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1 List of Acronyms 
ACO  Air Co-coordinator  
AS  Abandon Station 
ATM   Air Traffic Management 
BLEVE  Boiling Liquid Expanding Vapour Explosion 
CEO  Chief Executive Officer 
CLIA  Cruise Lines International Association 
DNC  Digital Nautical Chart 
DNV  Det Norske Veritas 
DSC  Digital Selective Call 
DVM  Dynamic Voyage Management 
EBS  Emergency Breathing System 
ECDIS  Electronic Chart Display and Information System 
ECTS  European Credit Transfer and Accumulation System 
EMSA   European Maritime Safety Agency 
EOC  Emergency Operations Centre 
EPIRB  Emergency position-indicating radio beacon 
EQUASIS  European Quality Shipping Information System 
ERCC  Emergency Rescue Co-ordination Centre 
ESD  Emergency Shut Down 
ETO  Emergency Towing Operation 
FAL   The Convention on Facilitation of International Maritime Traffic  
FiFi  Fire fighting 
GMDSS  Global Maritime Distress Safety System 
GPS  Global Positioning System 
HMI   Human Machine Interface  
HS        Significant Wave Height 
HUET  Helicopter Underwater Escape Training 
IALA  International Association of Marine Aids to Navigation and 

Lighthouse Authorities  
IAMSAR   International Aeronautical and Maritime Search and Rescue  
ICAO   International Civil Aviation Organization 
ICS  Incident Command System 
ICT   Information and Communications Technology  
ILO  International Labour Organization 
IMO   International Maritime Organization  
IMO NAV   IMO Sub-Committee on Safety of Navigation 
IMO MSC  IMO Maritime Safety Committee 
JRCC   Joint Rescue Coordination Centre 
LNG  Liquefied Natural Gas 
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LSA  Life Saving Appliance 
LT  Local Time 
LPG  Liquefied Petroleum Gas 
LRIT   Long-Range Identification and Tracking  
MARPOL   International Convention for the Prevention of Pollution from 
Ships  
MCC  Mission Coo-ordination Centre 
ME  Major Event 
MET  Marine Education and Training 
ML 2.0  MONALISA 2.0 Project 
MOC Maritime Operations Centre (Spanish Maritime Safety and 

Rescue Agency - SASEMAR) 
MOR       Means of Rescue 
MMSI  Maritime Mobile Service Identity 
MRCC  Maritime Rescue Coordination Centre 
MRSC  Maritime Rescue Sub-Centre 
MRO  Mass Rescue Operation 
MSI   Maritime Safety Information  
MST  Maritime Safety Training 
OBP  Open Bridge Platform 
OLRS  On-board life raft recovery systems 
OSC  On-Scene Co-ordinator 
PLB  Personal Locator Beacon 
Port CDM  Collaborative Decision Making within and in relation to Ports 
PPE  Personal Protective Equipment 
RCC  Rescue Coordination Centre 
RFID   Radio Frequency identification  
SAR   Search and Rescue 
SASEMAR  Spanish Maritime Safety and Rescue Agency 
SCBA  Self Contained Breathing Apparatus 
SES   Safe Evacuation System  
SMC  SAR Mission Coordinator 
SRU  Search and Rescue Unit 
STCC  Sea Traffic Coordination Centre 
STCW International Convention on Standards of Training, 

Certification and Watch keeping for Seafarers 
STM  Sea Traffic Management 
SVM  Strategic Voyage Management 
SWIM  System Wide Information Management 
TFEU  Treaty on the Functioning of the European Union 
TKPI  Training key performance indicators  
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VHF  Very High Frequency 
VTMIS  Vessel Traffic Maritime Information System  
VTS  Vessel Traffic Service 
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2 Document objective 
The objective of this document is to explain the pilot tests and simulations that 
have been developed during Monalisa 2.0. Project, and all the conclusions that 
have been obtained. 
This document corresponds to the deliverable D4.2.5 whose full title is “Report on 
platform recovery tests for onboard life rafts recovery systems". 

3 Executive summary 
The overall objective of MONALISA 2.0 contributing to the developments of Motorways 
of the Sea (MoS), is to strengthen efficiency, safety and environmental performance of 
maritime transport, at the same time as reducing the administrative burden of the maritime 
sector. 

This global objective has concretized into a number of immediate objectives, being the 
guarantee of operational safety in ports and coastal areas one of main challenges. In this 
context, where minimizing the number of marine accidents and optimizing the response if 
incidents do occur has been focused the proposal of implementing the OLRS system. With 
this system, the objective in to provide a complementary recovery system to maximize the 
rescue capacity (shipwrecked people recovered per time unit). 

There by, in order to validate the system, pilot tests and simulations have been developed 
and all the conclusions obtained are included in this report.  

4 Introduction 
The present report shows the study performed for FERRI, framed in the Monalisa 
II project (Activity 3.4). 
This study includes the analysis of the launching conditions of a lifeboat down 
the side of a ferry ship (ROPAX), in case of an emergency situation. To that end, 
a simplified analysis of the dynamic equilibrium of the lifeboat at the ship side 
is proposed. A heeled condition of the ship is considered for this analysis. 
To be able to impose correct accelerations to the simplified model, 3D FEM sea-
keeping simulations have been performed. The software used is SeaFEM 
(please, check Annex: Brief description of SeaFEM for details). 

5 Ship used for the analyses 
For this study, the chosen ship is the Superferry class ROPAX ship, "Fortuny", 
property of Acciona-Transmediterranea. The main particulars of this ship are:
  

• Length O.A.: 172 m 
• Length B.P: 157 m 
• Bredth: 26.2 m 
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• Depth: 14.84 m 
• Average draught (máx. load): 6.2 m 
• Displacement (carga máx.): 16555 T 

 
Fig. 1 - 3D CAD model of the ship 

6 RAOs analysis of the ferry 
A RAOs ("Response Amplitude Operators") study of the ship has been performed, 
in two different conditions, corresponding to different draughts and heel angle. 

6.1 Analyzed load conditions 
Both conditions are described in the following table: 

 Condition A Condition B 
Heeling angle 0º 20º (port) 
Max. draught (m) 6.8 12.2 
Length (m) 163.425 165.525 
Max. bredth (m) 26.2 27.86 
Displacement (T)  18572.9  28732.7  
XG (m) 1 78.17 77.34 
YG (m) 2 0 1.37 
ZG (m) 3 3.2 -1.2 
R. giration x (m) 10.48 11.14 
R. giration y (m) 40.85 41.38 
R. giration z (m) 10 10 
GM roll (m) 4.36 3.14 
GM pitch (m) 360.77 274.47 

Notes: 
1: Referred to stern perpendicular. 
2: Referred to centre line plane. 
3: Referred to water plane. 
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Displacement in condition A corresponds to an 11% increment of the full load 
displacement, while in condition B, the displacement is a 42% higher than that of 
the full load displacement. 
This increase of the displacement corresponds to an estimation of the conditions 
in an emergency situation, with a flooding of one or more compartments. 

6.2 SeaFEM 3D model 
In order to being able to analyze both situations with SeaFEM, two 3D geometries 
have been generated, corresponding to such loading conditions 
The following images show the modellization of the hull in both situations: 

 
Condition A (upright) 

 
 

Condition B (20º port heel) 
 

The same calculation domain has been used for both models, modifying the 
careen under the waterplane for each case. 

 
Fig. 2 - Simulation domain for one of the models 

The characteristic data of the careen for each analysis model, shown in the tables 
before, has been inserted in the program (displacements, gravity center and radii 
of gyration). 
All six degrees of freedom (surge, sway, heave, roll, pitch and yaw) have been 
considered unrestrained. 
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6.2.1 Environment data  

In this case, a wave spectrum model generated by means of the "White noise" 
method, is used for performing the RAOs analysis. 
20 wave periods in the range of 4 and 11 seconds will be studied, with a wave 
direction of 90 degrees (corresponding to an abeam waves direction). This wave 
condition is considered to be the most critical in the case of an emergency with 
loss of the main propulsion. 
Wave amplitude is one meter, therefore, obtained RAOs (amplitudes) will be 
already dimensionless. 

6.2.2 Numerical data and simulation time 

For satisfying Fourier analysis requirements, the simulation time is set to 
T=219.429 s, and the time step to dt=0.116629 s. Both parameters are auto-
calculated by the code. 

• Solver used: Direct 
• Pre-conditioner: ILU 
• Dynamic solver relaxation factor (Aitken): 0.25 
• Free surface stability factor: 1.0 
• Damping factor: 0.0 

6.2.3 Analysis mesh 

The analysis meshes used have the following properties and element number 
(lineal tetrahedra): 

• Condition A: 88240 nodes, 551931 elements 
• condition B: 93219 nodes, 592344 elements 

The next images show the mesh corresponding to condition B model. 
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6.3 SeaFEM results: RAOs 
The results obtained correspond to the dimensionless amplitudes of the center of 
gravity movements, for each degree of freedom, in the considered 
periods/frequencies range. 

6.3.1 Condition A: 

 
Y-axis: CDG movements (m) for a 2 m wave. X-axis: monochromatic wave 

frequencies (rad/s) 
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6.3.2 Condition B: 

   

 
Y-axis: CDG movements (m) for a 2 m wave. X-axis: monochromatic wave 

frequencies (rad/s) 

7 Accelerations and velocities analysis 
It seems very interesting for this study to know the velocities and accelerations in 
the ship zone where the lifeboat is located. 
For doing so, it is neccesary first to know the velocities and accelerations of the 
center of gravity, which can be derived from the obtained RAOs. 
Therefore, for each degree of freedom (i=1,..,6): 

vi = dXi/dt = (d(Aicos(wt + δ)))/dt = -Aiw sin(wt + δ) 
ai = dVi/dt = -Ai w2 cos(wt + δ) 

Where:  
vi : Velocity for the "i" degree of freedom 
ai : Acceleration for the "i" degree of freedom 
Ai : Movement amplitude for the "i" degree of freedom 
w: Frequency 
δ: phase 
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Only the amplitudes will be considered, neglecting the phase, in order to obtain a 
distribution of velocity and acceleration amplitudes for the whole frequencies 
range. Therefore, for i=1,..,6: 

vi = Aiw 
ai = Aiw2 
 

Given that the results are dimensionless, they can be multiplied by a defined wave 
height, obtaining the corresponding results. 
The results for each condition, and for a monochromatic wave of 2 meters, are the 
following: 

7.1 Condition A: 

 
Y-axis: COG velocities (m/s) for 2 m wave heigth. X-axis: monochromatic wave 

frequencies (rad/s) 
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Y-axis: COG accelerations (m/s) for 2 m wave heigth. X-axis: monochromatic 

wave frequencies (rad/s) 

7.2 Condition B: 

 
Y-axis: COG accelerations (m/s) for 2 m wave heigth. X-axis: monochromatic 

wave frequencies (rad/s) 
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8 Accelerations and velocities acting on the lifeboat 
Once obtained at the center of gravity, it is possible to obtain also velocities and 
accelerations at any other point, in particular, at the center of gravity of the lifeboat 
in the instant of its launching along the ship side. 
For doing so, the formulation corresponding to the rigid solid dynamics is 
considered. Therefore, for any "P" point rigidly attatched to the body (the ship): 
               

Vp = VG + Ω X GP 
ap= aG + dΩ/dt X GP + Ω X (Vp - VG) (Ω=cte. in this case) 

 
For this study, the useful result is the acceleration in the transverse plane of the 
ship, given that this result will be used later for the bidimensional study. Therefore, 
in the graphs below, only aPy and aPz accelerations are plotted. 
To show the procedure to obtain the accelerations suffered by the lifeboat due to 
the own ship movements, a point in the side of the ship where the lifeboat starts to 
come down, is selected. 
The chosen point corresponds to the zone of the ship where the lifeboats are 
attached, in the instant ship and lifeboat sides start to be in contact, at the 
beginning of the launching: 
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Fig. 3 - Location of the lifeboats, at the ship´s side 

 
Fig. 4 - Exterior view of the lifeboats deck 

The point, referred to the analysis model origin, is: 
P (-13.5, -8.44, 15.19) [m] 

The corresponding accelerations, are: 
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8.1 Condition A 
Referred to the COG for this condition, the point is: 

P (-7.14, -8.44, 11.99) [m] 
 

 
 

8.2 Condition B 
Referred to the COG for this condition, the point is: 

P (-6.3, -9.81, 16.39) [m] 
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Y-axis: Transverse accelerations (m/s2) for a 2 m height wave X-axis: 

monochromatic wave frequencies (rad/s) 
 

9 2D analysis of the launching 
The previous RAOs results will be used to evaluate a bi dimensional model of the 
dynamic equilibrium during the launch of the lifeboat. 
The next image shows the disposition of such equilibrium, as well as the different 
involved variables. 
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The variables correspond to the following magnitudes: 

• G (xg,yg,zg): Lifeboat COG. 
• 0 (0,0,0): Contact point of the lifeboat with the ship´s side. 
• M (xm,ym,zm): Pulling point of the lifeboat. 
• Ft = μ Fn 
• μ: Friction coefficient 
• β (beta): Heel angle 

9.1 Dynamic equilibrium 
∑Ft = m at   --> T + Ft - P cos(β) = m at 
∑Fn = m an  --> Fn - P sin(β) = m an 
∑MG = I α   --> Fn OG cos(δ) + Ft OG sin(δ) - T MG sin(γ) = I α 

With: 
an = ay sin(β) - ax cos(β) 
at = ay cos(β) + ax sin(β) 

As an example, and given that it is more critical, condition B will be studied. In this 
case, the maximum accelerations (shown in previous section graphs) occur for 
periods near 11 seconds: 

ax =  -3.13 m/s2 
ay =  6.61 m/s2 
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Therefore: 
an = 5.178 m/s2 
at = 5.15 m/s2 

Performing operations in the previous equations, for an hypothtic friction factor of 
μ=0.15, the following values are obtained: 

Fn = 1.29e5 N 
Ft = 1.93e4 N 
T = 1.98e5 N = 20.17 T 

Finally, operating in the momentum equation, we have: 
γ = asin((Fn OG (cos(δ) + μ sin(δ)) - I α)/(T MG)) 

10 Conclusions 
The following conclusion may be extracted from de obtained results: 
-The analyzed condition of the damaged ship, without propulsion, in which the 
ships is put abeam to the waves (90 degs waves), with a heel angle of 20 degs 
port, and for 2 meters wave height of 11 seconds period, the accelerations 
observed (75% of the gravity) in the lifeboat´s launching zone will surely make 
very difficult to operate the launching safely. 
 
A simple tool for MS Excell has been generated so that accelerations can be 
calculated in any condition during the lifeboat launching. Also, it allows to 
calculate the heel angle (γ) of the lifeboat with respect to the tension line. This 
angle is calculated as a function of the tension, the friction coefficient, and some 
geometrical parameters of the lifeboat, together with the rotating acceleration of 
the ship (α). 
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11 Annex: Brief description of SeaFEM 
SeaFEM code has been used for performing the sea-keeping analyses 
(http://www.compassis.com/compass/es/Productos/SeaFEM), co-developed by 
CIMNE (http://www.cimne.com) and Compass IS 
(http://www.compassis.com/compass/es/Home). 
SeaFEM is a suite of tools for the computational analysis of the waves, wind and 
currents effect on naval and off-shore structures, as well as for maneuverability 
studies. SeaFEM has been developed for performing 3D realistic simulations of 
radiation/diffraction problems of multi-bodies, by solving the potential 
flowequations in the time domain, using the finite elements method (FEM) in 
unstructuredmeshes. The problem is formulated as follows: 

∇2Φ = 0, in Ωf 

∂tΦ + u∇hΦ + (∇Φ2h)/2 + gζ + Pa/ρ = 0, in z=0,  

∂tζ + (u∇hΦ)∇hζ + ∂zΦ = 0, in z=0, 
∂zΦ = 0, in z=-h, 

(u + ∇Φ)nb = vbnb , in z=Γb 
 

SeaFEM has been conceived for simulating the seakeeping capabilities of ships 
and off-shore structures, as wells as for calculating the hydrodynamic loads due to 
waves, currents and traslation velocities acting simultaneously. Furthermore, the 
software includes capabilities for introducing any external load over the structure. 
These external loads may be used for modelling aerodynamic loads, mooring 
lines, viscous effects such as damping and viscous resistance, or any other effect 
depending on any variable used internally by the code. 
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39 partners from 10 countries 

taking maritime transport into the digital age 
 

By designing and demonstrating innovative use of ICT solutions 
MONALISA 2.0 will provide the route to improved 
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