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Abstract 
 
Recently, several problems have occurred in the space, infra-structure, and facility of the contiguity of existing 

harbors due to the trend of enlarged container vessels. In this regard, the Mobile Harbor has been proposed con-
ceptually in this study as an effective solution for these problems. The concept is that of a transfer loader that 
transfers containers from a large container ship to the harbor on land, and is a catamaran type floating barge. The 
catamaran-type vessel is well known for its advantage in maneuverability, resistance, and effectiveness for work-
ing on board. For the safe and effective operation of the two floating bodies (a container ship and the mobile har-
bor in the near sea detached from the quay), robot arms, novel crane systems, and pneumatic fenders are specially 
devised with an additional mooring facility or DP (dynamic positioning) system. In this study, this concept is to be 
verified through comparison and simulation studies under various environmental conditions. It is shown that the 
proposed concept is in general feasible but there are several areas for further investigation and improvement. 
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1. Introduction 

Due to the recent trend for the enlarged capacity 
of container ships, it has become more difficult to 
load/unload in existing container harbors due to the 
limitation of water depth. As an effective solution 
to this type of problem, a mobile harbor as a mid-
way loader is proposed in this study. The concept is 
that the container ships are anchored in the near 
shore outside the breakwater, and the mobile harbor 
will approach the container ships for docking in a 
side-by-side arrangement. Then, the containers are 
disembarked/embarked from the container ship to 
the loader and vice versa. Using the mobile harbor 
with high speed, the containers would be trans-

ferred to the land in a short period of time. The lack 
of facilities/infrastructure and the depth limitation 
of the existing container quays and harbors would 
be solved in this way. For the effective and rapid 
transferring of containers, a specially devised crane 
and docking/mooring system are to be developed. 

In this study, hydrodynamic and mooring analys-
es are performed for two side-by-side ships moored 
offshore (including the effects of multi-body inte-
ractions, the robot arms, mooring lines, and the 
fenders/hawsers) to verify whether the concept is 
feasible and to check the levels of dynamic motions 
and the mooring forces under the various combina-
tions of possible winds, waves, and current. 
Through this study, the concepts of the mooring 
devices and the analyzing parameters for container 
cranes could be delivered as useful design informa-
tion. 
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2. Principal Design Data 

2.1 The principal data of the subjected ships 

In this study, the subjected vessels are selected as 
a 5,000 TEU container ship and the mobile harbor 
with a catamaran type hull form. For the selection, 
the capacities, the restoring capabilities, global per-
formance, maneuvera-bilties, and the structural 
safety are considered. Figs. 1 and 2 show the pro-
files of the two ships, and the particular data is 
shown in Table 1. The data in Table 1 is the infor-
mation for the initial design stage, and the simple 
formulas of the radius of gyration are used as fol-
lows 
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0.24zzK LBP=                (3) 
 
 
 

 
Fig. 1. Forward view of the container ship 
 
 

2.2 Environmental data 

The operating condition of the mobile harbor is 
taken as sea state 3, which could be encountered in 
the intended sea area when the container ship is 
anchored in the near shore. The condition of sea 
state 3 is summarized and highlighted in yellow in 
Table 2. 

According to the data in Table 2, the significant 
wave height of 1.25 m, the wave peak frequency of 
7.5 sec, and the wind speed of 16 knots (abt. 7.15 
m/s) are selected for the present analysis. The mod-
ified Pierson-Moskowitz spectrum is used for the 
wave spectrum as shown Fig. 3  

 
 

 
Fig. 2. Forward view of the mobile harbor 
 
 
 
 
Table 1. Particular data of a container ship and the mobile 
harbor 

STX Container
(5,000 TEU)

Mobile Harbor
(Catamaran)

75,797 7,469.3

294.1 76.75

283.0 70.0

32.2 33.0

22.1 11.0

12 5.3

0.6763 0.5976

14.151 14.471

-4.294 0.402

Kxx 12.88 13.2

Kyy 67.92 16.8

Kzz 67.92 16.8

Draft(design) (m)

Cb

KG (m)

LCB (m)

item

Radius of
gyration

Displacement (Ton)

LOA (m)

LBP (m)

Breadth(mld) (m)

Depth(mld) (m)
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Table 2. Environmental conditions depending on the sea state 
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Fig. 3. Pierson-Moskowitz spectrum 
 
 

 
Fig. 4. Directions of combined environmental forces 

 
 
The modified Pierson-Moskowitz formulae is 

given by, 
 

22 /( ) / BS A e ω
ς ω ω −′=                (4) 

 
where 2 4488 / nA H T′ = , 41948 / nB T= , H  refers 
to the significant wave height, and  nT  is a peak 
frequency. The wind force, wF , is calculated at 
each time period by using the API wind spectrum 
(API RP 2T, 1997). 
 

21 / 2w D air P wF C A Vρ=               (5) 

where DC  refers to the drag coefficient by wind, 
airρ  denotes the air density, DA  is the projected 

area to be perpendicular to the wind direction, and  
wV  is the wind speed.  

 
The current speed of the target sea area, the near 

shore outside of the Incheon port where the large 
container ship can be anchored, is assumed as 0.5 
m/s uniformly from the free surface to the sea bed. 
 

21 / 2C c sw cF C LbpTVρ=                  (6) 
 
where cC  refers to the drag coefficient by current, 

swρ  denotes the sea water density, Lbp  is the 
length between perpendiculars of the ship, T  is 
the draft of ship, and cV  is the current speed. 
 
 
 

 
Fig. 5 Mooring line arrangement of two vessels 

 
 

Table 3. Mooring line properties installed on two vessels 

 
 
 

The container ship is to be stationed by using an 
SPM (Single Point Mooring) buoy. The two ships 
would use weathervaning to minimize the environ-
mental loading. However, in certain non-collinear 
circumstances, quartering wave directions are also 
possible, as shown in Fig. 4. 

 
2.3 Mooring Conditions 

The mooring type for two floating bodies, a con-
tainer ship and a mobile harbor, is a side-by-side 
arrangement with 2-m gap. For the container ship, 
both bow and stern mooring lines are assumed to be 
installed, as shown in Fig.5, although only the bow 



 Y.B. Kim, M.H. Kim, Y.Y. Kim and Y.H. Kim /International Journal of Ocean System Engineering 1(4) (2011) 198-204 201 
 

 

mooring line is used with the SPM buoy for wea-
thervaning. The robot arm mooring devices are 
connected to the each side of the mobile harbor and 
the container ship. In the initial modeling of the 
system, three additional mooring lines(line # 5~7) 
are used for stationing the mobile harbor instead of 
more realistic hawsers/fenders and DP system. The 
three lines installed in the front, in the aft part, and 
in the starboard side. The robot arms are to cling to 
the side shell plate of the container ship to prevent 
drifting/moving away from the container ship. Its 
ten-sion/compression capacity is typically smaller 
than that of hawser lines/fenders. In Fig. 5, the con-
figuration and arrangement of the mooring lines 
and robot arms is shown. In Table 3, the properties 
of the mooring lines and the robot arms in the initial 
design stage are shown. 
 
3. Analysis results 

3.1 Calculated Results of Mooring Analyses 
The hydrodynamic coefficients are calcu-lated by 

using the 3D diffraction/radiation panel program 
WAMIT (Lee, 2006). The hydrodynamic forces are 
calculated for head sea and two quartering sea con-
ditions. The time domain force time histories are 
obtained from the frequency-domain hydrodynamic 
forces calculated in the range from 0.1 rad/s to 2.0 
rad/s with 100 divisions. In Fig.6-7, the non-
dimensionalized sway added mass and hydrody-
namic damping coefficients with/without multi-
body interaction effects are compared. The non-
dimensional coefficients are defined in the follow-
ing formula.  

 
 

/( )k
ij ijA A Lρ=                   (7) 

 
 

2 1/2/ ( ( / ) )ij ijB B VL g Lρ=            (8) 
 
 

where ijA  is the added mass, ijB  is the hydro-
dynamic damping coefficient, - (bar) means nondi-
mensionalization, ρ  is the water density, L  is 
the ship length ( Lbp ), V  is the volume of the 
ship, g means gravitational acceleration, and k is 1 
for sway. The added mass and damping coefficients 
of sway, for example, show resonant phenomena 
around 1.0 rad/s due to multi-body interaction ef-

fects. In the time-domain simulation, three compo-
nents of forces, the wave exciting force, the wind 
force, and the drag force due to current, are as-
sumed to be collinear 

 
 

 
Fig. 6. Comparison of added masses in deep water 
 
 
 

 
Fig. 7. Comparison of hydrodynamic damping in deep water 
 
 
 
Table 5. Design criteria for cranes 

 
 
 
 

The criteria for the safe design of cranes on the 
mobile harbor deck are shown in Table 5. The 
heave limit and roll/pitch angle limits mean that the 
floating body does not experience a problem in 
stability during the crane operation until these up-
and-down movements and inclinations occur. The 
calculated motion and mooring results for the deep 
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and 25 m water are summarized in Tables 6-7 and 
Tables 8-9, respectively. In these tables, the motion 
responses of the mobile harbor for 135-deg. quar-
tering sea in shallow water are about 30 % larger in 
roll motion and about 50 % larger in pitch motion 
than those in the deep water. 

 
 
 

Table 6. Motion responses in deep water 

 
 
 
 
 
Table 7. Mooring analysis results in deep water 

 
 
 

In contrast, the motion responses for 225-deg. 
quartering sea in the shallow water are about 9 % 

larger in roll motion and about 7 % larger in pitch 
motion than those in the deep water. In the mooring 
analysis results, the mooring tensions in the shallow 
water are about 4~6 % larger than those in the deep 
water.  

In the next step, the fender/hawser is modeled as 
a linear spring element, and two fenders/hawsers 
are installed by replacing the mooring lines of the 
mobile harbor as shown in Fig. 8. The stiffness of a 
fender is assumed to be 1.0 E+07 N/m. 
 
 
 

 
Fig. 8. Two-body model composed of a container ship and 
the mobile harbor 
 
 
 
 
Table 8. Motion responses in shallow water 
(water depth = 25 m) 
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Table 9. Mooring analysis results in shallow water 
(water depth = 25m) 

 
According to the above results, it can be noticed 

that the surge and yaw responses of the mobile har-
bor are noticeably increased since there is no resis-
tance in the surge direction with the given arrange-
ment. This example illustrates that the haws-
er/fender design needs to be carried out with care to 
provide enough resistance while avoiding dynamic 
amplification. As shown in Table 11, the statistical 
data of the calculated mooring tensions on the con-
tainer ship and robot arm tensions are highlighted. 
It seems that the surge and yaw motions of the mo-
bile harbor should be reduced by re-adjusting the 
stiffness of the robot arms and fender/hawser. 
However, the roll and pitch motions are under the 
critical level (5 degrees) to ensure the crane opera-
tion of the mobile harbor. 
 
 
Table 10. Motion responses of two ships considering fenders 
(water depth = 25 m) 

 

Table 11. Mooring analysis results considering fenders 
(water depth = 25m) 

 
4. Conclusions 

In this study, the dynamic analyses of the 5,000 
TEU container ship and the mobile harbor in a side-
by-side arrangement are conducted, considering the 
two-body interaction effects under various envi-
ronmental conditions of sea state 3. In this study, 
the effects of the robot arms that cling to the side 
shell plate of the larger container ship and fend-
ers/hawsers which are placed in the gap are com-
pared. 

In addition, the 6 DOF motions and mooring ten-
sions are compared for two different water depths; 
deep water and 25-m depth in both head and quar-
tering seas. The results of the shallow water are 
somewhat higher than those of the deep water. For 
the two quartering seas of 135 and 225 degrees, the 
results somewhat differ with each other due to the 
sheltering effects. 

In more realistic conditions with robot arms and 
fenders/ hawsers, it is revealed that the roll and 
pitch motions are controlled within the allowable 
limit to ensure the crane operation of the mobile 
harbor. However, more studies need to be carried 
out for a more desirable connection method be-
tween the two floating bodies to minimize the surge 
and yaw motions of the mobile harbor. 
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