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! INTRODUCTION 

Venice is proposed by Vincenzo Di Tella and al. The floating dock will be composed of several 
pontoon-shaped floaters moored to the seabed and linked to each other. 

 

To check the feasibility of the concept, a model of the whole system will be created with DeepLinesTM 
(see section 6) Hydrodynamic characteristics of the pontoons will be computed by PRINCIPIA with is 
software DiodoreTM (see section 7). 

 

PRI, as technical support, is in charge of the hydrodynamic calculations for this project. 

  

Stefano Boato


Stefano Boato
ALLEGATO 2

Stefano Boato
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" PONTOONS DATA 
The floating dock is made of 4 identical pontoons each linked to the seabed, and linked between them 
by a hinge allowing only relative pitch. 

 

The gap between the modules is 1 meter. 

"#! $%&'()%*+&,-.%*/(

The main particulars of each module are given in the following picture: 

 
012345(!6  Pontoon main particulars 

 

The loading condition considered is the following: 
Parameter Unit Value 

Draft m 6.00 

Trim m 0.00 

Heel ° 0.00 

Mass t 30615.20 

LCG m 77.60 

TCG m 0.00 

VCG m 6.33 

Rxx m 12.38 

Ryy m 43.36 

Rzz m 43.87 

+7895(!6 Pontoon loading condition 

"#" $::*&';($%+*&<(/+&00'=//(

"#"#! Mooring to the seabed 

he mooring of each module can be modelled using the following 
restoring matrix, applied at the centre of gravity: 

 
+7895("6 Pontoon matrix stiffness 

 

Units are m, N and rad. 



This document is the property of PRINCIPIA. and shall not be either reproduced or copied in whole or in part 
or communicated to any third party without the prior written consent of PRINCIPIA SAS 

Page 3/10 
 

 

"#"#" Link between modules 

To model the hinge, modules are linked by a spring with a 1E9 N/m stiffness. 

"#> $=/?(

A view of half the mesh is given hereafter: 

 
012345("6  Pontoon mesh view 

 

Aft and fore parts are made with quadrangles whose maximal size is 2 meters. Others parts of the 
mesh are made with elements having a maximal size of 3 meters. 

 

s hydrodynamic model, the four modules together are considered in order to account 
the interactions and the coupling between the modules. 

> CRUISE SHIP DATA 

>#! $%&'()%*+&,-.%*/(

The main particulars of the cruise ship are given hereafter: 
Particular Unit Value 

Length Over All m 290.00 

Beam m 36.00 

+7895(>6 Cruise ship main particulars 

This approximately corresponds to a 110,000  120,000 GT. 
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The loading condition considered is the following: 
Parameter Unit Value 

Draft m 8.50 

Trim m 0.00 

Heel ° 0.00 

Mass t 53448.00 

LCG (*) m 126.99 

Rxx (**) m 12.00 

Ryy (**) m 70.00 

Rzz (**) m 70.00 

+7895(@6 Cruise ship loading condition 

(*): Centre of gravity longitudinal and transverse positions are adjusted to get neither trim nor heel. 

(**): Inertia radiuses are obtained as per the following formula: 

;  

>#" $::*&';($%+*&<(/+&00'=//(

The cruise ships are moored to the modules through synthetic lines and fenders. 
requirements, the mooring system can be modelled by the following stiffness matrix, applied at the 
centre of gravity: 

 
+7895(A6 Cruise ship mooring matrix stiffness 

Units are m, N and rad. 

>#> $=/?(

A view of the mesh is given hereafter: 

 
012345(>6  Cruise ship mesh view 

 

For hydrodynamic computations, the vessel alone, without any interaction with modules nor other 
cruise ship, is considered. 
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@ SITE DATA 
Main data to be considered for the study is the water depth, 11m. It corresponds to a shallow water. 

A flat seabed is considered. 

A NUMERICAL ASPECTS AND METHODOLOGY 

A#! B&00*%,+&:'C*%B&%+&:'(,:$)-+%+&:'(

The hydrodynamic analysis includes Diffraction Radiation calculation performed with DIODORETM. 
The diffraction-radiation module (potential flow theory) of the sea-keeping tool DIODORETM is used for 
a range of wave frequencies (from 4 seconds to 100 seconds) and directions (0° to 360° with at least 
a 15° step). The following data are included in a Hydro Data Base (HDB): 

- Hydrostatic stiffness matrix; 

- Added mass; 

- Radiation damping; 

- First order loads. 

As the second order loads also depend on the 1st order motions, a complete DIODORETM mechanical 
model (including mass, COG, inertia, mooring system stiffness matrix and all additional damping) is 
run to get RAO of motions and drift loads.  

 

A#" B*&0+(0:*,=/(

Due to the shallow water, full QTF are considered. 

In irregular seas, the Full QTF matrix (quadratic transfer function of the difference frequency wave 
induced second order loads) needs to be known to express the slowly varying drift force. In many 
cases so- ledge of the diagonal of the matrix only 
(the drift force in regular waves) provide an acceptable approximation. When the stiffness of the 
mooring system increases and/or the water depth decreases  approximation 
underestimates the excitation forces, by far. Exact evaluation of the full QTF matrix is needed. 

It is the case of the configurations computed in this study. The water depth is very small compared to 
the dimension of the modules and the cruise ship. The formulation of the drift force developed in the 
DIODORETM

 software is based on the formulation of the Lagally theorem. As compared to the two 
classical formulations (near field and far field), this method offers better convergence properties and is 
valid when several bodies are involved. 

A#> %BB&+&:'%.(B%$)&';(

A#>#! Linear low frequency damping 

Additional linear damping for low frequency motions is considered for surge, sway and yaw motions. 

 

The values are computed as suggested by the Bureau Veritas in its rule note for permanent moorings 
(NR 493): 

Item Cruise ship Module (for each one) 
LF damping for surge motion 5.89E+5 7.10E+5 

LF damping for sway motion 1.49E+6 1.70E+5 

LF damping for yaw motion 1.25E+10 4.21E+9 

+7895(D6 Low frequency linear damping 
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A#>#" Roll damping 

As potential theory does not account for viscous effects, additional roll damping is added to model the 
damping due to the friction on the hull and vortex shedding around hull appendages. 

 

The following quadratic damping values are used quirements: 
Motion Cruise ship Module (for each one) 
Quadratic damping for roll motion 1.81E+10 1.34E+10 

+7895(E6 Additional roll damping 

An harmonic linearization of the damping is used. 

A#@ :-+)-+/(

 

Outputs provided are two HDB containing first and second order loads which will be used in 
DeepLinesTM model. 
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D APPENDIX A  DEEPLINESTM DATASHEET 
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E APPENDIX B  DIODORETM DATASHEET 

  

DDiiooddoorree   
An hydrodynamic integrated software solution 

integrated software. Main applications are: 
 

Stability 
Seakeeping 
Mooring and berthing  

 
 
It is developed and validated by Principia since 
1981 in cooperation with IFP (Institut Français 
du Pétrole) and Bureau Veritas. 
Basically it is a panel based software organised 
to bring to the engineers a practical tool to 
assess any design matter linked to 
hydrostatic/hydrodynamic from conceptual 
studies to detailed analysis. 

 

SSttaabbiilliittyy  
This module addresses flotation, trim, 
stability, and strength calculation. 
It is general purpose as the calculation of the 
involved loads (on the hull and tanks) is 
based on a panel integration. 
Therefore any structure, mono-hull, multi-hull, 
semi-submersible, SPAR can be analysed. 
It can be handled both the Graphic User 
Interface or the ASCII input file. 
From Gz curves and Gv curves, any criteria 
can be defined to permit assessing regulatory 
requirements from any classification 
societies. 
Validations rely on the development of On-
board applications based on this module 
which have been certified by Bureau Veritas. 
 
Reference 
Logiciel de calcul de stabilité embarqué 
fondés sur le logiciel DiodoreTM , N. Couty, et 
al. ATMA 2007 
  

Roll stability curve - 40m/s wind
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This application is based on a 3D diffraction-radiation  
solver.   
It calculates the wave loads and motions of one or 
several structures, free floating or restrained by 
mooring systems. The program is applicable to 
structure with or without forward speed, from deep to 
shallow water. 
 
Hydrodynamic loads 
Compelling features of the hydrodynamic processor 
are : 

Computation of 1st order quantities: added mass, 
radiation damping, diffraction and excitation loads 

Multi-body interactions 
Sloshing modal analysis in tanks 
Forward speed free surface conditions (encounter 

frequency to full methods) 
Total hydrodynamic pressure on each panel  

 
Motion 
Motion transfer functions are the basic outputs of a 
sea-keeping analysis and DiodoreTM computes platform 
motions with the following high level options: 

Linear and quadratic damping 
Stochastic or harmonic linearisation of the damping 
Roll damping State of the Art formulation (ITH Ikeda, 

Tanaka and Himeno, rudder, stabilizers and skeg) 
Rudder and Foil control in frequency domain 
Sloshing-seakeeping coupling 
Moonpool and gap hydrodynamic models through lid 

technic 
 
Strength 
Global loads transfer functions and spectral response 
are computed for ship hull girder as well as for any 
element of an offshore platform (substructures) 
Full coupling with FEM software such as NSO or 
AbaqusTM is also available 
 
2nd order wave loads QTF 
Drift forces QTF and 2nd order wave loads full QTF are 
computed using both pressure and Lagally methods. 
The latter is recommended for its robustness and 
permits multi-body applications  

Validation 
 
DiodoreTM was used in the FPS 2000 
comparison tests within the NTNF 
research program (Norway) along with 
23 other international organizations  in 
1996. 
Diodore was amongst the software 
used for the benchmark in HAWAI JIP 
in 2006-2007 for 1st and 2nd order 
wave loads (full QTF) in shallow water. 
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