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Learn how to efficiently run FE strength assessments of independent prismatic Type-B tank, 
as required by DNV Rules, using DNV’s calculation tools Sesam GeniE and Nauticus Hull
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Agenda
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• Cargo hold finite element analysis

• Modelling of vertical supports and procedure for transmitting friction forces

• Modelling of contact elements in stoppers accounting for initial clearances

• Automatic creation of loading conditions as required by the Rules 

• Verification of analysis results (distribution of forces iwo tank supports)

• Local strength analysis – fine mesh model of supports

• Creating a sub-model with refined mesh and with automatic load transfer

• FE fatigue assessment of a typical detail – bracket toe

• Refine mesh in cargo hold finite element model

• Creation of temperature loads for low cycle fatigue

• Run fatigue strength assessment (combination of high cycle fatigue and low cycle fatigue)

• GeniE customized for ships

• Gas fuelled container ships – tutorial available

• Ship configuration of GeniE

• Digital sales

• Q&A session
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Agenda item: Cargo hold finite element analysis

Agenda item: Local strength analysis –

fine mesh model of supports

Agenda item: FE fatigue assessment of a typical detail –

bracket toe

Gas fuelled CV with independent prismatic tank
Gas fuel tank finite element analysis scope

• Analysis scope described in DNV-CG-0554 Gas fuelled container ship with independent prismatic tanks type-A and type-B

• DNV’s calculation tools Sesam GeniE and Nauticus Hull supports the minimum required analysis scope

• In this presentation, we will cover most of the analysis scope

Minimum required finite element analysis scope for a design with a type-B tank Relation to agenda item in this presentation

Over the last year, a lot of new features have been added to 

Nauticus Hull and Sesam GeniE, covering the complete 

analysis scope, as required for gas fuelled container ships
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Cargo hold finite element analysis
Modelling of vertical supports

• Wooden chocks are modelled as compression-only truss elements (no shear stiffness, no bending stiffness, and no tensile stiffness)

• Friction forces in vertical wooden supports will be represented by a force couple in the analysis

• Method automatically accounted for in GeniE by Tank Support Coupling Forces tool (TSCF tool)
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Wooden chocks: 

compression-only trusses

Friction forces in vertical supports: 

force couple

Tool for friction forces controlled 

by GeniE’s activity monitor

The complex force interaction in the vertical supports for 

independent tanks is automatically accounted for in GeniE
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Cargo hold finite element analysis
Modelling of initial clearances (gaps) 

• Initial clearances in anti-roll, anti-pitch, and anti-floatation supports are accounted for in GeniE by the Point-Point connection feature

• In the Point-point connection dialogue, the user specifies the initial gap

• DNV’s solver Sestra can consider the initial clearances when running the analysis
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The Point-Point connection feature newly 

introduced in GeniE can account for gaps, 

representing the initial clearances in tank supports

Display of the Point-Point connections Initial clearance can be specified or taken from the modelled gap
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Cargo hold finite element analysis
Modelling of contact elements accounting for initial clearances
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Point-point connections are made user-friendly, 

with same behaviour (display, selection, 

copy/mirror, etc.) as other concepts in GeniE

Step 1: Create a beam (not truss) connecting the tank to the supporting structure

Step 2: Split the beam, representing the initial clearances

Step 3: Create support points (free in all degrees of freedom) in way of the gap

Step 4: Connect the support points by using the point-point connection feature
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Cargo hold finite element analysis
FE load template for Strength assessments

• Nauticus Hull creates loading conditions that are exported to GeniE

• A user-friendly load template is available that efficiently creates loading conditions required by the Rules

• The user can easily adjust the loading conditions
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FE load template in Nauticus Hull for simple and quick 

creation of loading conditions required by the Rules 

FE load template for strength assessment Detailed loading information can be inspected and further tuned
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Cargo hold finite element analysis
TSCF tool – Graphical User Interface
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Analysis set-up in GeniE Step 1: T/C analysis

Step 2: TSCF Compute and apply 

horizontal friction forces

Step 3: T/C analysis, including 

coupling forces from TSCF

The advanced analysis method is controlled by GeniE’s activity 

monitor, with an intuitive and user-friendly Graphical Use Interface  

Set containing tank boundary, 

for computing resulting force from tank pressures

Set containing truss elements (highlighted in red),

for vertical forces and distribution of friction forces 
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Cargo hold finite element analysis
TSCF tool – Computation of friction forces in vertical supports

1. Run T/C analysis

2. Run TSCF tool for all load cases

i. For the set containing the tank boundary, integrate the pressures and compute

• Resulting horizontal force: Ftot_XY

• Resulting force’s unit vector in longitudinal and transverse direction: 𝒖𝒙 and 𝒖𝒚

ii. Compute sum of axial forces in way of wooden supports Ftot_Z

iii. IF FTot_XY >  FTot_Z × µ, THEN (sliding will occur) in way of each vertical truss, i,

• Fi_X = Fi_Z × µ × 𝑢𝑥

• Fi_Y = Fi_Z × µ × 𝑢𝑦

iv. IF FTot_XY <=  FTot_Z × µ, THEN (sliding will not occur) in way of each vertical truss, i,

• Fi_X = Ftot_XY × 𝑢𝑥 × Fi_Z /  FTot_Z

• Fi_Y = Ftot_XY × 𝑢𝑦 × Fi_Z /  FTot_Z

3. Run T/C analysis, including friction force couples from TSCF tool
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The TSCF tool has recently been improved to also distribute friction 

force couples for loading conditions where sliding will not occur  

Friction force couples in vertical supports computed by TSCF
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Cargo hold finite element analysis
Analysis results for 0.5g collision case – distribution of horizontal forces

Sum of pressures in independent tank

28 515 kN = Forces taken in vertical supports as friction

13 078 kN + Forces taken in anti-pitching supports

15 437 kN

• TSCF tool is creating a listing file for load transfer verification 

• Sum of horizontal pressures in tank = forces taken by friction + forces in anti-pitching supports

The load transfer by the TSCF tool, in combination with 

contact elements in stoppers, have been thoroughly verified
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Cargo hold finite element analysis
Analysis results for flooded case – distribution of vertical forces

Sum of pressures on independent tank

116 910 kN -
Forces taken in anti-floating supports

108 549 kN=
Self-weight =

Vertical force in supports – sum of vertical pressures 

76 547 kN – 68 186 = 8 361 kN

• Sum of vertical pressures acting on tank - tank’s self-weight = forces in anti-floatation supports

• Self-weight can be found from a load case where the tank is not floating,

being the difference between vertical forces in supports, and sum of vertical pressures in tank

By introducing point-point connections in way of the anti-

floating supports, the flooded load cases can be run in the 

same analysis as for the intact load cases
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• Difference in vertical displacements identical to the modelled initial clearances: in this case (98.7 mm – 48.7 mm = 50.0 mm)

12

Cargo hold finite element analysis
Analysis results for flooded case – displacements in anti-flotation support

Anti-lifting support’s vertical displacement: 48.7 mm

Tank’s vertical displacement: 98.7 mm

The results (force transfer and displacements) in way of 

supports with initial clearances, have been thoroughly verified



DNV © 25 FEBRUARY 2022

Demo: Cargo hold finite element analysis 
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Local strength analysis – fine mesh model of supports
Create a sub-model containing vertical supports

• As a user, you can select to run parts of a cargo hold model as a sub-model (with refined mesh)

• Create a set containing the members that shall be part of the sub-model, and assign prescribed boundary conditions to the sub-model ends

• When running the analysis, you may select to mesh only the set containing the sub-model

A sub-model can easily be created in GeniE by using the global 

model as a basis and mesh a set representing the sub-model

In GeniE’s Activity Monitor, 

mesh sub-model only
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Local strength analysis – fine mesh model of supports
Refine sub-model’s mesh

• For stiffeners close to vertical supports, convert beams to shell elements

• Specify 50x50 mm as default mesh density

GeniE has effective tools for automatic converting 

stiffener beam elements to shell elements

Stiffeners represented as beams can 

automatically be converted to shell elements Beams converted to shell elements, with ridged link
Stiffeners represented as shell 

elements in way of result target area
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Local strength analysis – fine mesh model of supports
Run analysis of the sub-model

By the Local Analysis set-up in GeniE, all necessary 

analysis steps for sub-models are executed in one click 

Required analysis steps controlled by 

GeniE’s activity monitor

Sub-model of vertical supports –

can contain more than one tank support

• Step 1.2.1 – Local Model Load Applier

distributing forces, pressures and temperature loads 

from cargo hold model to sub-model

• Step 1.2.2 – Submod apply displacements

distributing displacements from cargo hold model to 

prescribed boundary conditions in sub-model

• Step 1.3 – Linear Structural Analysis, Static

running Sestra solver and computing stresses and 

displacements

• GeniE’s Activity Monitor has a set-up for Local Analysis of sub-models, controlling all required analysis steps in one single click

• Automatic load transfer from the global model to the sub-model is ensured by the Local Model Load Applier tool (LMLA)

• Automatic transfer of prescribed boundary conditions from the global model to the sub-model is ensured by the Submod tool
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Local strength analysis – fine mesh model of supports
LMLA tool – Graphical User Interface
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Analysis set-up in GeniE Local Analysis

The advanced analysis method is controlled by GeniE’s activity 

monitor with an intuitive and user-friendly Graphical Use Interface  

Set in global model (same as for TSCF tool), containing tank 

boundary, for computing unit vector of horizontal pressures

Set in sub-model, containing contact area(s), 

for distributing pressures (lateral and traction) 
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Local strength analysis – fine mesh model of supports
LMLA tool – Distribution of tank loads
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1. Pressures in the global model (cargo hold model with stiffener spaced mesh) will be interpolated to the sub-model (with refined mesh)

2. Temperature loads in the global model will be interpolated to the sub-model, can also be distributed to supports outside boundary

Pressures transferred from global 

model to sub-model

Temperature loads transferred from 

global model to sub-model

Temperature loads distributed to supports 

outside tank boundary

GeniE has efficient use of sub-models by direct load 

transfer from global cargo hold model to local sub-model
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Local strength analysis – fine mesh model of supports
LMLA tool – Distribution of forces in way of tank supports
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• Nodal tank support forces in the global cargo hold model 

will be distributed to the sub-model as pressures

• Method for distributing reaction forces and friction forces 

in accordance with DNV-CG-0554

• Robust implementation:

• The sub-model can contain multiple contact surfaces

• Each tank support in the global cargo hold model can be 

represented by more than one truss element

• All tank support types are covered

I. Vertical supports (ULS and FLS)

II. Anti-flotation supports (ULS)

III. Anti-roll supports (ULS); and

IV. Anti-pitch supports (ULS)

From January 2022, the LMLA tool can also distribute 

reaction forces in way of tank supports according to Rules

Sub-model of vertical supports: Reaction forces and friction 

forces distributed as lateral pressures and traction pressures
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• Results required for fine mesh yielding check are available in GeniE

• Displacements, and deformation plots that can be toggled on/off

• Gaussian von-Mises membrane stress

Local strength analysis – fine mesh model of supports
Result presentation in GeniE

Displacements and deformation plots available in GeniE Gaussian membrane von-Mises stresses in GeniE

Basic result attributes are available in GeniE, while 

Xtrtact can be used as a more advanced viewer
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Demo: Local strength analysis – fine mesh model of supports
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FE fatigue assessment of a typical detail – bracket toe
Mesh refinement

• Within a cargo hold model, the user can use the detailed box feature to specify structural details where the mesh shall be refined

• The detailed box feature can also automatically convert beams to shell elements

• Auto fine mesh by use of detail box is a post-meshing operation, i.e. GeniE first run coarse meshing and then refine the mesh

GeniE has effective tools for automatic mesh refinement, 

providing quadratic elements with size according to Rules

Select hot spot and specify refinement area and mesh size GeniE will refine the mesh and ensure proper mesh transition
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FE fatigue assessment of a typical detail – bracket toe
FE load template for Fatigue assessment

FE load template for fatigue assessment

Additional Low cycle fatigue cases (pressure and temp loads) 

can be created in Nauticus Hull

• In the FE load template for fatigue assessment, user can apply motions and accelerations from a wave load analysis

• The user can add temperature loads for the gas fuel tank, that shall be used for low cycle fatigue assessments

The load template for fatigue assessment allows for  

motions and accelerations based on a wave load analysis

Detailed loading information can be inspected and further tuned
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• Temperature loads can be assigned to compartments

• When meshing the temperature loads are automatically mapped to the finite elements (same as for surface loads) 

• The temperature loads are automatically distributed to shell elements and beam elements
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Temperature loads in GeniE displayed similar to pressure loads

GeniE fully supports temperature loads, that are 

required for low cycle fatigue assessments 

FE fatigue assessment of a typical detail – bracket toe
Temperature loads as required for low cycle fatigue assessment

Temperature assigned 

to the compartment

In this case, bottom of tank has a temperature difference of

-100°C and top of tank has a temperature difference of 100°C.

JS commands:

Ttop = 100 delC;

Tbot = - 100 delC;

Ztop = 31.05 m;

Zbot = 3.85 m;

return Tbot + ( Ttop - Tbot ) * ( z - Zbot ) / ( Ztop - Zbot );

Temperature loads 

represented as a JS function
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• GeniE can export an XML file with finite element information (element numbers iwo hot spot, hot spot type, etc)

• This XML file can be imported by the FE Fatigue tool for effective computation of high cycle fatigue and low cycle fatigue
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FE fatigue assessment of a typical detail – bracket toe
Export information to the FE Fatigue tool

GeniE’s close integration with DNV’s FE Fatigue tool 

allows for direct import of all stress components needed

GeniE exports XML file with hot spot information FE Fatigue tool imports XML file with hot spot information
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• Following results are available

I. Fatigue strength results (damage) for high cycle fatigue and low cycle fatigue

II. Hot spot stress for fracture mechanics

III. Hot spot stress for crack propagation analysis
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FE fatigue assessment of a typical detail – bracket toe
FE Fatigue assessment by FE Fatigue tool

The FE Fatigue tool has been recently improved to include all FE 

strength computations needed for gas-fuelled container ships

Hot spot stress for fracture mechanics

Hot spot stress for

Crack propagation analysisFE Fatigue strength calculations
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• FE Fatigue tool automatically reads stresses from a finite element result file

• All stress component for high cycle fatigue and low cycle fatigue available

• Intermediate fatigue results

• Direction 1 / Direction 2

• For each EDW: hot spot stress range and mean stress effect

• For each loading condition: Part damage

• Fatigue damage computation

• High cycle fatigue

• Low cycle fatigue

• Combined high cycle and low cycle fatigue
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FE fatigue assessment of a typical detail – bracket toe
FE Fatigue Strength assessment by FE Fatigue Tool

FE Fatigue tool for fatigue strength calculations

The FE Fatigue tool computes intermediate results, 

giving the user a good overview of loading conditions 

and EDW’s contributing most to the fatigue damage



DNV © 25 FEBRUARY 2022

Demo: FE fatigue assessment of a typical detail – bracket toe
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GeniE customized for ships
Gas fuelled container ships – tutorial available 

A tutorial has been made available to external customers 

describing how to efficiently use GeniE and Nauticus Hull for gas 

fuelled container ships with independent prismatic tank

Tutorial for gas fuelled container ships available on DNV’s customer portal

Demos describing typical workflow

Tutorial model files available for download



DNV © 25 FEBRUARY 202235

GeniE customized for ships
Ship mode configuration of GeniE

Ship mode configuration improves the user-friendliness by filtering 

out features that are not applicable for the shipbuilding industry

Ship mode ensures default units as 

described in the Rules and according to 

shipbuilding industry standards Full mode Ship mode

Ship mode filter out browser entries that 

are not applicable for ships

Full mode Ship mode

Ship mode filter out selection options in dialogues that are not applicable 

for ships
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GeniE customized for ships
New and competitive price policy for GeniE ship configuration

Nauticus Hull Prescriptive package

• Includes:

• Nauticus Hull

• 3D Beam

• PULS

• Price policy for yearly rental

• Node locked: 1 415 Euro

• Network: Node locked / 0.6 = 2 360 Euro

Nauticus Hull Finite Element package

• Includes:

• GeniE Ship mode configuration

• Sestra (solver, linear and T/C analysis)

• Submod (tool for transferring prescribed 

deformations from global mode to sub model)

• Price policy for yearly rental (need NH prescriptive 

package in addition)

• Node locked: 6 760 Euro

• Network: Node locked / 0.6 = 11 270 Euro

The GeniE Ship Mode licence has a competitive price 

compared to other FE tools used in the maritime industry
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GeniE customized for ships
Digital sales of Nauticus Hull

• An internet landing page for digital sales of Nauticus Hull Prescriptive package and Nauticus Hull Finite Element package 

has recently been launched : Nauticus Hull - Ship structural analysis and design | Veracity by DNV

• Licences can be purchased by click and accept, pay by credit card or by invoice

Internet landing page for digital sales of Nauticus Hull Pay by credit card or invoicePurchase on the internet

https://store.veracity.com/nauticus-hull
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www.dnv.com

Thank you
Feel free to contact us if you should need any further support
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Ragnar.Eimhjellen@dnv.com


