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GOALGOAL

Intermarine, 13.2 meter, Fast Patrol Vessel

Top speed – 45 knots

Building material – Fiber Reinforced Plastic

Propulsion – 2 x 600HP diesel engines with waterjets

REFERENCE PROJECTREFERENCE PROJECT

INTRODUCTION

• General arrangement and Exterior redesign,

• Hydrodynamics and Propulsion,

• Structural design

WORKFLOWWORKFLOW
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GENERAL ARRANGEMENT

• Yacht is performance orientated designed for 2+2 passangers, aiming at

younger clients for weekend cruises, or to be used as a tender next to a

larger yacht for day trips.

• The “aggressiveness” of the hull an the design compromises comfort. 

DESIGN PHILOSOPHYDESIGN PHILOSOPHY

• High speed motor yacht 3D model is generated using Rhinoceros NURBS

modeling software
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Windshield :

•Double-curvature multi-

layered tinted glass enclosed 

with a stainless steel pipe

•Low profile to minimize air 

drag

•Backwards it ends abruptly  in

a retro style manner ensuring

a dynamic look

Elevated part of the deck in 

front of the windshield:

•Ensures more space inside

•Provides estheticaly a 

‘dampening element’ between

the deck angle and the 

windshield angle longitudinally

Bumper

• A semi-elliptic integrated 

inflatable tube as in RIB boats

•Follows the curvature of the 

elevetad part of the deck 

(blue)

Cockpit and sunbathing area
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HYDRODYNAMICS AND PROPULSION

• Preliminary resistance evaluation and

behavior for a high speed planing craft

• Max. Speed = 55 kn Fn = 6.2

SAVITSKY METHODSAVITSKY METHOD

2 x Seatek 820HP diesel engines (OPC ≈ 0.7) chosen. Porposing problem detected!

Results are derived for three different trim tab positions:

0 deg 4 deg 12 deg
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• Using dynamically computer controlled trim tabs to correct the vessel’s trim 

based on the acceleration data acquired from the gyroscopic sensor.

• Moving the center of gravity backwards to reduce the bow-down moment which 

arrives from coupling the weight G and the bottom pressure resultant N.

• Prolonging the sprayrails backwards, if possible, to enclose the flow between 

them making the pressure area narrower and moving the center of pressure 

forwards, thus reducing the bow-down moment described in the previous point.

All three solutions are applicable with Arnesson Surface Piercing Propeller drive!

PORPOISING SOLUTIONSPORPOISING SOLUTIONS
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MATERIALS AND TECHNOLOGY 

• Various fiber reinforcements combined with a resin matrix to produce a tailor-made

material, locally customizable. 

FIBER REINFORCED PLASTICFIBER REINFORCED PLASTIC

Vinyl ester resin – suitable for 

infusion 

RESINRESIN

• 0/90° Glass 1225 kg/m2

± 45° Glass 1225 kg/m2

• MAT 450 kg/m2

• MAT 225 kg/m2

LAMINATE SKINSLAMINATE SKINS

• BALSA CORE 150 kg/m3

SANDWICH CORESANDWICH CORE

• +/- 45 Glass - Carbon hybrid 820 kg/m2

• UNITAPE Carbon 820 kg/m2

STIFFENERSSTIFFENERS

•Polyurethane foam

STIFFENER CORESTIFFENER CORE
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• Liquid, catalyzed, low-viscosity resin is forced into a reinforced mold by means of low

pressure

VACUUM INFUSIONVACUUM INFUSION

• Better fiber to resin ratio,

• Stronger laminate,

• Low void content,

• Reduces operator exposure to harmful emissions,

• Reduced resin usage due to pre-compacted fabric,

• Faster ply lay-up,
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SCANTLING BY RULES

Scantling has been defined in accordance with RINA FPV 2007 (Fast Patrol Vessel) Code, 

and RINA HSC 2002 (High Speed Craft) Code, on which the previous is depending on.

RULESRULES

• Hull bottom – Single-skin, glass fiber, stiffened plating

Heavier and more flexible - accounts for lower overall center of gravity hull,

it is able to withstand high loads from accelerations and slamming forces.

• Hull sides – Balsa sandwich with skins in glass fiber

Stiffer and lower-weight structure in respect to the single skin bottom.

• Stiffeners – Top hat, hybrid glass/carbon and carbon reinforcement with PU foam core

Unitape reinforcement in the stiffener heads ensures excelent directional

properties as far as possible from the neutral line. 

Scantling calculation was automated with MS Excel, and the lamination scheme and 

schedule was optimized in an interative maner!

HULL SCANTLING – CONSTRUCTION PHILOSOPHYHULL SCANTLING – CONSTRUCTION PHILOSOPHY
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Bottom, single skin, plating is checked verified plate by plate against:

• Minimum allowed thickens;

• Maximum allowed bending stress due to the design pressure (slaming/impact);

• Maximum allowed deflection.

BOTTOM 

PLATING

BOTTOM 

PLATING

Area  of navigation is defined to be unrestricted.

Saftey factor applied according to the Rules equals to 4,5.
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BOTTOM PLATING REPORTBOTTOM PLATING REPORT

Equivalent laminate properties:
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Hull side, sandwich, plating is verified and has satisfied against:

• Minimum allowed thickens of the skins (interior and exterior);

• Maximum allowed bending stress due to the design pressure (sea pressure)

of each ply in the skins.

• Maximum allowed shear stress of the sandwich core.

• Maximum allowed deflection of the skins.

SIDE PLATINGSIDE PLATING

Equivalent laminate properties:
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Longitudinal, bottom, stiffeners are verified and has satisfied against:

• Allowable bending stress

• Allowable shear stress

LONGITUDINAL 

STIFFENERS

LONGITUDINAL 

STIFFENERS

Equivalent laminate stiffener properties with associetad plating properties

Stiffener is interrupted

and the accomodation 

modul fitting 

continuest to play the 

structural element 

ensuring the same 

rigitdity (EI) .
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Transversal stiffeners are verified and has satisfied against (same as longitudinals):

• Allowable bending stress

• Allowable shear stress

TRANSVERSAL STIFFENERSTRANSVERSAL STIFFENERS
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STRUCTURAL DRAWINGS
LAMINATION SCHEME AND SCHEDULELAMINATION SCHEME AND SCHEDULE
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HULL STRUCTUREHULL STRUCTURE



Marko Katalinic - Structural Design of an High Speed Motor Yacht in GRP by Rules and direct FEM analysis

FINITE ELEMENT ANALYSIS - TRANSOM

MODEL AND SECTION DEFINITIONMODEL AND SECTION DEFINITION

Arnesson SPP drive and transom CAD surface model

The transom structure 

model to be exported 

for a FEM simulation 

was carefully divided 

in regions (on area per 

regions), each region 

defined by a different 

lamination

Transom model verified after import and divided in sections

Transom model verified after import and divided in sections
Material ID and properties used for section definition in FEM 

calculation
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MESHMESH

mesh element type: SHELL181

number of elements: 19282

Base element type: Quad

Base size: 0.02 meters

Section shape turned on 

for different layer 

perception

Element local coordinate 

system 
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LOAD CASELOAD CASE

DEFLECTIONSDEFLECTIONS

Displacement of nodes has been prohibited in all 

directions (UX, UY, UZ). Rotation is allowed.

BOUNDARY CONDITIONSBOUNDARY CONDITIONS

Loads from the SPP drive acting on the 

transom. Provided by Arnesson.Displacement vector sum. Max. = 17mm
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VON MISES STRESS DISTRIBUTIONVON MISES STRESS DISTRIBUTION

LAYER 1: Connection plates – Steel
LAYER 2: Transom, Bracket, Connections – 0/90 Glass knitted rowing;

Stiffener sides, Stiffener heads – Glass/Carbon Hybrid rowing

LAYER 3: Transom, Connections – ±45 Glass 

rowing;

Stiffener head – Unitape carbon

LAYER 4: Transom, Connections – 0/90 Glass rowing;

Stiffener heads – Glass/Carbon Hybrid rowing
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Common and generally conservative predictor of ply failure. A failure index is essentially 

the inverse of a safety factor. A value of 1.0 indicates the onset of first ply failure.

TSAI-WU FAILURE CRITERIATSAI-WU FAILURE CRITERIA

Layer 4 

maximum effect detail

max = 0.26

Layer 2 Layer 3

Layer 4
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CONCLUSION

A high speed, 55 knot, motor yacht concept has been developed.

Several areas have been studied:

- General  arrangement and exterior design,

- Hydrodynamics and propulsion,

- Structural design.

Structural design has been determined according to RINA rules and by means of 

FEM simulation. Strucural drawings have been provided.

Future work on the project should address other yacht design areas and altogether

should be furthermore refined following the design spiral to create a competitive 

project. 



THANK YOU FOR YOUR ATTENTION!
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