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Abstract  

The paper presents an experimental investigation of course stability 
on the barge due to the damage conditions of one or more adjacent 
void tanks. The effects of various towline lengths and load 
conditions on the course stability of the barge were taken into 
account and incorporated with trim and heel conditions. The sway 
motion, defined as the towline's motion, was captured using the 
camera, and the yaw motion was measured using the Euler 
compass. The investigation results revealed that increased towline 
lengths, flooding locations, and load conditions affect the barge's 
course stability. The smallest value is the increased sway and yaw 
amplitudes affected by the flooded condition of one or adjacent two 
void tanks on the amidship part. The overall sway amplitude on the 
port side or starboard side increases significantly high, affected by 
towline length from 1L to 1.5L. Also, the overall yaw amplitude on 
the port side or starboard side increases significantly high, affected 
by towline length from 1.5L to 2L. The difference in the increased 
sway amplitude based on the flooding locations between stern, 
amidship, and bow parts is less than 10% on the port side and 2% 
on the starboard side. The difference in the increased yaw 
amplitude is less than 5% on the port side and 5% on the starboard 
side. The number of longitudinal bulkheads on the port side and 
starboard side must be considered for the reduction of the 
oscillation of the water mass inside the tank to reduce the 
degradation of the course stability.  
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INTRODUCTION 

Sea transportation of a tug and barge has 
been still very reliable and feasible to transport 
mining materials and other cargoes. However, 
during the operation for this kind of 
transportation, the safety of the towing operations 
requires good course stability of the barge. As 
known, a barge has a high vertical center of 
gravity, shallow draft, and low freeboard [1], and 
those characteristics affect its performance. Also, 
waves and severe weather in sailing conditions 
can disrupt a barges’ performance. Therefore, to 
ensure the safety of the barge during sailing and 
towing operations, a transport method for a barge 
must be properly planned or arranged.  

Numerous studies have investigated the 
aspects that affect operational safety concerning 
the transportation method. The dynamic 
response of the barge in a random sea was 
investigated by [2]. The course stability of a 
barge with skegs fitted at both sides of the stern 
was studied by [3] to improve its course stability 
performance. The course stability performance of 
the barge in the wide beam and shallow draft of 
the model tested in a towing tank was 
investigated by [4]. Also, the experimental 
investigation was carried out to obtain the effect 
of skegs on the barge hull's hydrodynamic 
derivatives. The full-scale barge motions 
measurement and comparison with a model test 
were presented by [5]. The towrope of unsuitable 
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length would induce hazardous responses in 
operations and make it impossible to keep a 
barge in an equilibrium position [6]. 

Moreover, the methodology of the stability 
and motion analysis for practical problems of 
barge transportation was developed and 
implemented by [7]. However, this applied to 
barge transportation with zero forward speed. 
The experiment was conducted to investigate the 
effect of sway motion with different tow rope 
lengths and arrangements for a towed ship in 
calm water [8][9]. The coupled dynamics of a tug-
towline-towed barge based on the multiple-
element model of the towline were simulated by 
[10]. The effects of an unstable towed ship and a 
stable towed ship were investigated numerically 
at various angles and velocities of wind [11]. The 
rolling of a transport barge in irregular seas was 
investigated by [12]. The towing characteristics of 
a transportation barge during the multi-tug 
operation were studied by [13]. However, this 
research was focused on the parameters of 
towline tension. The slewing motion of the barge 
can be decreased by decreasing the towline 
lengths, which is greater when a bridle is 
connected to the towline [14]. The course stability 
of a towed ship using Computational Fluid 
Dynamics (Flow3D) was investigated by [15], 
where the effects of different towline lengths and 
towing’s velocity on sway and yaw motions were 
investigated. The sway and yaw motions and 
towline tension of a ship towing system in calm 
water incorporated with symmetrical and 
asymmetrical bridle towline configurations were 
investigated by using the CFD simulation [16, 17, 
18]. Furthermore, the hydrodynamic force acting 
on the towed vessel was modelled as a modular-
type hull force model, including the linear and 
nonlinear (third-order) damping forces in sway 
and yawing directions [19, 20, 21] and the towing 
characteristics of the barge considering wind 
force were studied by [22]. 

The studies that have been explained 
previously show the course stability of the barge 
to be a function of towing’s speed, barge hull 
geometry, skeg, water depth, wave condition, 
and towing system incorporated with the towline 
type, length, and tension. In the studies, the 
investigation of the course stability of the barge 
was in intact condition. However, a barge 
sometimes experiences a damaged condition at 
sea, and it is possible to a dangerous. Although 
barge collision accidents less occur, the studies 
of course stability of the barge in damaged 
conditions are rarely conducted. The accident of 
the towing tug (TB Mitra Jaya XXI) in Jawa sea-
Indonesia was reported by [23, 24, 25] wherein 
the towing tug experienced a collision during 

towing the barge (Makmur Abadi 5) with another 
ship (KM Tanto Bersinar). The TB Mitra Jaya XXI 
sank in this accident, and the barge Makmur 
Abadi 5 suffered a torn hull and leakage. In the 
leakage condition, the barge must be towed to its 
destination. In this case, the course stability of a 
barge during damage conditions is an important 
matter. Therefore, the course stability of the 
barge due to the damage conditions of tanks 
must be investigated. 

This study presents an experimental 
investigation on the course stability of the barge 
in the damage conditions. The effects of the 
damage conditions of the tank incorporated with 
towline length and load conditions on the barge's 
course stability have been taken into 
consideration. Several scenarios of the damage 
conditions of the void tank have been considered 
into one, adjacent two, and adjacent three 
flooded tanks. The lengthened towlines have 
been defined based on the barge’s length. Also, 
the load condition of the barge has been 
considered in the draft of 100% and 75%. From 
the investigation results, the behaviors of the 
barge have been interpreted accordingly. This 
interpretation can guide the towing operations of 
a barge that experiences the flooded tanks.  
 
METHOD 

In this presented study, the investigation of 
the course stability of the barge model in calm 
water during flooded conditions has been carried 
out through experimental work. In the following, 
the ship model and experimental setup are 
discussed. The experiment was conducted at the 
towing tank of the Ship Hydrodynamics 
Laboratory, Department of Naval Architecture, 
Hasanuddin University. The towing tank 
dimension is 60 m in length, 4 m in width, 6 m in 
depth, and 3.80 m in water depth. The speed of 
the towing carriage is a maximum of 4 m/s.  

The main dimensions of the barge and the 
body lines plan are shown in Table 1 and Figure 
1, respectively. For the geometric scale, the 
barge model is scaled 1:50, considering the 
towing tank size to avoid some disturbances 
during the experiment. The ship model was made 
of fiberglass combined with thin wood, as shown 
in Figure 2, wherein the barge model was 
completed with the number of the void tanks (38 
tanks) based on the tank arrangement and 
equipped with a skeg, as shown in Figure 3. The 
deck of the barge model was made of acrylic 
material, and its purpose was to easily control 
water volume and level inside a void tank due to 
a leaking condition. 
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Table 1. Main Dimension of the Actual Barge and 
Model 

Dimension  Actual barge  Model 

Length overall/LOA (m) 91.44 1.83 
Breadth/B (m) 24.38 0.49 

Depth/D (m) 6.09 0.12 
Draft/d (m) 5.18 0.10 

 
The schematic of the experiment is shown 

in Figure 4. The barge model was towed by the 
tugboat model using the towline. The towing post 

of the carriage is connected vertically with the 
towing tug model. The velocity of towing is 
sometimes 5 knots on the working operation. For 
a damage condition of a barge, the velocity of 
towing is assumed here to be around 2.5 knots. 
Therefore, by using the Froude similarity in the 
experiment, the speed of the towing carriage was 
the same as the tug’s speed set at 0.18 m/s 
related to the Froude number (Fr) 0.042. 
 

 
Figure 1. Body Lines Plan of Barge 

 

 
 

Figure 2. Model of Barge 
 

 
Figure 3. Void Tank Arrangement of Barge 
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Figure 4. Schematic of Course Stability Experiment 

 

A barge is sometimes not fully loaded 
when sailing at sea in the actual condition. 
Therefore, this condition is considered in this 
experiment. The loading conditions of the barge 
model were assumed into 75% draft (d1) and 
100% draft (d2). Besides the loading condition, 
the length and type of towline are also 
considered. The tow rope was connected to the 
two models of tug and barge, wherein the towline 
is straight-tow with V-tow connected to the barge 
model, as shown in Figure 4. The V-tow type 
refers to [21], and the straight-tow refers to [6] 
[22]. The towline length is normalized with the 
barge model length (LOA or L) configured into 
1L, 1.5L, and 2L, as shown in Table 2, wherein L 
is LOA. The towline length includes the straight-
tow with V-tow (Lv), and the V-tow has various 
towline lengths based on the configuration of the 
towline length. The V-tow (Lv) length is 
connected to two points in the barge. The 
diameter of the tow rope is 5 mm, and its material 
is thermoplastic silky material (nylon). In the 
experimental study, the effect of tow rope tension 
stability is ignored on course stability. 

Moreover, the scenario of the flooded 
condition is assumed that a barge is experienced 
progressive flooding (external) caused by the 
leaked void tank and through the down flooding 
point. The damage is penetrated on the 
combination of the longitudinal and transverse 
subdivisions. Here, the permeability is assumed 
for flooded spaces due to the flooded condition, 
and its value for the void tank is 0.95 based on 
IACS Rec. 2009/Rev.1 2010. 

 
Table 2. Towline Length and Configuration 

Towline length 
configuration 

Length (m) V-tow length (m) 

1L 1.83 0.28 
1.5L 2.74 0.35 
2L 3.66 0.40 

 

By this assumption, the total water volume 
of the void tank due to the flooded condition is 
95% of the void tank space. Nevertheless, the 
water level inside the void tank is the same as 
the water outside the barge. On the other 
assumption, the opening (manhole or others) 
connects between the void tanks, and this 
opening is taken into account that can cause 
flooding on an adjacent void tank. Therefore, in 
this presented study, the number of adjacent 
flooded zones is considered one to three void 
tanks or simultaneous flooded two and three void 
tanks based on Resolution MSC.429(98). 

The symmetrical and unsymmetrical 
flooded conditions affect the trim and heel on the 
barge. One flooded void tank is an unsymmetrical 
condition, adjacent two flooded void tanks can be 
a possible symmetrical or unsymmetrical 
condition, and all three flooded void tanks are 
unsymmetrical conditions. The illustrations of the 
example of one (A1, C1, A3, C3, A5, C5, or CD, 
etc.), two (adjacent A1 and B1, adjacent C and 
B3, or adjacent B8 and B9, etc.), and three 
damaged void tanks (adjacent A1, B1, and C1, or 
adjacent D3, C3, and C4, etc.) is depicted in 
Figure 5. The flooding event of the void tank on 
the port side is the same as that experienced on 
the starboard side. Therefore, the measurement 
of flooding based on the scenario is conducted 
only once a time with a similar scenario. The 
barge's coupled trim and heeling conditions 
affected by the void tank's flooding were 
measured for the hydrostatic parameters. The 
barge’s attitude was captured using the image 
(camera) and then was drawn through computer-
aided design (CAD) to obtain the barge’s draft. 
The extreme conditions of the barge are based 
on the highest trim and heel conditions. The 
extreme trim conditions were conducted on the 
course stability experiment. 
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(a) One Flooded Tank (Condition A) 

 

 
(b) Adjacent Two Flooded Tanks (Condition B) 

 

 
(c) Adjacent Three Flooded Tanks (Condition C) 

                      
 

Figure 5. The Example of the Flooding Possibility of One (a), Adjacent Two (b), and Adjacent 
Three Flooded Tanks (c) 

 
Regarding the course stability experiment 

of the barge due to damage conditions on the 
extreme conditions (the highest trim by bow or 
stern and heeling condition), the motions of the 
barge were measured, namely coupled sway and 
yaw. The sway motion was defined as the motion 
of the towline captured by using the camera to 
measure the motions of the barge model due to 
damage conditions. The camera was placed 
above the towline vertically and attached to the 
carriage structure. The angle of the towline 
movement at each second could be captured 
during the towing process using the camera. 
Based on this way, the sway motion was 
analyzed as assumed on the towline movement 

and the amidship point's translational movement 
and then using the Pythagorean theorem with an 
isosceles triangle. In addition, the yaw motion 
was measured at the same point as the sway 
motion captured by using the device with the 
application of the Euler compass that can 
measure and record the three rotational 
movements (pitch, heave, and yaw) per second. 

The photograph of the course stability of 
the barge due to flooded conditions conducted in 
the towing tank is depicted in Figure 6; towing 
process (Figure 6a and Figure 6b), sway motion 
based on towline movements (Figure 6c and 
Figure 6d), and yaw motion recorded by the Euler 
compass (Figure 6f). 
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Figure 6. The Course Stability Experiment of the Barge Due to Flooded Void Tank 

 
RESULTS AND DISCUSSION 

The course stability analysis of the barge 
in calm water has been performed successfully 
through the experimental model test at the towing 
tank, where results are accordingly obtained. In 
addition, this experimental investigation of the 
course stability due to the damaged tanks is 
appropriately discussed. 
 
Hydrostatic parameter of the barge due to 
damage tank 

The trim by bow and stern on the barge 
due to the flooded conditions of void tanks was 
measured on the draft of 100% (full load). The 
void tank in rows A (starboard) and B are in the 
same position (symmetrical position) as the void 
tank in D and C, as shown in Figure 5. For this 
reason, the measurement of trim due to the 
flooded void tanks with a symmetrical position 
was conducted only on one side. Here, the 
flooded tank position was on the port side. The 
photograph during the experimental process of 
the draft measurement due to the flooded void 
tank is shown in Figure 7.  

Nineteen void tanks were flooded and 
measured for Condition A and 68 various void 
tanks for Condition B in the experiment. The 
measurement results showed that the flooded 
void tank of D2 and D8 affected the highest trim 
by stern and bow, respectively. For the flooded 

void tank C4, the trim showed small in the 
flooded void tank around the amidship. The drats 
due to the flooded void tank of D2, C4, and D8 on 
the port side and starboard side are shown in 
Table 3. The difference in draft between on port 
and starboard sides affected the healing 
conditions. The heel magnitude at amidship was 
obtained at 1.40 degrees for D2, 2.39 degrees for 
D8, and 0.70 degrees for C4. Due to condition A, 
the heel magnitude is smaller on the amidship 
part than on the bow or stern part. 

Condition B and Condition C's draft 
measurement on the bow and stern. On the 
measurement, the water level surface by trim and 
heeling conditions due to load 100% was over 
the deck level for all Conditions B and C. 
Therefore, these scenarios were not considered 
further performed on the experiment of the 
course stability. Regardless of the condition of 
the barge on draft 100% due to the flooded 
conditions of Condition B, the surface of water 
level by trim and heeling conditions remained 
under deck level for 75% draft. On the other 
hand, the water level was affected by Condition C 
were remain over deck level on the 75% draft of 
a barge. Therefore, the trim measurement due to 
the flooded conditions of Condition C was not 
conducted for experimental investigation of 
course stability. 
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Figure 7. The Course Stability Experiment of the Barge Due to Flooded Void Tank 
 

Table 3. Draft by Bow and Stern on Draft 100% 
Due to Condition A 

  
Flooded 
void tank 

Trim condition 

Draft on the 
port side (cm) 

Draft on the 
starboard side (cm) 

Bow  Stern Bow  Stern 
draft 

D2 10.80 11.90 9.50 10.80 

C4 10.80 11.50 10.30 10.80 

D8 12.20 11.50 10.50 9.10 

 
Table 4. Draft by Bow and Stern on Draft 75% 

Due to Condition B 

Adjacent 
two flooded 

void tank 

Trim condition 

Draft on the port 
side (cm) 

Draft on the 
starboard side (cm) 

Bow   Stern Bow  Stern 

D2-D3 8.50 11.20 6.50 7.80 

B4-C4 8.30 8.80 7.70 8.20 

D7- D8 10.50 9.50 7.90 6.10 

 

Table 4 shows the trim by bow and stern 
due to the flooded conditions of Condition B. 
Condition B of D2-D3 and D7-D8 affected the 
highest trim by stern and trim by bow, 
respectively. Based on Table 4, the heel 
magnitude affected by the flooded tanks of D2-
D3 and D7-D8 is 3.15 degrees and 3.50 degrees, 
respectively. For the flooding conditions 
represented in the amidship part of the barge, 
Condition B of B4-C4 were considered to be 
performed in the experiment. 
 

Course stability behaviors of the barge due to 
flooded void tank 

The Condition A of D2, C4, and D8 and 
Condition B of D2-D3, D7-D8, and B4-C4, was 
performed in the experimental investigation of 
course stability.  

Figure 8 shows the time history of the 
sway motion of the barge in calm water due to 
Condition A. The sway motions due to the 
Condition A of D2 (Figure 8a), C4 (Figure 8b), 
and D8 (Figure 8c) show sufficient stable 

conditions. Although the sway motion has shown 
stable condition, the motion amplitude tends to 
move large to the port side of the barge. This 
tendency means the barge drifted to the port side 
caused by the oscillation of the water mass inside 
the flooding tank that occurred on the port side. 
The sway amplitude tends to increase in 
increasing the lengths of the towline, wherein the 
sway amplitude has the smallest value affected 
by the towline 1L for all of Condition A. For 
Condition B, the behavior of sway motion is 
similar to Condition A. 

The average increased sway amplitude in 
increasing the towline lengths due to the 
Condition A of D2, C4, and D8 on the port side is 
27.73%, 30.17%, and 28.47%, respectively. On 
the starboard side, the average increased sway 
amplitude in increasing the towline length due to 
D2, C4, and D8 on the starboard side is 28.17%, 
27.81%, and 27.75%, respectively. The 
difference of the increasing sway motion due to 
the flooded location between stern (D2), 
amidship (C4), and bow parts (D8) is a small 
magnitude, wherein it is less than 7.41% on the 
port side and 1.0% on the starboard side, 
respectively. 

On the other hand, the average increased 
sway amplitude in increasing the towline lengths 
due to the Condition B of D2-D3, B4-C4, and D7-
D8 on the rotational speed to the port side is 
17.69%, 19.87%, and 18.64%, and it in starboard 
side is 26.64%, 27.55%, and 27.91%, 
respectively. The difference in the increased 
sway amplitude seems small based on the 
leaked location between stern, amidship and bow 
parts, wherein it is less than 9.47% on the port 
side and 1.05% on the starboard side. Therefore, 
the increased sway amplitude affected by 
Condition A or Condition B on the amidship part 
has the smallest value. Table 5 listed the average 
sway amplitude of the barge due to the 
Conditions A and B. 
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a). Flooded void tank of D2 

 

 
b). Flooded void tank of C4 

 

 
c). Flooded void tank of D8 

 
Figure 8. Time History of Sway Motion of Barge 

Due to Condition A. 
 
Figure 9 shows the time history of the yaw 

motion of the barge in calm water due to 
Condition A. Regarding the yaw response, the 
yaw motion due to the Condition A of D2 based 
on Figure 9a affects the highest trim by stern. 

The yaw amplitude is highest when the 
towline length is 2L, and the yaw amplitude is 
lowest affected by the towline of 1L. Also, the 
yaw motion increases by increasing the towline 
lengths. In addition, the yaw motion due to the 
Condition A of C4 and D8 is shown in Figure 9b 
and 9c, wherein the flooded void tank of C4 and 
D8 represent the flooded conditions on the 
amidship part and the bow part (highest trim by 
bow), respectively. 

The tendency of yaw motion due to those 
flooded void tanks of C4 and D8 has the same 
behavior as the yaw motion of the Condition A of 
D2. Therefore, the behavior of the yaw motion is 
affected by the towline length, wherein the yaw 
motion becomes large in increasing the towline 
lengths. The average yaw amplitude due to 
conditions A and B is shown in Table 6. 

 
a). Flooded void tank of D2 

 

 
b). Flooded void tank of C4 

 
c). Flooded void tank of D8 

 

Figure 9. Time History of Yaw Motion of Barge 
Due to Condition A 

 
Based on Table 6, the yaw amplitudes on 

the port side for both Condition A and B flooded 
conditions are higher than on the starboard side. 
The average increased yaw amplitude increases 
the towline lengths due to the Condition A of D2, 
C4, and D8 on the port side is 23.11%, 21.73%, 
and 22.36%. On the starboard side, the average 
increased yaw amplitude due to D2, C4, and D8 
is 10.21%, 9.57%, and 9.90%. The difference in 
the increased yaw amplitude seems small based 
on the flooding location between the stern, 
amidship and bow parts, wherein it is less than 
4.39% on the port side and 4.77% on the 
starboard side. 

Meanwhile, the average increased yaw 
amplitude in increasing the towline lengths due to 
the Condition B of D2-D3, B4-C4, and D7-D8 on 
the rotational speed to the port side is 15.63%, 
15.50%, and 16.37%, and it in starboard side is 
12.40%, 12.31, and 12.33% respectively. The 
difference of the increased yaw amplitude in 
increasing the towline length seems small based 
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on the leaked location between the stern, 
amidship, and bow parts. 

The difference in the increased yaw 
amplitude seems small based on the leakage 
locations between the stern, amidship, and bow 
parts, wherein it is less than 3.07% on the port 
side and 1.0% on the starboard side. Also, the 
increased yaw amplitude has the smallest value 
on the amidship part for both flooded conditions 
of Condition A and B. 

Figure 10 shows the tendency of sway 
amplitude of barge in increasing the towline 
lengths due to conditions A and B. The sway 
amplitude due to both of those flooded conditions 
seems to have the same tendency. Although the 

difference of increased sway amplitude that has 
been stated previously is a small value, the 
overall sway amplitude increases significantly 
high affected by towline lengths from 1L to 1.5L 
on both port side and starboard side.  

Figure 11 shows the barge's yaw 
amplitude tendency in increasing the towline 
lengths due to conditions A and B. On the 
contrary to the increased sway amplitude, the 
overall yaw amplitude increases significantly, 
affected by towline lengths from 1.5L to 2L on the 
port side and starboard side. Also, the tendency 
of sway amplitude due to Condition A is the same 
as Condition B. 

 
 

Table 5. The Average Sway Amplitude of Barge Due to the Conditions A and B 
Condition Flooded void tank Towline length Sway amplitude  

(m) 

Port side (-) Starboard side (+) 

Condition A 

D2 

1L 0.42 0.29 

1.5L 0.78 0.49 

2L 0.86 0.58 

C4 

1 0.39 0.27 

1.5L 0.69 0.44 

2L 0.83 0.53 

D8 

1L 0.41 0.28 

1.5L 0.73 0.46 

2L 0.84 0.55 

Condition B 

D2-D3 

1 0.37 0.20 

1.5L 0.49 0.32 

2L 0.55 0.38 

B4-C4 

1L 0.31 0.17 

1.5L 0.44 0.30 

2L 0.49 0.34 

D7-D8 

1L 0.34 0.18 

1.5L 0.47 0.31 

2L 0.52 0.36 

 
 

Table 6. The Average Yaw Amplitude of Barge Due to the Conditions A and B 

Condition Flooded void tank 
Towline 
length 

Yaw amplitude  
(deg/s) 

Port side (-) Starboard side (+) 

 
 
 
 

Condition A 

 1L 7.52 4.02 

D2 1.5L 8.92 4.36 

 2L 12.84 4.99 

 1L 7.13 3.83 

C4 1.5L 8.30 4.09 

 2L 11.75 4.69 

 1L 7.34 3.91 

D8 1.5L 8.56 4.23 

 2L 12.31 4.82 

 
 
 
 

Condition B 

 1L 3.08 2.39 
D2-D3 1.5L 3.21 2.62 

 2L 4.41 3.12 

 1L 2.82 2.30 
B4-C4 1.5L 3.00 2.43 

 2L 4.00 3.01 

 1L 2.91 3.35 
D7-D8 1L 3.11 2.52 

 2L 4.22 3.07 
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(a) Sway amplitude in port side. (b) Sway amplitude in starboard side. 

  

(c) Sway amplitude in port side. (d) Sway amplitude in starboard side. 

 
 

Figure 10. The Tendency of Sway Amplitude of Barge Due to Condition A (a and b), and Condition B 
(c and d) 

 

  

(a) Yaw amplitude in port side. (b) Yaw amplitude in starboard side. 

 

  

(c) Yaw amplitude in port side. (d) Yaw amplitude in starboard side. 

 

 

 
 

Figure 11. The Tendency of Yaw Amplitude of Barge Due to Condition A (a and b), and Condition B (c 
and d) 
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CONCLUSION 
The experimental investigation of course 

stability of the barge due to the flooded 
conditions of one (Condition A) or adjacent two 
void tanks (Condition B) was conducted 
successfully. The various towline lengths and 
load conditions were also considered in this 
investigation. On the other hand, the flooded 
conditions on the adjacent two and three void 
tanks (Condition C) caused the extreme trim by 
bow or stern and the extreme heeling for full load 
condition wherein the water levels were over the 
deck. For this matter, the barge must be 
considered for adding the longitudinal bulkheads 
on both sides of the port and starboard to reduce 
the oscillation of the water mass inside the 
flooding tank and increase course stability. 

The sway and yaw motion amplitude tends 
to move large to the experienced flooding part. 
This is caused by the oscillation of the water 
mass inside the flooding tank. The smallest value 
is the increased sway and yaw amplitudes 
affected by the flooded condition of one or 
adjacent two void tanks on the amidship part. 
The overall sway and yaw amplitude increases 
significantly, influenced by the increase of the 
towline length from 1L to 2L. The average 
increased sway and yaw amplitude increases the 
towline lengths due to one flooded void tank is 
28.35% and 16.15%, respectively. For the 
adjacent two flooded void tanks, the average 
increased sway and yaw amplitude in increasing 
the towline lengths due to one flooded void tank 
is 23.05% and 14.09%, respectively. 
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