF_aft (MN)  VBM_aft (MNm) ~ VSF_mid (MN) VBM_mid (MNm)  VSF_fwd (MN) VBM_fwd (MNm) Vacc_aft (m/s2) Vacc_fwd (m/s2) AM_aft (m)

RV_aft (m/s)

T T T T T
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T T T T T J T T T
250 500 750 1000 1250
Time_f [s]
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A 7¢Hl, Run7)

78 , 1 2r H «-::1 T



LLLLLLLLLLLLLLL

~
® o -mMw own
Lolalalal | | Lolalyl

- N W 3
Lalolyl
~
=

YANNAR! . Iy A
oAl

I
wond

Lilalalaly i

J 1

.

£

£

K

K

K

1

1 hE:

A

E

k!

A

LL,LJ.LLLLLJ.LLJ.LLLLLLLLLuLLLLLLLLLJ.J.LI.LL‘ U.L LL“.‘ LLUJLLLLU‘LI_

T T

1Ly

A l‘IIlL\L i l | | \ll[l ’ \H H ’ h IL‘{|[ILIL|‘llLLILLI‘||

b ‘ LLMH‘llllllltLL[LLH[LH[LLLLL[LLMLLLHLH“[H’L

lll[LLLL[LLLL[LLll

T T T y T
250 500 7
Time_f [s]

T T T
1000 1250

a9 312 A2% 48 AAE 4 (13,000 TEU, ballast, A7 FX 3}, A=

¢ #ll, Run7)

79

-

\J

ﬂ hl]




Heave (m) Wave (m)

Pitch (deg)
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P_S0.5.1.f VBM_aft1_ff VBM_mid1_ff Vacc.aft_ff RV_aft_f Wave_ff

P_St0.25.1.f

Wave_ff

P_S10.5.1.f VBM_aft]_ff VBM_mid1_ff Vacc_aft ff RV_aftf

P_St0.25.1.f

T
675 700 25
Time_f

(a) Regular following waves (Run7)
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(b) Irregular following waves (Run9)
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¥ 37 &4 A7 §tE4 #<2l (13,000 TEU)

Quantities | Run8/Run7 | Run5/Run4 | Run21/Run20 | Runl6/Runl5
Wave 100% 100% 100% 100%
Heave 100% 104% 97% 101%
Pitch 99% 102% 99% 101%

RM_fwd 99% 110% 102% 119%

RM_aft 100% 102% 101% 100%
RV _fwd 100% 111% 88% 122%

RV _aft 100% 101% 106% 108%
Vacc_fwd 103% 116% 107% 106%
Vacc_aft 106% 117% 89% 96%
VBM_ fwd 102% 119% 98% 109%
VSF_fwd 102% 110% 100% 104%
VBM_mid 102% 108% 99% 102%
VSF_mid 104% 107% 106% 100%
VBM _aft 102% 106% 99% 102%
VSF_aft 101% 105% 100% 103%

P flare - - - -
P_bottom - - 109% 99%

P_stl-1 101% 113% 115% 0%

P_st1-2 95% 108% - 46%

P_stl-3 77% 116% - -

P_stl-4 98% 115% 100% 49%

P_stl-5 115% 117% - 150%

P_stl-6 93% 113% - -

P stl-7 97% 100% - 106%
P st0.5-1 107% 130% - 98%
P _st0.5-2 118% 126% - 101%
P st0.5-3 92% 128% - 92%
P st0.25-1 109% 148% - 82%
P st0.25-2 113% 167% 140% 88%
P_st0.25-3 81% 138% - 101%
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Repeatability (Run7, Run8, scaled by incoming wave)
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¥ 3.8 YA guel &3 2] #A (13,000 TEU, Lw=400 m, Au]3}, 0

kts)
.. Response ratio Exponent (n) of X=4,"
Quantities
Run7/Run6 Run8/Run6 Run7/Run6 Run8/Run6
Wave 220% 223% 1.0 1.0
Heave 195% 197% 0.8 0.8
Pitch 184% 185% 0.8 0.8
RM_fwd 130% 130% 0.3 0.3
RM_aft 170% 173% 0.7 0.7
RV_fwd 235% 240% 1.1 1.1
RV _aft 195% 198% 0.8 0.8
Vacc_fwd 322% 337% 1.5 1.5
Vacc_aft 219% 236% 1.0 1.1
VBM_fwd 212% 220% 1.0 1.0
VSF_fwd 194% 201% 0.8 0.9
VBM_mid 231% 240% 1.1 1.1
VSF_mid 193% 204% 0.8 0.9
VBM _aft 239% 247% 1.1 1.1
VSF _aft 198% 203% 0.9 0.9
P_flare - - - -
P_bottom - - - -
P stl-1 291% 298% 1.4 1.4
P stl-2 137% 132% 0.4 0.3
P_stl1-3 - - - -
P stl-4 230% 231% 1.1 1.0
P stl-5 294% 343% 1.4 1.5
P stl-6 - - - -
P stl-7 300% 295% 1.4 1.3
P st0.5-1 292% 316% 1.4 1.4
P st0.5-2 327% 392% 1.5 1.7
P st0.5-3 503% 472% 2.1 1.9
P st0.25-1 477% 530% 2.0 2.1
P _st0.25-2 260% 299% 1.2 1.4
P _st0.25-3 739% 608% 2.5 2.2
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Wave height variation (relative response to Run6)

(Runé6/6)
BHW=19.6 m
(Run7/6)

BHw=19.6 m
(Rung/6)
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(a) Relative responses to those of Run6

Impact pressures (wave height variation)
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(b) Impact pressure

Wave height variation ("n" in X=A,")

BHW=19.6 m
(Run7/6)
BHW=19.6m
(Rung/6)
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A,
A 979 #A (13,000 TEU, Lw=400 m,

w3}, 0 kts)

(c) Exponent (n) of X:
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(2) Hw=9.8 m (Run6)

(c) ﬁ“F19.6 m (Run8)
I¥ 320 YA g3e] dE 4Y H3e] &

] 3}, 0 kts)

95

9.5

(b) Hw=19.6 m (Run7)

B ¥ (13,000 TEU, Lw=400 m,

A 2ol &



(a) Hw=9.8 m (Run6) (b) Hw=19.6 m (Run7)

(¢) Hw=19.6 m (Run8)
a9 321 YA Bae] mE FESG AS (G X (13,000 TEU,
Lw=400 m, A11]3}, 0 kts)
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(a) Hw=9.8 m (Run6) (b) Hw=19.6 m (Run7)

28

(c) Hw=19.6 m (Rung)
I¥ 3.22 A gtae] BE HJ3 FAY AT (Cr)d £F (13,000 TEU,
Lw=400 m, 417]3} 0 kts)
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duto]  AAl Fst= g wle ErFRAQd FA4SE dEn
o olgd FAS AHA¥ olEow JHF FfASH Edse WHe
@by =51 A 3 (short-crested irregular waves)® 7Fg k= Zlolth 1#u
Gy E A IE REAIE AEeA Adete A A ALY Ak
Tox BV % Utk "Rl FrxeAes 2 SS9 x99
A2 7F §l7] wiEoll A3y =472 I} (long-crested irregular waves) F L E
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Pmax (bar, ballast), Design Wave (Run7/Run8) vs. Design Sea State (Run9, 2 para. Weibull)
16.0
14.0

10.0
8.0
6.0
4.0 +
20

@Run7
@Run8

@Run9_3hr
0.0 - =

5 5 5 5 5 5 5 5 5 5 5 5 5 5
E & 8 E & 8 E & 8 S E 8 S E &
3 3 e 3 3 3 : 3 2 o 2 ¥ s ° 2
B 7 5 B & 7 &, = 7 &, B & B B =
] ] | d ] | | d | | d | | d

¢ 3 o o o 5 w @ D o o o o o o
H 1 o o a2 2 4 4 2 A A A @ 3 3
= z % B o B B e kd =] =] =} ] ¥ !
o g | | | | | | | =) 2 g S S S
S o o a o o a o | I I i3 @ @

o o o
o o ol ol

a¥ 3.23 AAgs} A G E A ¥ 313 (13,000 TEU, ballast,
w5}, 0 kts)
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9.5 . 37

(a) Hw=19.6 m, Lw=400 m, regular (b) Hw=19.6 m, Lw=400 m, regular
(Run7) (Rung)

(c) Hs=13.9 m, Tp=13.4 s, irregular
(Run9)
% 3.24 AATe AA A3 g A 4 93 £X (13,000 TEU,
ballast, A1 7|3}, 0 kts)
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(a) Hw=19.6 m, Lw=400 m, regular (b) Hw=19.6 m, Lw=400 m, regular
(Run7) (Rung)

658306
TE+05 1
BE+05
5E+05

Q 4E+05
S

BE+05

2E+05 -

100000

(c) Hs=13.9 m, Tp=13.4 s, irregular
(Run9)
O% 325 AAe A EE A TS AT (CpE EE (13,000
TEU, ballast, A1 17]3}, 0 kts)

101 ; ,H {l 1_'_” 'a:ﬂr W



(a) Hw=19.6 m, Lw=400 m, regular (b) Hw=19.6 m, Lw=400 m, regular
(Run?) (Run8)

18

(c) Hs=13.9 m, Tp=13.4 s, irregular
(Run9)
19 3.26 2Ae 2A 3 EEAA Y HA FAY AT (Ce)S] BE
(13,000 TEU, ballast, A1 7] 3}, 0 kts)
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Pmax (bar, scantling), Design Wave (Run48) vs. Design Sea State (Run17/Run18/Run19, 2 para. Weibull)

BRundg
BRun17_3hr
®Run18_3hr

' BRun19_3hr

ave (bar)
(bar)
(bar)
_ave (b
(bar)
ave (bar)
_ave (bar)
(bar)
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P_st1-6,

P_st0.5-2.

P_flare

P_st0.25-1_ave (bar)

P_st0.25-2_ave
P_st0.25-3

I 329 AT} AA SAANEHANAY 8 93 (13,000 TEU, scantling,
A4 A9, An] B2}, 0 kts)
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6 6 3.5

(a) Hw=28.2 m, Lw=292 m, regular (b) Hs=12.5 m, Tp=12.0 s, irregular
(Run48) (Run19)

(c) Hs=13.9 m, Tp=13.4 s, irregular (d) Hs=14.8 m, Tp=14.8 s, irregular
(Run17) (Run18)
¥ 330 HAsst A R E A 4 939 EE (13,000 TEU,
scantling, A4 3 3}, Av] B33} 0 kts)
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(a) Hw=28.2 m, Lw=292 m, regular (b) Hs=12.5 m, Tp=12.0 s, irregular
(Run48) (Run19)
188866 \NK
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(c) Hs=13.9 m, Tp=13.4 s, irregular (d) Hs=14.8 m, Tp=14.8 s, irregular
(Run17) (Run18)
1% 331 A 2A s dEA Y TS AT (Cpel EE (13,000
TEU, scantling, A= 7133}, HAu] E5f3 3}, 0 kts)
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(a) Hw=28.2 m, Lw=292 m, regular
(Run48)

2

250

(c) Hs=13.9 m, Tp=13.4 s, irregular
(Run17)
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250 —

(b) Hs=12.5 m, Tp=12.0 s, irregular

(Run19)

(d) Hs=14.8 m, Tp=14.8 s, irregular

(Run18)

19 3.32 A AA SEEA Y F3 AL AT (C)S EX
(13,000 TEU, scantling, A3 T+ 5}, Au] B3 9}, 0 kts)
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I% 333 Ad 2%, Ad £5 2 48 #4 (13,000 TEU, scantling,
Hw=28.2 m, Lw=292 m, A<= 733}, 0 kts, Run48)
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RM_aft_ff [m]
I% 334 A 25, Ad S5 2 48 #4 (13,000 TEU, scantling,
Hs=14.8 m, Tp=14.8 s, A 1] &7 3}, 0 kts, Run18)
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gt EarH k. FelA AlFASE AAE Bluekgith Ballast oA =
Twin_Bal F 0 IRR7 (Run9), scantling =71 A4]:= Twin_Sca F 0 IRR7 (Runl7)
e 747 dAsel 1 AdE vkt 7 23 25 Hs=13.9 m,
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FA =001, station 0.59} station 0.25°0A+= F A4 = ballast 710 A
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A o & gl SAHAT. ST 4 A8 FHA, A4S AT
7 3360 dEbdTE 27 3360014 FAStH

v g =EQPEE Fxet v & @S JEhia ss E1E F
o, 92 FAS Age v¥wF kgl FxE Yehda Jdss
sk 4 =, scantling 7oA el 3= FASY AF7F ballast =71
& =

H
2 HAT 5 Tk o2 scantling £ANA A &

D

Pmax (bar), ballast draft (Run9) vs. scantling draft (Run17) (2 para. Weibull)

40— B Run9_3hr

20— ®Run17_3hr

(bar)
_ave (bar)
(bar)
(bar)
(bar)
ave (bar)
(bar)
(bar)
(bar)
_ave (bar)
_ave (bar)
_ave (bar)

P_st0.5-3_ave
0.25-2_ave (bar)
0.25-3 _ave (bar)

P_st0.5-2_ave

P_st0.5-1_ave

P_st1-7_ave

P_flare_ave

P_bottom_ave
P_st1-1_ave
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P
P

I9 335 Z xtolo] @& ¥ 93 H|W (13,000 TEU, A7}, 0 kts,
Hs=13.9 m, Tp=13.4 s)
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(a) Pressure, ballast (Run9) (b) Pressure, scantling (Runl7)
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(d) Cp, scantling (Runl17)
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(e) Cp,, ballast (Run9) (f) Cp,, scantling (Runl7)
a9 336 5 Aole] O ¥ 939 X (13,000 TEU, A3}, 0 ks,
Hs=13.9 m, Tp=13.4 5)

B e

F -



3.1.11 ol 37 5ol w|A = FF
dutF o ZYHe FRHoR I TS FHste How &
RAAG, S HAPoz sty WA mE stFo] HESH Hal oZ
Aste] A HFo]l TASA Huh S WAoo w st [l v
stzol vy WahEx] Aw Rt
A AESE RS BE A Ane 7 XA 549 A
Y T4 =g Fae] Fgks 19 3399 YERItE 2§ 3395
Ha dul S "ol B A 5389 AE 22 ballast 27190
Twin Bal F 0 REG2 (Run7, Run8)©]™ scantling %711 Twin Sca H 0 REG4
(Rund®)°] 7 thxo & & Aw &Yy o] 49 x7lo|th
A& 7oA FAet gl st VBMO RMS $HS 3 FIb¢
AR (WFI 11 Fab¢ AR HF)CZ FR8to] 1% 3370 YeEhida
o] FelA HF o] WF AFolA AAets vl&ES 3Fe] st
dgoz Fristel 19 3.389 YERSIT
Aul a7 bgel 7 A S4E 22 ballast o AR o
atzo] 7bd AA SAY AL scantling olw HAEa F AX Lg o]
9= 7% (Twin Sca H V_REG6)°]T}E. o] %719 ¢ Agito] Lao]
A Az AdnFelxes A &Yool AEA  Skth oA
scantling 7oA FX oA AH¢utE vk Twin Sca H 0 REG4
239 A & 37 dgol SAHNEH o Ageols Advl &£d49
dEE #H A SHHEAG o] AS HF AdEo] HA g shFelA
24 e vlES A5 EEyo]l A Agol wlsiA  #th whEbA
el st = st S SHAAA An & Hue A
Y-S AHs] nyste Zol u% Fasttta & 4+ gtk
Ballast 7104 Adw] Z#jwo] 7}d A =4 ¥ Twin Bal F 0 REG2
7oA = sks AR F 3B IS WF AR 3% sk of
60~70% <T=°|™, scantling FAANA Hu] &Yool 7HF AA SHE
Twin_Sca H_0_REG4 =79 4 %% I WF T °F 38-52%
el s gstct.
o5 stFellA 3] JFFol v &R M F FES AAekeE 20
Twin Bal F 0 REG3¥} Twin Sca F 0 REG7¢]™ Z+7z 3]s AJ&o] WF
9 119%el sttt o] 252 Ae Adv] EYHS o=
AA 9 et A7I7F ASk7] wEel ddHow
F7he Aot}
A 2-t)) @

T

A9 171%
A% wgatgl ot
o ol =7

115

ol
ofl



_HF (MNm)
EVBM_fwdl_WF

BVBM_fwdl_HF

7000

6000

5000

4000

3000

2000

1000

_WF (MNm)

(TSUNY) 8YYI"A H IS uIm]
(8TUNY)"8YYI 0 4 €S UIML
(ZSuny)™Z48ITA"H Bas UM
(£Tuny)™ 2481704 easTUIML
(6TUNY)"9HYI 0 4 €S UMy
(OpuUNY)"0TOIY A H 8S UM
(6€UNY) 6934 0 H ©IS uUIML
(€2uny) 8934 0 H ©IS UIML
(9TUNY) /9340 4 835 UIML
(STUNY)™£D3Y 0 4 BIS UIML
(ppuny)"993y A”H eds UM
(65Uny)"SOY ATH edS UM
(TZuny)"SO34 A 4 eos umy
(0zuny)"S93Y A4 eISTUIML
(87UNY) ¥OIY 0 H ©IS UIML
(6Uny)”ZYYI 0 4 (g uIML
(Suny) €934 0 4 je@ UIML
(yuny)"€93¥ 70 4" leg umL
(8uny)"zo3¥ 0 4" leg umL
(2uny)"z93¥70 4" leg umL

(9uny)"TO3Y 04" leg umL

(a) VBM at forward section

_HF (MNm)
BVBM_mid1_WF

B VBM_midl_HF

12000

10000

8000

6000

4000 -+

2000 -

_WF (MNm)

(TSUNY)"8YHI"A™H BS UIML
(8TUNY)"8YYI0 47 8IS UIML
(zguny)”ZY8I"A"H Bs UM
(£TUNY)™Z¥Y170 47825 UIML
(6TUNY)"9¥YI"0 47835 UIML
(0puny)"0TOIY A H edS UIML
(6EUNY) 6930 H ©IS UIML
(€2uny)"893¥ 0" H €35 ML
(9TUNY) 293470 4 835 UIML
(STUNY)™293470 4" €5 UM
(ppuny)"993¥ A"H eds UM
(67UNY)"SOIY ATH IS UIML
(Tzuny) 5938 A 4 eas UIML
(0zuny)"SO3Y A4 8IS UM
(87UNY) ¥OIY "0 H €IS UIML
(6uny)™Zy¥I"0 47 1eg umy
(Suny)"€03Y ™0 4" leg umL
(Puny)"€03470 4" leg umL
(8uny)"zo3¥ 0 4 leg UMl
(2uny)"zo3y ™0 4 1eg umL

(9uny)"TO3¥ 0 4" leg umL

(b) VBM at midship

(MNm)

@VBM_aftl_HF
@VBM_aftl_WF

6000

5000

4000

3000

2000

1000

(MNm)

(TSUNY)"8YYITATH eIs UM L
(8TUNY)"8YYIT0 4 BIS UIML
(ZSuny)™2¥¥IA"H eas UMy
(£TUNY)™Z¥Y170 4 €3S UIML
(6TUNY)"9¥YI"0 4~ 835" UIML
(0yuny)"0TOIY A H B3S UMy
(6EUNY) 69340 H €S UIML
(£2uny) ™8I0 H €IS UIML
(9TUNY) 293470 4 B35 UIML
(STUNY) 29340 4825 UMy
(ppuny) 9934 A"H IS UIML
(67uny)"SOIY ATH €IS UIML
(Tzuny)"§934 A"4 B2 uImL
(0zuny)"5O3Y A4 BIS UIML
(87UNY) " ¥OIY 0 H IS uImL
(6uUny)”2YYI"0 4 g umy
(Suny)"€03¥ 0 4 leg umL
(yuny) €034 ™0 4" leg  umL
(8uny)"zo3¥ 0 4 leg umL
(2uny)"zo3y ™0 4" 1eg umL

(9uny)"TO3¥ 0 4 leg umL

(c) VBM at aft section

19 3.37 93] g%

23 EYE (13,000 TEV)

116



P (%)
p (%)
P (%)

@VBM_mid1l_Whi

@VBM_fwdl_Whi

@VBM_aftl_Whi

(TSUNY)"8YYI A H Bas umy
(8TUNY)"8YYI0 47 €3S UIML
(SuUnY)™LYYIATH BaS UM
(£TUNY)”2¥Y170 47825 uImL
(6TUNY) 9YYIT0 4 25 UIML
(0puNy) 0TOIY A H 85 UIML
(6€UnY) 69340 H B UIML
(€Tuny) 8934 0 H €IS UIML
(9TUNY)™293470 4 €5 umL
(STUNY) ™23 0 4 805 UIML
(p¥uny) 9934 A H €5 uImL
(67UNY)"SOIY A H IS UM
(TZuny)"SO3Y A4 edS UMl
(0zuny) ™S9 A 47e3S UM
(87UNY) ¥OIW 0 H €IS UIML
(6uny)™/¥¥I"0" 4" leg " umL
(Suny)"€934 0 4 leg umL
(puny)"€93¥70" 4 |eg uIML
(8uny)"zo3¥ ™0 4 |eg  umL
(2uny)"z93¥70" 4 |eg uML

(9uny)"TO3¥™0 4 |eg umL

9] H]& (13,000 TEU)

1‘53:

%

(bar)

(bar)

(bar)
(bar)
(bar)
(bar)

(bar)

OP_st0.25-3_ave

@P_st0.25-1_ave

@P_stl-7_ave
@P_st0.5-1_ave
@P_st0.5-2_ave
@P_st0.5-3_ave
@P_st0.25-2_ave

(TSUNY)"8YYI AT H €3S uIML
(8TUNY)"8YYI 0 4 BIS UIML
(z5uUny)™Z4YIT A H B umL
(£TUNY)™£¥¥170 47 B2S UIML
(6TUNY) 9UYIT0 4 89S UM
(0puny) 09I A H IS UIML
(6EUNY) 69340 H IS UIML
(€zuny)"893W 0 H BIS UIML
(9TuUNY)™£934 70" 4 €3S UImL
(STUNY)™/93470 4 eas umL
(ppuny)"9938 A"H 85 UIML
(67UNY)"SOIY A H 8IS UM
(Tzuny)7SO3W A4 eas umL
(0zuny)"SOIY A4 eIS UIML
(87UNY) ¥DIW 0 H €IS UImL
(6uny)™2yyI"0 4" leg umL
(Suny)"€934 0 4 leg umL
(puny)"€93¥70 4 |eg umL
(8uny)"z93y 0 4 |eg umL
(2uny)"z93y 7074 jeg umL

(9uny) 1934 0 4 leg umy

5 % 8 8 & §
3§ 3338 8 8
¢ g 2 v g ©
g2 ¢ ¢ ¢ g
A ASS
RO A A N 4
O A
ﬁ_ ﬁ_ ﬂ, “7 ﬂ_ ﬂ_
o' o' ol ol o ol
2B 8 08B0
=
< & ® © v ~ O
A

A &4 939 B (13,000 TEV)

Z=
=

a9 3.39 An)

117



32 5500 TEU ¥ Zdo|Y 44

g Ade] Feo Ay AFEE SRS AA x2S 1 3.9
eItk BEAL 1526 FHoE UFE o]&dte] Azselod
o A= w2l 13,000 TEU 5 ZH oY WA o]l 499 Fdsich

¥ 39 @& 5500 TEU F oy ¥kxe £ Ad 4 FA =A

Designation Symbol Unit Design
Length between perpendiculars LBP m 263.0
Breadth B m 40.0
Draft FP TF m 10.47
AP TA m 13.14
Mean ™ m 11.81
Segment Segment2 Segment3 Segment4
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@ Incoming wave at forward of the model, relative motions at Stations 1.095 and 20

@ VBM, VSF at Stations 5, 10 and 15
@ Vertical acceleration at Stations 0 and 20

@® Heave, pitch at LCG

@ Pressure at Stations 0.25, 0.5, 1.095 and 20
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E 3.10 5% FE (5,500 TEV)

Ch Quantity X (fwd AP) Y (to STBD) Z (above BL)
1 Incident wave elevation Front of vessel Port side Free surface
2 Heave displacement CoG Centerline Deck
3 | Pitch angle CoG Centerline Deck
4 | RM at FP FP Port side
5 RM at AP AP Port side
6 Vertical acceleration at FP FP Centerline Deck
7 Vertical acceleration at AP AP Centerline Deck
8 Longitudinal strain at St.15 Station 15 Centerline 11.309 m
9 | Longitudinal strain at St.15 Station 15 Centerline 11.309 m
10 | Horizontal strain at St. 15 Station 15 Centerline 9.994 m
11 | Diagonal strain at St. 15 Station 15 Centerline 9.994 m
12 | Vertical strain at St. 15 Station 15 Centerline 9.994 m
13 | Longitudinal strain at St.10 Station 10 Centerline 11.888 m
14 | Longitudinal strain at St.10 Station 10 Centerline 11.888 m
15 | Horizontal strain at St. 10 Station 10 Centerline 10.283 m
16 | Diagonal strain at St. 10 Station 10 Centerline 10.283 m
17 | Vertical strain at St. 10 Station 10 Centerline 10.283 m
18 | Longitudinal strain at St.5 Station 5 Centerline 11.677 m
19 | Longitudinal strain at St.5 Station 5 Centerline 11.677 m

20 | Horizontal strain at St. 5 Station 5 Centerline 10.178 m

21 | Diagonal strain at St. 5 Station 5 Centerline 10.178 m

22 | Vertical strain at St. 5 Station 5 Centerline 10.178 m

23 | Pressure flare at FP FP 2.734 m 20.000 m

24 | Pressure bottom at Fr.18-1 Fr. 18 3.156 m 10.341 m

25 | Pressure bottom at Fr.18-2 Fr. 18 4.734 m 10.610 m

26 | Pressure bottom at Fr.18-3 Fr. 18 6.312m 10.799 m

27 | Pressure bottom at Fr.18-4 Fr. 18 7.890 m 10.958 m

28 | Pressure bottom at Fr.18-5 Fr. 18 9.468 m 11.119 m

29 | Pressure bottom at St.0.5-1 Station 0.5 0.000 m 11.300 m

30 | Pressure bottom at St.0.5-2 Station 0.5 3.156 m 11419 m

31 | Pressure bottom at St.0.5-3 Station 0.5 6.315m 11.584 m

32 | Pressure bottom at St.0.5-4 Station 0.5 9.468 m 11.834 m

33 | Pressure bottom at St.0.25-1 | Station 0.25 0.000 m 11.641 m

34 | Pressure bottom at St.0.25-2 | Station 0.25 3.156 m 11.799 m

35 | Pressure bottom at St.0.25-3 | Station 0.25 6.315m 11.924 m

36 | Pressure bottom at St.0.25-4 | Station 0.25 9.468 m 12.148 m

37 | Pressure bottom at St.0.25-5 | Station 0.25 -3.156 m 11.799 m

38 | Pressure bottom at St.0.25-6 | Station 0.25 -6.315m 11.924 m
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¥ 3.1 ¥4 & (5,500 TEV)

No Quantity Symbol Unit Positive direction
1 Incident wave elevation Wave (or A,,) m upward
2 Heave displacement Heave m upward
3 Pitch angle Pitch deg bow down
4 RM at FP RM fwd m upward
5 RM at AP RM _aft m upward
6 RV at FP RV fwd m upward (calculated)
7 RV at AP RV_aft m upward (calculated)
8 Vertical acc. at FP Vacc_ fwd m/s2 | upward
9 Vertical acc. at AP Vacc_aft m/s2 | upward
10 | VBM at St.15 (total) VBM fwd MNm | hogging
11 | VSF at St. 15 (total) VSF fwd MN fwd body up/aft body down
12 | VBM at St.10 (total) VBM mid MNm | hogging
13 | VSF at St. 10 (total) VSF mid MN fwd body up/aft body down
14 | VBM at St.5 (total) VBM aft MNm | hogging
15 | VSF at St. 5 (total) VSF aft MN fwd body up/aft body down
16 | VBM at St.15 (WF) VBM fwd WF | MNm | hogging
17 | VBM at St. 15 (WF) VBM fwd HF MN | hogging
18 | VSF at St.15 (HF) VSF fwd WF MNm | fwd body up/aft body down
19 | VSF at St. 15 (HF) VSF fwd HF MN | fwd body up/aft body down
20 | VBM at St.10 (WF) VBM mid WF | MNm | hogging
21 | VBM at St. 10 (WF) VBM_mid_HF MN | hogging
22 | VSF at St.10 (HF) VSF mid WF MNm | fwd body up/aft body down
23 | VSF at St. 10 (HF) VSF mid HF MN fwd body up/aft body down
24 | VBM at St.5 (WF) VBM aft WF MNm | hogging
25 | VBM at St. 5 (WF) VBM aft HF MN | hogging
26 | VSF at St.5 (HF) VSF aft WF MNm | fwd body up/aft body down
27 | VSF at St. 5 (HF) VSF aft HF MN fwd body up/aft body down
28 | Press. flare at FP P flare bar compression
29 | Press. bottom at Fr.18-1 P Fri8 1 bar compression
30 | Press. bottom at Fr.18-2 P Fr18 2 bar compression
31 | Press. bottom at Fr.18-3 P Fri8 3 bar compression
32 | Press. bottom at Fr.18-4 P_Frl8 4 bar compression
33 | Press. bottom at Fr.18-5 P_Frl8 5 bar compression
34 | Press. bottom at St.0.5-1 P St0.5 1 bar compression
35 | Press. bottom at St.0.5-2 P St0.5 2 bar compression
36 | Press. bottom at St.0.5-3 P St0.5 3 bar compression
37 | Press. bottom at St.0.5-4 P St0.5 4 bar compression
38 | Press. bottom at St.0.25-1 | P_St0.25 1 bar compression
39 | Press. bottom at St.0.25-2 | P_St0.25 2 bar compression
40 | Press. bottom at St.0.25-3 | P_St0.25 3 bar compression
41 | Press. bottom at St.0.25-4 | P_St0.25 4 bar compression
42 | Press. bottom at St.0.25-5 | P_St0.25 5 bar compression
43 | Press. bottom at St.0.25-6 | P_St0.25 6 bar positive compression
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(a) Model 1 (Station 5) (b) Model 2 (Station 10) (c) Model 3 (Station 15)
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¥ 3.12 A8 =7 (5,500 TEU, Design)

ID (regular) Hw (m) | A (m) Heading | Vs (kts) | Run No.
Sing Des F 0 REGI1 9.5 2235 Foll. 0.0 10
Sing Des F 0 REG2 12.5 223.5 Foll. 0.0 11
Sing Des F 0 REG3 18.8 2235 Foll. 0.0 12
Sing Des F 0 REG4 19.3 267.4 Foll. 0.0 13
Sing Des F 0 REG5 11.8 109.6 Foll. 0.0 14
Sing Des F 0 REG6 16.6 157.8 Foll. 0.0 15
Sing Des F 0 REG7 15.2 186.4 Foll. 0.0 16
Sing Des F 0 REGS 14.8 318.3 Foll. 0.0 17
Sing Des F 0 REG9 12.5 170.0 Foll. 0.0 18
Sing Des F 0 REG10 12.5 263.0 Foll. 0.0 19
Sing Des F 0 REG11 12.5 320.0 Foll. 0.0 20
Sing Des F 0 REG12 12.5 130.0 Foll. 0.0 21
Sing Des F 0 REG13 13.1 223.6 Foll. 17.3 22
Sing Des F 0 REG14 17.0 170.0 Foll. 0.0 23
Sing Des F 0 REGI15 17.0 220.0 Foll. 0.0 24
Sing Des F 0 REG16 17.0 263.0 Foll. 0.0 25,29
Sing Des F 0 REG17 17.0 320.0 Foll. 0.0 26
Sing Des H 0 REGI18 10.4 223.6 Head 0.0 33
Sing Des H 0 REG19 13.1 203.8 Head 0.0 35
Sing Des H 0 REG20 15.4 223.6 Head 0.0 36
Sing Des H 0 REG21 12.7 3184 Head 0.0 38,39
Sing Des H 0 REG22 15.9 385.2 Head 0.0 40
Sing Des H 0 REG23 11.1 125.8 Head 0.0 41
Sing Des H 0 REG24 21.7 475.6 Head 0.0 42
Sing Des H 0 REG25 8.8 263.0 Head 17.3 45
Sing Des H 0 REG21 12.7 318.4 Head 17.3 46
ID (irregular) Hs(m) | Tp(s) | Heading | Vs (kts) | Run No.
Sing Des F 0 IRR6 12.5 12.0 Foll. 0.0 27
Sing Des F 0 IRR7 13.9 13.4 Foll. 0.0 28
Sing Des F 0 IRRS 14.8 14.8 Foll. 0.0 31
Sing Des F V_IRR8 14.8 14.8 Foll. 17.3 30
Sing Des H 0 IRR6 12.5 12.0 Head 0.0 37
Sing Des H V_IRR6 12.5 12.0 Head 17.3 43
Sing Des H V_IRR7 13.9 13.4 Head 17.3 44
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el Al wEIARZ RS Bl HE AHAA T4 AES
@*10}04 SR uf FuFE gRleglon I A= 19 343 4

& 3.3 YERASlTE 13,000 TEU = ZE o] Ao Hlste] 33 314
Fugr £ 9 1 Fug goow BI¥stu e 2SS Fad = Q.
54 Aol HgstdsE 42 1H AEFE 4HS P S
et 7] wlitel olejst AgHE UAREA EAEITE o= ALt
2aS AR wHEA gk7] wio] AAbst af Fukeke] vl §HA|
orokor} 9k 13,000 TEU 7 ZH oY Subdojrsl o] AMe w1

4% BAE Aow e,

N

¥ 313 +% I FAFF (5,500 TEU)

Design
Mode Measured Calc. Mode shape
VBM_FWD: 0.50 Hz
Istpeak | VBM MID: 0.50 Hz N/A \_/
VBM_AFT: 0.48 Hz (2-node vert. bending)
VBM_FWD: 1.08 Hz
2nd peak | VBM_MID: 1.09 Hz N/A /\/
VBM_AFT: 1.08 Hz (3-node vert. bending)
VBM_FWD: 1.65 Hz
3rd peak | VBM_MID: 1.67 Hz N/A \/\/
VBM_AFT: 1.69 Hz (4-node vert. bending)
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(c) VBM at St. 10 (d) PSD of VBM at St. 10
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(e) VBM at St. 5 (f) PSD of VBM at St. 5
I9 343 T3 Ao g% VBM AE W F35 EA (5,500 TEU, design)
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¥ 3.14 573 dHe w2 <l (5500 TEU)

Quantities | Run25/Run29
Wave 100%
Heave 105%
Pitch 101%

RM_fwd 99%
RM_aft 104%
RV _fwd 98%
RV _aft 102%
Vacc_fwd 99%
Vacc_aft 95%

VBM_ fwd 103%

VSF_fwd 103%

VBM_mid 105%

VSF_mid 99%

VBM _aft 100%

VSF_aft 101%
P flare -
Fr18-1 117%
Fr18-2 112%
Fr18-3 142%
Fr18-4 129%
Fr18-5 121%

P_st0.5-1 109%

P_st0.5-2 198%

P_st0.5-3 100%

P_st0.5-4 78%

P_st0.25-1 -

P st0.25-2 135%

P st0.25-3 84%

P st0.25-4 92%

P st0.25-5 117%

P _st0.25-6 106%

P st0.25-2 113%

P st0.25-3 81%
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X 3.15 YA gk &4 9He @A (5,500 TEU, Lw=223.5 m, A 7|3},

0 kts)
.. Response ratio Exponent (n) of X=4,"
Quantities
Runl1/Runl0 | Runl2/Runl0 | Runll/RunlO | Runl2/Runl0
Wave 135% 192% 1.0 1.0
Heave 151% 257% 1.4 1.5
Pitch 131% 189% 0.9 1.0
RM_fwd 130% 196% 0.9 1.0
RM_aft 166% 259% 1.7 1.5
RV_fwd 147% 428% 1.3 2.2
RV _aft 198% 314% 2.3 1.8
Vacc fwd 132% 249% 0.9 1.4
Vacc_aft 153% 264% 1.4 1.5
VBM_fwd 158% 233% 1.5 1.3
VSF_fwd 146% 155% 1.3 0.7
VBM_mid 143% 196% 1.2 1.0
VSF_mid 102% 112% 0.1 0.2
VBM _aft 132% 175% 0.9 0.9
VSF _aft 236% 154% 2.9 0.7
P_flare - - - -
P fr18-1 183% 652% 2.0 2.9
P fr18-2 141% 519% 1.2 2.5
P fr18-3 - - - -
P fr18-4 143% 400% 1.2 2.1
P fr18-5 108% 304% 0.3 1.7
P _st0.5-1 178% 242% 1.9 1.4
P_st0.5-2 99% 446% 0.0 2.3
P st0.5-3 134% 451% 1.0 2.3
P st0.5-4 89% 312% -0.4 1.8
P st0.25-1 148% 530% 1.3 2.6
P st0.25-2 132% 438% 0.9 2.3
P st0.25-3 132% 204% 0.9 1.1
P st0.25-4 134% 210% 1.0 1.1
P_st0.25-5 130% 286% 0.9 1.6
P st0.25-6 101% 126% 0.0 0.4
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A 979 #A (5,500 TEU, Lw=223.5 m,
A1) 3, 0 kts)
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(c) Exponent (n) of X:
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(a) Hw=9.5 m (Run10) (b) Hw=12.5 m (Runl1)

(c) Hw=18.8 m (Run12)
I¥ 3.47 QA e dae e 4 93 BE (5,500 TEU, Lw=223.5 m,
w5}, 0 kts)
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(c) Hw=18.8 m (Run12)
39 348 YA o wE FAY AT (Cp)e X (5,500 TEU,
Lw=223.5 m, A1) 3}, 0 kts)
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Sing Des F 0 REG12 (Lw=130 m, Run21)
Sing Des F 0 REG9 (Lw=170 m, Run18)
Sing Des F 0 REG2 (Lw=223.5 m, Runl1)
Sing Des F 0 REG10 (Lw=263 m, Runl9)
Sing Des F 0 REGI11 (Lw=320 m, Run20)
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Wave length variation (Hw/Hs=12.5 m, Vs=0 kts, following sea)
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P_flare_ave
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Sing Des F 0 REG14 (Lw=170 m, Run23)
Sing Des F 0 REGI15 (Lw=220 m, Run24)
Sing Des F 0 REG16 (Lw=263 m, Run25, Run29)
Sing Des F 0 REG17 (Lw=320 m, Run26)
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Wave length variation (Hw=17.0 m, Vs=0 kts, following sea)
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Wave length (m)
Wave length (m)

T T
k 4 1 § 7 8

Wave amplitude (m) Wave amplitude (m)

(a) P_fr18-1 (b) P_fr18-2

ngth (m)
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Wave le
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Wave amplitude (m) Wave amplitude (m)

(c)P_fr18-3 (d)P_fr18-4

Wave length (m)
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Abstract

An Experimental Study on the
Prediction of Stern Slamming Loads
on Containerships

Hyun-ho Lee
Department of Naval Architecture and Ocean Engineering

The Graduate School
Seoul National University

Studies on the ship’s slamming problem have long been performed by many
researchers but the physics behind the phenomenon are still not fully uncovered due
to the complexity of the problem. Therefore, it is not easy for a naval engineer to
consider the slamming loads in the design spiral properly. Even though there are
many results available for slamming loads most of them are focused on the bow
slamming problem. This is quite reasonable because most of the slamming damages
are reported around bow regions. However, the aft-body hull form of the recent
container carriers is more vulnerable to the stern slamming loads due to increased
breadth and decreased deadrise angle.

This thesis deals with containership’s stern slamming loads through two kinds of
model scale experiments, one is free fall wet drop tests onto calm water and the other
is seakeeping tests in waves. Wet drop tests have been performed for five different
two dimensional models such as three simple wedges with deadrise angles of 0, 5 and
10 degrees, and two stern bulb sections of modern container carriers. Seakeeping tests
with segmented models have been performed for two containerships one with single
stern bulb and the other with twin stern bulbs in regular and long-crested irregular
waves.

The impact pressure coefficients (Cp) for stern sections from wet drop tests are
much less than those from estimated by Stavovy & Chuang’s empirical formula or by
Wagner’s theory. This means that applying the simple empirical formula or the theory
results in a conservative design. The peak impact pressure coefficients (Cp,) from
seakeeping tests in waves are also much less than those from the simple empirical
formula or the theory. The results from seakeeping tests in ballast condition are
roughly about a half of those from wet drop tests even though it was not easy to
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compare the results rigorously.

Seakeeping tests revealed that the stern slamming occur more easily or more
violently in some conditions; in zero speed case rather than forward speed case, in
following seas rather than head seas, in ballast condition rather than scantling
condition. Container carriers are operated in a loaded condition in most of the lifetime
and it is very rare case to be operated in ballast condition. Therefore, a reasonable
design condition for stern slamming loads is a ship in design or scantling draft with
zero speed in following seas.

The stern slamming occurred in a lower relative velocity than Ochi & Motter’s
critical relative velocity which was derived from bow bottom slamming cases. Also,
the stern slamming inception velocity in irregular waves was lower than that in
regular waves. The peak impact pressure coefficients in irregular waves are larger
than those in regular waves. Therefore, the design sea state approach will result in a
more conservative stern slamming design loads than the design wave approach.

Stern slamming loads induce whipping vibrations on the hull and the vertical
bending moment of the ship increases accordingly. The amount of total vertical
bending moment due to stern slamming is found to be less than that due to bow
slamming. Therefore, it is sufficient to consider only the bow slamming loads in the
longitudinal global hull girder strength assessment and to consider stern slamming
loads in the local strength assessment.

Keywords: Stern Slamming, Wet Drop Test, Seakeeping Test, Impact Pressure
Coefficient, Whipping
Student Number: 2007-30800
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