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Abstract

The concept of the Mobile Harbor had been made recently as a kind of feeder vehicle to transfer a certain amount of container boxes
(i.e. 250 TEU at a time) from main ocean container vessels over 5000 TEU capacity to the container terminal on land, In a harbor a
short distance apart from the land, the container loading/unloading operation has to be performed on the main deck of the Mobile
Harbor using the container cranes in the state of side—by—side mooring with protection of fenders and robot arms in the gap, Even
under the ocean condition of the sea state class 2 or 3, the operation has to be confirmed to be safely performed, In this situation, the
floating bodies considering the multiple—body interaction effect also has to be examined whether they might behave safely or not,
Especially, this study focuses on the dynamic behavior of the Mobile harbor when a container box is hanged on the crane and the
impact load due to the slewing motion is imposed in a certain sea state, The motion response should be controlled within the motion
level to assure the safe operation,

Keywords : Multi-body interaction effect(CIax| =1, Dynamic stability(S& QFH4A), Crane impact load(ZQl S22,
Side—by—side mooring(EH&A|F). Fender(2IE), Robot arm(XAFsEZAEX))
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Table 1 Particular data of hanuri training vessel and
gunwoo barge

item Hanuri Gunwoo

DWT 42k DWT 70k DWT
LOA or LBP 86.85 m 75 m
Breadth 15 m 23 m
Depth 7.2m 465 m
Draft(design) 45m 455 m
Cb 0.703 0.936

KG 6.55 6.55 m
Kxx 6.0 m 9.2m

ngdr;“tfosf Kyy 20.64 m 18.0 m
Kzz 20.64 m 18.0 m

|10

Table 12 SAZIILHUAML XZ0IMH, 2LHBHE2 2HEfAl
2 Ka = 0.4B Ky = Ky = 0.24LBP (Bhattacharyya, 1978)
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Table 2 Environmental conditions depending on the sea

state

Significant Wave Modal Wave Sustained
Sea . . Wind
State Height(m) Period(sec) Spesd(knots)
Num Most
ber Range I\/Ir(?a Range Prob  Range Mea

able

0-1 0-0.1 0.05 - - 0-6 3

2 0.1-05 03 b51-149 63 7~10 85

3 0.5-1.25 088 53-16.1 75

4 1.25-25 188 6.1-172 88 1721 19

sea state 20AM FOEl XIE2S H0 mEo| Lolmfne= (i
0.5mo|Z2, T3 F7|= 6.3 sec 2 Aoz LIEL} Q11 4K

oF Rz dize| £2= () 10 knots, & 2k 5.14 /s 2F
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Fig. 1 Pierson—-Moskowitz spectrum
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Fig. 2 Wind force transformed using APl Code (RP 2T)
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Fig. 5 Mooring line arrangement of two vessels according
to stages
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Table 3 Properties of mooring facilities installed on two

vessels
Stiffness Dry Wet

(EA) weight  weight o b

[tems N/

N kg/m  kg/m  N/m m

Hanuri  Anchor  2.70E+08 567.8 73.8 221 380
Robot

Gun am 3.57E+05  2.21 - - -

YO Fender  2.34E+05 20 - - -

Fig. 6 Configuration of the container crane installed on
the mobile harbor deck
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Surge RAO Comparison with Single—body & Multi—body
(head sea)
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(d) Roll motion RAO

Pitch RAO Comparison with Single—body & Multi—body
(quartering sea)
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Table 4 Motion responses in Scenario 1

Mo Hanuri training vessel Gunwoo barge
tion ” »

S . me S !
Resp an gey MEX Moo max min
onse

suge -0. 02 11 -0. -0. 04 18 -1
(m) 10 7 3 39 22 6 9 51

sway 20 03 40 -0. -0. 05 11. -3.
(m) 2 2 3 35 07 8 39 M4

heawe -0. 00 01 -0. 00 00 00 -0
(m) 13 7 6 46 0 2 9 12

(e) Pitch motion RAO

Yaw RAO Comparison with Single—body & Multi—body
(quartering sea)
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(f) Yaw motion RAO

Fig. 7 Comparison of motion RAOs

3.2 Scenario 12| 258 ¥ ARl Znf

roll 23 16 12. -5 00 01 09 -0
(deg) 4 2 44 53 1 6 5 83

ptch 00 02 10 -0. 00 00 02 -0
(deg) 3 7 5 86 0 8 4 26

yaw 0. 04 17 -1. -0. 08 25 -3
(deg) 20 5 1 97 28 7 2 55

Table 5 Mooring analysis results in Scenario 1

l\/loonng. Line mean std dev max min
Tension

Anchor#1(St'bd) 717 49.9 1250 -28.7
(ton)

Anchor#1(Port) 26.5 1 355 5.1
(ton)

Anchor#2(Port) o5 5 20 70.2 —42.1
(ton)

Anchor#2(St'bd)

70.4 34.2 337.4 =37.7
(ton)

Table 6 Recommended motion level for safety working
condition (Proposed by NFESC)
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of scfstel 12/ TJefelol 54 Kb} & o ol 5 Sk Equpment_(m)_(m) _(m) 0 O

~ o] ojoio C 100% 10 1
ojode miEy) 86| WSt £ 9= ododg (.15 rad/s(=41.9 taif]; officient 0 06 08 30 1.0 1.0
2Eg 2 2 57 0| hedo] Foee %
se0) =7 Brad/s( 3.9sec)= 2, Of Cie] Fui2 101 vessdls X% 20 12 12 60 20 15
Sssiol Algsio, 9; Dot Zoie MEe ool ol efficient
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Table 62 Olefz2 HWEAFE F Mue| 29 HIESI(NFESC,

1999)0llA HMAIEH 2idVts 2=SE7IF0ICE 0|Ant Table 4

oM EH R2S3HCl F7|E vlus EH tFEe &< J|E

X|E Aslst JUX|TH NFESC(Table 6)2| 7|&=x|7t sM253
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0ol FHE SEHES SERZE EEW 7|ER|
(o] o

Ml e 21

7|2te XMt
HXHStd dev.
£ 12| 2ol 4 2
Mol stea|solMe| roll ZhZ(12.4%)1] EHF’E'@M?_' —'“T’—
SOIMQ| sway ZICHZH(11.4m)ol|l CisiM= EEe| Cido] Ee
gt Z{o=2 HoIct Table 50iAe] W7ol H2l= HH2 Ui
©2 anchor chainel Z|Cf &= 37| 2,700 ton Ol2}12 &

cld J2| 2 52 o2l EEk=ICE

F_\.‘_

3.3 Senario 29| 252

2 ARl Zxl
Scenario 2= oFRE|Se}t MRS HEAFE AMEHFg. 5
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Table 7 Motion responses in Scenario 2

MO Hanuri training vessel Gunwoo barge

tion

Re0 me st max  min me  std max — min
nse an dev an  dev

suge -0. 02 00 -1. 07 05 00 -1
(m) 57 6 0 or 6 2 0 63

sway -0. 02 08 -0. 02 04 14 -0
(m) 07 6 8 60 0 7 9 48

heae -0. 00 01 -0. -0. 0.0 02 -0
(m) 08 4 5 26 01 2 6 05

roll 00 02 27v -2 -0 01 13 -0
(deg) 1 7 4 23 1" 4 8 4

ptch 00 07 25 -2. 00 00 02 -0
(deg) 2 6 5 73 0 8 2 57

yaw -0. 05 31 -2 -0. 06 13 -6
(deg 25 3 2 3% 44 4 0 48

2SoHMATES Table 701, AIFHAZLIE Table 80fl &2|st

Fct J2|n Fefel BoloiMel 28, £&, VKRS FVIE

Table 90f| LIERHRACE. Table 72| & H—PEP—FOHH 2 A<t
3 el

Z40llA NFESC 7|

W 2'%52 ili&% Helst= ChA
o
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Table 8 Mooring analysis results in Scenario 2

Mooring Line

. mean std dev max min
Tension
Ancho#(Stod) oy 5 51 74 26
(ton)
Ancho#lPort) o6 450 o778 147
(ton)
Anchor#2(Port) 5 4 24 317 156
(ton)
Anchor#2(St'bd) 03.2 33 35 6.9
(ton)
Robot Arm#1 (ton) 1.6 6.8 26.0 -2.5
Robot Arm#2 (ton) -1.3 1.5 28.6 0.0
Robot Arm#3 (ton) 0.3 1.7 28.7 0.1
Robot Arm#4 (ton) 0.8 5.4 27.4 0.0
Fender (ton) -1.3 1.5 2.5 -11.4

Table 9 Relative displacement, velocity, acceleration of
motion at the end of crane

Motion at the end

of crane suree ey heave
. mean -1.87 -1.99 -2.21
diSRiite':neem std dev 051 0.47 0.04
P o max 1.36 1.53 0.14
min ~1.64 ~0.48 ~0.28
. mean 0.01 0.00 0.00
5;'22%6 std dev  0.13 0.19 0.04
y max 0.90 1.07 0.10
(m/s) :
min ~0.40 152 ~0.33
mean 0.00 0.00 0.00
Relative std dev 0.18 0.31 0.08
lerati
acceleration max 0.88 217 1.92
(m/s2)
min ~0.64 -3.80 ~0.70
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