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Abstract

The berthing velocity is the factor that has the greatest influence on the berthing energy. For the vessel to berth safely, it should
not exceed the appropriate berthing velocity. In addition, when the vessel is berthing, it should be berthed with berthing energy
smaller than the energy absorption of the fender. This study intends to derive the allowable berthing velocity by ship size
considering the berthing capacity. When a small vessel berth, the allowable berthing velocity is greater than when a relatively large
vessel berths. In this study, the extrapolated velocity is defined as the relative value of the ship’s berthing velocity when considering
the ship's size and the berthing capacity. A regression equation for the allowable berthing velocity by ship size was derived by
calculating the designed berthing energy for each fender performance. It was also verified whether any ships were exceeding the
allowable berthing velocity by comparing it with the measured data for each jetty. In addition, the extrapolated velocity was
proposed using the regression equation, and as a result of applying the measured data, 11 ships exceeded the designed velocity in
jetty 1, but it was confirmed that all ships were safely berthed in jetty 2,3. Therefore, the target pier of this study was evaluated as a
pier where ships can be berthed safely. A safer berthing velocity operation guideline can be suggested if the allowable berthing
velocity by ship size is analyzed and utilized at various piers. Extrapolated velocity can also be used for risk analysis of berthing.
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Fig. 3. Terminal view and fender of the target pier

Table 1. Terminal particulars

CASE Jetty 1 Jetty 2 Jetty 3
Capacity (DWT) 80,000 120,000 320,000
Berthing Velocity (designed) 12cm/s 15cm/s 15cm/s
Berthing Velocity (operated) safety : Scm/s, warning : 6~10cn/s, dangerous : 11~15cm/s
Fender Type Reel Fender Reel Fender Reel Fender
Fender Standard 1,200H * 2Unit 1,700H * 2Unit 2,250H * 2Unit
Fender Energy Absorption 1,070kJ 2,900kJ 6,420kJ
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Table 2. Characteristic of berthing velocity values by Jetty
Velocity(cm/s) Jetty 1 Jetty 2 Jetty 3 Total
Average 6.95 8.39 6.94 7.48
Standard Deviation 3.32 4.00 2.85 3.56
Coefficient of Variance 0.48 0.48 0.41 0.48
Max observed Value 19.98 21.21 18.41 21.21
Data Number 307 278 170 755
Table 3. Frequency analysis of berthing velocity
Velocity(cnv/s) Count Cumulative Count Relative Frequency Cumulative Frequency
0~2 16 16 2.1% 2.1%
2~4 74 90 9.8% 11.9%
4~6 197 287 26.1% 38.0%
6~8 198 485 26.2% 64.2%
8~10 127 612 16.8% 81.1%
10~12 65 677 8.6% 89.7%
12~14 35 712 4.6% 94.3%
14~16 18 730 2.4% 96.7%
16~18 10 740 1.3% 98.0%
18~20 13 753 1.7% 99.75%
20~ 2 755 0.3% 100.0%
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Table 4. The results of linear regression analysis (80% performance at Jetty 1)
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Table 5. The results of berthing safety evaluation
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