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3. Predicting System of Wave Conditions and

Movements of Moored Ships in Harbour

Shigeru Ugpa*
Toshihiko Nacar™*
Tetsuya Hirasm™**
Satoru Suizamsur®***
Satomi Kryeur*****
Akio Kopavasur*****

Synopsis
This paper describes a system for predicting the wave height distribution and movement
of moored ships in harbour. The system has been developed to contribute to the planning
and construction of harbour facilities and to improve the safety and efficiency of ship
mooring and cargo handling operations in ocean facing harbours. Consisting of systems
for transferring of observed wave data from outside the harbour, numerically predicting
wave height distribution in harbour, and numerically predicting of the moticn of moored
ships, the overall system described in this paper performs realtime calculations of the
motion of ships entering to the harbour or staying it, and displays the calculated results
on a monitor. The input system is simplified. Even if the detailed properties of moored
ships are unknown, the sytem can determine these data from other information such as
the gross tonnage, draft, and mooring berth. In addition to these data, mooring condi-
tions such as ropes and fenders are automatically input to the system. Then, the motion
of the moored ships is calculated by considering the effect of reflected and refracted
complex waves. The calculation results which appear on the monitor include the time
history of the motions of moored ships and warnings issued when allowable values such
as motions or tensions of mooring ropes are exceeded. At present, this system is installed
at the 260,000 DWT crude oil tanker berth at the Sendai Refinery of Tohoku Oil Co.,
Ltd. The system, together with certain observation apparatus installed to lpading arms,
is in full operation and has ensured safe and efficient operation of the facilities,
Key Words | Movement of moored ship, Realtime predicting system, Ship berthing
operation, System for transferring wave data from outside the harbour,
Numerical prediction of wave height distribution inside the harbour,
Numerical prediction of ship motion, NOWPHAS '
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No. of No. of Type Diameter Imtu}l
No. Ship Side | Quay Side of (mm) Tension | Number
P Y Rope mm (tf)
R-1 1 9'  |Manila| 75.0 5.0 1
R-2 2 9’ Manila 75.0 5.0 1
R-3 1 8 Manila 75.0 5.0 i
R-4 3 g Manila 75.0 5.0 1
R-5 5 7' | Wire 42.0 5.0 1
R-6 5 13" | Wire 42.0 5.0 1
R-7 7 13 Wire 42.0 5.0 1
R-8 7 13’ Wire 42.0 5.0 1
R-9 9 5 | Wie 42.0 5.0 i
R-10 9 5 Wire 42.0 5.0 1
R-11 11 11" | Wire 42.0 5.0 1
R-12 11 11 Wire 42.0 5.0 1
R-13 13 11’ Wire 42.0 5.0 1
R-14 13 3 | Wire 42.0 5.0 1
R-15 15 2" | Wire 42.0 5.0 1
R-16 16 1' (Manilat 75.0 5.0 1
R-17 16 1' jManila! 75.0 5.0 1
R-18 17 1 Manila 75.0 5.0 1
R-19 17 1' |Manila| 75.0 5.0 1
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Fe-4 Wit oo—fE
X Y Z Height | Length
No. (m) @ | (m) Number| Type ; Grade (em) | (mm)
F-1| 65.00]-2.69| 2.55 1 Unit K 2250 | 2000
F-2| 30.00)| -1.70| 2.60 1 HType| S2 1700 § 2100
E-3| -30.00 -1.60} 2.25 1 Unit S1 1600 1000
F-4| -60.00(-2.25} 2.55 1 Unit K 2250 2000
F-51-124.90( -2.00( 2.30 1 Unit K 2000 1600
|-5  MNSAENTT B iken it sl o it

No. 8 Hyp Ty

(e) (m) (s)

1 195.7 0.063 13.4

2 260.6 0.061 14.9

3 312.1 0.040 14.1

4 339.4 G.051 13.3

5 324.8 0.052 12.0

6 324.8 0.053 14.4

i) 333.3 0.055 14.1

C d
omposed - — 0.151 | 14.5
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-6 EHNOTEE LTI o M
Wave outside Hl 3=LSrn Tl =12.08,5Smax=75Wave Direction SE
the port / 3
!%?_\trc in the Hlﬂ=0.6m. T1/3=1 1.9
Wind in the Uy p=5.0m/s, #=225"
port
Method of Method-1 Method-2
Computation

§=198"°
Ship Motions | Xmax | Xmin| Ajp TlB Kmax i Xmin Ai.’3 T1/3
Surge () 0.11¢{-0071 .11 13.9} 0.04|-0.01|0.03(17.8
Sway (m) 0.00§-0.04} 0.03] 14.7] 0.02 | -0.07] 0.06|15.6
Heave (m) 0.07(-0,07(0.10]13.7( 0.04 | -0.041 0.06|15.2
Roll (deg) 0.15|-0.10(0.17] 15,1 0.60-0.53 | 0.83)16.1
Pitch (deg) 0.08|-0.09,0.11| 14.61 0.03] -0.03[0.03115.9
Yaw (deg) 0.021-0.03,0.03! 16.110,03-0.03]0.0416.7
®195.7°
/ Hys=0.063m
/@260.6°
H13=0.061m
Y
@312.1“
\ \ Hip3 =0.04%m

H-10 #

>~

&324.8° Hisz =0.052m

@324 8" His =0.053m

(@333.3° Hy;z=0.055m
@339.4° H13=0.051m
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Input Items Input Data
Kind of Ship Oil Carrier
) Draft;d 15.45m
co::ilg one Length;L 325m
Depth;D 28.5m
Dead Weight; DW 243,850t
Wave H eight;H, /3 1.5m
Wave Wave Perlod;Tl /3 12 .0sec
Condition | Wave Direction; § 202°
Parametons &
Wind Wind Speed;V 5.0m/sec
Condition | Wind Direction; § 225°
Head,Stern Line | Manila heap Rope; ¢ 75
Rope Breast,Spring Line Wire Rope; ¢ 42
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[3 Fi 2 ) TMR3 15.9 1.0
K -3 1 -8 i) 15.9 1.0
K~ 4 -8 NI 5.0 1.0
K -5 5 -~ T WIREA 42,0 1.0
_ K - 8 5 13 WIREE 429 1.0
E - 7T T - 13 WIREE 2.0 1.0
K - 8 7T - 13 AIFER 42.0 1.0
K ~ 8 g - 51 RIRES 42.0 1.0
K =10 9 - & WIRES 42.0 1.0
o [ mcs |
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Sway

MAX 0.0155 MIN-0.0693
0.069
0.060
0.025
o -l 4 i1 I Il

DISP. (m)
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Motion of Ship
Manigﬁg;em Max Min Ave Aus -

(m,deg) (m,deg) (m,deg) (m,deg) (m,deg) (sec)

Surge (U )| £1.5011 0.04 i|-0.01]] o.01]] 0.03][17.8 |
Sway (Uy) [+0.75]} 0.02 |{-0.07]]-0.03][ 0.06 ] 15.6 |
Heave (U,) [£0.50}[ 0.04 |{-0.04]|[ 0.00|{ 0.06 }] 15.2 ]
Roll (8,)[£3.00[ 0.60 |{-0.53][ 0.03][ 0.83}] 16.1 |
Pitch (9y)|:t1.50|| 0.03 || -0.03]| 0.00] 0.03 1] 159 |
Yaw (6,)|£1.50{] 0.03 j{-0.03|| 0.00]|] 0.04 ][ 16.7 |
Tension of Mooring Ropes
Mooring Significant Management
ropes Max (tf) Ave (t) "ylie (53] value (tf)
head line 5.1 5.0 0.2 10.4
?ﬁ:ﬁ‘:ﬁ; 201 | 37 15.7 39
{.’m sdey | 130 | 51 10.4 39
st | 247 | 44 17.3 39
spring line
(stem side) | 16:6 3.9 12,8 39
stern line 5.1 5.0 0.2 104
Reaction of Fenders
Fend Significant Management
ender  Max (tf) Ave (tf) "7y .o tH value (tf)
N{i‘gﬂ":ﬁ;‘)“ 753 | 27.9 75.7 328.6
il 00| o0 0.0 105.1
Sub dolphin
(stem side) 0.0 0.0 0.0 105.1
Main dolphin
(stem sidey | 841 | 282 68.6 328.6
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