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Motivation

• Global strength analysis

• FEA, the de facto standard for structural strength analysis of ships

• Needs to be performed quickly due to the interdisciplinary nature

• Idealize the structural components in FEM  fast

 efficient

Other design aspects such as GA, Stability, 
Pipes, HVAC, Production, etc.

impact

For Large Cruise Vessels,

Ref: Hervé Le Sourne,

Ship Vibration Course Notes
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• Conventional Modelling Approach
 Plates - Shell Elements
 Stiffeners - Beam Elements
 Girders - Shell Elements, etc.

• Requires mesh boundaries at the stiffener locations

• Mesh coarseness limited by the stiffener spacing

Idealization of Stiffened Panels

• Side balcony openings also require modelling efforts

• Beneficial to represent them as intact plates with equivalent 

strength

Idealization of Side Openings

Idealization of Structural Components

3Orthotropic Elements for an Idealized Representation of Complex Structures in Ship Global Strength Analysis



4Orthotropic Elements for an Idealized Representation of Complex Structures in Ship Global Strength Analysis

Idealization of Stiffened Panels

Unidealized Stiffened Deck Panel 

F.E Model

Idealized Deck Panel F.E Model

Primary Supports 
(Girders)

Stiffeners
No Stiffener!



Orthotropic (One Layer) Approach

• Approach suggested by O. F. Hughes (1983)

• To smear the stiffeners into the base plating

• Stiffeners removed, Plate strength increased in stiffener direction

• Cross-section ‘Area’ only considered in idealization

• ONLY membrane strength is retained in idealized plate, 

• NOT actual bending strength of the stiffened panel is retained.

Idealization of Stiffened Panels – Approach 1
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 Laminate Approach

• Approach introduced by J. Romanoff et al (2013)

• To represent the stiffened panel with laminate shell of equivalent 

strength

• Both Membrane and Bending strengths maintained in idealized 

laminate shell
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Idealization of Stiffened Panels – Approach 2
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Idealization of Side Openings

Unidealized Model with Actual Openings Idealized Side Openings



 Reduced Plate Thickness Approach

 DNV-GL FEA Class Guideline

8Orthotropic Elements for an Idealized Representation of Complex Structures in Ship Global Strength Analysis

Idealization of Side Openings – Approach 1

Ref: DNVGL-CG-0127



 Equivalent Orthotropic Plate Approach
 Introduced by Heder and Ulfvarson (1991)

 Unique piece of openings analyzed with FEA under various load cases 

 Deformation solutions from openings’ FEA Equivalent Orthotropic Properties 
of opening panel

determine
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Idealization of Side Openings – Approach 2

Ref: Heder et. al, Hull Beam 

Behaviour of Passenger Ships 

Unique Piece of Opening

FEA 
Analyses



 Equivalent Orthotropic Plate Approach requires beforehand 2D FE analyses of 

Opening Panels 

 Beneficial to have a catalogue of equivalent orthotropic properties for various 

types of openings

 Opening (%) in Horizontal and Vertical Directions

 Nomination : OHOV – 6060 for the example shown

 Opening types - 1010, 1020, 1030,……, 9090.

💡💡 How to characterize the openings?
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Catalogue of Equivalent Orthotropic Properties



 Orthotropic (One Layer) Vs Laminate approach

 Laminate approach – correct bending stiffness – secondary response ✔

 Laminate approach – modal analysis ✔

 Calculation of idealization parameters necessary

 Tool necessary for faster idealization

Idealization of Stiffened Panels

Idealization of Side Openings

 Reduced Plate Thickness Vs Equivalent Orthotropic Plate Approach

 Equivalent Orthotropic Plate Approach – more reliable ✔

 Beforehand FEAs of prospective opening panels necessary

 Catalogue of equivalent orthotropic properties – easier idealization process 
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Summary



Tool for idealization of stiffened panel (laminate approach)

Catalogue for idealized orthotropic properties of side openings
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Implementation of Idealization



Ships’ Global FEMs are usually idealized for faster and more efficient 

calculations.

The analysis results from idealized models should be consistent with 

unidealized models’ solutions. 

Preparations should be made to streamline the idealization process.
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Orthotropic Elements for Idealization of Global FEM

Thank you for your attention!!!
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