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Prima parte: Utilizzo di metodi VPP per la 

valutazione delle prestazioni di uno scafo a vela. 

 

Seconda parte: Determinazione delle sollecitazioni 

strutturali secondo la normativa e attraverso metodi 

di indagine numerico/sperimentale. 

 

 



UTILIZZO DI METODI VPP 

Metodo ricorsivo a spirale 

Metodo object-centred 

(simultaneous design)  

IL PERCORSO DI PROGETTAZIONE 



UTILIZZO DI METODI VPP 

I VPP (Velocity Prediction Program) sono strumenti di calcolo che 

consentono di prevedere le prestazioni di una imbarcazione a vela nota la 

geometria dello scafo e delle vele e in determinate condizioni di vento e di 

andatura. 

 

Tali software ricercano la soluzione del sistema di equilibrio delle forze 

idrodinamiche sulla carena e aerodinamiche sulle vele utilizzando 

formulazioni analitiche o semi-empiriche per entrambi i sistemi. 

Il risultato di tali elaborazioni è il 

diagramma polare 

dell’imbarcazione che fornisce la 

velocità e l’andatura 

dell’imbarcazione in funzione 

della velocità reale del vento. 
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UTILIZZO DI METODI VPP 
L’EQUILIBRIO DELL’IMBARCAZIONE 



LA RESISTENZA 

Componenti della resistenza 



Resistenza d’attrito 

LA RESISTENZA 



Resistenza d’onda 

LA RESISTENZA 



Resistenza d’onda 

LA RESISTENZA 



Resistenza viscosa di pressione PVR 

 

E’ la risultante di tre componenti: 

1. Resistenza indotta, ovvero la componente in direzione del movimento 

associata alla portanza generata dalle superfici orizzontali della carena; 

2. Resistenza dovuta all’allargamento dello strato limite da prua verso poppa; 

3. Distacco della vena fluida. 

 

Si osserva la formazione di vortici. 

LA RESISTENZA 



LA RESISTENZA 



LA RESISTENZA 

Resistenza residua per le serie I, II di Delft 



LA RESISTENZA 

Resistenza residua per le serie I, II di Delft 



LA RESISTENZA – CASO STUDIO 

IACC 25m class 



LA RESISTENZA – CASO STUDIO 

IACC 25m class 



LA RESISTENZA – CASO STUDIO 

IACC 25m class 



DETERMINAZIONE DEGLI STRESS 

1. Applicazione della normativa per il dimensionamento e la 

determinazione delle pressioni (ISO-DIS 12215), 

2. Valutazione numerico-sperimentale del sistema di carichi e delle 

sollecitazioni sull’imbarcazione. 

 

Caso studio delle imbarcazioni progettate e costruite dallo Zyz Sailing 

Team dell’Università di Palermo. 



DETERMINAZIONE DEGLI STRESS 

ISO-DIS 12215 



DETERMINAZIONE DEGLI STRESS 

ISO-DIS 12215 

Lo scafo viene suddiviso in porzioni: il fondo, i fianchi, la coperta e le 

sovrastrutture. In ogni porzione di scafo si individuano i pannelli delimitati dai 

rinforzi longitudinali e trasversali e per ogni pannello di ciascuna porzione si 

applicano le formule per la determinazione delle pressioni agenti. 

Analogamente si calcolano gli spessori dei rinforzi e si opera la verifica. 



DETERMINAZIONE DEGLI STRESS 

ISO-DIS 12215 – Applicazione all’imbarcazione Zyz  

LOA: 4,6 m 

LWL: 4,4 m 

Disp: 248 kg 

Beam (max): 1,39 m 

Beam (DWL): 0,99 m 

Draft: 139 mm 

Weight: 104 kg 



DETERMINAZIONE DEGLI STRESS 

ISO-DIS 12215 – Applicazione all’imbarcazione Zyz  



DETERMINAZIONE DEGLI STRESS 

ISO-DIS 12215 – Applicazione all’imbarcazione Zyz  

N° Pann. Fondo b (mm) P (kPa) t (mm) 

1 116,108 16,360 2,520 

2 150,195 16,073 3,232 

3 216,285 14,940 4,487 

4 299,785 12,860 5,770 

5 328,543 10,395 5,685 

6 318,896 8,501 4,990 

7 585,816 5,547 7,405 

8 23,784 16,360 0,516 

9 42,277 16,360 0,917 

10 193,425 15,332 4,065 

11 284,465 13,111 5,528 

12 355,530 10,025 6,042 

13 384,760 7,772 5,757 

14 7,575 16,360 0,164 

15 36,786 16,360 0,798 

16 5,828 16,360 0,126 

N° Pann. Fianco b (mm)  P (kPa) t (mm) 

1 169,009 8,311 2,615 

2 140,389 8,751 2,229 

3 120,479 8,922 1,931 

4 104,483 8,464 1,631 

5 91,357 7,240 1,319 

6 82,506 6,014 1,086 

7 120,894 6,033 1,593 

N° Pann. deck b (mm)  P (kPa) t (mm) 

1 50,014 10,001 1,054 

2 243,942 10,001 5,143 

3 671,900 8,313 12,915 

4 336,791 9,653 6,976 

5 289,567 9,842 6,056 

6 242,884 10,001 5,120 

7 200,819 10,001 4,233 

8 192,482 10,001 4,058 

9 147,504 10,001 3,109 

10 121,556 10,001 2,562 

11 130,430 10,001 2,749 

12 142,178 7,500 2,997 

13 337,372 7,238 6,987 

14 390,517 7,079 7,998 

15 390,023 9,440 7,989 
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AIMS AND SCOPE 

Refitting of LED 

- 4.6m SKIFF 

- Disp: 240 kg 

- Hull+reinforcements 

weight: 88 kg 

- Hull material: flax-cork 

sandwich  
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L’imbarcazione LED (Linen Epoxy Dinghy)  
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L’imbarcazione LED (Linen Epoxy Dinghy)  
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AIMS AND SCOPE 

Refitting of LED 

 

- Reduce maximum beam 

- Reduce total weigth 

- Change the deck shape 

 

Constrains: 

- No changes to the wet 

area of the hull 

- No change to the total 

displacement 
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AIMS AND SCOPE 

Structural verification of the refitting via FEM modeling 

Implementation of a real-time strain monitoring system 

Validation of the FEM model with laboratory measurements  

Using the FEM model to predict race conditions 
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METHODS 

NUMERICAL ACTIVITY 

 - CAD model is prepared in PTC Creo Parametric 

- FEM simulations are performed in Ansys Workbench R15 

- ACP PrePost is used to accurately model the sandwich material and to 

post process results 

EXPERIMENTAL ACTIVITY 

 - Single and multi grid strain gages by HBM are installed in different points of 

the hull and reinforcements 

- Rigging preloads are applied to the boat and strains measured with 

multichannel DAQ systems by HBM. 
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METHODS 

Rosettes are bonded on the upper lamina 

(in-board side) of the sandwich hull 

material, while single grids are bonded 

on the plywood frame structure. 

Care was taken in order to orient the 

grids of rosettes with the same angles 

with respect to the local fibers direction.  

Some remarks on strain gages installation 
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METHODS 
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NUMERICAL SIMULATIONS 

Determination of the loads on the rig 

considers two different conditions: the 

pre-load (rigging) applied on the system 

and the combination of aerodynamic 

forces from the main sail and weight of 

the crew. 

- Preload on mast, shrouds and 

forestay can be calculated by solving 

the equilibrium equations in the 

cartesian reference frame. A 

compressive load on mast is required 

to compensate load oscillations 

during navigation. 

 

Estimation of loads 
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NUMERICAL SIMULATIONS 

- External load system is the one that 

comes from the equilibrium between 

aerodynamic, fluid dynamic and 

weight forces.  

Simplified equations for equilibrium can 

be obtained assuming the hull running 

flat and the position of crew members 

on trapeze: 

Estimation of loads 
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The aerodynamic force and the crew weight can be transferred to the rig by analytically solving 

the equilibrium equations or by modeling the rig with FEM.  
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NUMERICAL SIMULATIONS 

Mechanical APDL is used to model the rig with beam and link.  

Resultant forces are obtained by algebraically adding the 

navigation forces to the preloads.  

Estimation of loads 

 

Configuration Mast Upwind shroud Downwind shroud Forestay 

Rigging 1 (without deck) -3000 1323 1323 387 

Rigging 2 (with deck) -3630 1600 1600 469 

Navigation -1991 -809 32 1235 

 

upwind 

downwin

d 

During navigation:  

- on mast the compressive load increases, 

- on upwind shroud load decreases, 

- on downwind shroud load doesn’t change, 

- on forestay the tensile load increases significantly.  

P 

W 



A. Mancuso, G. Pitarresi, G.B. Trinca, D. Tumino - Refitting of an eco-friendly sailing yacht: numerical prediction and experimental validation 

NUMERICAL SIMULATIONS 

The material has been defined using the ACP 

PrePost. The sequence used is  

[0/45/-45/90/cork/90/-45/45/0].  

Direction 0° is aligned with the longitudinal x 

axis. All other components of the boat, i.e. web 

frames, keel, trunk and deck, are made of 

marine plywood. 

FEM model 

The element type used for the FE 

model is the four-noded 

SHELL181. 

The resulting mesh is constituted by 

120172 regular quadrilateral 

elements. Average dimension of the 

element side is approximately 10 

mm. 
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REFITTING 

Simulations with CAD and FEM tools give the way to refitting operations. By cutting the 

existing hull and reinforcements, the 18% of the total weight was removed, maximum beam 

was reduced of 22%, the convexity of the deck was reversed. 
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NUMERICAL SIMULATIONS 

Experimental data for the 

validation of the FEM model are 

provided by measuring the 

strains from ERs under the 

action of rigging loads.  

Deformations of rosettes were in 

particular taken from the 

deformations of the upper in-

board lamina of the hull 

sandwich and were combined to 

derive principal strains to be 

compared with the equivalent 

experimental value.  

Validation with experiments 

Configuration Method SKS SKP SWS SWP RAS RAP RSS RSP 

Rigging 1 

Experiments 508 434 2474 2100 319 276 245 194 

FEM 465 396 2190 1997 327 325 245 228 

error % 8.5 8.8 11.5 4.9 -2.6 -17.8 -0.3 -17.5 

Rigging 2 

Experiments 311 256 1276 1144 - - - - 

FEM 310 270 1310 1220 - - - - 

error % 0.3 -5.5 -2.7 -6.6 - - - - 

 

Starboard 

Port 

Aft 

Stern Single grid 

Rosette 
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NUMERICAL SIMULATIONS 

Validation with experiments 

The particular self-equilibrated set of rigging loads influences mainly the portion of the boat 

between shrouds and forestay, leaving the aft portion substantially un-loaded 
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LOAD CASES 

x

zz

x

z

x

z

x

C4: rigging + external

loads, crew on trapeze

and boat on two waves

C3: rigging + external

loads, crew on trapeze,

hydrostatic pressure

C2: rigging + crew on

deck, hydrostatic
pressure

C1: rigging

C1: only rigging with a load 

on shrouds of 1600 N,  

C2: floating on flat sea with 

loads due to rigging, 

hydrostatic pressure and the 

crew sit on center of the deck,  

C3: navigation on flat sea 

with loads due to rigging, 

aerodynamic and hydro-static 

pressure and the crew on 

trapeze, 

C4: navigation on rough sea 

with loads due to rigging, 

aerodynamic pressure and the 

crew on trapeze. 
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LOAD CASES 

A uniform hydrostatic 

pressure is applied on the hull 

except in the configuration C4 

where the boat is supposed to 

be constrained only at aft and 

stern (i.e. standing on two 

waves peaks). 

Displacements are 

constrained along x at stern to 

equilibrate Wx, and along y at 

the trunk level to equilibrate 

the heeling moment given by 

Wy and P. 
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LOAD CASES 

With FEM 

simulations, shape 

changes due to the 

application of loads 

can be captured. 

In the case of rigging 

with 3630N of 

compression on the 

mast (C1 load case): 

- the reduction of 

1mm of the width 

is calculated near 

the shrouds; 

- the deformation of 

3mm in z under the 

mast. 



A. Mancuso, G. Pitarresi, G.B. Trinca, D. Tumino - Refitting of an eco-friendly sailing yacht: numerical prediction and experimental validation 

LOAD CASES 

Strain on plywood reinforcements 

Strains on the keel (SKS and SKP) are symmetric 

in all conditions. 

Strains on SWS and SWP differ significantly 

when navigation conditions are applied. The SWS 

strain in the downwind side is more than twice 

the SWP strain in the upwind. 

Configurations C1 and C2 are very similar. 

Configuration C4 generally increases the strain 

level with respect to C3, especially on the keel 

SWS 

SWP 

SKS 

SKP 

downwind 

upwind 



A. Mancuso, G. Pitarresi, G.B. Trinca, D. Tumino - Refitting of an eco-friendly sailing yacht: numerical prediction and experimental validation 

LOAD CASES 

Strain on plywood reinforcements 

Strains on the keel (SKS and SKP) are symmetric 

in all conditions. 

Strains on SWS and SWP differ significantly 

when navigation conditions are applied. The SWS 

strain in the downwind side is more than twice 

the SWP strain in the upwind. 

Configurations C1 and C2 are very similar. 

Configuration C4 generally increases the strain 

level with respect to C3, especially on the keel 

SWS 

SWP 

SKS 

SKP 

downwind 

upwind 



A. Mancuso, G. Pitarresi, G.B. Trinca, D. Tumino - Refitting of an eco-friendly sailing yacht: numerical prediction and experimental validation 

LOAD CASES 
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LOAD CASES 
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LOAD CASES 

Strain on sandwich hull panels 

A symmetric behavior is obtained for the areas 

ahead of the mast (RAS and RAP). 

In the locations behind the mast of RSS and RSP 

strains are more sensitive to navigation loading 

conditions. In particular, the downwind side 

(RAP) has a higher increase of strain than the 

upwind side (RAS). 

In general, hull maximum strains under C4 reach 

higher levels compared to C3, in particular for the 

locations ahead of the mast. 

 

RAS 
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downwind 

upwind 
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LOAD CASES 

Strain on sandwich hull panels 

A symmetric behavior is obtained for the areas 

ahead of the mast (RAS and RAP). 

In the locations behind the mast of RSS and RSP 

strains are more sensitive to navigation loading 

conditions. In particular, the downwind side 

(RAP) has a higher increase of strain than the 

upwind side (RAS). 

In general, hull maximum strains under C4 reach 

higher levels compared to C3, in particular for the 

locations ahead of the mast. 

In general, it is noted that during navigation the 

level of strains on the framing plywood structure 

and on the hull can double the one due only to 

rigging. 

RAS 
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RSS 

RAP 

downwind 

upwind 
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CONCLUSIONS 

The present work has described a FEM model of a complete sailing dinghy.  

The structure is composed by a hull made of a sandwich with cork core and flax reinforced 

epoxy skins, a deck and an internal framing rig of plywood.  

In order to verify the model, electrical resistance single and three grid rosette strain gauges have 

been installed at specific locations of the hull and framing structures. Numerical predictions and 

experimental results have been compared showing fairly small differences (below 18%). 

Some different loading configurations have also been simulated and studied numerically, 

representing complex scenarios as navigation under flat or rough sea.  

The values of strains obtained with FEM on various boat locations are consistent with the 

expected boat behavior.  

Future work will attempt to use the installed strain gauges to measure strains during real 

navigation conditions, in order to provide further confirmation of the effectiveness of the FEM 

model also in complex navigation conditions. 
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