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Abstract: This paper provides a case study on manoeuvring safety analysis of barge in a 
restricted area. A developing port is intended to handle barge having the capacity of 10.000 
DWT. The port basin is enclosed by wharf and jetty belonging to two companies. A half-
length of the new wharf is blocked by the existing jetty. The jetty located at entrance of 
wharf basin has a possibility to be crashed by the barge. This research is aimed to analyse 
the safety index and collision probability of the barge at the area. Maneuvering simulation is 
developed by using Mathematical Maneuvering Group (MMG) model to determine the 
number and capacity of required tugboats. The safety index is calculated based on 
Environment Stress method and the probability of collision is analysed using the predicted 
path of the barge. The result of simulation shows that manoeuvres are at a critical condition 
of safety index and required tugs capacity is higher than the requirement of the authority. 

1. Introduction  

Development of a port area requires coordination and cooperation between companies, especially 
for those having a limited access to the coastal area. New jetties should be design in such a way that 
the maneuvering of berthing and unberthing in the new jetties can be performed safely and the 
maneuvering near to the existing jetties has an acceptable risk. This paper provides a study on 
maneuvering safety in coastal area occupied by a petrochemical and a smelter and refinary 
companies located in the West Surabaya Channel. This study is intended to provide procedure of 
tugboats assisting ships or barges for berthing and unberthing manuever. The procedure should be 
implemented by pilot, captain, and tug masters as the measure to decrease the number of collision in 
the area. In the early of January 2018 MV Action Trader, a bulk carrier with the capacity of 39,300 
DWT attack the mooring dolphin of jetty of the petrochemical terminal. The structure of mooring 
dolphin was sinking and the ship was stranding. The ship has been evacuated by four tugboats at the 
condition of high tide [1]. The positions of broken mooring dolphin and the development of new 
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wharf of the petrochemical company as well as the existing jetty of the smelter company in the 
research area is shown in Figure 1. 

Training on harbour towage operations is very important for tug masters to gain competence and 
confidence, especially for a new developing port area. In this study, the path of barge towage is 
simulated using the Mathematical Manoeuvring Group (MMG) model. The predicted path is 
analysed to calculate degree of difficulty of the towing manoeuvre and collision probability using 
Environment Stress and geometrical methods, respectively.  

 
Figure 1:  Area of study.  

 
The aims of this study are: 

1) To determine the number and capacity of tugs to assist berthing-unberthing manoeuvre of 
barge at any position of the wharf,  

2) To evaluate the degree of difficulty of tugs to assist the manoeuvres, and  
3) To determine the probability of collision in the research area. 

2. Method 

2.1.The MMG Model 

The model consists of three motions including surging, swaying, and yawing as expressed in (1), 
(2), and (3), respectively [2,3].  
 

Surge:	(𝑚 +𝑚%)�̇�) 	−	+𝑚 +𝑚,-𝑣)𝑟) = 	𝑋2 + 	𝑋3+	𝑋4            (1) 
Sway:	+𝑚 +𝑚,-�̇�) 	+	 (𝑚 +𝑚%)𝑢)𝑟) = 	𝑌2 + 𝑌3 +	𝑌4                     (2) 
Yaw:	(𝐼77 + 𝐽77)𝑟)̇ 	= 	 (𝑁2 + 𝑁3 + 𝑁4) − 𝑥)(𝑌2 +	𝑌3 +	𝑌4)  (3) 
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where 
H subscript represents the hull forces and moment 
E subscript represents environment forces and moment 
T subscript represents the tug forces and moment 

The current effect is calculated based on the relative velocity with respect to the moving frame. 
The effects of wind on manoeuvring are calculated in the MMG model based on Fujiwara’s 
estimation of wind forces and moment [4]. 

Two coordinate systems of body fixed and space fixed are involved in the model. The centre of 
space fixed coordinate is determined in a certain position of the port map, O and the body fixed 
coordinate system is the centre of gravity of the ship, G. The coordinate system of MMG model is 
shown in Fig. 2. The ship course is represented by the direction of ship’s speed, U and heading of 
ship is represented by ψ. 

 

 
Figure 1: Coordinate system of MMG model.  

2.2.Environment Stress 

The ES is used for the assessment of navigator difficulties for steering ship movement in a port area 
[5,6]. The method considers the ship-human-environment factors and uses a questionnaire to obtain 
the navigators’ perception on multiple situations of ship courses within 180o in the restricted area. 
The subjective judgment of the navigators is formulated in a regression equation for the estimation 
of the ES. 

The ES method is implemented by simulating the ship courses between -90° and 90° from the 
current ship course along the ship’s path. Subjective judgments based on topographical obstacles 
(SJL) and traffic obstacles (SJS) are made according to the equations proposed by Inoue et al. [5]. 
The ES is calculated based on (4) and (5). 

 
𝑆𝐽< = 	𝛼(𝑅 𝑉⁄ ) + 𝛽   (4) 

where: 
𝛼 = 	−0.00092	𝑙𝑜𝑔IJ(𝐺𝑇) + 0.0099, 𝑓𝑜𝑟	𝐺𝑇	 ≤ 10,000	𝐺𝑇, 
𝛼 = 	0.006671	𝑒𝑥𝑝(−7 × 10VW(𝐺𝑇)), 𝑓𝑜𝑟	𝐺𝑇	 > 10,000	𝐺𝑇, 
β  = 	−3.82 , GT is the gross tonnage of the ship, R is the distance to a topographical obstacle, and  

V is the ship speed. 
 

𝑆𝐽[ = 	𝛼(𝑅 𝐿]⁄ ) + 𝛽      (5) 
where:   
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𝛼 = 0.0019	𝐿𝑚, 
for ships from star board : 𝛽 = −0.65	 𝑙𝑛(𝐿𝑚) − 2.07, 
for ships from port side  : 𝛽 = −0.65	 𝑙𝑛(𝐿𝑚) − 2.35, 
for head on condition    : 𝛽 = −0.65	 𝑙𝑛(𝐿𝑚) − 2.07, 
for overtaking condition   : 𝛽 = −0.65	 𝑙𝑛(𝐿𝑚) − 0.85, 
 
Lm is the average length between the subject ship and a target ship, and R is distance between the 
ships. 

The course over ground (COG) is simulated to change between -90° and 90° from the actual 
COG. The ES is a summary of the aggregate subject judgments, the SJL and SJS values, for all ship 
courses in the 180° range, as expressed by (6). 

 
𝐸𝑆 = ∑ 𝑆𝐽<bb + ∑ 𝑆𝐽[bb    (6) 

where:  
j = the ship course from COG –90° to COG +90°.  

 
The indices of SJ, which are distributed from 3 to -3 and estimated using the regression equation, 

are converted into the ES index from 0 to 6. The maximum aggregate value of the ES index is six 
multiplied by the 180° directions. The values of ES fall between zero for extremely safe and 1000 
for extremely dangerous. 

2.3.Collision Probability 

The probability of ship to collide the new jetty is calculated based on (7) and the probability of ship 
attack the under water gas pipe line is calculated based on (8): 
 

𝑃de = 𝑃d) × 𝑃df    (7) 
where: 
PCJ  = probability of ship to collide the new jetty 
PCG = geometrical probability = B/BG 
B    = projected ships’ dimension in maneuvering area  
BG   = the width of maneuvering area  
PCA = causation probability of failing to avoid collision  
       = 1.08x10-4 [7] 
 

𝑃dg = 2𝐿/𝐿) × 𝑃de × 𝑃[d          (8) 
 
where: 
PCP = probability of ship to attack the underwater pipe line 
PSC = probability of ship sinking after a collision accident in the area  = 0,34 [7] 
L    = average ship length = 100 m 
LG   = path length at the basin  

 
The flow of study on maneuvering safety in a restricted port area is shown by Figure 3 
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Figure 3: Flow chart of the study. 

3. Results 

A barge with the capacity of 10,000 DWT is selected as the subject ship as the case study. The 
dimension of the barge is shown in Table I. The depth of water at the basin is 8.3 meter (m), current 
speed is 0.82 meter per second (m/s) to the East, and the wind is from the West with the speed of 
10.8 knots (kts). 

Three position of berthing and unberthing are simulated for the schenarios of meneuvering.  The 
maneuvering consists of towing and escorting maneuvers as shown in Fig. 4 and lateral movement 
as shown in Fig. 5. The figures show two barges have already been berthed at the wharf. The third 
barge has very limited area for the berthing maneuver. The third barge entering the wharf is shown 
in Figure 4. The barge is pushed to the wharf from a position of 100 m apart from the wharf is 
shown in Figure 5. 
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Table 1: Main Dimension of The Barge. 

10,000 DWT Barge 
Length Over All (LOA) 122 meter (m) 
Breadth (B) 28 meter (m) 
Draught (T) 5.5 meter (m) 
Coefficient Block (CB) 0.91 
Lateral Windage (AT) 365 square meter (m2) 
Longitudinal Windage (AL) 1,263 square meter (m2) 

 
The availability of tugboats in the port is 5 (five) tugboats as shown in Table 2. 

Table 2: The Available Tugs. 

No Power, (kW) Length, (m) Breadth, (m) Draught, (m) Bollard Pull, (t) 
1 2×1,300 29 9.6 2.9 38 
2 2×750 30.6 8 2.6 22 
3 2×870 28.7 7.6 3.4 25 
4 2×1,200 31.1 10 3.7 35 
5 2×1,200 31.1 10 3.7 35 

 

Figure 4: Towing and escorting. 
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Figure 5: Lateral movement. 

The simulation of berthing and unberthing of the third barge is shown in Figure 6 and Figure 7. 
Figure 6 shows 2 (two) other barges have been berthed at the wharf. Both of the barges are assisted 
by two tugs with the capacity of 2 x 21 metric tons bollard pull. The third barge is assisted by tugs 
having capacity of 2 x 35 metric tons bollard pull. As shown by the figures of berthing and 
unberthing of Figures 4 and 5, a pivot maneuvers are needed to accomplish the maneuvering. 

 

Figure 6: Berthing to position 3. 

Unberthing maneuvers from position 1, 2, and 3 are presented by Figure 7, Figure 8, and Figure 
9, respectively. All of the maneuvers are assisted by two tugs with the capacity of 2x21 metric tons 
bollard pull. The figures show that the most difficult of the unberthing maneuver is the unberthing 
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from position 3. The turning diameter of maneuver in Figure 9 is larger than the diameter in Figure 
6.  

 

Figure 7: Unberthing from position 3. 

 

Figure 8: Unberthing from position 2. 
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Figure 9: Unberthing from position 1. 

The Environment Stress (ES) of the barge on berthing maneuver at the position of the basin 
entrance is 897 at the speed of 2 knots. This is a critical condition (more than 750 and less than 
900).  Figure 10 shows the 180 distances of obstacles barge entering the wharf with no other barge 
unberthing at the same time. The ES by moving speed is presented in Table 3. The probability of 
ship to collide with the existing jetty for the unberthing maneuver from positions of 1, 2, and 3 is 
shown in Table 4.  
 

 
Figure 10: Distances to obstacles. 
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Table 3.  The ES by Barge Moving Speed 

No. Moving Speed (knots) Environment Stress 
1 0.5 36 
2 1 537 
3 2 897 
4 3 1000 

 

Table 4.  Geometric Collision Probability. 

No. Unberthing 
Maneuver 

Geometric 
Probability 

Collision 
Probability 

1 From Position 3 B/BG = 0.50 0.540×10-4 
2 From Position 2 B/BG = 0.55 0.594×10-4 
3 From Position 1 B/BG = 0.85 0.918×10-4 

 

4. Discussion 

The collision probability calculated based on Fujii model [7] depends on the causation probability 
of failing to avoid a collision and the probability of ship in a collision course. The collision 
probability model of Kristiansen [8] is the product of the probability of lossing navigational control 
and the conditional probability of  having an accident given loss of vessel control. The causation 
probability which is the probability of lossing vessel control in the research area have been 
estimated by other researcher [7]. The conditional probabilty introduced by Kristiansen [8] is 
calculated based on the geometric of the area. This paper introduces a finding on the estimation of 
conditional probability which depends not only on the geometric of the area but also the 
maneuvering capability vessels in the area. 

5. Conclusions 

Based on the result of the study, it is concluded that the simulation of maneuvering using MMG 
model is not only be able to evaluate the capability of tugs to assist the  berthing-unberthing 
maneuvers, but also to assess the collision probability. The capacity of tugs required for 
maneuvering in an area with the safety index of critical condition is higher than the minimum 
requirement of tugs capacity of the port authority. 
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