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Evaluation of Effective Working Days in a Harbor Considering Harbor
Resonance and Moored Ship Motion
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Abstract : This study proposed an estimation method of allowable wave height for loading and unloading of the
ship and evaluation of effective working days considering moored ship motion that is affected by sip sizes, mooring
conditions, wave periods and directions. The method was examined validity by comparison with wave field data at
pier 8" in Pohang New Harbor. The wave field data obtained with wave height of 0.10~0.75 m and wave period of
7~13 s in ship sizes of 800~35,000 ton when a downtimes have occurred. On the other hand, the results of allowable
wave height for loading and unloading of the ship in this method have obtained with wave heights of 0.19~0.50 m
and wave periods of 8~12 s for ship sizes of 5,000, 10,000 and 30,000 ton. Thus this method well reproduced the
field data respond to various a ship sizes and wave periods. And the results of this in Korea are didn’t respond to
various the ship sizes and wave periods, and we h method tended to decrease in 16~62 percent when have
considered long wave, and it is decreased in 0~46 percent when didn’t consider long wave than design standards in
case of the ship sizes of 5,000~30,000 ton, wave period of 12 s and wave angle of 75°. The allowable wave heights
for loading and unloading of the ship proposed by design standards in Korea have found that overestimated on
smaller than 10,000 ton. On the other hand, the rate of effective working days considering ship motion at pier 8" in
Pohang New Harbor reduced in 6.5 percent when compare with the results without considering ship motion.

Keywords : Allowable wave height for loading and unloading of ship, Oscillation quantity of moored ship, ship
model for analysis of moored ship motion, effective working days in a harbor, Pohang New harbor
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Ship and mooring condition,
wave conditions
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Computer simulation of the moored ship
motion considering short and long waves

v
Output database of ship oscillation quantity
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Calculation of relation between wave height
and oscillation quantity

Allowable oscillation quantity
of ship allowable displacement
of the fender

Estimation of allowable wave height for
ship loading and unloading with motion
described with 6 degrees of freedom motion

é

Definition of the minimum

Estimation of allowable wave height for
loading and unloading of the ship

Fig. 1. Estimation process on allowable wave height for loading
and unloading of the ship considering ship motion.
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Table 1. Allowable oscillation quantity of ship motion for loading
and unloading

. Surge Sway Heave Roll Pitch Yaw
Type of shi o o o
WEOSI )y ) o ) ) O
Ca?gi“:ﬁ)* £10 4075 05 425 +10 15
Grain carrier* +1.0 +0.5 +0.5 1.0 1.0 =£1.0
Ore carrier*® +1.0 +1.0 +0.5 +£3.0 *1.0 =+£1.0
1 k
((SJ‘tL:a;’karfor) L10 +075 £05 40 420 220
1 %
(iz‘li:a}?karfor) £1.5 4075 405 430 +15  £15
3 nkk
Continer 0™ o5 03 03 - - -
Container ship**
+ + - - -
(RO/RO-Side) +0.3 0.2 0.1
Car carrier** 0.3 +02 0.1 - - -

*proposed by Ueda and Shiraishi(1988),
**proposed by Bruun(1981)
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Table 2. Ship and mooring conditions for simulation of Pohang
new harbor.

Type of ship General cargo ship

Weight (ton) 5,000 10,000 30,000
Length (m) 98 120 171.6
Width (m) 14.0 17.42 26.0
Draft (m) 4.5 6.0 7.0
Wetted area (m’) 2534.39 3876.04 4461.60
Mooring lines (ea) 8 8 8
Initial }ensmn of 150 290 350
the mooring rope (ton)
Modulus elasticity of
the mooring rope 7.0 7.0 7.0
(ton/m)
Fenders (ea) 12 12 12

Initial tension of

the fenders (ton) -1.05~-2.71 -1.05~-2.71 -1.05~-2.71

Modulus elasticity of
the fender (ton/m)

Basin depth (m) 10.0 10.0 10.0

130.0 130.0 130.0

Table 3. Short waves conditions for simulation of Pohang new harbor

Short waves conditions
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Fig. 4. Computer simulation results of oscillation quantity excited by short waves (10,000 ton, wave direction of 75°).
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Fig. 5. Computer simulation results of oscillation quantity excited by short and long waves (10,000 ton, wave direction of 75°).
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Fig. 6. Computation process on allowable wave height for loading and unloading of the ship considering ship motion excited by long waves.
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Table 4. Results of allowable wave height for loading and unload-
ing with change of wave periods and directions at pier 8
in Pohang new harbor (5,000 ton, unit in meter)

wave period (s) 8 9 10 11 12
short and long wave (75°) 0.50 039 025 022 0.19
short and long wave (45°) 050 0.50 042 030 0.25
short and long wave (15°) 0.50 0.50 042 032 0.28

short wave only (75°) 050 050 035 030 027
short wave only (45°) 050 050 048 035 030
short wave only (15°)  0.50 0.50 048 037 0.32

design standards 050 050 050 0.50 0.50

Table 5. Results of allowable wave height for loading and unload-
ing with change of wave periods and directions at pier 8
in Pohang new harbor (10,000 ton, unit in meter)

wave period (s) 8 9 10 11 12
short and long wave (75°) 0.50 0.50 032 025 022
short and long wave (45°) 0.50 0.50 0.50 0.38 0.33
short and long wave (15°) 0.50 0.50 0.50 040 035

short wave only (75°) 050 050 045 036 033
short wave only (45°) 050 050 050 045 039
short wave only (15°) 0.50 050 0.50 048 042

design standards 0.50 0.50 0.50 0.50 0.50
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Table 6. Results of allowable wave height for loading and unload-
ing with change of wave periods and directions at pier 8
in Pohang new harbor (30,000 ton, unit in meter)

wave period (s) 8 9 10 11 12
short and long wave (75°) 0.50 0.50 0.50 0.50 0.42
short and long wave (45°) 0.50 0.50 0.50 0.50 0.45
short and long wave (15°) 0.50 0.50 0.50 0.50 0.50

short wave only (75°) 0.50 050 0.50 0.50 0.50
short wave only (45°) 050 0.50 0.50 0.50 0.50
short wave only (15°) 050 050 0.50 0.50 0.50

design standards 0.50 050 0.50 0.50 0.50

wave height (m) Allowable wave height (5,000 ton)
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~-+--short and long wave(75°)
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—— short vave only(75°)
—e— short vave only(45°)
—— short vwave only(15°)

T T T

0.2

0.1

0

8 9

wave periods(s)

Fig. 7. Results of comparison between design standards and com-
puter simulation (5,000 ton).
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Fig. 8. Results of comparison between design standards and com-
puter simulation (10,000 ton).
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Fig. 9. Results of comparison between design standards and com-
puter simulation (30,000 ton).
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Table 7. Results of comparison between field data and computer simulation in case of wave direction of 75°

Simulation results

Downtime duration F'ield ship Field data Short and Tonz waves Sim.ulated ship Technical

sizes (ton) (H, T,) Short waves (H,, T,) . Tﬁ sizes(ton) standards
2008/11/09~11/11 3,500 0.35~0.45m, 8~16s 0.27~0.50 m, 8~12's 0.19~0.50 m, 8~12's 5,000 0.50 m
2008/11/28~11/29  3,500~22,000 0.15~0.38 m, 8~10s 0.27~0.50 m, 8~12's 0.19~0.50 m, 8~12's 5,000~30,000 0.50 m
2008/12/14~12/15 3,700 0.10~0.38 m, 7~10s 0.27~0.50 m, 8~12's 0.19~0.50 m, 8~12's 5,000 0.50 m
2008/12/18~12/20  800~2,500  0.10~0.50 m, 8~12s 0.27~0.50 m, 8~12's 0.19~0.50 m, 8~12's 5,000 0.50 m
2008/12/21~12/23  4,500~17,000 0.15~0.65 m, 8~11s 0.27~0.50 m, 8~12's 0.19~0.50 m, 8~12's 5,000~30,000 0.50 m
2008/12/28~12/29 8,500 0.15~0.25m, 9~11s 0.33~0.50 m, 8~12's 0.22~0.50 m, 8~12's 10,000 0.50 m
2008/12/31~2009/1/4 2,500~26,000 0.15~0.40 m, 9~12's 0.27~0.50 m, 8~12 s 0.19~0.50 m, 8~12's 5,000~30,000 0.50 m
2009/01/09~01/15  1,500~35,000 0.10~0.50 m, 9~13s 0.27~0.50 m, 8~12's 0.19~0.50 m, 8~12's 5,000~30,000 0.50 m
2009/01/30~02/02  1,200~30,000 0.15~0.75m, 7~12s 0.27~0.50 m, 8~12's 0.19~0.50 m, 8~12's 5,000~30,000 0.50 m
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Table 8. The rate of effective working days at Pier 8 in Pohang

New harbor
.. Design Considering ship motion Wave
Ship size standard Including 1 direction
DWT 0 ncluding long ¢
( ) (%) Shortwaves (%) 0 %) )
97.1 93.5 75
5,000 100 98.0 96.7 45
98.7 97.9 15
99.1 94.6 75
10,000 100 99.4 98.8 45
99.5 99.0 15
100.0 99.5 75
30,000 100 100.0 99.7 45
100.0 100.0 15
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