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Colombia's hydrographic wealth is of great importance for the development of the economic sectors throughout the country, 
and together with neighboring countries such as Peru and Brazil, different needs arising from the difficult access to their more 
remote populations are shared. This is why, humanitarian missions are carried out through the ships of the Colombian Navy 
(ARC), which are at the service of the most remote civilian populations, providing, for example, response to disaster situations 
or covering logistics support. However, in the framework of these operations, problems have arisen due to the absence of having 
adequate vessels for navigation in shallow waters. To combat the problem, the ARC and the Administrative Department of 
Science, Technology and Innovation (MINCIENCIAS) have designated resources for Science and Technology Corporation 
for Naval, Maritime and Riverine Industry Development (COTECMAR) and Colombian Naval Academy (ENAP) to carry 
out research for the design of a new prototype vessel called BALC-L (Light Boat Logistic Support Vessel) that will meet the 
needs of logistics and disaster response. This paper focuses on studying and analyzing the behavior of the BALC-L ship in 
shallow waters, coastal areas and deep-water operations by means of numerical simulation, in order to know its movements and 
operational limitations under these conditions. This research presents a theoretical introduction, numerical simulation results 
and the validation of the data obtained from maneuverability and behavior at sea. 

La riqueza hidrográfica de Colombia es de gran importancia para el desarrollo de los sectores     económicos de todo el país, 
y junto a países vecinos como Perú y Brasil, se comparten diferentes necesidades derivadas del difícil acceso a sus poblaciones 
más alejadas. Por eso, las misiones humanitarias se realizan a través de los buques de la Armada de Colombia (ARC), los 
cuales están al servicio de las poblaciones civiles más remotas, brindando, por ejemplo, respuesta ante situaciones de desastre 
o cubriendo el apoyo logístico. Sin embargo, en el marco de estas operaciones han surgido problemas por no contar con 
embarcaciones adecuadas para la navegación en aguas poco profundas. Para combatir el problema, la ARC y el Departamento 
Administrativo de Ciencia, Tecnología e Innovación (MINCIENCIAS) han designado recursos para que la Corporación de 
Ciencia y Tecnología para el Desarrollo de la Industria Naval, Marítima y Fluvial (COTECMAR) y la Academia Naval de 
Colombia (ENAP) realicen investigaciones para el diseño de una nueva embarcación prototipo denominada BALC-L (Light 
Boat Logistic Support Vessel) que satisfará las necesidades de logística y respuesta ante desastres. Este trabajo se centra en 
estudiar y analizar el comportamiento del buque BALC-L en aguas someras, zonas costeras y operaciones en aguas profundas 
mediante simulación numérica, con el fin de conocer sus movimientos y limitaciones operativas en estas condiciones. Esta 
investigación presenta una introducción teórica, resultados de simulación numérica y la validación de los datos obtenidos de 
maniobrabilidad y comportamiento en el mar.
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Th is research was developed with the purpose 
of carrying out a series of simulations of the 
maneuverability and behavior of the ship BALC-L 
within an R&D from the Francisco José de 
Caldas, project bank which is being carried out 
between ENAP and COTECMAR. It is of vital 
importance for the Colombian Navy to be able 
to simulate in advance how the ship will behave 
before its construction takes place, in order to 
be able to propose improvements and avoid later 
transformations in its design which will result 
in costs and elongating the development phase 
of this project.  Consequently, and given the 
vessel's operational purpose, communities in 
need located in the Colombian Pacifi c region will 
benefi t from having a means of humanitarian aid 
when necessary.

Th e BALC-L class vessel is a ship that is in the 
design phase at the COTECMAR shipyard, 
which can be said to be a derivative version of 
the conventional BALC, but designed to have a 
shallower draft and access to places of diffi  cult 
access through the rivers and therefore inner and 
remote parts of the country.  In addition, it is 
designed to provide fast, fl exible, modular and 
mobile logistical support and disaster relief, all 
this focused on the civilian population.

Th anks to studies carried out (Carreño, 2011) with 
vessels that operate using pump-jet propulsion 
system in shallow waters, mathematical models 
have been developed that take into account the 
NS or "Non-Squat" eff ect, which translates into 
an increase of the turning capacity in shallow 
areas (Clarke, 1998) (Eloot, 2013) for vessels with 
BALC-L characteristics. Traditionally, this eff ect 
has been studied in conventional vessels, being 
called "Squat eff ect" (Sierra et al, 2000), which 
depending on the Froude number (Escalante, 
2010)  of the vessel can generate the opposite 
eff ect to the one mentioned above, evidencing that 
by increasing the draft when the vessel reaches 
shallow waters, there is a considerable decrease in 
the maneuverability capabilities of these vessels 
(Herreros, 2000).

Th e seakeeping behavior of a ship (Riola et al, 2017) 
is described by the balance equation, expressing 
the sum of the restoring moments that the ship will 
have, where it must be equal to the external force 
exerted on it (Medina, 2016).

Th e behavior of vessels at sea (Vidal, 2008) is 
represented by the Amplitude Response Operators 
(RAO) (CEHIPAR, 2020), which give the vessel's 
responses to motion in regular waves and represent 
the transfer function of input (waves) and output 
(motion) being of total importance in determining 
the necessary parameters for the design of a vessel.

Where the spectral crossover (Sz (w)) is one of 
the most important aspects for these responses in 
irregular waves in space, and time where the sea 
spectrum (S(w)) is represented by the RAO or 
transfer function (France et al, 2001).

Introduction Seakeeping
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(3)

Fig. 1. BALC-L sailing.

Source: CICEN Transas Simulator, 2020.
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The aim of this project is to study the behavior at 
sea of the BALC-L through a series of simulations 
with Maxsurf Motions Advanced of a 3D prototype 
provided by the shipyard. The shape plan and the 
hydrodynamic coefficients (Holtrop et al, 1978) of 
the ship were obtained in order to transfer them 
to the Maxsurf Motions Advanced program, in 
which the simulations were carried out by varying 
the speed with increments from knot to knot and 
course changes every 15°.

To later analyze  the validation of the results obtained 
and full fill a  greater characterization of the ship 
with the Transas full vision simulator of the Center 
for Research, Development and Innovations for 
Marine Activities (CIDIAM) of ENAP, a similar 
simulation was made in the Maxsurf program, 
varying the speed from 0 to 8 knots and the course 
every 15°, with the same conditions, however this 
simulator does not use only the shape plans but, 
takes advantage to complete the characteristics of 
the ship with the values extrapolated from those 
it has in its database of other ships. The idea is to 
determine the characteristics of interest of the ship 
and to propose its possible improvement for this 
purpose it was studied in 2 maritime conditions 
according to Douglas scale (Cazatormentas, 2019), 
as shown in Fig, 1.

The limit criteria defined by STANAG 4154 
(NATO, 2000) for a patrol and transit vessel in its 
wheelhouse of 4° RMS for rolling and 1.5° RMS 
for pitching are used to study the ship's movements 
and accelerations.

The values obtained contribute to know if the 
vessel will be a risk for the safety of the ship, the 
habitability and comfort of the personnel, and the 
relevant operation of the equipment, systems and 
weapons, and thus contribute these results to this 
design that COTECMAR is carrying out in order 
to optimize the vessel to the maximum.

Mathematical models (Carreño, 2011) (Riola et 
al, 2017) come, among other    factors, from the 
need to economize the evaluation of vessels. They 
usually work in an inertial reference system whose 
center with coordinates is located at the point 
where the maneuver starts (Cipriano, 2009). And 
they generally require obtaining hydrodynamic 
derivatives by means of tests whose validation is 
subsequently performed with full-scale tests (Aláez, 
1996). For three degrees of freedom, the following 
equations are considered (Cipriano, 2009):

These three differential equations express the 
respective forces and moments as seen from the 
inertial reference frame on the right side of each 
equation, while the left side presents the accelerations 
as seen from the body-centered, non-inertial 
reference frame (Inoue et al, 1981). To achieve this, 
the two reference systems are related by means of a 
transformation matrix (Carreño, 2011).

The forces and moments must be decomposed into 
the different factors that affect the maneuvers to 
be studied, in which the vessel must be subjected 
to the regulations reflected in resolution MSC.137 
(76) (IMO, 2002). It is important to mention that 
one of the critical aspects to take into account in the 
preliminary design stage of a vessel that navigates 
in rivers with strong currents, is the level of control 
that can be expected of it, in the horizontal plane, 
when navigating, which is known as its behavior 
or maneuverability. This can also be defined as 
the percentage of efficiency in achieving a certain 
position of the bow of a boat with respect to a 
defined space (Sagarra, 1998).

For the Society of Naval Architects and Marine 
Engineers (SNAME) not only maneuverability 
should be studied, but also controllability, taking 
into account that in order to define maneuverability 
the human factor should be taken into account.

Maneuverability

(4)

(5)

(6)

TAP mission parameter Limit value 

Roll angle 4,0° RMS

Pitch angle 1,5° RMS

Table 1. Seakeeping criteria of TAP.
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Maneuvering Simulation Laboratory (MANSIM) 
simulation program was used. Th e results were 
later validated with the Full Vision navigation 
simulator of Transas, owned by CICEN (ENAP's 
research center). Fig. 4 shows the virtual model of 
the BALC-L vessel navigating in the mouth of the 
San Juan river. Th is location was chosen because of 
its diffi  cult maneuvering characteristics due to the 
strong currents and tides in the area.

According to the proposed methodology, a 
model of the BALC-L was designed with the 
help of the Virtual Shipyard software to perform 
a validation of the results in ambient conditions 
in Simulator Transas. Thus, after performing 
the pertinent maneuverability validations in 
said program in deep waters, and the necessary 
adaptations to the propulsion with pump-jets, 
the model was taken to the virtual scenario of 
the river at the mouth of the San Juan River, in 
which two types of maneuvers were performed: 
evolutionary circles and zig-zag maneuvers.

The Fig. 5 shows the trajectory of the BALC-L, 
at the moment of executing an evolutionary 
circle maneuver at 35° to starboard and a Zig-
Zag maneuver at 20°, this was developed by the 
MANSIM maneuverability software, which was 
executed in this case in deep water conditions 
and with a propeller and rudder maneuvering 
system.

Fig. 2. Warship undergoing maneuverability tests.

Fig. 3. Virtual model of the BALC-L navigating in the 
mouth of the San Juan river.

Source: CICEN full vision simulator.

Source: Defense one website, (2016).

Since many of the critical maneuvers of warships 
are operated manually, which makes it diffi  cult 
to determine. In the present research, the term 
maneuverability is used from a safety point of view 
(Sukas et al, 2019)  (Aoki et al, 2006), taking into 
account the importance of the vessel's own shapes, 
which is especially critical in our case, given the 
shallow draft required for the vessel to be able to go 
up rivers as high as possible.

Due to this situation, maneuverability has gained 
importance in recent years, to such an extent that 
diff erent international organizations 

interested in maximizing effi  ciency maritime 
transport, trying to avoid material losses and 
mainly to protect the lives of crew members and 
passengers, have made great eff orts to standardize 
regulations to assess the maneuverability of 
most vessels in most cases. Th ese include the 
International Maritime Organization (IMO, 
2002), the European Parliament, the Council 
of the European Union and the Russian River 
Registry (Carreño, 2011).

In our study and in order to carry out the 
maneuverability tests to the BALC-L in shallow 
waters, the mouth of the San Juan river has been 
simulated, for which it was necessary to compile 
the bathymetry of the river provided by the 
Center for Oceanographic and Hydrographic 
Research (CIOH), the ship design data and the 
hydrodynamic theories related to the evaluation 
of the maneuverability of a warship. In order 
to carry out this maneuverability study, the 
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Th e following graph shows the trajectory of the 
BALC-L, at the time of executing an evolutionary 
circle maneuver at 35 degrees to starboard, 

Source: Simulator MANSIM, 2019. Source: Simulator Full Visión, 2020.

Source: Authors.

Source: Virtual Shipyard Software, 2020.

Source: Authors.

Maneuverability 
Software Conditions Maneuvers executed

MANSIM

Maneuvering 
with a 
propeller and 
rudder system.

-Evolutive circle 35° to 
starboard
-Zig-Zag 10° to 
starboard
-Zig-Zag 20°.
Maneuvering in deep 
water conditions

Virtual Shipyard 

Maneuvers 
with a pump-
Jet propulsion 
system.

Maneuvering in deep 
water conditions:
-Evolutionary circle 
35° to starboard.
Maneuvering in 
shallow water 
conditions:
-Evolutionary circle 
35° to starboard.

Full Vision 

The maneuvers 
in this 
simulator were 
performed 
with a Jet 
propulsion 
system.

Maneuvering according 
to conditions in the 
area of the mouth of 
the San Juan River:
-Evolutionary circle 
35° starboard side
-Zig-Zag 10° to 
starboard
-Zig-Zag 20°.

VARIABLES Deep waters Shallow water

Tactical Diameter 90 m (2,54 L) 30,75 m ( 0,82L) 

Advance 72,15 m (1,92 L) 64,25 m (1,71L)

Transfer 29,44  m(0,78 L) 18,4 m (0,49L)

Table 2. Specifi es the use of each of the software and the 
conditions under which different maneuvers.

Table 3. Maneuverability result.

Fig. 5. Comparison between the 35-degree starboard 
evolving circle maneuver trajectory in shallow water and 

deep-water conditions.

Fig. 4. Maneuvering trajectory of evolving circle 35 
degrees to starboard and Zig-Zag 20 degrees, vessel with 

rudder and propeller propulsion, deep water condition.

Fig. 6. Evolutive circle maneuver 35º to starboard at the 
mouth of the San Juan River.
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this was developed by the Virtual Shipyard 
maneuverability software, which executed it in 
deep and shallow water conditions, with a pump-
jet maneuvering system.

Th e following graph shows the trajectory of the 
BALC-L, at the time of executing an evolutionary 
circle maneuver at 35 degrees to starboard, this was 
developed by ENAP's Full Vision simulator, which 
was executed at the mouth of the San Juan river 
and with a pump-jet maneuvering system.

Table 5 below shows the relationship of course vs. 
rudder angle of the vessel when executing a zig-
zag maneuver 10° and 20°, this was developed in 
the Full Vision simulator, which executed it at the 
mouth of the San Juan river and with a pump-jet 
maneuvering system.

According to these results, a verifi cation was made 
with the IMO international maneuverability 
standards according to resolution MSC.137(76) 
(IMO, 2002) and NATO, in the publication 
"Guidance for naval surface ships mission 
oriented maneuvering requirements (ANEP-70)", 

in order to determine if the vessel complies with 
the requirements to be considered maneuverable. 2 
shows the maneuvering criteria established.

Source: Authors.

Source: Authors.

VARIABLES DATA

Tactical Diameter 111 m (2.70 L)

Advance 104 m (2.6 L)

Transfer 70.4 m(1.67 L)

Table 4. Maneuverability results.

Fig. 7. Plot of course and rudder angle vs. time for Zigzag 
maneuver 10 and 20 degrees, pump jet propulsion vessel.

Source: Authors.

Source: Authors.

Overshoot
Angle Zig-Zag 10º Zig-Zag 20º

Overshoot
First Angle 0.50 1.1

Overshoot
Second Angle 0.70 2.1

Maneuver Units Criteria
 proposed

IMO 
Requirements

Transit 
speed

Low 
speed

Course 
stability Degrees 4 4 -

Evolution 
circle Lengths 3 2 5 Lengths 

Crash 
Stop Lengths 10 10 15 Lengths

Zig-Zag Seconds 7 10 Overshoot 
Angle

Table 5. Overshoot angles in zig-zag maneuvers.

Table 6. Maneuvering Criteria.

Fig. 8. "Comparison simulation of pitch 060° RMS SS3 
Maxsurf vs CIDIAM"..

Note: The table shows the comparison between NATO 
criteria and IMO requirements (NATO, 2001).
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its maneuvers with the degree of accuracy 
required by a ship of the Colombian Navy.

• By having a draft of 1.45m and its hull forms 
almost flat, the vessel will not have a good 
performance at sea according to STANAG 
limits, as extracted from the results of the 
Maxsurf program as in the CIDIAM program, 
for neither of the 2 cases, however the vessel is 
in optimal conditions to be able to navigate in 
shallow waters.

• The vessel should navigate in open waters 
with swell less than SS3 for transit between 
river areas.

• With a sea state SS3 her minimum RMS pitch 
value were 1.49° respectively allowing her to sail 
at a heading 060° with a speed between 6 knots. 
This is the limit sea state in which the vessel will 
be able to sail but trying to avoid taking the 
waves other than by the bow or stern.
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