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With the increasing demand for maritime transportation, optimal ship routing service has become
an essential element in the shipping industry as well as the ship building fields. Many studies related .
to optimal ship routing are being conducted to achieve the most economical; environmentally
friendly, and safe marine transportation around the world. However, there is relatively little interest
in research ‘on the ship operation that occur in coastal areas near ports, rather than ship navigation in
the ocean. In particular, it is reported that more accidents occur during the ship operation such as
berthing, mooring, and anchoring in the coastal area.

In many ports around the world, the safety measure and research have been continuously
conducted to enhance the safety of these berthing, mooring, and anchoring operations for several
decades. However, until now, ship accidents have continued in several ports. In spite of these efforts,

* there are still reports of ship accidents in coastal waters. It is essential to be more careful to prevent
ship accidents in the coast because they can directly affect not only economic losses but also
environmental pollution. ‘ ,

Recently, with the development of weather forecasting technology, ship accidents near ports have
been decreasing. However, since errors in weather forecasts still occur, a complete reliance on
weather forecasts can' result in hazardous conditions for port and ship operations. Therefore, it is _
essential for smooth port management and safe ship operation to establish safety measures in
preparation for failure in weather forecasting.

Therefore, in this study, the methodologies of safety evaluation for ship operation were proposed
within berthing, mooring, and anchoring in coastal areas near ports. In this context, this study tried
to suggest a novel methodology for safety reinforcement by approaching from three parts of ship
operation, which is berthing, mooring, and anchoring near the port terminal.

To evaluate the safe berthing process, the measurement of the berthing velocity was ,performed. It
was proposed to calculate the proper berthing velocity for the relevant terminal by statistically
analyzing the measured data. As the size of the vessel increases, the size of the port terminal has
become huge, with the enhanced port facilities. However, the standard of the berthing velocity is still
in use with the past standard that does not fit the reality without considering the change of recent size
of ship. In addition, ‘PIANC" (Permanent International Association of Navigation Congresses) is
trying to set new standards by recognizing that past data such as ‘Brolsma's curve’ is not in
conformity with the current navigation condition. Therefore, presenting the cases on the analysis of
"actual data about berthing velocity in each country, analysis was performed on collected data of -
berthing velocity from tanker terminals in Korea equipped with a DAS (Docking Aid System) which
is a vessel speed measuring device. This measured data was classified by each vessel size and each

jetty in this study. Through the analyzed results, it was compared and analyzed by plotting normal
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distribution, lognormal distribution, and Weibull distribution. In order to verify each distribution,
visual confirmation was made using a Q-Q plot, and R-squared values were compared and verified.
The linear fegression was used to confirm the relationship between DWT and the berthing velocity
of the ship. Finally, it was estimated to get the probability of exceedance for each distribution and
propose a criterion for berthing velocity. It could provide navigators with basic data for safe berthing
operation and to utilize it as basic data for efficient harbor and fender system design. This not only
increases the durability of the marine structures but also reduce the maritime accidents where the
vessel collides.with the pier.

During the berthing process, the ship is moored using mooring facilities such as ropes, fenders,
and bollards to conduct the cargo operations in port terminal. To ensure safe port operations, it is
important to solve mooring problems. In particular, the many ports that face open seas have
difficulties with long-period waves. As a countermeasure, the installation of a breakwater is
proposed for mooring safety. However, this often cannot be put into practice because of financial
issues. /,/I’hstead,, port terminals control berthing schedules with weather forecasting. However,
mooriﬂg problems remain unsolved, because of inaccurate wave forecasting. To quantify the current
situation, numerical simulatibns are presented with ship motions, fender deflections, and rope
tensions. In addition, novel simulations for mooring ropes are proposed considering tension, friction,
bending fatigue, and temperature. With this novel simulation, the optimal mooring method in terms
of safety and economic efficiency was confirmed. In terms of safety, the optimal mooring method is
Vériﬁed to minimize dangerous mooring situations. Moreover, the optimal mooring method shows -
economic benefits and efficiency. It can help to reinforce the safety of port terminals and improve
the efficiency of port operations.

The next area to examine is the safety operation for the anchored ship. In recent years, the number
of waiting ships in offshore anchorage has increased owing to several reasons, such as the port
lockdown and increased cargo volumes in maritime transportations. Moreover, port terminals have
ordered ships to stay outside the harbor to prevent mooring accidents when rough waves are
forecasted. Anchored ships have been exposed to dangers owing to dragging anchors under rough
sea conditions, especially those facing the open seas. In this study, we perform a numerical
simulation of anchored ship motions to reproduce the dragging anchor. Additionally, we further
evaluated the anchored ship motions based on underestimated wave conditions. Lastly, we
constructed a novel risk assessment technique for anchored ships to the stranding risk, damage to
marine structures, and risk of collision. The stranding risk was evaluated based on the relationship
between the vertical displacement and Under Keel Clearance (UKC). Damaging risk can be

identified from the information of harbor charts. The risk of collision was quantitatively assessed
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considering the main influential factors such as Closest Point of Approach (CPA), and the Ship
Domain Overlapping Index (SDOI). Results showed that the proposed methodology can contribute
to port safety and ship operation in terms of optimal ship routing.

This study was conducted to evaluate the safety of berthing, mooring, and anchoring processes for
the prevention of the accidents dﬁring ship operation in the coast. The framework and methodology
developed in this thesis could provide the enhanced safety guideline to manage and operate the ship
as well as the port terminal. The proposed methodology in each operation still has many limitations
and needs to be improved. Especially, there was insufficient data on the actual measurement of each
ship's operation process. In order to broadly apply the methodology in this study, it is necessary to
measure actual operational data for various types of ports and ships. Further research should use
more abundant measurement data to identify differences from the results of this study. /

Since ship accidents cause huge casualties and serious environmental pollutibn problems, it is
necessary to further strengthen port and ship safety by using the methodology of this study before
accidents occur. The practical and novel approach in this study can greatly contribute to prevention
of accidents from the perspective of safe ship operation near the coastal water. In addition, it is
expected that the results of the studies carried out in this thesis can help identify the causes of
previous accidents by showing an approach from a new perspective to related operations and

managers.
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