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BC&OT refinement, FE Fatigue assessments CSR vessels
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DNV’s Calculation tools for ships

DNV — the leading provider of classification calculation tools
Nauticus Hull — in the middle of the design process

Re-use of the full design model - OCX import

Intersect OCX imported 3D model for analysis

Nauticus Hull Prescriptive package

Nauticus Hull Finite Element package

Price policy

Digital sales of Nauticus Hull

Training and support easily available

Nauticus Hull and Sesam GeniE for Container ships
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Digitalization — a game changer for all industries
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...digital shift in ship design

Computational capabilities and data storage
enables more advanced modelling and simulation tools and for design and optimisation

3D models in early design
CAD models are replacing technical drawings and documentation

1T

FE analysis
trend towards more direct calculations and global FE analysis

IR

Scientific based rule formulations

enhanced framework to optimize the design and develop new concepts

SRR R N e e el SR TR AT A e b

Re-use of models, better collaboration, fast iterations, optimized design
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Can we replace 2D drawings with a 3D model as
design documentation?
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Model based approval — a design centric work process

DNV Benefits:

Verifies & collaborates

*DNV  eRules « Allowing Designers and
« Comments/dialog )
\) « Approval New vessel delivered CIaSS to engage N a fu”y
S 4
’J

+ Reduced time to market digital work process

* Increased quality

* Traceability Enable early involvement
of Class in the design

'I ‘] process
Standard . .

andar r’_réz Saving customer’s time by
Exchange _ :

format

YARD/DESIGNER
Uploads 3D model

reducing the need for 2D

’}CZ 5 . T class drawings/documents

Re-use CAD models for
prescriptive and FE
calculations

* Upload updates

% YARD/DESIGNER
3

@ » Make modifications/revisions
/g{n * Dialog with DNV
U |
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Three steps are required to succeed to replace 2D
drawings

3D model as design verification

.. 2 3:';195 & collaborates
EﬁICIent 3 D % : g:n\:menf:}:l:og
collaboration \) Approva

platform YARD/DHSIONER

[

P New vessel 9

: p o T
)

Re-use 3D model ﬁ (
for calculations OCX 9 & /_
~Z - |

> e

|

{

l

F

A Standard

Exchange E | vARD/DESIGNER
format @ . Mgke mo.diﬁcations/revisions
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OCX “The Open Class 3D Exchange standard”

A vessel specific standard addressing the
Information needs of the Classification Society
IS a key enabler to replace traditional 2D

drawings with a 3D model as design : ,
documentation submitted for verification 100 ooo N

Enable exchange and sharing of Speed up process of design Enhance collaboration and
3D models verification improved customer experience

Share to scale
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The DNV 3D Approval Platform

3D model as design verification

DNV
2
N

Verifies & collaborates
. * DNV eRules
Sesam |ns|ght mmmmmmmmm /dialog
\) - Approval New vessel delivered
4
I ‘“—g - * Reduced time to market
Cu Sto m er PO rta : YARD/DESIGNER . . : \Tr:;rceeaasbeiﬁt:uality |

Uploads 3D model

ocx | ==\ ,:_,IEZ e 4
’ {
@ YARD/DESIGNER |
Th e OCX [@ 9 2 * Make modifications/revisions |
« Dialog with DNV
m « Upload updates I
8
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3D approval — the birth of the “Digital Twin”

The digital twin is a virtual DIGITAL TWIN

representation of an asset,
used from early design through
building and operation, main- /~\
tained and easily accessible (oo >
throughout its lifecycle.

I Analytical Information 3D visualization I Time-domain Virtualized Software- I Sensor and
models for models for models of | models of communication driven control process data I
structures and systems and components components networks algorithms | from the real '
hydrodynamics components and structures /  and systems vessel

VERACITY

3D approval
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DNV’s Calculation tools for ship
DNV — the leading provider of classification calculation tools

Full support for DNV ship rules and CSR BC & OT with
powerful rule check capabilities for documentation of rule
compliance

Efficient ship modelling capabilities for prescriptive and direct
strength calculations supporting customer’s design process
with strong capabilities for design iterations

Re-use of customer models through the OCX exchange

format enabling integration with industry standard CAD and
CAE tools

Flexible solution covering different design approaches from
spot check to full finite element analysis

Modern user interface and architecture with ability to scale
on latest technology advancements
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Calculation Tools’ development of the OCX exchange
standard, closely integrated with Nauticus Hull, allows for

DNV,S CaICUIation tOOIS for Ship re-used of 3D models created in leading CAD tools
Nauticus Hull — in the middle of the design process

« Among leading shipbuilders, trend to create 3D Computer Aided Design (CAD) models

« DNV’s Calculation tools allows for re-use of such models in Nauticus Hull for Rule checks via the OCX exchange format

CAD system Nauticus Hull Sesam

Nauticus Hull Finite Element Advanced CAE analysis

Nauticus Hull Prescriptive

-
=)

Integration |

FEA
Rule Check
Re-use the full design model Utilize design data
- By Import of the 3D OCX exchange format - Import of IGES 3D hull form data

- Import of structural drawings
- Background for modelling
- Rule calculation on drawing

DNV © 31 MAY 2023 ——
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https://3docx.org/

Nauticus Hull fully supports the OCX exchange
format, and leading CAD vendors have been on-
boarded, being able to export their models via OCX

DNV’s Calculation tools for ship

Re-use of the full design model - OCX import

Full support of OCX version 2.8.6 including:

CAD model imported to Nauticus Hull via OCX

° M H h' d QA @ Tutorial OCX Import: NAPA VLCC.nhx - Nauticus Hull = X
ain snip data =
Home Tools. View ”~
Import OCX file options ﬂm @ by3poms | A
N o
* Frame tabl »
ra e a e OCX file: | CADats\MCCNOBS0\Calculation took\ APPROVEDAOCX model ﬁ[es\NAPA\z‘.5\D-vmc,M|D-ozx,zsS,reus.xml| DY COmETS | erate Updai £
. Merge with existing 3D model prface et
« Material types S S
4 2] ship data dings - il TR Layout
. dentification data Include the following structural members: 4 General
| Id 0
« Segment types o I sopiabe ke @
Panel name SHELLP
* [ General ship data Stiffeners Name LongStif39
| -
« Geometry * [0 Foame e - e
o [ 2 grid Brackets V] Material Imp: HT32
Type Longitudinal
il pl -
* [[] Main structural arrangement Lugs/small plates etc Profile Rolled L 500 x 150 % ~
» Plates O ke ds e
Include only platy kets etc on panels extending into zone
4 (|| Libraries e Reference .0
. From # 4 Orientation
;
* Profiles * [7) Materials e Flonge orentation.  Right
o
* |¥] Profiles Panel side Back/inside
=] 3
# [7] End connections Starboard Web orientation  Normal
° O p g d t_ t . Port [v] Web angle to plate %00
7] Shear cannections
enings ana cut-outs i ol el S
. Welding - -
-d Exclude plates/stiffeners/brackets etc. for panels of types: Construction type  Single skin
H 1 v Welding, tgap [mm] 20
* End tion detall o
na connection aetalls St o + Aftfame
=[] Compartments and loads O
Deck structures End connection  Undefined
H Transverse structures O Shear connection  Undefined
* Sh t
ear connections e O Wl g et <
Longitudinal structures w
- /eld leg length, s
- PSM web orientati Normal
- Compartments o [ e
4 Fwd frame
End connection Undefined
Shear connection Undefined
Weld leg length, e
Clipping planes :::::::::iiciiiizii - x Weld leg length, s
From: To: PSM web orientati Normal
$10501413|  X-Longitudinal | #134 \ PSM web angle to %00
‘ | - L ™ 4 Fatigue
L
- Py 7 Stiffener edge to enc 8
-31.000 ¥ - Transverse 31.000 ! il - ry Unsymmetrical stiffer Rule value
“
| ‘ o 4 Thickness comrection Rule valus
0.000 Z- Height 31.000 Xe aft [mm] NaN
\ | || Messages - x
A Modelling Error on surface Y0: Failed to find a closed limit loop. Geometry not created. (GuidRef = {7ffcd288-bbee-4aeb-8739-be3054224bdd); Id = nplcid252; Name = VGIRDER 3).
Messages Output Results
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INV’s Calculation tools for ship
Intersect OCX imported 3D model for analysis

Intersect 3D model in Nauticus Hull for automatic creation of

» Cross Sections in Section Scantling tool

3D model imported to Nauticus Hull via OCX

Plane bulkheads in Transverse Bulkheads tool

o
- Propemes w8 X

{/
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Intersect 3D model

New cross section [ = |
Name: Position #:
TestCSA £110+750

Intersect imported hull definition
Adjacent main structural pesitions
28 #109 e
1. aft 2110

1. fwd: #1110
2.fwd:  #112 Add position

Span of longitudinals: 1500.0|[mm]
Standard spacing between trv, stiffeners: 8000/ [mm]

[ Midship cross section
[ Increased permissible hull girder stress outside midship region

Ok Cancel

Intersect 3D model

New transverse bulkhead B
@ Intersection 3D model -
© Import cross section (#72) X1509

Name: #81)X2013 [y

- %

DNV’s introduction of the Approved project, with the
objective to use 3D CAD models as basis for calculations and
approval, will significantly improve the customer interaction

Section Scantlings analysis

Prapertios cox
3 4 Tramsverse bulkhesd properties

&
§
H

4 Transverse bulkhead

TGRS
ITETTIEITITE

TIIH i g I il

4
=

DNV



DNV is committed to utilise the protentional efficiency

b) . . gains introduced by increased digitalisation among
S a C u a I O n O O S O r S I p leading shipbuilders’ design processes

Nauticus Hull Prescriptive package

One hull calculation tool for all ship types supporting the approval process in DNV and the design process for designers and yards

Nauticus Hull essential in the on-going Approved project (use 3D CAD models for calculations and approval)

Re-use of 3D CAD models via the OCX exchange format

A modern and future proof technology platform
* New uniform user interface
» Scripting of commands

» Multithreading for improved performance

Section Scantlings / Transverse Bulkhead / 3D modeller
* Interactive modelling, undo/redo, modelling on drawing

* Modelling, analysis and reporting in one

New functionality for prescriptive cross section calculations
* Bow impact reading hull shape (angles) from 3D model

+ Baltic and Arctic ice class rules

« Connection area requirements

* Wheel loads and UDL

Import of drawings and hull form
* Used in background for modelling

* Rule calculation on drawing
16 DNV © 31 MAY 2023

3D CAD models imported to NH via OCX exchange format
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DNV'’s Calculation tools for ship

« GeniE is a part of the Sesam ecosystem fully owned, maintained and supported by DNV

« Sesam with more than 50 years of experience in strength assessment, hydrostatic and hydrodynamic analysis

Nauticus Hull Finite Element package - part of Sesam

» More than 300 organisations use Sesam, including DNV approval engineers

» More than 70 DNV engineers develop, maintain and support Sesam

« The Nauticus Hull Finite Element package is a ship configuration of GeniE

« Ship configuration of GeniE, customised for the shipbuilding industry by removing not applicable features

« GeniE — A modern and future proof technology platform

17

Conceptual modelling, allowing for rapid modelling and change to a model
Mesh is automatically updated when updating the loads/geometry

Using modern architecture

Sesam GeniE is being continuously developed, using
modern 3 party components, and feedback from end users

Real 3D modeller

Undo / Redo — not limited to only one command

Scripting

Supports backword combability

Multithreading of analysis tasks for improved performance

DNV © 31 MAY 2023
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The ship configuration of GeniE represents
a finite element tool optimised for ships

DNV'’s Calculation tools for ship
NH Finite Element package - optimised for ships

* Only one file needed (workspace file) for storage and exchange of data Hole and slot/lug concept FE buckling results
« GeniE ship configuration, for improved user-friendliness

 All FE rule checks implemented (buckling, yielding, FE fatigue, yield/fatigue screening)
» Import of FE models from other tools via the bulk data file (*.bdf) format

* Robust 3D geometry kernel for modelling of non-prismatic hull (surfaces and stiffeners)

« Conceptual representation of holes and slot/lugs used during meshing and Rule checks LT

» High meshing performance by mesher developed by DNV, and conditional regeneration of mesh _ _
Required analysis steps controlled

« Strong integration with Nauticus Hull ensures re-use of data and geometries by GeniE’s activity monitor

= Activity Monitor x|

- Automatic creation of loading conditions, corrosion additions and boundary conditions e L e

» High analysis performance ensured by Sestra solver developed by DNV

PPl

« Automatic creation of buckling panels, high ABC performance and numerous result display options

RERERO0OO000RE| =

T EER]

» Easy workflow on design iterations (all steps controlled by GeniE’s activity monitor)

« Automatic load transfer and prescribed displacements from cargo hold model to sub model

» Fully supports type-B tank design (for gas fuelled CV): initial clearances in anti-roll/pitch/floating supports, and friction in vertical supports

18 DNV © 31 MAY 2023
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The GeniE Ship Mode licence has a competitive price
compared to other FE tools used in the maritime industry

DNV’s Calculation tools for ship
New and competitive price policy for GeniE ship configuration

Nauticus Hull Prescriptive package Nauticus Hull Finite Element package

* Includes: * Includes:
» Nauticus Hull * GeniE Ship mode configuration
« 3D Beam » Sestra (solver, linear and T/C analysis)
 PULS « Submod (tool for transferring prescribed

_ _ deformations from global mode to sub model)
* Price policy for yearly rental, May 2023

« Node locked: 1 515 Euro * Price policy for yearly rental (need NH prescriptive
package in addition), May 2023

* Node locked: 7 250 Euro
* Network: Node locked / 0.6 =12 081 Euro

* Network: Node locked / 0.6 = 2 530 Euro

19 DNV © 31 MAY 2023
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DNV’s Calculation tools for ship

Digital sales of Nauticus Hull

For our customers, the purchasing process of our calculation tools
have been simplified by the introduction of our digital market place

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

is available: 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

Purchase on the internet

Pricing and plans

Nauticus Hull Prescriptive package - Node locked
Nauticus Hull - Ship e e I e
structural analysis and
design

Eciont hulldesign

Yearly rantal - 1 ser - Node locked EUR 1415

See pricing

Why choose this service
TOTAL EUR 1415

Overview

EUR 2360

TOTAL EUR 2360

20 DNV © 31 MAY 2023

Pay by credit card or invoice
3 PAYMENT

@ Paybyeard () Pay by invoice

Card number Expires/CVC code ()

&) This is a secure payment provided by Stripe”

Cancel Submit payment >

DNV


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

DNV’s Calculation tools for ship
Training and support easily available

« Tutorials (also available as training courses)
« Container Ship cargo hold finite element analysis
« Container Ship cross-section analysis

» 24-hour worldwide software support available

* |n Nauticus Hull and GeniE, direct links to
e User manuals
» Customer portals with tutorials, etc

e

Nauticus Hull’s direct access to support and user manuals
] ) ¥ = ¥ |L: ° "

DNV has a world wide support organisation, with quick
response, minimising the time loss when you need support

Tutorials also available as training courses

DNV-GL DNV-GL

Sesam GeniE
NAUTICUS HULL

TUTORIAI

Tutorial - cargo hold finite element analysis

Containership
Cross-section
analysis

Sesam GeniE’s direct access to support and user manuals

21 DNV © 31 MAY 2023
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Nauticus Hull Prescriptive

Nauticus Hull’'s modern Graphical User Interface
Nauticus Hull’'s 3D geometry engine

Re-using designer’s design data

Sharing common data and model files

Section Scantlings

Transverse Bulkheads

Prescriptive 3D model

Export to GeniE

FE load templates for automatic load generation
Rule Calculation tools

3D Beam

23 DNV © 31 MAY 2023
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Nauticus Hull Prescriptive

Nauticus Hull's modern Graphical User Interface

The GUI in Nauticus Hull consists of:

1.

2.

Browser giving access to main functionality

Menus containing commands, depending on main functionality, for file
operations, modelling, analysis, etc.

Graphical display

Context sensitive menus

Properties and results
1. Properties: Modify and inspect properties for selected object(s)
2. Results: Selection of various main result options

Tabs for
1. Messages /output: Messages from the system

2. Script: Journaling (logging) of user actions, commands, may also be
typed or pasted

3. Result: Detailed analysis results

24 DNV © 31 MAY 2023

Nauticus Hull is a modern tool, with intuitive Graphical
User Interface, making the tool user-friendly

The user interface is fully dockable meaning that the layout can be

configured as preferred. The defaul

t GUI configuration can be restored.

g Gocanaose

Browser

tragn « B e Kn
Menus G o
sonom a5 eck & bulkhend
#x over  EENINE - x
<Jscntings - m - IGHENIE - U © s o mm 14385, 19496
s . . w9201625
i Graphical display
si— b B Midiship pec
e 111 .
o Context sensitive menu « tomen
— 3
os) Ll
ok " e
$ = ; o4
e S 4 Standard span and spacing for stiffeners
al e 3250
4 B 800
- “ 4 Material data.
a5 45 a
Ela Eu VL-40FA
“ah a L3
a2 a2 e
W s
o5
wh e 2150
1) S Y °
sl s
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E S
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# 2
= RETEA and results
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Messages tab, Output tab, Script
tab, Result tab
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DNV has fully developed a robust geometry kernel optimised
for modelling of ship structures and re-use of CAD models

Nauticus Hull Prescriptive
Nauticus Hull's 3D geometry engine

* Moulded forms 3D geometry
Same 3D geometry engine used for all NH modelling tools

« Geometry kernel fully developed and maintained by DNV
« Multibody data structure
« Conceptual modelling
« Same 3D geometry engine used for
*  Section Scantlings
* Transverse Bulkheads; and
+ 3D model

Import / export

* Import of 3D models via OCX

* Interface to Sesam GeniE for FEA _n'f
3D CAD models imported to NH via OCX exchange format g
e e
s hiaiae -
b LG i
1 e
| |
|
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Easy import of hull from is essential for effective cross sectional
analysis outside of midship region.

Nauticus Hull Prescriptive b ey
Re-using designer’s design data

* Import IGES 3D hull form used in cross sectional analysis 3D hull imported to Nauticus Hull
* Sea impact requirements: stiffener span, spacing, stiffener/PSM angle to shell
* Ice (Baltic and Polar) regions and angles

» Import of structural drawing
» Section Scantlings / Transverse Bulkheads: Background for modelling i
* Rule Calculator spot checks: Background for describing areas checked

Stiffener span, spacing and angles from 3D hull Ice class regions/angles from 3D hull
\\ H Background drawing: Background drawing:
g modelling spot-check

Global Z, 17360

ovew BTV 00000000« g gqed98dc kEEREEEE
Single skin 8 8§ 8 5 § B o s (8 (8§ @ (8 @8 &
* 64 ¥| Scantlings L i L [©) Snap: [¥] 25044, 23138 ww 1 N H AR LI L
= - = F
o2 [ Drawing at #66 ,_’_n_r‘_r_m‘r—m—r—rm-ﬁﬁ"r'r"’f Vv
[ — TS i i o o T O [ S A2
LA L] i 4
L] | { ]
WLLLL | o
G T Y | : 1 B
! 2 \ - -
L1 { ! ] e == i
vLUNNEN 1] SNRERENRENED ] P g J
02 102 BN i I 1 Y acd
(DU Fist bar Direct with lug i) I i N /. 1
L L : i i V S L
b o | e w L/ N ~
54 I IEEENEEED 4 e~ 4 } - w/
— | | E wus Al £ =
/ 7
L. o | i 4 e | 1 L
[ ol : i 1 —0-[—{) P —
iy } { ,,,,,,,,, J-LL Ll N = — e = i
: : | q o R :»-»{-— ! gt ol
= A | 1 v !
L . [ 5
% S -
“ Drawing U )
wiw  © NSKShip Design 5
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Effective data transfer across projects/workspaces

NaUtICUS HU” PreSCrlptlve ensures re-use of data and model files
Sharing common data and model files

« Common data can be sheared across workspaces in Nauticus Hull
« Ship data / Hull girder loads can be shared for new designs similar to existing designs

 Libraries representing yard standards, e.g. stiffener profiles, end connections and shear connections

» Cross sections and transverse bulkheads model files can be copied across workspaces in Nauticus Hull

Import selected data
from other workspace

Yard’s end connections standard

Copy/paste cross sections and transverse bulkheads across workspaces

[N

L X o a

Select vessel and workspace:

Vessel:

+ Ermsin
Ctri+V

or, select file from other vessel folder:

C:\Data\2ProjectFiles\1VesselsNH20\ContainerVe| ... | aftera
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Section Scantlings has a modern and intuitive
environment for efficient cross sectional modelling

Nauticus Hull Prescriptive
Section Scantlings - Modelling

Model can be modelled from scratch, or intersect 3D model Eef“uo” Scantlings Graphical User Interface .
Wizards for effective creation of geometries, plates, stiffeners, cut-outs = o TEIIT LRI T ORI BT
User can simply (multi)edit properties e —— e
Conceptual representation of . -
| e
« End connection (for fatigue, span reductions, connection strength)
« Shear connection (for connection strength) SR
End connection concept Shear connection concept BT e o
g o “]-?;J “ -
i i T T o
v A -
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Nauticus Hull Prescriptive

Section Scantlings - Analysis

Prescriptive Rule checks for (nodes in the results tree)

Various analysis results are easily available, giving the user a good
understanding in governing Rule requirements, and how to optimise the design

» Hull girder strength
* Plates, stiffeners, transverse stiffeners
» Connections of stiffeners to PSM

All Rule revisions for DNV and CSR BC&OT

Imported hull form in analysis for

* angles (bow impact, ice)

+ stiffener span (cord length)

Design iterations plates and stiffeners

* Increase scantlings to Rule requirement
* Reduce scantlings to Rule requirement

Report available
Colour coding of analysis results

Detailed plate requirements on EPP level

29 DNV © 31 MAY 2023

Updated scantlings

Update Scantlings - X
Update modelled plates and stiffener scantlings
Plates

+| Increase plate thickness to governing local thickness requirement

/| Reduce plate thickness to governing local thickness requirement
Stiffeners

| Increase stiffener scantlings to governing local requirement

/| Reduce stiffener scantlings to goveming local requirement
Transverse Stiffeners

| Increase stiffener scantlings to governing local requirement

+| Reduce stiffener scantlings to goveming local requirement

Update

Analysis results: colour coding and detailed results on EPP level

Report

DNV

NAUTICUS™HULL

Cross Section Analysis according to DNV GL rules

3Dview  2Dview X
) + | Resuits

Plates - EPPs yield | 3¢
tloc grimm]

% compliance

>=120

=110
>=100
>=90
>=80
>=0

Mo resuts

Results

Panel [/ Blais

Jm -
A

)

I 1 8

R

U [0 snap: F 1

o

Lactgr
3

%

150 |mm

St
Bt

i
124.5)

S

S

Sl

Lloc gr
—

Load
g

~ ResultsTree

-5287, 5648 | [ save As

4 [ (#92+1625) Midship
4 [T Hull Girder Strength (#92+1625)

[T Torsional characteristics
[T cross section properties
[ Cross section properties 1A
[T steel weight summary
[T HT steel extent
[ Veertical hull girder bending strength

[ Hull girder shear stress
[ Hull girder equivalent stress
4 [T Piates (#92+1625)
Corrosion additions

s

T Minimum Thege
[ Vieiding

625)

[ carrosion additions
[T Minimum thickness
[ vielding Z req
[ Vielding tw req
[ Buckiing
[ Slenderness

4[] Connection of stiffeners to PSM (#92+1625)
[ Vielding aft frame
[ vieiding fwd frame
[ welding aft frame
[ Weiding fwd frame

4 [ Transverse stiffeners (#32+1625)
[ Corrosion additions
[TT] Minimum thickness
[ Vielding Z req
[ Vielding tw req
[ Buckiing
[[ Sienderness

[T shear flow (#92+1625)
[T Shear fiow devided by t (#9241625)
4 Intermediate results
Strength assessment
Fatigue assessment

EEES

4
Outershetl]  Plated
EPP1
EPP2
€PP3

r

190
190
190
190

125
90
90

125

0746
0768

0746

1727
1720
1723
1727

0409
0731
0730
0409

315 FSM2
315 FSM_2
315 FSM_2
315 FSM_2

0840
05800

0840

1458

1458
1458
1458

269
262

269

1000
0.500

1,000

1050
1050

1050

2018

201.2

2015

201.8

0950
0950
0950
0.950

b Outershell  Platel
b Outershell  Plate2

Messages Output Results

160
160

135
135

1.000
1.000

1742
1757

0728
0725

315 FSM2
315 FSM_2

3250
3250

1458
1458

284
299

0500
0500

1050
1050

2031
-2045

0.950
0950
[ Properties ResutsTree
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Nauticus Hull Prescriptive
Transverse bulkheads - Modelling

* Model can be modelled from scratch, or intersect 3D model

« Similar modelling approach as for Section Scantlings

« Wizards for adding sems, plates and stiffeners in any sequence
« Copy / translate of stiffeners available

« User can override stiffener spacing/span and end fixity

« Stiffeners are divided into spans between span killers (stringers/decks)

Modelling wizards Stiffener properties for analysis can be edited
A 7 B A A
Seam Copy/Translate + T x * Id 80
* LN
| Stiffener?
Transverse . - i Panel name Transverse bulkhead #86 2 6
Bulkhead Stiffener A Orismtation
Flange orientation Left
New Add Copy Panel side Forward
Web angle to plate [deg]
4 Properties
Material vi-32
4 Span1ef1
Spacing 811
Span
Bending span
Shear span
4 End fixity
Fixity Non-continous, simply supported ends =
Bath ends fixed
One end simply supported
Non-continous, simply supported ends
30 DNV © 31 MAY 2023

The modelling approach in the TBHD tool is based on the
success of Section Scantlings, being recognised as one
of the most efficient tools for prescriptive Rule checks

Stiffener divided in to spans between stringers/decks

|x: =] ° :

e | T Y
- =- B T § (e B sl M | nay 3001314 Layewt
e

bt ]
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Nauticus Hull Prescriptive
Transverse bulkheads - Analysis

Prescriptive Rule checks for plates and stiffeners
Implemented for DNV Rules and CSR BC&OT

Similar analysis approach as for Section Scantlings
Report available

Display of idealised EPPs with load calculation point (LCP)

Detailed results

Detailed plate results on EPP level

Dven BN

= - ENERIN N - U WO e 731 F, @ 5 -

* Plates on EPP level -

« Stiffener on stiffener span level e ;Z.vjr_z 7[7

Idealised PP B

Similar to the relation between plates and EPPs, detailed results are shown
for a complete stiffener span and stiffener spans between span killers

Detailed stiffener results on stiffener span level

O TR

- - ENEI T U T O s 1 2 © ey
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DNV has developed a 3D geometry kernel, optimised for ships,
that can re-use yard’s CAD models via the OCX exchange format

Nauticus Hull Prescriptive
Prescriptive 3D geometry and compartment model - Modelling

3D model in Nauticus Hull of a container ship modelled from scratch

« 3D model in Nauticus Hull originating from Ry |

x

+ OCX import; or
» Modelling from scratch (geometry surfaces only)
* Modelling of geometries by use of

* Wizards; or
+ Scripting

* Intersect 3D model for Section Scantlings / Transverse
Bulkheads modelling

Available modelling commands Extrude surface commend with preview Intersect 3D model for Transverse Bulkheads tool
[ xv ] extruded ¥ by 3-points Name | Nortild 5aor
Direction | X - T
E xz’ ﬁ Fa:E“Ed .-. L b}. I:I:'mEf'i Start X #134) End X #1338
Points L Allow free edges
1'._2 yzGrid Y0  yzGrid.Z21 Single panel [_]
- yzGnd.Y8 yzGrid.Z21 Posk Pe—re———
Grid.Y8 rid.Z24
Create surface y::m.\m :zm.zza m
yzGrid.Y11 yzGrid.Z27
yzGrid.Y14 yzGrid.Z27
yZGridY14  yzGrid.Z31

[/] Preview Clear oK Cancel Apply
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3D model compartments automatically give correct compartment pressures

N au tl C u S H u I I P re S C r I pt I Ve as compartment attributes are based on actual compartment geometry

Prescriptive 3D geometry and compartment model - Compartments

+ Compartments will be generated based on modelled WT geometries

» True 3D compartment geometry for automatic determination of attributes for correct pressures, e.g. centre of gravity and reference points
Compartments generated from WT geometry

3D compartments in Section Scantlings

E NG s e s i

oo

3D compartments in Transverse Bulkheads

e owerd | m = [0 € - U 85 8 BN s

I Wt
x om HE OBH OHE OBW OWE W

7089, -1484

s s wiTe

Mos D8 WETS
Fipe Duct
o o Aoy
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The 3D model in GeniE has the same surface representation
(same number and extent) as in Nauticus Hull, being a solid

N au ti C u S H u I I P re S C ri pt i Ve foundation for a close integration between the two tools
Export to GeniE - Global model

» Prescriptive global 3D model can be exported to GeniE by a single click
» The export includes all surface geometries, including complex bow shape and skeg

Automatic export from

3D geometry model in Nauticus Hull Nauticus Hull to GeniE 3D geometry model in GeniE
E ‘.. - S E B - ; e o ’n D E X (w1 # NGO OB DD -0 -7 | frmmemn =] U+ o=k B8 CF Afman ] - B

e o T T T prrre el 1 T Y

3D compartments in GeniE
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Nauticus Hull Prescriptive
Export to GeniE — Midship cargo hold model — Extrude Cross Section

All longitudinal material can be automatic extruded in
GeniE, re-using existing data in Section Scantlings

» Aselected Cross Section can be used for creation of longitudinal members in the FE model by extracting the cross section in GeniE

« Export includes surface geometries, plates, stiffeners, boundary conditions (including end beams) and wet surfaces for application of sea pressures

* The process is fully atomised: GeniE can be opened by clicking on a button, and then the cross section will be extruded

Typical midship cross section in
Section Scantlings
IL

T T T 17T 77T

T T T T
DI L T X
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Automatic export from
Nauticus Hull to GeniE

(4 = ) © CV FEM Tutorial Completed: CV FEM Tutorial Completed.nhx - Nauti.
i’ Home Tools view

+ i /%
N import New
le caleulation teols FE manager
LRl Analyses %

o

X

PN

Export to GeniE

l @ Cross section | Midship
nclude:

] Y/Z grid

[7] Frame table

/] Boundary conditions

| Wet surface properties

/| Default mesh density | g4 [mm]

Geni settings:
Workspace name:  NoSHold

Messages

Messages Output

Nauticus Hull V20 - July 2021

Cross section extruded in GeniE with
same scantlings as in the Cross Section

le Edt View GuidingGeometry Stnucture Losds Meh & Anslysic Reasts Help

Fle Edt
DEE X [« -2 #EONREM G 2 QS I I D0 9-¢ <odudnpny, | BW 4R e o 2
NNvOed X BrrrrC kO /B f 2 A ST EERIY  SFCHSDIE | BAR-P-F-HEXS -DE-AY -

=12lx|

B 0] O & @ ]Tcines repeny 1]
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Nauticus Hull Prescriptive
Export to GeniE — Midship cargo hold model — Transverse Bulkhead

For prismatic cargo hold models, exporting a typical
transverse bulkhead modelled in Nauticus Hull to
GeniE, will significantly reduce the FE modelling time

+ Aselected Transverse Bulkhead can be used for creation of transverse bulkheads at specified positions in GeniE

« Longitudinal members (plates and stiffeners) will also be extruded

« Export includes surface geometries, plates, stiffeners, boundary conditions
(including end beams) and wet surfaces for application of sea pressures

* The process is fully atomised: GeniE can be opened by clicking on a button

Transverse bulkhead modelled in NH

w8
[~ ]
XE ]
o Hie
B I 16 2 i ===
] { ES = S -
- Il Ty: |
.:=“ [ ] =]
H e et = gy
i .
: oo oo 4
L i 55
——
-m'.‘Flii!;"i‘.;lsll!!!l'gh‘- 1
b 11 AERE
EEUEISERES ENRRE N
BEHGE K (5 i
SO AT 1
\’{\Q.;»:iigy‘;;*e *. * ‘3‘;‘*7{1”
v

37 DNV © 31 MAY 2023

Export a selected transverse bulkhead

Model exported to GeniE

uBe L
+ it £X
ST

Analyses X
Export to GeniE

30 Model
"Croes secT




The FE load templates makes it easy for the user to create
the complex loading conditions described in the Rules

Nauticus Hull Prescriptive
FE load templates for automatic load generation

Container stowage on hatches

» For all ship types, including bulk carriers and tankers (CSR BC&OT), load templates are available
« The load templates includes EDWs as required by the Rules, user can easily modify/add EDWs

« The loading conditions created by the load template can be edited e.g. add/remove compartments loads,
edit container weights, edit target hull girder loads

« For novel designs, the user can easily create any loading condition from scratch /

Load template for gas fuelled container ship  EDWs for each LC  Detailed description of the Rule loading conditions

Heg | COWIC GSFAC |Sey | COMLC |OSFAC
Hog

4
Wog | SWEM Smp | Sag
‘ |
C F _m .E!g;.‘-‘:‘;;;:m FERRT KI{H%
-
0 r
L T :
0 T
r —

Fr——— o x| [@eem S x| —
S —

massnnan

anas
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Various tools are available for spot checks and Rule checks
not covered by Section Scantlings / Transverse Bulkheads

Nauticus Hull Prescriptive
Rule Calculation tools

Rule Calculator

[ Nauticus Hull - Rule Calculator - DNV GL Rules - C:\Data\2ProjectFiles\VesselsNH20\TutoriahC...  — m] X

File Help
| Hull girder properties | Description:

Excel spreadsheets for e.g. anchor and chain, primary supporting members, welding r——

Profiles

IE P Calculste curent | Show rows: (1|8 Buleroﬁle(NV)Table‘
Single Panel Buckling tool for buckling assessments (can be accessed from Section Scantlings and GeniE) [ —

X - position, EPP [Frame No.] #96

1) PP Definition

B wheel loads

DNVGL_WheelLoading

Rule status
Results (buckling) Stiffener:

Y - position, EPP [mm) 7000
Z - position, EPP [mm] 5000 ¢
- - - 0 - - Length of EPP, a [mm] 3000 _g
FE Fatigue tool for FE fatigue strength calculations (integrated with GeniE) 2 3
Compartments and Loads: %
Compartment 1, stiffener side L/S HFO tankP e
Compartment 2, adjacent side No1 HFO tankP v B
Rule Calculator for spot checks of plates and stiffeners (can also be combined with drawing check) ¥ 5
Panel definition: 3
p p g Structural member (level 1) Undefined v ﬁv
Sub-member (level 2) e > v ©
Effective hull girder structure 7]
Stiffening arrangement Vertical on transverse st v
Panel angle to horizontal plane [deg] 90
Input Plate:
Gross plate thk, as-built, tact [nm] 12
Plate material VL-32 v
Input Stiffener:
Select stiffener profile JapaneseAngle 300 x 90 x 1
Stiffener material VL-32 v
Angle between stiffener web and plate 90
Stiffener spacing, s [mm] 500
Eff. stiffener span, bend, [ bdg [mm] 3000
Eff. stiffener span, shear, [ shr [mm]
Excel dsheet ngle Panel Buckl FE Fati tool [hrnsion—
XCel spreadsneets g u atigue too information
[perr— Design pressure for plate, P [kKN/m 2] 145,58
- T e e e [ o e e bSO aos
Othves welded details - type ‘s
Analysis MName (e s | Gross req. plate thk. tyield_gr [mm] 19,32
30 Beam element analysis 30-Beam Gross required minimum thickness, t min_gr [mm] 751
Rule status NOT OK
! continuous beam Contbeam Results (yield) Stiffener:
Iﬂ » o Information
il Single Cantilever Beam Cantilever Beam Design press for sifener, P (/m 2] 20060
E  Buckling of beams and bars DNVGL_BeamBuckling Dimensioning design case, Zyield_net ExtremeSea SD,Ballast.5...
- Net off. section modulus, Z yield net_off [cm 3] 631,65
I;‘_ Connection area DNVGL_ConnectionArea Net req. section modulus, Z yield_net [cm 3] 346,90
. Gross req. web thk. shear, t w_gr [mm]
@]  Anchor and chain DNVGL_Equipment Dimensioning design cau,tf_g. {mml
@ paltic ce class requirements DNVGL_lceclass SFom te0. 19 Web DIk Lrnirgr (1] 50
— Gross req. min flange th, t min_gr (mm] 7,50
"
I%l_ Buckling of struts, pillars and cross ties DNVGL_PillarBuckling Rule status oK
3 . Results (buckling) Plate:
I%‘_ Primary Suppeorting Members and Pillars DNVGL_SingleBeam Dimensioning design case, 1 rel_plate [-] ExtremeSea_SD,Full load...
Highe 1l f: 3 9 20,24
@ 30 Tank pressure DNVGL_Tank3DPressure L L ST e )
= - Gross req. plate buckiing thk, t buckigr [mm] 233,29
I;‘_' Welding requirements DNVGL_Welding Gross req. plate slend thk t slend_gr [mm] 4,50

NOT 0K

= Dimensioning design case, n rel stiffener [-] ExtremeSea SD,Full load...
% Rule Calculator RuleCalculator Gross web slend thk. t w_stend_gr (mm] 489
e  Buckling of stiffened plates PanelBuckling Gross flange slend th, t {_siend_gr (mm] 8,12
Gross flange breadth, by [mm]
FE fatigue tool FEFatigue The atue sess range Ao b oot uoing B masimur of ‘e L e e e of the sverage vl Stiffener bucl cap, N rel stffener [-] 16,58
Message Lt Rule status NOT 0K
fr— - @ Detailed Results
j All rule sets oK Cancel Vessel
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Nauticus Hull Prescriptive
3D Beam

General beam element analysis tool for both simple 2D and complex
3D beam element analysis

Intuitive and user-friendly interface, tailor-made for accurate, fast
modelling and strength assessment of complex 3D girder structures

Rule loading conditions (pressures and hull girder bending stress)
can be automatically transferred from Nauticus Hull

Model can be exported to GeniE for beam code checking and fatigue

PSM Rule checks implemented
* Yield check
« Pillar buckling

Stress results along length of beam can be assessed for detailed
results and considering brackets

Automatic Rule loading

PSM Rule checks for y|eId and plllar buckling

3D Beam is

an efficient tool for analysing

complex girder systems and deck foundations

3D Beam s modern and user-friendly GUI

I‘H‘IB'E FE D kA 7 &

ZWt LI LAMSD 16 COT T | oo |

[ANRERS

() Ty oy Gy Ty ey ey [y ey ey O ey ey

Stress results along length of beam

slot

Get Rule loads X Beam Nam SigmaHg [N d [N/m | Tau-0z ., Normg Ok / Not ok [ Response, TSwngleﬂmer]
- 1 0 s 200 16 115 057 ok 7| | Sighy v qagreeee
H 2 0 213 200 s 15 1,07 Not ok 1Al ladcases ot T
Transfer rue koads from Nautius Hul. 3 3 0 266 200 104 15 133 Not ok D
O B 0 173 200 56 15 0,86 ok Resutt positions L T e
(This require definition of compartments and loads in Nauticus Hull and use of the B s 0 21 200 25 15 021 ok cI AL
same coordnate system, please see the User Manual). 6 & 0 196 200 135 18 117 Hot ok B L
7 7 0 53 200 182 15 1,58 Hot ok v 807
] Override manually defined beam load widths and those from previously rule load transfers. 4|+, Output }, Beams }, Nodes }, Profiles }, Beam loads }, Node loads. }, Beam responses }, Node responses J, Stresses ) Combined siresses ) Stress Check /4 Pilar bucking J\ Response piot Jy Notes [ 80"
Recalaate beam load widths and allow the program to compute beam load widths a0t
based on current modelled grder system, (Alternative, manually set load width to zero Beam W Usage, Acial [Usage, C ) ge, Normglx-Pos [mm] _[SigCr, Axial [SigCr, Bend [Sig-tox [N [ Mz [Nimm]Curve Curve OkiNotok | A
for only those beams that need to be recalculated.) T 1 0,08 3 0,75 114 1410 201 235 18 25 158 curve a curve b ot ok 20 e g
£ 2 037 181 075 242 31667 235 235 £ -181 154 curveb  iNotok 0] 200 400 600 800 1000 1200 1400 1600 1800 - 200G 2200--2400- - 2666 - Z3UN. 2030 - SZ0U 34
[ Skip empty load cases with no distributed beam loads. 3 3 0,76 177 078 236 34667 234 238 AT 229 -1 v cuveb Motk R aa——S e
(Only transfer relevant load cases with compartment pressure, sea pressure or L i B i o) s = » 23 = e B " curveb ot ok
dstributed ine load from StaticDeck.osds.) 5 5 0,12 0,17 0,75 023 286,67 228 235 29 4 £ curvea curveb Ok -
B & u 33 wq ws 0,98 69167 31 235 -10 439 4 v curveb 10k
T R 0,91 28667 235 S8 curve uveb 0k
Write intermediate calculation results to log file. (Performance punishment, 3 x slower]
D&Mhhﬁ!, MM“W;&_“;W e N £l 2 A+ T\ouiput Be am)\Nndes)\P ﬂas)\a = ns)\Nnd - ads J\ Beam responses ) Node respon m)\St esses | Combined lmm)\s‘mcn k)\Pu bucking . Resporse pot s 7 <[ T\ output }, Beams }, Nodes }, Profies } Beam bads }, Node boads }, Beam responses  Node responses  Stresses ), Combined stresses J, Stress Check , Pilar bucking J, Response
Lo [ cane
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Nauticus Hull Finite Element

Sesam GeniE as Nauticus Hull’s finite element tool

FE support easily available

GeniE — A modern and future proof FE tool

Only workspace file needed for storage and exchange of FE model
Configuration of GeniE — Modes

Ship mode configuration of GeniE

All Rule sets covered

Efficient tool for Container Ship FE models required by the Rules
Efficient generic FE tool

Bulk data file *.bdf can be imported to GeniE
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GeniE is a modern finite element tool, with intuitive
Graphical User Interface, making the tool user-friendly

Nauticus Hull Finite Element

Sesam GeniE as Nauticus Hull’'s finite element tool

The GUI in GeniE ists of . . : .
© N eni= consists 0 The user interface is fully dockable meaning that the layout can be configured as preferred. The

1. Pulldown menus containing commands for file operations, modelling, analysis, etc. default GUI configuration can be restored.

2. Toolbars containing most frequently used commands that are available from the
pulldown menus

SRR e :.T::me T4 o W] B ] O e s <] 8
o ; " re-mismswesmssnme] | O0IDAIS [ e e na
3. Browser containing model data available for editing N e— S s St ’

noShold

Pulldown menus

Analysis1

_010_LC2_Hog_BSP_1P

FEM Loadcasa = 10

Analysis results not loaded

Foroe: [KN], Leagth: [mm]
vaid results avaiable

4.  Graphical display

Context sensitive menu

5. Context sensitive menus

6. Tabs for

1. Messages: Information (green), (orange) and error (red) messages
issued by the program

Labels

2. Command: Journaling (logging) of user actions, commands may also be
typed or pasted

3. Visual clipboard: User can retrieve information from the model in input fields

4. Defaults: User may set default selection options and default values used :
during modelling g

o 1

Messages tab, Command line tab, ‘ i
Visual clipboard tab, Defaults tab ~_AProgressbar | .

7. Progress bar at the very bottom of the GeniE, a window providing progress
information

I D ssages {cormrans tne T
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Nauticus Hull Finite Element

Direct access to User Documentation

s | New Workspace

Workspace name:

Location:

FE support easily available

Tutorials on a customer portal

€ Overprice Existing file
C Rex

| C:/ONVGL Workspaces/GeniE

[V Create directary for workspace G2

Ship mode

™ store works|

pace drectory

ok Close Apply.

Supporting engineers in DNV available 24/5

43
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Dialogues having direct link to User Documentation

Ship specific tutorials for FE models required by the Rules

Support 24Seven

D = Tehnan 1

DNV has a world wide support organisation, with quick
response, minimising the time loss when you need support

Tutorials on the web Ship specific tutorials

RO
" -
DNV CUSTOMER PORTAL
T
R

DNV:-GL

Sesam GeniE

Tutorial - cargo hold finite element analysis

Container ship midship model with typical hold arrangement

DNV



Nauticus Hull Finite Element
GenikE — A modern and future proof FE tool

GeniE — A modern and future proof tool

Using modern architecture

Real 3D modeller

Conceptual modelling, allowing for rapid modelling and change to a model
Mesh is automatically updated when updating the loads/geometry

Undo / Redo — not limited to only one command

Scripting

Supports backword combability

Multithreading of analysis tasks for improved performance

Benefits by conceptual modelling

More efficient modelling, less time needed
More realistic representation of the geometry

Design iterations more efficient by working on the geometry and not the finite element
representation

Concept information also used in Rule checks
Loads are applied to the concepts and automatically mapped to the finite elements

44 DNV © 31 MAY 2023

Sesam GeniE is being continuously developed, using
modern 3 party components, and feedback from end users

What is concept modelling? Sesam GeniE is the only software on the market
that offers concept modelling, which is an immense time saver for engineers.
Concept modelling in Sesam GeniE maintains the dynamic connectivity
between structural components such as beams and plates. This means
that whenever the user inserts or moves a structural component, the
connectivity to other plates or beams is automatically updated. Design
optimisation is often characterised by many and large changes — concept

modelling is therefore the most time-efficient method of design




All model info is stored in one file for
easy storage and model exchange

Nauticus Hull Finite Element

Only workspace file needed for storage and exchange of FE model

—s . -
Sesam GeniE's database file format is *.GNX File size for a CV cargo hold model, including

The *.GNX file includes: FEA Rule check set-up
Mame Type Size

» Concept model, including loads

No5Hold.gnx GNX File 39853 KB

* Mesh information

* Analysis set-up

* FEA Rule check set-up (including buckling panels)
* Report template

+ JS file with scripted commands

The *.GNX database file format has the following benefits
» Backwords compatible
* Only Workspace.GNX file is needs when exchanging/filing model

» Easy to share with others, just open GNX and run analysis to get results
» Workspace.GNX does not include any results and has therefore limited size
» Workspace.GNX will always create identical analysis results when re-running analysis (provided same SW versions applied)
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Modes ensures that GeniE is not only a generic FE tool, but
optimised for various industries, such as the shipbuilding industry

Nauticus Hull Finite Element
Configuration of GeniE — Modes

» GeniE is a general FE tool optimised for various applications by the introduction of the following modes
* Full mode
* Ship mode

* Jacket mode

» The different models will ensure a customisation of GeniE
 Filtering of menus, toolbars, dialogs and browser

» Default properties and units according to industry standard

« When creating a new workspace, with a GeniE Ship Mode licence (provided by the NH Finite Element package), only the Ship Mode will be available

When creating a new workspace, only

the ship mode will be available
|8 New Workspace ﬂﬂ

Workspace name:

-
| * i

=
Location:

| Ci/DNV/Workspaces /GeniE

[V Create directory for workspace G2 =

Ship mode
¥ Use Dual Assembly G2

| Close
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Nauticus Hull Finite Element

Ship mode configuration of GeniE

Ship mode ensures default units as
described in the Rules and according to

shipbuilding industry standards

Input Units LI
~Output Units
Length mm Mass tonne
Force N Angle rad
Temperature | delC Time: 5
 Input Units
Refil table Motice: Derived units will not be updated untl you press apply
Unit Name Unit Display For... ‘ Display Precision -
Acceleration m/s"2 Fixed ;I 1
Angle deg Fixed ;I 1
Area cm?2 Fixed j 1
FirstMomentOfirea cm*3 Fixed d 1
Force kN Fixed |1
ForcePerUnitArea kM/m"2 Fixed j 1
ForcePerUnitLength kM/m Fixed j 1 j
Length mm Fixed j 1
SecondMomentOfirea | cm®4 Fixed j 1
SectionModulus cm®3 Fixed ;I 1
TempDiff delC Fixed =
Time 5 Fixed ;I 1 -
« »
Reset to output units
oK | Cancel | Apply Details>>>
a7 DNV © 31 MAY 2023

Ship mode filter out browser entries that

are not applicable for ships

Full mode
E-{] testing

E-{7 Analysis
{7 Activities

El-{]) Properties
{mmeieerGiassifentionmm
-{{7] Beam Types

--{7] Compartment Content
-{{7] Corrosion Addition
--{7] Effective Flange
e
g g —
Sy e —
e s e
-7 Materials

D Mesh

--{Z] Mesh Options

-{7] Permeability

--{ 7] Plate Types

--{ 7] Sections

{17 Slots/Lugs

--{ 7] Sniping properties
{7 Structure Type
--{ 7] Thicknesses
-{7] Wet Surface
B+ Structure

-{7] Details

= EreerrEee
--{ 7] Features

-{ 7] Holes
il e e sm—
{7 Slots/Lugs

--{{7] Supports

B Utilities

{17 CutPlanes

-] Guiding Geometry
-{ 7] Mesh Priorities
--{{7] Model Views
D Reports

{1 Sets

Ship mode

B-{] test
B3 Analysis

{71 Activities
{7} Load Cases
D Capadity
E-{] Properties

{Z7] Beam Types
--{7] Compartment Content
--{17] Corrosion Addition
--{ 7] Materials
D Mesh
--{ 7] Mesh Options
--{ 7] Permeability
--{ 7] Plate Types
--{ 7] Sections
{17 Slot/Lug properties
--{ 7] Sniping properties
{7 Structure Type
--{ 7] Thicknesses
-{ 7] Wet Surface
B-{] Structure
--{ 7] Details
--{ 7] Features
-{17] Holes
{7 Slots/Lugs
D Supports
B-{] Utilities
{7 CutPlanes
{1 Guiding Geometry
{7 Mesh Pricrities
{7 Model Views
D Reports
B Sets

Ship mode configuration improves the user-friendliness by filtering
out features that are not applicable for the shipbuilding industry

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

for ships

Full mode

[® . Rules Meshing

General IWWHE‘E edge | m

[~ General FEM options
[ Use second order elements  G7
Superelement type | 1

¥ Longitudin
[~ Adjust edge degsi

I

e

[~ Scantling ization:
Thickness | Gross
eccentricities G2
[ Use co-centric
[ ed on gross dimensions

‘asQther preferences
e unused properties

v Automa d combination FEM numberin
¥ Round off Me ity G

¥ Adjust number of elem:

¥ \irite loads separa 7

I Eiiminate in ccentridties W7

I 1gnor on filet sections 92
Iv, r linear dependencies  §%

eferences
¥ Uselong mes
¥ Use long Set name
v u rty names
 Face mesher

cing Front Qu;
" Advagg jangle Mesher
Sesam Quad Mesher

* Template Quad Mesher
" Patch Surf Tri Mesher

Ship mode

|B ' Rules Meshing

General |E|iminahe edge |

~General FEM options
[ Use second order elements 92
Superelement type |1

Element preferences
’]_ Use first order thick shell elements 92 ‘
r~Scantling idealizations

Thickness I Gross j
- Face mesher

' Template Quad Mesher
" Patch Surf Quad Mesher

oK I Cancel

Apply

{ e e —
I esher

& Uniform

 Lin

tions

¥ Removi vertices 32

¥ Remove internal e 2

™ Ignore stru rt of subs: ealizing 92
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Nauticus Hull Finite Element

All Rule sets covered

Part 3 Chapter 7

Part 5 Chapter X

Class Guideline-0127

DNV

RULES FOR CLASSIFICATION

Ships

Edition July 2021

Part 3 Hull
Chapter 7 Finite element analysis

n
e PG veraian shal previl.

DNV AS

DNV

RULES FOR CLASSIFICATION

Ships

Edition July 2021

Part 5 Ship types
Chapter 2 Container ships

3 smcias n
Y Incansistencies hateresn the FOF version and any sthar avaiable version, e #OF versian ahal Brevail
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CLASS GUIDELINE

Finite element analysis

gives all general rule requirements
for Cargo Hold FEA and partial
models, global strength and local
structural strength calculations incl.
documentation requirements
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defines exceptions from Pt.3
and additional assumptions,
loading scenarios and load
combinations

describes the scope and methods
required for structural analyses of
ships and the background for how such
analyses should be carried out

GeniE can be used for all ship types, as all FE Rule requirements
described in DNV Rules and CSR BC&OQOT are covered

IACS CSR BC&OT

IACS

Common Structural Rules for

Bulk Carriers and
Oil Tankers

01 JAN 2020

All requirements collected in one booklet
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GeniE efficiently supports all FE requirements for container
ships, including independent Type-B gas fuel tanks

Nauticus Hull Finite Element

Efficient tool for container ship FE models required by the Rules

Midship cargo hold model FE buckling results
* Re-use of cross sections from prescriptive Rule checks that can be extruded in GeniE
« Efficient modelling features

» Automatic creation of Rule loading conditions, boundary conditions, corrosion additions
» Automatic adjustment of hull girder loads to targets specified by the Rules

» Automatic creation of buckling panels

» All FE Rule checks implemented (plate buckling ,stiffener buckling, plate yielding)

» High analysis performance (meshing, solver) ensured by multithreading

+ Effective work process on design iterations, with high performance

Gas fuelled container ships with independent Type-B tank Independent type-B tank with
* GeniE supports temperature loads initial clearances

» Automatic creation of Rule loading conditions

* Integrated tool for considering friction in vertical supports

+ Initial clearances in anti-pitch, anti-roll and anti-lifting supports can be considered

» Supports sub-models with effective load transfer and prescriptive displacements from cargo hold model

» FE fatigue stresses for crack propagation analysis and fracture mechanics analysis
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Nauticus Hull Finite Element

By having GeniE, you would not need other FE tools,
as GeniE is also an efficient generic FE tool

Efficient generic FE tool

* As a designer, you may need to create a FE model for foundations /supporting structures

« Sesam GeniE has numerous efficient general modelling features and mesh tuning options for such applications

» Other typical applications

Cell guide structures
Wave breaker
Rudder horn

Crane foundations
Mooring foundations
Etc
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GeniE efficient tool for crane foundations GeniE efficient tool for cell guide structures
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GeniE allows for re-use of models created in other FE
tools by being able to import the bulk data file format *.bdf

Nauticus Hull Finite Element

Bulk data file *.bdf can be imported to GeniE *.bdf scanned and repaired

prior to import to GeniE

* GeniE can import a finite element model on the bulk data file format, *bdf
» Prior to importing the finite elements, GeniE can scan the elements, identify model issues and propose fixes
» During import, GeniE is stitching the elements into geometries (plates and stiffeners)

* On this geometry model, loading conditions and buckling panels can be automatically added, similar to a
geometry model created from scratch

» The finite elements will remain during analysis, only loads and updated scantlings are assigned to the same
elements

» The Sestra solver is made robust, allowing for elements with bad shape and, also singularities in the
stiffness matrix

Finite elements stitched together to

. . : T eometries during import to GeniE
FE issue detected by scanting tool Fix proposed, also for similar issues Robust Solver g g_mp

© R FM x| + BepaiFEM x| Linear Analysis x|
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Container ship cargo hold model

Re-use of Section Scantlings model from Nauticus Hull
Typical geometry parts that need to be modelled in GeniE
Automatic creation of Rule loading conditions

Analysis run

Visualisation of analysis results

FEA Rule checks (yielding and buckling) run
Visualisation of FEA Rule checks run

Typical design iteration — Create insert plate

Typical design iteration — Add buckling stiffener

Report template for automatic report generation
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All longitudinal material can be automatic extruded
in GeniE, ensuring re-use of existing data

Container ship cargo hold model
Re-use of Section Scantlings model from Nauticus Hull
» Nauticus Hull Section Scantlings is used for prescriptive cross sectional analysis

» Aselected cross section can be used for creation of longitudinal members in the FE model by extracting the cross section in GeniE
« The process is fully atomised: GeniE can be opened by a single click on a button, and then the cross section will be extruded

Typical midship cross section in Automatic export from Cross section extruded in GeniE with
Section Scantlings Nauticus Hull to GeniE same scantlings as in Section Scantlings
l:- [+l = IKs) © CV FEM Tutorial Completed: CV FEM Tutorial Completed.nhx - Nauti - u} X :‘ e ——— ‘MAM;‘ _—— e =12lx|
£ — s o— N DEW & X P IREOREM G P QSO D -0 @[ [Ocatdmsy | FEW 4K o G E| BT @Fopete ][ Thickness Propeny t v
-0 : : CNTN O Bk O /BBt A AT SR AFCSDONE BAR- P A - HEXS - DE-AY -
El " B 5 f 5i% ‘ & ZA[w[e 3 Al 0] BB b B[40/ 5 B B €/ | [oksme <] 8| [croncion  ~J[Cotomutie  [cnormeias  l[<nothicme  <l[<noscvess =]]<nosmmetnc 2ot <[ <no s
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Al 1 GeniE settings:
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=‘: : Open in GeniE
e Messages >3 x
~ Res:
Messages Output
Nauticus Hull V20 - July 2021
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Powerful features for copying and mirroring typical parts give
efficient modelling of a complete cargo hold model

Container ship cargo hold model
Typical geometry parts that need to be modelled in GeniE

Typical pillar bhd Typical pillar tbhd The typical parts are copied and mirrored in

order to create a complete cargo hold model

LAY
N T

.

v e

b )
N B

R
-

AN

-\

Compartments are automatically generated,
based on the modelled watertight geometry

Openings iwo longitudinal

Typical web frame girders/stringers
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Loading conditions, boundary conditions and corrosion addition

Ontainer Ship Cargo hOId mOdeI information are automatically created according to Rules
Automatic creation of Rule loading conditions

Rule loading conditions Load template for Rule loading conditions Container stowage on hatches Nauticus Hull creates a loading
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High analysis performance is enabled by multi-threading
analysis tasks as meshing and when running the solver

Container ship cargo hold model
Analysis run

« All model information is assigned to the geometry model (e.g. loads, and properties like material, thickness, corrosion additions)

« When executing the analysis, first step for GeniE is to update the finite element model (mesh and loads)

» GeniE’s conditional mesher will scan the model and only update elements and FE loads that are affected by any update to the geometry model
« Adjustment of the hull girder loads will only be done, when required (e.g. loads have been updated)

» Analysis solver, Sestra, allowing for multi-threading and faster than competitors

Loading conditions applied to Required analysis steps controlled by Analysis results available in GeniE
the geometry model GeniE’s activity monitor
8" Activity Monitar x|
‘®  Dore! Start Cancel |
¥ Journal activity executions
Activity | Duration Status Generate Input
M ©: 1 - Analysis1 - Analysis 1285
A ¥ 1.1-Meshing (Conditional R... 29s
a 1.1.1 - Delete loads —
a 1,1,2 - Update loads —
a 1,13 - Delete mesh —
=] 1.1.4 - Update mesh 295 Success
M4 1.2 -Hul Girder Load Adjuster  29s Success Yes
M Ei 1.3 -Linear Structural Analy... 70s Success Yes
M B 1.4-LoadResulis 0s Success
]
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High analysis performance is enabled by multi-threading

Container ship cargo hold model
Visualisation of analysis results

Loads (e.g. sea pressures and container forces) and can easily be displayed with units according to Rules
» Graphical display of hull girder adjustments is available

* Following analysis results are available in GeniE

» Displacements (all, x, y and z)

Gaussian membrane stresses in element centroid (von Mises, shear and normal)

Sea pressures and container forces on the FEM Display of hull girder load adjustments

Gaussian membrane von Mises stresses

Vertical Bending Moment [Nm]

9,678E +09 i =X

BEO%glea iooss  1m0se 1088 06 0sA, 1064 fs084 1081 18080 15054 2008
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Container ship cargo hold model

Conceptual modelling ensures efficient
creation of buckling panels

FEA Rule checks (yielding and buckling) run

GeniE automatically creates the buckling panels based on the modelled geometries (stiffeners and intersecting PSMs)

User can specify relevant parts for the FEA Rule checks (either parts of the target area or all members in one run)

User can select loading conditions and also relevant Rule checks (yielding & buckling, buckling only, or yielding only)

The default parameters created, based on the modelled geometry, can be edited by the user (e.g. tuning panel width)

Buckling panels automatically
created based on modelled geometry

58 DNV © 31 MAY 2023

Required analysis steps controlled Several FEA Rule check
by GeniE’s activity monitor result options are available
o AdvyMoner x|
@ Done! Start Cancel |

7 Journal activity f

Activity | Duration | Status | Generate nput |

O %=1 - Analysis1 - Analysis —_

O ® 1.1-Meshing (Conditional Regenerate) — — 3

] 1.1.1-Delete loads — B N

[m} 1.1.2 - Update loads - § -

[m] 1.1.3 - Delete mesh - |

m] 1.1.4 - Update mesh — .3 l ‘ W

O B4 1.2 -Hull Girder Load Adjuster — ‘fes 348 Nk

O % 13-Lnear Structural Analysis, Static  — Yes | 1 N §

O R 1.4-LoadResults — S i\ She :

M 2 -Update Capacity Panels (TargetArea) 358 Success 2 \g \g\

[ 3 -Execute Code Checks (TargetArea) 2365 Success - §

. _________________________________________________|
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Multiple FEA Rule check result display options gives the
user good understanding in why results are OK/not OK

Container ship cargo hold model
Visualisation of FEA Rule checks run

» User can select display of results for a selected load case or worst of all load cases (scanning all load cases)

« Several graphically results are available (e.g. plate yielding, plate buckling, stiffener buckling)

» Detailed results, and input parameters applied in the Rule checks can be easily accessed

» For a selected buckling panel the user can edit buckling parameters and re-run buckling check via direct access to the Single Panel Buckling tool

Detailed results available when

Several selection options available for Buckling design iterations available via SPBT

displaying FEA Rule check results selecting a buckling panel P ——
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GeniE’s activity monitor for user-friendly design
iterations, with high performance

Container ship cargo hold model
Typical design iteration — Create insert plate

User can interactively select multiple elements and update the scantlings (thickness and/or material)
In the background, GeniE will automatically

Create a new plate with new properties; and
Update the finite element information
GeniE’s activity monitor will only run required analysis steps
Following steps will be excluded: Meshing (as the elements are directly updated), adjustment of hull girder loads (as no loading has been changed)

Following steps will be run: Analysis (as stiffness in the model is changed), update of buckling panels (as thickness and/or material is changed), running the FEA Rule
checks

User can interactively select elements Required analysis steps controlled by Analysis results after design iteration
and update scantlings GeniE’s activity monitor

I 1 1 .! I 1 I Lo I I 1 ! ! !
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User can add buckling stiffener directly on the buckling panel

Container Ship Cargo hOId mOdeI without need to update geometry model and running analysis
Typical design iteration — Add buckling stiffener

« User can interactively select buckling panel(s) and divide, simulating adding buckling stiffener(s)

* In the background, GeniE will automatically
» Divide the buckling panel(s) and update the length/width
* Update the edge stresses for buckling assessment
« GeniE’s activity monitor will only run required analysis steps
* Following steps will be excluded (as no changes to the FE stresses): Meshing, adjustment of hull girder loads, running the solver

* Following steps will be run: Update of buckling panels (as length/width is changed), running the FEA Rule checks

User can interactively select buckling panels User can execute FEA Rule FEA Rule checks results shown
and split, simulating buckling stiffeners checks for selected panels for selected panels only
. - - - . . ¥ - ¥ - ; Explode Selected Panels -0 -1.00 -1.00 L0 -1 -1 0 0 -1.00 REEIR ]
. -100 -1.00 -1.00 -1.08 -1 -1 -1.08 -1.08 -1.00 BETIERT]
JOIn SE|ECtEd pEHE|; CLauw A ) A ) ] -l -l ] ] Al UL -l
. . . Divide Selected Panels by a Plane
; ’ ’ Divide Selected Panels Along Direction 100 -1.00 -1.00 -0 -1.00 -1.00 -1.01 -1.01 -1.00 RETIERT]
mnﬂlﬂﬂﬂﬂjﬁlﬂﬂm x| -1.00 -1.00 -1.00 .00 -1.00 -1.00 .00 .00 -1.00 BRI ]
Start Single Panel Buckling Tool - Current loadcase e LAl L0 e e e Lo LAl a4 e
100 100 100 100 BR1) BR1) BRI 100 100 BT ]
Direction EBxecute Code Checks 100 100 100 BT BRI BRI L0 BT 100 BRI ]
’7(;. orsiind  Transverse o7 Delete... -1.00 -1.00 -1.00 -1.01 -1.00 -1.00 .00 100 -1.00 BRLRERT]
100 100 100 00 BRT) BRT) 00 00 100 BELEER ]
Properties... -1.00 -1.00 -1.00 .00 -1.00 -1.00 .00 .00 -1.00 BRTIER ]
Number of Sub-panels I2 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
Labels [3 -1.00 -1.00 -1.00 ’T -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
-1.00 -1.00 -1.00 noa o0 | -imo -1.00 .00 .00 100 RETIR 1]
OK I Cancel | Apply | olmtriz ’ ) 100 -1.00 o 0z | - -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
Clear Labels J.00 -1.00 Lo 103 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
Ll e -1.00 -1. -1.00 INERNHTRY R -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
et 2. Fit Camera to Selection -1.00 -1.00 103 105 | -im -1.00 -1.01 -1.01 -1.00 -1.00 -1.00
125 = 18 Mamed set... -1.00 -1.00 Lie s | - - -1.00 -1.00 -1.00 RETIENT]
1.25 1.2 1.07 . . -1.00 -1.00 -1.00 L0 108 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
1.28 1.23 | View options... -1.00 -1.00 -1.00 L4 105 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
1.22 L2 e Visible model 4 -1.00 100 -1.00 1og 105 | oo -1.00 -1.00 -1.00 -1.00 -1.00 -1.00
121 121 100 100 100 1e 1oz | oo -1 -1.01 -1.01 -1.00 RETIER ]
1.27 126 L -1.00 -1.00 -1.00 105 02 | - -1.00 -1.00 -1.00 -1.00 SO0 -1
1.26 1.23 coe -1on -1n -0 -1l -nen con Jibo -0 -0 180 180 180 100 100 -100 <100 -100 -1.00
050 | 051 | nsz | 0% | oBe | ome EETRER TR TR R TR =700 100 100 100 100 | 100 | 100 1.0 -1.00 100 100 -1.00

0.95 0.95 0.95 0.94 0.9 0.83
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Container ship cargo hold model
Report template for automatic report generation

A default report template is available
The user can further tune the report content
The tuned report template can be made available for other projects

User can select applicable sets and also select display of results for selected load cases (including worst of all)

Default report template with
further tuning options

|m " Report 7] x| ) ) ) .
- Define Report |G| = 3 ‘ ¢ _
Name ;l Modify Cancel Gan F st et 1 v = e
e Report Titie
MA@ Global [Reports & Transverss Properties 2 Beau setion, TransversoBulkbhead_Fr
@ CodeCheck Results Summ 200 2021 1024
@ Codecheck Resulls Detais  Ayaiable Chapters: .1 Plats thicknes:_TransverseBulkhead_Fe76 o
@ Codecheck Results Detai 200 2021 1024 .
@ Longitudinal Properties g::é?é:s Add Selected s
@ Transverse Properties Moeees
@ Horisontal Properties Loads
# Compartments FEM Resuits } |
& Loads Frame Code Check e o e e e
[ @ FEMResults Plate Code Check
Graphics
T Override Number Format o
2
Number format [ scentfic -
Predision 10 . . . l
[ Layout
Images per page: | 1
| %
™ Rotate images (Portrait)
b
[ Print nomendature
e i Trmersasest 7 |
) i |
[~ Save Report
Report format: |WordXML  ~
File name: Reportl Save View
62 DNV © 31 MAY 2023

Report templates can automatically create reports
demonstrating compliance with the Rules

The report can show results and properties for selected sets

gl
55
t14
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Gas fuelled container ship with type-B tank

Temperature loads as required for low cycle fatigue

FE load template for Strength assessment

FE load template for Fatigue assessment

Friction forces iwo vertical wooden supports — TSCF

Initial clearances independent tank supports

Support for sub-models — LMLA (Local Model Load Applier tool)
Support for sub-models — Local Analysis

FE Fatigue assessment by FE Fatigue tool

Tutorial available on DNV’s customer portal

63 DNV © 31 MAY 2023
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Gas fuelled CV with type-B tank

Temperature loads as required for low cycle fatigue

« Temperature loads can be assigned to compartments

« The temperature loads behaviours same as for surface loads: Automatically mapped to the finite elements
* The temperature loads are automatically distributed to shell elements and beam elements

Temperature assigned
to the compartment

|H ' Properties

Object Properties | Content | Fil Height Compartment Loads

2%

Load case: | Tempload
% GlobalLoads (~ Local Plate Loads

Compartment:

LNGF_Tank

ine Load Function (Temperature)
ction temperatureFunction(x,y,z) {

Ttop = 100 delC;
Thot = - 100 delC;

Temperature loads

represented as a JS function

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

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

64 DNV © 31 MAY 2023

\ JS commands:

Ttop = 100 delC;
Tbot = - 100 delC;
Ztop = 31.05m;
Zbot =3.85m;

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

Temperature loads in GeniE
displayed similar to pressure loads

Pty

@
-
@
b=

o
=)
=
=4

g7 el e

a2 5
-}
aZg
23
EER
323
se g
Z

-26.2 dell
-31.4 dell
-37.7 delC
-43.9 delC

146 delt
12.3 delC

46.2 dell
42.5 dell
37.3 dslC
31,1 delC
24.8 dslC

GeniE fully supports temperature loads that are
required for low cycle fatigue assessments

-83.4 dell

-100.0 dell
-100.0 dell
w

-100.0 dell
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The FE load template in Nauticus Hull for simple and quick
creation of loading conditions required by the Rules

Gas fuelled CV with type-B tank

FE load template for Strength assessment

* Nauticus Hull creates loading conditions that are exported to GeniE
« Auser-friendly load template is available that efficiently creates loading conditions required by the Rules
* The user can easily adjust the loading conditions

FE load template for strength assessment Detailed loading information can be inspected and further tuned

Anatyses X -

g ) _
85! Design load combinations - Container carriers =} * ‘ 2 Copy to XML féle Copy to Patran session file  Show loading conditions for mid-hold <aé
Dot « o To0% < (9277, Nozhiowd_Bay22 - Toox B
LC Loodingpotiem Description (m) m o m \_I— 066_517_Hog_Fioded 2
= toads
- Containers in hold ' : %a,‘,
allast et
s Depatre [316  [oms e | _ loodomee® || g [65 @anasa ¥ 5 et
L Mutphe
No of contsiners in stack (LNG bay) 5 e
No of containers in stack (typical) 11 = w0
Tank tost T
- E sonweer 88 pmE e Conditions (1) Design containe loads 20t 24 (WTEY)
Tank test - — Containers on deck sreas and hatch covers
sT26 Tignbhd 818 098 118 _ tosdemeso) |
Container hesght |8'6" (Standard) ¥
Designionds | Fsugue s Hus
Noof containers in stack i1 e Bk
Dexign ading combinations
Collision Noof stacks in width 20 e — e = oo Toget o | Aopicaion
sT3 Accident  [Tsc TEER G Caonditions (1) R e | 1 it (O] oM e | A || Vorcl vt gy Toopst M| g copic ey poce | Mo Lol
n Max stack weight 20 it 90 (Ustock) @ ey y v ey o | accumrston
ouscate - -
Max stack weight 401 180 (Wstack) A 3 lfeode. = BIES 0 i3 a0 |Yes < Mexm 0 e v prery——
I Mixeds s appicatle o 3 [Seape - cus  um sen 0 020 (ves - Merw 90T i v s .
201 o) 3 Sema - Sus  nm se 2 (28 (Yes - Maam 15310684 Hiae - S lmess -
ST4 Heavy 0%0Tsc [0398 0118 Lol e [0 el ) Sesgm - S us  me sen o0 (e (Yes - Mars 13151678 it 1me S e -
s Ioeega 12 s Tem Jse R 0 o 310084 W T Twiee -
3 |sespoi. = . 1om ser o e (ves - Macw 190788 1w S e :
o 3 |seepe 19 e n e (ver - e 633682 e S nem :
on T 3 |Seepot - 1om ser 2 (e ves - Maw 04035 Wime e :
o on) o 35 15— iosdemsent) Density tm3) s sempa - . wm 5o 2 e (ve - Mem 1410 Sh e -
Vapour ure 'W—UFH} 3 Seagor - 1988 561 o233 289 Yes * Mmxw 778505 tar -1 146578 .
— 3 [Seapn - . 190 s 2x 1209 [Yen - Mexw 19900 tiae S e -
3 Acode . % en e ve - e o e e Hoked dom._+
3 [acote.. > on (om ves + Macw 0 i S mn Comon  +|028
T 3 Acom. - (s [ves - Macw o oae - Coteon - 105
sT6 Fol 163%5  [0388  [one Conditions (1) Heel angle (deg) 0 3 [Towmg_ - 2 (w0 [ves - Maw 0 [ e
s [seepo - . wm ser 2 29 (Yes - 4711041 Wowe v
3 [semo - - 1we ser 20 20 (Yes - M WOTTS8 e T leen
3 Sesga - - 1988 5o (e [Yes - Maxm a7 e v mm
3 Senga - - 1088 561 20 (Yen - M eI S meses
Flooded 2 3 [Somge 1988 561 20 e ver - M 9778505 W ime T esm
5T Suppot  [163%5  [0398  [o118 Conditions (1) Heel angle (deg) 0 QB STIH 3 Seeg 1ns a6t n e (ves - e T S e
n QHFTeS 3 | Testng 0 e (Ye - e 7250000 1w v e
NOTE: Draught forflooded condition s draught at CL MFTAS 3 | Tewng 2 (265 [Yer - Maxm 7290000 tae i e asvazs
23S 3 |Tewwg - 2 (s (ves - Mam 460000 e e w1225
QTS 3 | Tewg - s 2 200 [ves - Maxw 4960000 | te S stz
B 20 conteiners Water ballast Empty ok | concsl | swe | petur | ‘Deckioads Heavy 066_ST7_og_Fooded_2
T | Ounaly | Tompuretoe
40 cortainers [ Fuelgas - ¥ | TempeOIY | Contpiner | Contomers
T hoght | vepow | tackr
- fromBL | pressare  fod | (dwgCewus) U™ [d
TR
Bay0
Boy2s
Bay22
5 Boy18
<oz -
I S
1o2s
1o
1o2s -
I -
1025 -
1o2s -
1o
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The load template for fatigue assessment supports

G aS fu e I I e d CV Wlth typ e = B t an k motions and accelerations based on a wave load analysis

FE load template for Fatigue assessment

* Inthe FE load template for fatigue assessment, user can apply motions and accelerations from wave load analysis
« The user can add temperature loads for the gas fuel tank that shall be used for low cycle fatigue assessments

: Additional Low cycle fatigue cases (pressure and temp loads)
FE load template for fatigue assessment . .
& atguetoad comtnations - Conainercaries o x can be created in Nauticus Hull

ht Kr aMm - we =

. Draug
Lc Loading pattem Description (m) (m) (m) \\ I

Containers in hold
00 % fil
DDEDE 100% \

gasfueltank |Tdesign 0398 [0118 Eoed cames (] Container height 56 (Standard)  ~
(1]

No of containers in stack (LNG bay) 4 : !
No of containers in stack (typical) 1

An

m

1l

|

1

L

3
H
]

B 75 % filed [ —
. | | I i | T atank [Tdssign 398 [omie Losd cases (10) Fatigue container loads 40 f 2 WFEY)
[ | o] | (] e
[
— T
] 50% filed
FT3 ‘ | l: - gasfueltank [Tdesign [0398 o118 Load cases (10) :
L_J a Containers on deck areas and hatch covers. -
J— — Container height 86" (Standard) C
1] O S i C— .
T4 gasfueltank |Tdesign [0398  [o11B Load cases (10) :
[ T = @ Noctstacs i C—
Faligue conliner loads 40 ft 2 (WFEV)
é [¥ Add user defined accelertions
a_surge (m/s2) o_swoy (mis2) o_heave(mis?) o pich(mdjs2)  pitch_angle(deg)  a_roll (radis2) oll_angle (deg)
[ora [oz64 [o506 [o00s [ o004 ez Fllelgas
Description: Applied Compartment Sum of intensities
fo.14 fo264 |o508 [o.00s [z Jo.ooa [2612 sity 0.500 tim3) Load Intensities: function(x, y, 2)
(
N 'Vapour pressure 70 (kPa) 0 = 223.1309992896 m;

0 = - 22.031999588 m;
20

Allow for user defined motions and accelerations
-2)+Ppy;
Zbot = 0 mm;

oot - - 165 delc
B 20 containers Water ballast Emply oK Cancel Save Default o o

40 containers [l Fuelgas
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i
+ (Trmid1 - Tbot) * (2 - Zbot) / (Zmid1 - Zbot);

mid2)
return Tmid] + (Tmid2 - Trmid1 ) * (2 - Zmid1 ) / (Zmid2 - Zmid1 )
: DNV

return Tmid2 + ( Ttop - Tmid2) * (z- Zmid2) / ( Ztep - Zmid2};




Gas fuelled CV with type-B tank

Friction forces iwo wooden vertical supports — GUI

Analysis set-up in GeniE

Moo

®

[+ Journal activity executions

x|
Cancel

Step 1: T/C analysis

1 idpennt TankCopln A

e |ser |Te2 |

Avaisble Loadcases:

||

Incuded Loadcases

Na... |

Name I |

Add ->

<-Remove

Activity | Duraton | status Generate Input. =l
[ “ 1 - Analysis1 - Analysis 504s Warnings Add Al i _006_FT1_Hog BSR_2°
A ©  1.1-Meshing (Conditonal Regenerate) 1585 Success — 30007 FT1Hog BSP_1P |
= 1.1.1-Delete loads os Success
M 1.1.2 - Generate loads 455 Success ¥ Warp Correction {4 node elements)
[m] 1.1.3 - Delete mesh Os Not Finished F cont ‘ o ¥ Use sestrat0
E 1.1.4 - Update mesh 115 Success Continue on element shape errar M iterations ,40—
AT 12 S T G oS Aot T o u ¥ Use Multifront Solver with LDL factorisation
| 1.3 nt Tank Coupling Analysis Warnings ves W ma e fa=ans 00
= 1.3.1-Tension Compression Step 118s Warnings Yes

<None> -
c] 1.3.2 -Tank Support Coupling Forces 285 Success |
= 1.3.3 ~Tension Compression St=p 123 \Warnings res i e - T e T Y %
E ¥ Indlude shell element stresses inresult fle G2

o
“‘.
B
".“
P .
Set containing tank boundary, .
.
B
. . o
for computing resulting force.ffom tank pressures
S
.
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The advanced analysis method is controlled by GeniE’s activity
monitor, with an intuitive and user-friendly Graphical Use Interface

Step 2: TSCF Compute and apply
horizontal friction forces

I ndeendent Tk Couping Arc:

T TS |re2 |

Cargo hold mode! FEM file

x|

| 15400_mod2_T1.FEM

SINinput file

[15%00_mod2 RLSIN

Set induding supports

@ AAA_LNG_Support_VerticalBeams v

Set induding cargo tan

),

@ AAA_LNG_Shel -| @2

Q2

e [ vy

Step 3: T/C analysis, including

coupling forces fro

8¢ Independent Tank Coupling Analysis

Ta1 |Tser Te2 |

Available Loadcases:

m TSCF

Included Loadcases

Na... |

[V Warp Correction (4 node elements)
[ Continue on element shape error

[ Use Multifront Solver with LDL factorisation

I~ Select a subset for resuts generation

<None> ~

[ Indude loads from interface files in result fle 92

[¥ Incude shel element stresses inresult fle @7

add> | [mame | B

Feki_001_FT1 Hog_HSM_1 i |

<-Remove | 5% 002 FT1_Hog_HSM_2
 FT:

T 7T_006_FT1_Hog_BSR_2°
_I W_007_FT1_Hog_BSP_P -

Removenl |

¥ Use Sestrain
Max iterations

Tolerance

¥ Indude beam element forces and moments in result fle G2

Cancel Apply

.
.
.
Y
.
Y
.
.
.
.
.
.
.
Y
.
.
>
.
.
.
.
.
“
.
.

Set containing truss é’lpments (highlighted in red),
for vertical forces and djstribution of friction forces

DNV




The TSCF tool has recently been improved to also distribute friction

G aS fu e I I e d CV With typ e - B tan k force couples for loading conditions where sliding will not occur

Computation of friction forces iwo wooden vertical supports - TSCF

1. Run T/C analysis

2. Run TSCF (Tank Support Coupling Forces) tool for all load cases Friction force couples in vertical supports computed by TSCF

I. For the set containing the tank boundary, integrate the pressures and compute ‘ o

* Resulting horizontal force: Fyo; xy

==y 446.3 KN

230.8 230.8 kN
84.6 k

+ Resulting force’s unit vector in longitudinal and transverse direction: u, and u,, 527 577
ii. ~ Compute sum of axial forces in way of wooden supports F; %
iii.  IF Fro xy > Frot z % 1, THEN (sliding will occur) in way of each vertical truss, i,
* Fix=F zxpx Uy
* Fiy=Fzxuxuy
V. IF Fro xy <= Frot z x 1, THEN (sliding will not occur) in way of each vertical truss, i,
* F x = Fot xy X Uy % F 2 / Frot 2

* Fiy=Fuoixyxuy xF 2/ Fry 7

3. Run T/C analysis, including friction force couples from TSCF tool
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GeniE can account for the complex force
interaction in the stoppers for independent tanks

Gas fuelled CV with type-B tank
Initial clearances independent tank supports

» Initial clearances in anti-roll, anti-pitch, and anti-floating supports are accounted for in GeniE by Point-Point connection
* 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

Display of the Point-Point connections Initial gap can specified or taken from the modelled gap

8 | Properties 2 x|

Object Properties Point-point connection |

Name: -0+ PPoonnectionsl [y,

Local coordinate system:
LocalSystem{Vector 3d(1000 mm,0 mm,0 mm), Vector j G
~Define end footprints:
Beam Point Footprint  Support Foint Foatprint |

SupportPaint: | £ 50830 T, r|¢

Beam Point Footprint  Support Point Footprint |

Support Point: | £ 5p831 hd(

Stiffness | Damping  Contact |

@ Contact Q7 " NoContact Q%

Condition: [ Gap -|ge
Degree of freedom: [ Translation Z -| 9o

Initial gap
(Distance: From Structure +|mme ‘

mm
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Gas fuelled CV with type-B tank

The load transfer by the TSCF tool, in combination with
contact elements in stoppers, have been thoroughly verified

Analysis results for 0.5g collision case — distribution of horizontal forces

« 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

Sum of pressures in independent tank  m Forces taken in vertical supports as friction + Forces taken in anti-pitching supports
13078 kN

28 515 kN

7 log_tscf.tt - Notepad

File Edit Format View Help

Loading combination: _@@8_ST3_Hog Coll @5g

-
X:
Y:
XY:

545168@5E-809

ol diant C Auanta ook
[2,85145721E+007] ]

7
2,85145721E+0087
Horizontal unit vector giving direction for applied coupling forces
X: 1,000
Y: 8,0
Vertical resultant force due to tank pressures:
Z: -5,70288485E+007
Ln 736, Col 28 100%  Windows (CRLF) UTF-8
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15 437 kN
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By the Local Analysis set-up in GeniE, all

G as fu — I I o d CV Wl t h typ e- B t an k necessary analysis steps are executed in one click

Support for sub-models — Local Analysis

Sub-models can either be created in GeniE or imported via *.bdf
GeniE’s Activity Monitor has a set-up for Local Analysis, 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

Sub-model of vertical supports — Required analysis steps controlled by

can contain more than one tank support GeniE’s activity monitor
|1 Activity Monitor x| e ~
‘® [ e | cancel | » 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

¥ Journal activity executions

Activity Duration Status Generate Input o

[ ®: 1- Analysis1 - Analysis 37s Not Finished prescribed boundary conditions in sub-model

A ¥ 1.1-Meshing (Conditional Regenerate)  Os Mot Finished o

O L11-Deleteloads s ot Finished + Step 1.3 — Linear Structural Analysis, Static

M 1.1.2 - Update loads 0s Mot Finished o ) )

O 1.1.3 -Delete mesh s Not Finished running Sestra solver and computing stresses and
'@ 1.1.4 - Update mesh 0s Not Finished o .

M 1.2 - Local Analysis 31s Success ‘,*fés \_ d ISplacementS )
M 1.2.1 - Local Model Load Applier 225 SuCcess

M 1.2.2 - Submod apply displacements 9s Success

@ Eﬁ 1.3 - Linear Structural Analysis, Static 65 Warnings ‘fes

M A 1.4-loadResults 0s SUCCESS

71 DNV © 31 MAY 2023

DNV



The advanced analysis method is controlled by GeniE’s activity
monitor with an intuitive and user-friendly Graphical Use Interface

Gas fuelled CV with type-B tank
Support for sub-models — LMLA (Local Model Load Applier tool)

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

Analysis set-up in GeniE Local Analysis for distributing pressures (lateral and traction)

R 0 e B i |
‘& Done! Cancel
Global model results file (SIN) Browse... |

C:fTemp/R1.5IN G

[¥ Journal activity executions

Activity | Duration Status Generate Input Local model FEM file ITJ-FEM

[ 9 1 - vertical_Supports - Analysis 15008 Warnings

M B  1.1-Meshing (Always Regenerate) 210s Success Local Model Load Applier (LMLA)

=] 1.1.1-Delete loads 0s Success

M 1.1.2 - Generate loads 0s Success Apply local loads V32

M 1.1.3 - Delete mesh 125 Success ‘,0"

E .14~ Suiccess » Local model translation I 0 mm 0 mm 0 mm L\‘ mm Ql? o

K

= 1.2.1 - Local Madel Load Applier 538s Success ) I— B

=B 1.2.2 - Submod apply displacements 3098 Success Tolerance, distance LMLA 100 mm mm &2 .."

M5 1.3 -Lincar Structural Analysis, Static 2425 Warnings Yes | K

M R 1.4-loadResults 1s Success Tolerance, angle I 35deg deg'@® ‘;'

o
¢ 2
Distribute point loads v 32 ‘." k
. J

- __________________________________________________| .

Distribute temperature loads v 32 X
B
5
I— o
Temperature gradient 0.5 delC fmm deICfmnﬁ O
S 7 90 Set in global model (same as for TSCF tool), containing tank
o

g boundary, for computing unit vector of horizontal pressures
B s s (& 33 contacsurt <] 0 | - ~

" Loads for FLS @ % Loads for ULS G2

Support type Wertical Support - |G
Friction coefficient I 0.5 [+2]

setincluding cargo tank (global) I LNG_Shell P I. ..

r~ Submod |

Tolerance, distance Submod I 100 mm mm 3?2

Ignore beam eccentricity of global result [ Q=

Ok I Cancel | Apply |
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Gas fuelled CV with type-B tank
LMLA tool — Distribution of tank loads

GeniE has efficient use of sub-models by direct load
transfer from global cargo hold model to local sub-model

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 Temperature loads transferred from |l tocalAnaiysi x|

model to sub-model global model to sub-model ol o et e 1) s |
C:fTemp/R1.5IN o5
Local model FEM fie [ TL.FEM

r~Local Model Load Applier (LMLA)
Apply local loads V@2
Local mode! translation | 0mm 0 mm 0 mm [, mma?
Tolerance, distance LMLA | 100 mm mm 9?|
Tolerance, angle [35dea  deg Q-al
Distribute point loads Vg2
Distribute temperature loads v g2
Tt | 0.5 delc/mm delC/mm
Distribute loads in supports ¥ 3=
Contact surface subset Im G
" Loads for FLS §2 * Loads for ULS G2
Support type IW G
Friction coefficient EE] Ge
setinduding cargo tank (global) | LNG_Shell @2
~Submod |

Tolerance, distance Submad | 100 mm mm 72

Cge

Ignore beam eccentricity of global result

] oty |

Cancel |

31 MAY 2023

o
o
o
o
e
o
I o
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Temperature loads distributed to supports
outside tank boundary
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From January 2022, the LMLA tool can also distribute
reaction forces in way of tank supports according to Rules

Gas fuelled CV with type-B tank

LMLA tool — Distribution of forces in way of tank supports

 Nodal tank support forces in the global cargo hold model Sub-model of vertical supports: Reaction forces and friction
will be distributed to the sub-model as pressures forces distributed as lateral pressures and traction 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)
lll.  Anti-roll supports (ULS); and
IV. Anti-pitch supports (ULS)
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GeniE'’s close integration with DNV’s FE Fatigue tool
allows for direct import of all stress components needed

Gas fuelled CV with type-B tank

FE Fatigue assessment by FE Fatigue tool

» FE stress results from sub-models can automatically be imported to the FE Fatigue tool for fatigue strength calculations

» Following results are available
FE Fatigue tool for fatigue strength calculations

« Fatigue strength results (damage) for high cycle fatigue -~ =
(=) General Input
» Hot spot stress for fracture mechanics e s
S
» Hot spot stress for crack propagation analysis
M | 001_FT1_rog HSM1 = | 002FT1_tog HSM 2 ~ | 083 FT1.Hog FSM_1 ~ | 004 FT1.1og FSM 2 + | 00511 Hog BSR1P_* |006.FT1_1Hog BSR.2P ~ | - none - = |- nome - ~ | 007511 Hog BSP.1P ~ | 008 11 Hog BSP.29 ~ |- none - » |- none - ~ | 009 711 Hog OST1P_~ |010.9T1 Hog 05T.2¢ ~ |- none - = |- nane - ~ |
[i7] 011,712 Hog WSM_1 - [012.F12 Hog HSM 2 - | 013 F12 Hog FSM_1 ~ | 014 FT2 Hog FSM 2 ~ |15 FIZ Hog BSR 1P - | 016.F1Z Hog BSR_2P - | -none - = |- none - ~ | 017 F12 Hog BSP 1P~ | 018 F12 Hog BSP 2% ~ |- none- ~ |- none - - | 019712 Hog OST 1P - | 020 /12 Hog OST 29 - |-pone - ~ | -none - ~ |
m | 021,13 Hog MSM_1_* | 021 FT3 Hog HSM 1 - | 023 T3 Hog FSM_1 ~ | 024 FT3 Hog FSM 2 ~ | 025 FT3 Hog BSR 1P~ | 026 FI3 Hog BSR.2P ~ | -none - ~ | - nome - ~ | 027_F13 Hog BSP 17 ~ | 028 F13 Hog BSP 2% ~ |- none - ~ |- nane - ~ | 029 F13 Hog OST 1P - |030 FT3 Hog OST 2P ~ | -none - * | -none - ~ |
o] 1031714 Hog MSML1 [ 032 F74_og HSM_2 | 073 174 Hog FSML1 ~ | 034774 oo, FSM_2 | 035 F14.og BSR_1P - |036.1T4 Ho0.05R_29 | -nane - - |- nane - ~ 037714 Hog B5P 17 | 030 F14 1o B5P_29 ~ | -none - ~ |- nane - - | 039,714 Hog OST_1P | 40 174 1og OST 29 ~ |- none— = | -nane -~ |

Hot spot stress for
FE Fatigue strength calculations Crack propagation analysis Hot spot stress for fracture mechanics

LY —— 4 ot spatiocaton - | x 2 Hotspetvocation -2 - o x
(Other welded detail - type ‘s" Other welded details - type ‘a’ - hot spot stress for crack propagation analysis Otier ekl il = type = ot e ot for Teatians mamchamlia waalyk
o= ) Gl i
iy
Desgn v, Tor A4 .'., o
r o e e v paced ook ko it
S % s 5
o
2 | = | | W | T | Com | o
o
2 o
~) Resutes
T o
Calculate hot spot stress range
Intermediate resuts: (Sh-1 HSM-1 HEM-2 HSM-2 F5M-1 F5M-1 FSM-2 M2 BSR-1P BSR-1P BSR-2P BSR-2P BSR-15. B5R-1S  BSR-2S BSR-25 85P-1P B5P1P BSP-2P BSP-2P B5P-15 BSP1S 85P-25 85P-25 oSt OSTIP OST-2P OST-2P  OST-1S O5T-15. os1-8 05125
esare | i | o ncnbsn | i s e | e[ s | i | e o g | | S| & s |+ e | o s Rt o st o b i o s g i bt | | k| S| & k| s s | e
 —r : 5 o T I — — v E—, -
FT T T T T T [ T I T ST I T T T T S T T T S T -
o i I - o o
T T T T, BT ) B I B BT el el e o[ s e od ol od od e nd el el o o o
provesy
1.1 warmings
o r——m
] waring o S e o8 poit s Insice the kot o i sarmens po m——— |

Message Descrption
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Gas fuelled CV with type-B tank

Low cycle fatigue calculations in FE Fatigue Tool

Low cycle fatigue damage with intermediate results

» FE Fatigue tool also supporting low cycle fatigue

» Supports scenario where low cycle fatigue results are on a separate result file

» FE Fatigue Tool computes results for high cycle, low cycle and combined

fatigue as required by the Rules

User may include low cycle fatigue loading conditions

5 FE Fatique Teol - LowerStrnhief

CADNVWorkspaces\NAUTICUSHULLACV.Tutor

uelGasTank,_StartyCV_Tutorial_FuekasTank_Start\FEAnalyses\GasF uellecTank_FLS\AnalysisT\R1 SN

=] x
il Help
(=) General Input
ke oNv 6L
Ship rule lngth, L 350] )
Erwicormental factor, e sion atsea. o 085
Loading conditions:
Hame Fracion of e
o 024
2 023
/s 021
F1a 021
File [ sin) DNV\Worksgpaces\NAUTICUSHULL\CY. Tutorial fuelGasTank StartyCV_Tutorial_FuedGas Tar Tank FLS\Anslysis \R1.5IN Reload
Load cases:
Name: HSM-1 HSM-2 FSM-1 FSM-2 BSR-P1 BSR-P2 BSR-51 BSR-52 BSP-P1 BSP-P2 BSP-S1 BSP-52 OST-P1 QST-P2 05151 08T-52
11 001,11 Hog_ ~ | 002 FT1_Heg. ~ | 003 11 Hog_ ~ | 004 FT1 Hog = | 005 FT1 Hog ~ | 006,11 Hog = |- none - ~ |- none- ~ | 007 FT1 Hog. ~ | 008 11 Hog « |- none - = |- none- ~ |008 FT1 Hag = |010.F11 Hog_ « |- none - « |- none - ~
o 01312, og, ~ |012.12,Hag. = [013.F12 Hog. - [014.F12 Hog. ~ [015,F12 Hog ~ [016,712 Hog ~ |-none ~ | -none~ = |011_FT2.tHog. ~ [018.F12 Hog. + | -nane~  |-mone - ~ ] 019.FT2 Hag. * | 020,612 Hog. ~ |-nome~ ~ [-none~ ~
7 021 73 tog._~ [022 73 Viog. ~ 024113, og_~ [02 - none — - | 021.F13.Hog._~ [028.13 Hog. ~ | -none - ~ |- none- ~ none -~ |- none- -
F1a 031 T4 1og_- | 032 FTa 034 714 035 1 b nons - | 037 114 b = orone 030 rra oo ~ [oa0 rratiog~ [ rone | rere
f_d_ﬂ_ AL AT, Lo L

DNV’s FE Fatigue tool now supports all FE fatigue
strength computations required by the Rules

#1 Hot spot location - Hotspot 1

eiosd
=

Hame satc

100Fling 101 TormparstureLoads 100Fing =

Tositing 10 Shilng

o 103 Sfilng_~

25%riling 104 JamparatreLoads 25Filing_~
NS 7
ot Spacs:

o e i e || CADNVWorksaceNAUTICUSHULLICY. Tuorial_FuelGas Tk SEatiCY_ il FuekGosTank St EAnalysed st ueliodTank FLS\LowerStamd

Longth it - -

Sweas e .

Hame Descripton P e—

Hotspot 1 |1ypa A - Horizontal plte| WekdedDetad

& Oven @ AdinewfotSoct 3

- o X
Other welded details - type ‘a’
Input
n basis LotsPt
Design life, Tor 25| years  Time in corrosive environment, Tcas 0] years *
Stress reduction factor, Ky 1~
146238 147402 64594, 146375
Stress magnification factor, K
Number of loading and unloading cycles, Micaing| 1000
Weld input [ | |
Net thickness of the transverse attached plate, ta 10 mm
Welded joint category (for thickness exponent) | 1: Cruciform joints, transverse T-joints, plates with transverse attachments 147403 147404 146376 16377
Elements
Upper and lower are acording the normal vector specified in GeniE
Upper surface
Lower surface
() stresses
[ Import data from SIN file
Specified minimum yield strength, Rty | 235 N/mm2  Thickness. tins0| 100/ mm  Meshsize| 100/ mm
Stresses:
S“ 'm:‘"g Stress HSM-1 HSM-2 FSM-1 FSM-2 BSR-1P BSR-2P BSR-1S BSR-2S BSP-1P BSP-2P BSP-1S BSP-2S OST-1P OST-2P OST-1S OST-2S :? ‘“‘;‘Cg Stress Static
146238 FTt E— 1803 1745 1757 177.0] 1884] 1744 00| 00| 1884 1719 00| oo 1763] 1726] 00|  ooff 146238| 100%Filing oy artace | -79.1
146238 FT1 oy suface 147 135 150 129] 139 153 g 137 151 143] 137] ool odlf 146238 100%Filing oy sriace | -22.3
146238] FT1 [ surtace 307 327] 286 348 303 335 00 334 305|332 00  O0Jf 146238 100%Filing |t g sutace | 344)
146238[ FT1 o xmembrane | 1350] 1306 131.6] 1325 1407] 1310] 0] 1407] 1291 0 1321] 1330] 00| 0.0 146238]100%Filing [0 « membrane | _52)
146238 FT1 7y membrane 22l 15 290 o] o6 3s[ oof oo od 35 oo 0o 21 1,4) 00 0.0l 146238] 100%Filling [0 membrane | _7.8)
146238 FT1 t membrane] 500|514 474 538 509 5200 00 00| s0s| 518 00| 0o 494 523 00 00lf 146238 100%Filing |t o membrane 46}
(®) Results
[ Calculate fatigue life time
Combined fatigue life Low cycle
(high and low cycle) High cycle fatiue ife: fatigue life:
Fatigue Life Damage ¢ || Fatiguelife Damage ¢ || Damage
(years] 4 [ears)  Ducr W
114 ooslox | 1774 oo3jox | 0,00)
TEO results,
high cycle fatigue: low cycle fatigue:
Loading HSM HSM FSM FSM BSRP BSRP BSRS BSR'S BSP-P BSP-P BSP-S BSP-S OSTP OSTP OSTS OSTSE | Stic St
condition Bops fmean A0kHs fmean A0Hs fmean AoHs fmean B0kHs fmean A0Hs fmean B0Hs fmean Aoks fmean Bocomb An
FT1, direction 1| 129|100 91| 100| 325] 1.0 000| 375 100 00| o000 44 Direction 1| 1382] 1,00
FT1, direction2| 25| 1.00] 73] 100 1.3[ 1.00] 000 30 100 oo ooo 22
F12, direction 1] 72| 100 s8] 100 333[ 1.00] 000 330 100 o0 35)
F12 diection2| 04| 100 75| 100 13 10000 27
P13 diection 1| 14| 100 35| 100 325 100 09 31
P13 diection2| 02| 1.00] 38 100 12 0] 0]
FT4, diection 1| 08| 1.00] 28] 100 17.0
P14, diection2| 06| 100 20| 100 0]

Damage calculation, high cycle fatique:

in

conditon 2975 DE D

[asl 375 000 007
12 333 000 o004
F13 325 000 004
FT4 1700 000 000

Message List

Message

| 4| Warning, high cycle fatigue

1,2 Warnings
(12 Wornings |

The fatigue stress range for high cycle fatigue, Aafs and the combined ot spot stress ranges for low cycle fatigue, Adcom . are calculated using the maximum of ‘side L' and ‘side R instead of the average value.

Description

| ‘A\[Waming. low cydle fatigue

High cycle fatigue: The stress read out point i inside the midpoint of the inner element. Read out point: 5,0, inner midpoin |
Low cydle fatigue: The stress read out point is inside the midpoint of the inner element. Read out point: 5,0, inner midpoint |
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A tutorial has been made available to external customers
describing how to efficiently use GeniE and Nauticus Hull for gas

G aS fu e I I e d CV Wlth typ e - B t an k fuelled container ships with independent prismatic tank

Tutorial available on DNV’s customer portal

Tutorial for gas fuelled container ships available on DNV’s customer portal Tutorial model files available for download
0 | ® Totosa for gas fuelled contai 4y =
<« C @ O hips//dmvgkistorcecom/s/aricle/Tutorialf

DNV

S b

Tutorial for gas fuelled container ship with independent tank

Sesam GeniE

Tutorial — gas fuel tank finite element analysis
Container ship model with Type-B gas fuel tank arrangement

Demos describing typical workflow

D | — SesamPoral X | @ Tutorial for gas x DO / x (B - b0 X

C A () https://sesam.dnv.com/download/nauticushull/cargoholdmodel.mp4

Visible Tn Internal 1 App

Visible to Customer

Visible to Partner

Visible In Public Knowledge Base

7 DNV © 31 MAY 2023
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Container ship global model

GeniE integrated with ShipLoad

DNV



Container ship global model Crin oo and oo st o oot
GeniE integrated with ShipLoad

» Work process for running FE Rule checks for global container ship models in GeniE are described below
« The model can either be imported from *bdf, or made from scratch in GeniE
* GeniE has an interface to ShipLoad, a DNV tool providing loading conditions according to Rules

Finite element model imported to Elements stitched together Buckling panels GeniE FE Rule check
/GeniE (T1.FEM) to geometry automatically created en uie checks
D
> # # #
[T
K & L &

/" enseg )

ShipLoad creates finite element Solver reads T1.FEM + L1.FEM and
load file (L1.FEM) returns result file (R1.SIN)
\ | \ Y

DNV © 31 MAY 2023
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FE Rule checks for CSR BC&OT

Yield screening — All details required covered
Yield screening — Analysis

Fine mesh yield check - Analysis

Fine mesh iwo openings

Fatigue screening using FE Fatigue tool
Automatic mesh refinement — Cargo hold model
Automatic mesh refinement — Sub-model

FE Fatigue assessment — Direct access to FE Fatigue tool

80 DNV © 31 MAY 2023
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DNV provides continuous updates of our calculation

F E R u I e C h e C kS .I: O r C S R B C & O tools ensuring that latest Rule version is implemented

Yield screening — All details required covered

» The extensive screening requirements are implemented in GeniE : :
All screening requirements

Areas to be yield screened Permissible screening factors depending on area implemented in GeniE
58 24 == £ 24 e 5| Create Code Check Run 7lxl
. Screening Permissible screening Capmcty e
Type of Details factors, A, factors, Agpem \ Co:: Chede: [Crec a 0T - =] Cancel
Within the whole cargo hold region S+D S G | F paneis
Openings for which their geometry is not required to be L“Z:S:SJ GI—E”E’E‘ Pa:E‘ .
represented in the cargo hold model in accordance with Ch 7, [ [ ]
Sec 2, [2.4.9] in way of webs of primary supporting members, < rcrig Check =
such as transverse web frame as indicated in Table 1 and Table Table 5 170 136 ! : &
2, horizontal stringers as indicated in Table 3, floors and
longitudinal girders in double bottom.

Bracket Toe
Connection At Stool Or Corrugation
Connection At Topside Tank

Hatch Corner Area

Manholes @ Ay 0.85 Ayperm
Bracket toes on transverse web frames as indicated in Table 1

and Table 2, horizontal stringers and transverse plane Table 6 150 120 Heel OF Trv Bhd Hor Str At Long Bhd Hor Str
bulkhead to double bottom connection or buttress structure ) ) e OF T B Hor stinger
Speciﬁed in Table 3. No Screening Is Required
1 _ _ _ _ Opening In Main Bracket And Buttres Web
Heels of transverse bulkhead horizontal stringers specified in Table 7 150 120 (Opering In Primary Support Member Web
Table 3. . . N > 4
Connections of transverse lower stool 10 double bottom girders o T
and longitudinal lower stool to double bottom floors as
indicated in Figure 5. The connection of lower hopper 10 Capacity [seenngched
transverse lower stool structure as indicated in Figure 5. The Ay 0.75 Ayperm Code Check: [CSRBC &OT =] Cancel
connection of topside tank to inner side as indicated in TheE R pancs
Figure 6 The connection of corrugation and upper supporting Loadcases | General Parel |
structure to upper stool as indicated in Figure 7. [
Ndatch comer area. Ay 0.95 Apperm Veldcrecktype:  [Sarcering Geck B
BITTT 0 OUeSTaE TGSty cateo Ao fegron
NN i Hopper knuckle 0.65 Ayperm
1l | N _ Detail type:
: : { Side frame end bracket Ay 0.85 Ayperm Corrugated Bhd Cannection
L Large openings @ 0.85 Ay fiaghtion
| ! Mo Screening Ts Required
h. = Ko T, Side Frame End Bracket
Connections of corrugation to adjoining structure Ry 1501 1.20f;
@
NG il [ [
H Web Web Web Web
81 DNV © 31 MAY 2023
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GeniE’s efficient yield screening tools give a quick indication if screening

F E R u I e C h e C kS fo r C S R B C&OT results are not OK, and if further fine mesh yield checks are needed

Yield screening — Analysis

Yield screening of a stringer

» The workflow for yield screening is similar to cargo hold Rule checks
» Create geometry in GeniE, or import from *.bdf
 Import loading conditions from Nauticus Hull
* Meshing, including adjusting hull girder loads (HGLA)
» Give Rule check input properties
* Run analysis in the Activity Monitor

 Display results graphically and, when needed, detailed results

Modelled STR geometry Screening Rule check input based on Analysis steps controlled by Several FEA Rule check result
on a cargo hold model modelled geometry GeniE’s activity monitor options are available
[E——— x| EEEEE
& o =] BE EN ] ][]
C L L [ [
[ |
F 1 i activity it - ‘
. Activity [ burati Status Generate [ - ..

1.1.1- Delete loads

\ ==t ne =i

1.1.2 - Update loads

Ll ®FF P
@
i
@

1,13 - Delete mesh

o
=B
Stri B | E L13-pdatemest " .
tringer toe | ] "4 -Update m 5 ccess
13 sutsde of madshp cargo hod regon: m = ul i
o[ s st | — 3 2% 3
veddecktpe:  [Somemache o] Bz E s
N
15 outside of midship carg hold regon: ’m—j Benentheghtatin bz (0.2 e <

better [reaorm B o]

Stringer heel
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GeniE’s implementation of fine mesh yield checks are based on

F E R u I e C h e C kS fo r C S R B C&O the same efficient user experiences as for cargo hold models

Fine mesh yield check - Analysis

» The workflow for fine mesh yield check is similar to cargo hold Rule checks

Yield screening of a web frame toe

» Create geometry in GeniE, or import from *.bdf

* Import loading conditions from Nauticus Hull

» Meshing, including adjusting hull girder loads (HGLA)
» Give Rule check input properties

* Run analysis in the Activity Monitor

 Display results graphically and, when needed, detailed results

Cargo hold FE model with mesh Fine mesh yield check input based on Analysis steps controlled by Several FEA Rule check result
refinement modelled geometry GeniE’s activity monitor options are available
0\ \ = Activity Monitor x|
* oo Cancl
I Journal activity executions
Actvity [ Duration | statu Generate Input
M % 1- Analysis2 - Analysis 8
O © 1.1-Meshing (Conditional Regenerate) 0s
[m] 1.1.1 - Delete loads —
o 1.1.2 - Update loads —
o 1.1.3 - Delete mesh —
ilil EEI 1‘;-1;:4&?3:‘:&L:‘:£d]usm U—s Yes
B % 1.3-Linear Structural Analysis, Static 48s Warnings Yes
M R 1.4-LoadResults 0s Success
permissie |[ieid  Buddng | 1dealzed panel B e e e Suceess
A, ———————————
Vield check type: IF\nEMEshChEck j I
Is adjacent to weld: Default (Yes) |52
Is critical fatigue detail: MNa -
Is area where lower stool is not fitted to corrugated bhd.:
83  DNVO 31 MAY 2023 o | | sedv |
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FE Rule checks for CSR BC&O

Fine mesh in way of openings

CSR BC&OT requires fine mesh around openings, with mesh following the opening’s curvature
GeniE has a radial mesher available where to user can specify up to 4 radial mesh layers

The radial mesher can be assigned to
* A hole concept; or
» A plate where the hole is modelled

The radial mesher also ensures radial mesh for openings with various edge stiffening

Floor plate with typical manhole openings Radial mesher assigned to the floor plate

€.

84 DNV © 31 MAY 2023

GeniE’s radial mesher for efficient creation of radial
mesh iwo openings as required by CSR BC&OT
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FE Rule checks for CSR BC&OT

FE Fatigue tool allows for fatigue screening of specified details that, if results are
found to be OK, will reduce the required scope for FE Fatigue strength assessment

Fatigue screening using FE Fatigue tool

CSR BC&OT allows for fatigue screening for typical details as an alternative to very fine mesh FE models

Fatigue screening by using stresses from the 50x50 mm mesh size is supported by the FE Fatigue tool

Details required in the Rules
« Bracket toe; and
* Hopper knuckle

FE Fatigue tool with fatigue screening implemented

Fatigue screening of a hopper knuckle

#7 FE Fatigue Tool - FEFatiguel.nhfef

BSR-P2

BSR-S1

[ Reload

File Help
(=) General Input
Rules: CSRBC & OT
Ship rule length, L 216.25 (m)
Loading conditions:
Name: Fraction of time:
Homogeneous | 03]
NormalBallast [ 0.5|
File (sin): [ ] cAData\2ProjectFiles\1VesselsNH20\Tanker73kD35501\Tanker 3k\FEAnalyses\NodFatigue\Analysis1\20160513_093611_R1.SIN
Load cases
Name: HSM-1 HSM-2 FSM-1 FSM-2 BSR-P1
Homogeneous | 001.B1.F Sag_HSM_1_~ | 002.B1.F Sag_HSM_2 ~ |003.81.F Sag_FSM_1_~ | 004.81.F Sag_FSM.2 ~ |005.81.F Sag BSR_1P_~ | 006.B1.F.Sag BSR.2P ~ | 007 B1.F_Sag_BSR_1S

NormalBallast

[017 B2 F Hog HSM_1_~ [018.B2 F Hog HSM_2 ~ | 01982 F Hog FSM_1_~ [ 02082 F Hog FSM_2 ~ [021.B2 F Hog BSR_1P ~ | 022 B2 F Hog BSR 2P ~ | 023 B2 F Hog BSR_1

Hot Spots:

Import GeniE xmi file: [ . |

Length unit: mm -

Stress unit: MPa P
Name: Description: Procedure for calculation of hot spot stress:
0 | |sc ketToe |

1 [ [S(rsemngl(nu(kleDﬂawl ]
& Open I‘g Add new Hot Spot | s, Delete

CruciformFlange
CruciformWeb

Type ‘&'

ype 'a’ - hot spot stress for crack propagation analysis

Type 'a’ - hot spot stress for fracture mechanics analysis

Free edge

Screening - bracket toe
Screening - knuckle detail

85 DNV © 31 MAY 2023

A7 Hot spot location - 1 — m] x

Fatigue screening - knuckle detail

@ Input

Design basis otspet
Design life, Tp 25 years  Time in corrosive environment, T¢ 5 years .
Structural detail category

® Lower hopper welded knuckle 51388 51397

Lower stool - inner bottom - non vertical (knuckle angle > 90°)
Lower stool - inner battom - vertical (knuckle angle = 90°)

Cargo hold
® FA (full cargo hold in alternate loading condition)
EA (empty cargo hold in alternate loading condition) or C (cargo hold BC-B and BC-C) 50431 50445

Weld input
Extended fillet weld length, Xut 10 mm
Net thickness of the transverse attached plate, t2nso 15 mm

@ Stresses
(») Resutts

[ Calculate fatigue life time

Fatigue life:
Fatigue Life
[years)
54 oaox |
Intermediate results:

Loading HSM HSM FSM FSM  BSR-P BSR-P BSR-S BSR-S BSP-P BSP-P BSP-S BSP-S OST-P OST-P OST-S OST-§
condition B0ns fmean AOHS fmean ACHS fmean AOHs fmean AOHS Tmean AOHS fmean AOHS Tmean ATHS fmean
Homogeneous, direction 1| 446/ 100 434 100 113 1,00 62 100/ 398 100 155 100] 423] 100 121 1,00
; direction 2 737 1.00[ 691 1,00 49 100] 159 100] 398 100 474 100 736 100 161 1,00
NormalBallast, direction 1| 21.7) 057 217 0s6] 49 030 34 030 323 o057 202 o054] 192 0470 23 030
NormalBallast, direction 2 715 035 632 030 164 030] 140 030 5.1 030 125 030] 506 030 125 030

Damage Status

Damage calculation:
Loading
condition
Homogeneous| 574 018 055|026
Normalgaliast | 195 00| 002 001

bdops Dear DEecor D
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GeniE has effective tools for automatic mesh refinement,
F E R u I e C h e C kS fo r C S R B C&OT providing quadratic elements with size according to Rules
Automatic mesh refinement - Cargo hold model
Within a cargo hold model, the user can specify structural details where the mesh shall be refined

The detailed box feature can also automatically convert stiffeners to shell elements

Typical details
» Hopper knuckles; and
» Toes of stringers / web frames

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

Automatic mesh refinement of a web frame toe Mesh refined with specified mesh size and quadratic elements

Local system
’7 | Locaisystem(vector3d(1 m,0 m,0 m), Vector3d(@ m,0 m,1m) |

Mesh Densi Hmd7 %3
Mesh Option Hole:

s Plates
% Connect conver

I Use advancing Front quad mesher around box

% preview == | =
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GeniE has a seamless interface to utility tools

FE Rule checks for CSR BC&O

Automatic mesh refinement — Sub-model

Analysis steps controlled by
GeniE’s activity monitor

 The mesh refinement methods can also be used for a sub-model

. . . . . . = | Activity Monitor x|
* The local analysis in GeniE, using sub-models, have the following benefits & o
« Automatic transfer of local pressure loads from cargo hold model to sub-model
« Automatic transfer of prescribed displacements from cargo hold model to sub-model e roer e s s it

M B L1-Meshing (Conditional Regenerate)
1.1.1- Delete loads
1.1,2 - Update loads
1.1.3 - Delete mesh —
1,14 - Update mesh B
1.2 - Local Analysis —
1.2.1- Local Model Load Applier 105 Success
1,2.2- Submod apply displacements 45 Success
M5 13- Linear Structural Analysis, Static 65 Warnings Yes
M R 1.4-loadResults Os Success

Sucress

* No need to create compartments in the sub-model

Success
Yes

EREEEOEO

» Fast analysis performance

c____________________________________________________ |

» The local model can be imported from other systems using the *bdf format

Sub-model with automatic Pressures distributed from Prescribed displacements from Solver providing deformations
mesh refinement global model to sub-model global model to sub-model and stresses
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F E R U |e C h ec kS for C S R B C&OT GeniE has a seamless interface to the FE Fatigue

tool for standard details required by the Rules

FE Fatigue assessment — Direct access to FE Fatigue tool

» For all mandatory web stiffened cruciform joints according to CSR BC&OT, GeniE automatically detects all
hot spots and also upper or lower surface (Autodetect)

» Welded lower hopper knuckle
» Radiused lower hopper knuckle
» Welded upper hopper knuckle

Connections of TBHD lower stool to inner bottom plating iwo double bottom girders

» User may also manually specify joint type

» GeniE will export a xml file that is used by the Nauticus Hull FE Fatigue Tool

All hot spots automatically
Cargo hold model with
automatic mesh refinement

Export Fatigue Detail from GeniE imported to FE Fatigue tool

[T FE Fatigue Tool - LowerHopperknuckle.nhfef =B [
. File Help
Detail Box: | # HopperkKnuckle [z - ~ General Input
Rules: CSRBCROT
Hotspot Paint: | 116.12m 11.025m 2.1 m Ship rule length, L: 21625 (m)
Loading conditions:
Hotspot Node: | 41402 Name: Fraction of tme
Homogeneous 05
[ Local System: | LocalSystem(Vector3d(1 m,0 m I
File (sin): [ e \ FE_FatigueA: nalysis1\20160513 093611 RLSIN
; Load cases:
Joint Mame | Hopperknuckle @7 N Ve stz Fsm1 Fm-2
. Homogeneous | 001_B1_F_Sag_HSM_1 + |002_B1_F Sag_HSM_2 = |003_B1_F Sag_FSM_1 ~ |004_B1_F_Sag_FSM_2
JOIHtTﬂ:IE Autodetect| - NormalBallast [017_B2_F_Hog HSM_1 v [018_B2_F Hog HSM_ 2 = [019_B2_F_Hog FSM_1 v |020_B2 F_Hog FSM_2 =
aal W ]
Mesh Type : Hot Spots:
Radiused lower hopper knuckle Import GeniE i file: | . | EATesting\SuperUserMesting\FE_FatigueAssessment\FinaLowerHopperknucklexml
Tolerance TBHD lower stool to inner bottom Length unit
Type a Stress unit:
Welded lower hopper knuckle T e

Welded upper hopper knuckle

revEmTE
ontal plate) | CruciformiWeb

‘Web - Orthogonal to knuckle (under horiz.

Web - Connected to Webl and Web2

Web - Orthogonal to knuckle C
Hotspot 5A Web - Orthogonal to knuckle Cru
Hotspot 1 Flange - Horizontal plate Cru
Hotspot 2 Flange - Inclined plate C
-’ ot el e Los ek Dol
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Modelling features in GeniE

Robust geometry model ensured by the Dual assembly

Slot/lug concept and hole concept used in FEA Rule checks
Plate seam concept ensuring same representation as NH
Modelling grids for easy navigation

Hull design tool for non-prismatic outer shell

Hull design tool imprinting stiffeners on non-prismatic outer shell
Active set and dynamic set

Clipping planes giving easy access to parts of the model
Default stiffener orientation for efficient modelling

Direct access to model verification
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The Dual assembly ensures a robust geometry model,
in particular for complex hull forms

Modelling features in GeniE
Robust geometry model ensured by the Dual assembly

Dual Assembly is a new topology model in GeniE. It is based on a full re-write of the software code on how to represent the connectivity between
stiffeners and plates.

Dual assembly, consisting of two topological representations:
+ Old “Assembly A” consisting of plates (2D entities), using ACIS (GeniE’s geometry kernel)

* New “Assembly B” consisting of stiffeners, support curves, feature edges, point masses and support points (0D and 1D entities), not using ACIS

The main benefits of the Dual assembly is a more robust stiffener representation when they are connected to curved shells

Other benefits (mainly due to a more effective data structure) Dual assembly is enabled when
) creating a new workspace
* Improved performance on database operations, e.g. open workspace
|B ' New Workspace ﬂﬁ
* Improved performance on modelling operations e.g. join plates/stiffeners, delete plates/stiffeners P -
» Improve performance on FEM import as connectivity between plates and stiffeners are not using ACIS ‘Lu e
‘ C1/DNV Workspaces/GeniE J
There are no differences in how to do modelling when using the Dual assembly s e e e T
@Q? Ship mode
The finite element mesh will be the same when using old and new topology model FEE
. . . . . . B~
Old GeniE models (GNX, XML and js) can be imported into a new GeniE model using the Dual assembly asler
Close |
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The Dual assembly ensures a robust geometry model,
in particular for complex hull forms

Modelling features in GeniE
Robust geometry model ensured by the Dual assembly

Not using the Dual assembly, we are not able to crate the side shell

Using the Dual assembly, stiffeners can easily be created
stiffeners due to ACIS geometry kernel error

Example: 24 stiffeners takes 0 min 55 sec to create

2ix|

ctad Pate(s) Srets) Stfferars Craractivises

el
Pixz0(urved shel)

Pret: (Commmms
o Platels)ste:
Potnge
Hern 1t shl

4

Stiffeners are correctly imprinted to the outer shell

llllll'llllﬂll'lﬁll.ﬁﬂlﬁlﬂlihn!uﬂlhllllhl.'"l.-
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Modelling features in Genik
Slot/lug concept and hole concept used in FEA Rule checks

Slot/lug concept and Hole concept are light representations of
important geometry information, ensuring high performance

» The hole concept can be used to represent openings in the hull structure, meshing rules can be applied

» The slot/lug concept can be used to represent detailed geometry information of stiffeners connection to PSMs

93

Mesh Option assigned to
hole concept

& ' Mesh Option for Hole

[l MeshOption 1 -
. .

" Meshhole §2 J— Number of layers
; .
0 1 2 3 4

i~ Ignore hole G2

% Remove elements after meshing based on centroid G

" Remove elements after meshing based on area fracton G

OK I Close Apply

Parametric representation of slot/lug

TA-0

){&L_

2 (MAX.)

R60
Y

o
o
O
e
E0
Z
|
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Use of Slot/lug concept and hole concept for efficient and
automatic FEA rules checks without need for user input

Modelling features in Genik
Slot/lug concept and Hole concept used in FEA Rule checks

Slot/lug and hole concept used for scaling of stress Buckling results according to Rules automatically

Hole concept used for input to buckling iwo openings given for upper and lower sub-panel iwo opening
elx]| [EiPeperes 2] e /x| [ 2l

Object Properties | Edit Panel Data | Gbject Properties | Ecit Panel Data |

Object Properties  Edit Panel Data |

ect Properties  Edit Panel Data
ok e l .- Targetarea panel(Pl774, 2) Name | Desaiption | @ TargetArea.panel(PI774, 2) Name | Desaription |
Permissible | Yield Buckling Idealized Panel -4 TargetArea.run(1).panel(Pi774, 2) | g Panel PI774, 2 E1-@ Targetrea.run(1).panel(Pi774, 2) | @ Panel PIT74, 2
Permissible || Yield ~ Buckling | Idealized Panel —I @ General Optons @ LoadCase _026_1C5_Sag_BSP_1P @ General Options @ LoadCase _026_1C5_Sag_BSP_IP
PLATE STIFFENER 1 | STIFFENER 2 4 Bucking Check Opsons ® Foston e @ 5ucking Check opsons @ Fotion e
- Permissible Options @ stus I @ Permissble Options ® sots Faled(uf)
Yield check type: ICuarse Mesh Check j e E . Yield Check Opfions ® UfTot 207 & vied ‘C"Ed‘ ”“”"‘5‘ o o] ®UTe 135
eng (2000 mm) «| bom] Results - DNV GLRules -for 0 g e JRA— ER Py ‘;;‘;:;RB“UZZI;‘Q " 0| @ Formula etadS/alowdS
. = .
. Width 340 <] [mm] & GeomCheck Geom OK 51 Plate Buckiing @ GeomChedk Geom OK
Opening | é ) Ei u:;&;s:ﬁ;ﬂm @ SubCheck Plate Bucking ) :‘ e Em @ subcheck Plate Bucking
i Met Thickness, (10.5mm) | [mm] €20.50 Stiffener Bucking | ® Run TergetArea.run(l) @ C20.50 Stiffener Bucking | ® R TergetArea.run(1)
e ol C1111671.00 Plate Yield | @ £1285/alonss 2088 - Cl111671.00 Plate Yield | ® eE85/alonss L3
Length oF opening: (500.0) == Hole length (700 mm) | mm L@ C2111673.00 Flate Yield | ® Et2ES 2,059 @ C2 111673,00 Plate Tielg | @ Et283 134
@ AllowEs 1.000 @ AllowBs 1.000
e o0.0) p Hole height/width (500 mm) | [mm] # Pand Length [mm] 8.0 @ Panel Length [mm] 840.0
I Hole is reinforced with not-modelled buckling stffeners ® Panel Width [mm] 500.0 @ Panel Width ] 0.0
Radius of opening corners: (250.0) ~ | mm @ Pane! Thickness [mm] 10.5 @ Panel Thidaess [mm] 10.5
Long Edge Radius (0 mm) - | [mm] @ Required Thickn. [mm] 167 @ Required Thickn. mm) 125
a X @ EModulus [Njmm~2] 206000.0 @ EModulus [Nfmm#2] 206000.0
Shear stress correction for cutouts —————————————— | Short Edge Radius {0/ mm) ~ | [mm] @ Paisson's Ratio 0.30 @ Poissor's Ratio 0.30
Has upper and lower slots: (¥es) ~| G2 @ vield Stress Plate [Nfmm~2] 235.0 @ Yield Stress Plate [N/mm~2] 235.0
[~Boundary Conditions @ Sigmatt [Njmm~32] 942 @ Sigmatt [Njmm~2) 515
One or more of slots are open: | (Yes) b 1% Rotational Support Q2 ® Sigma12 [Njmm*2] 942 @ Sgma12 [Njmm~2) 5L5
Left Simply Supported - @ sigma21 [Njmm~2] 0.0 @ Sgma21 [Njmm~2] 0.0
ileh beightin wayof oneningi | (2000.0) 3 2 ® Signa22 [Njmm 2] 0.0 @ Sima22 [Njmm 2] 00
Right Simply Supported =l ® Taui2 Nimm~2] 55.3 @ Tout2 Njmm~2) 50.7
Actual shear areaat opening: | (125.8) - | m~282
Upper Simply Supported - . | o g B
FEM modelled shear area ato.: | (1569.0) »|mr297 - 5
d Lower Simply Supporte -
¥ suppal o | cancel Aoty | o |
™ Specify shear correction factor directly G2
Tripping Brackets | From General Tab ~| g2
A_FEM_nS0 | A_shr_ng0 = 1.333056902 Pping @
Load
SonolateLErom Shuchin =iz
’TI Cancel Apply ™ AdjustStress @2 [~ Specify Shear Corr 13330 Qo
Sigmax: | 0 Sigmay: |0 Tauxy: |0
[ Results

Panel Buckling Type Method | From Stiffener Option Tabs | g

Buckling Assessment Method |Method B |97

Apply

UfTot
<0.01
o >=0.01
m >=05
>=0.8
m >=
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When using plate seams, there is not need to divide a surface to assign
different properties to it (thickness, material, corrosion addition)

Modelling features in Genik
Plate seam concept ensuring same representation as NH

L
=haty(2)
beg = £y ”r,

* Plate seams can be assigned to surfaces, similar to Nauticus Hull. Essential for re-use of 3D models from Nauticus Hull.

where:

Width of the part of the plate panel with the smaller net plate thickness. t;. in mm, as defined in
Figure 1

» Plate seams will not introduce any new geometry and therefore not have on impact on the layout of nodes and elements § o ol SR NS mrom SR

Figure 1

Figure 1 Plate thickness change over the width

* GeniE will only use the plate seam information when assigning properties to the shell elements

* The plate seam information will be used to compute the effective width of the buckling panel, as required by the Rules

Element property based on Width of buckling panel using plate
Plate seams on geometry Plate segments on geometry element centroid seam information

Thickness Property Name
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Modelling features in GeniE
Modelling grids for easy navigation

» By using point grids, we can include drawing references like frames, deck levels etc.

« User can create 2D grids that gives snapping points for modelling of geometry

* The point grids are also available when displaying FE Rule check results

Modelling grids, with snapping, Modelling grids when displaying
available during modelling FE Rule check results
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The modelling grids ensures easy orientation in the model
against drawings' co-ordinate references (#, Y/Z grid)
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This feature, with the dual assembly, will give a robust
representation of complex surfaces

Modelling features in GeniE
Hull design tool for non-prismatic outer shell

*  Non-prismatic hull form can be created by skinning approximation of smooth curves or polygons
+  Smooth curves or polygons may be imported from other tools, e.g. NAPA DXF curves e =" x|
*  Hull Design Tools toolbar has three alternative methods for creation of non-prismatic hull form | % & 'Q =

. Method 1: Create Ship Hull from Transverse Smooth Curves

. Method 2: Create Ship Hull from Transverse Polylines
. Method 3: Create Ship Hull from Arbitrary Set of Curves

Curves to be approximated Point grids created based on the The final surface created based on
approximated curves/polylines the point grids

Method 1 and method 2:
Trans. Smooth Curves / Polylines

Method 3:
Arbitrary Set of Curves
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This feature, with the dual assembly, will give a fast
modelling of stiffeners attached to complex outer shell

Modelling features in GeniE
Hull design tool imprinting stiffeners on non-prismatic shell

« Stiffeners on non-prismatic outer shell can be efficiently created

+ Allow for selecting more than one surface

e Preview introduced

» User can specify start and end of the stiffeners

+ Stiffeners can be flipped: Flip plate side and flip flange

|B ! Create a set of stiffeners _?Iil

elected Plate(s) /Shell(s) ~Stiffeners’ Characteristics
PI100{Curved Shell); P11470(Curved Shell); PI1472(Curved Shell);

« High performance: 24 stiffeners takes 0 min 55 sec to create

g —
[~ Stiffeners’ Plane p

ip Plate(s) side:
Cxy Cyz Fxz : < P
e = SLi=B
m - % | section: LL150x00x8 [;
fx Oy Ozf =

Material 32 [x
= Rl

[~ Stiffeners’ Spacing

Coaid 2 Min 1D | -I Max ID | -
@ Start z 5445 L}‘mm Ty mm %'? Number of Stiffeners | 24

Stiffey ds
’V W xmin §2 [377750mm Wmm = M Xmex 92 [3s3m00mm L\@ ‘
.‘a@ K. | Close | Apply |
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Organising the model in sets ensures quick
and easy access to parts of the model

Modelling features in GeniE
Active set and dynamic set

Parts of the model can be collected in sets Active set can be easily selected on the Default Properties toolbar
. . ] . Default Properties x|
Sets can be activated when mOde"mg and when dISpIaylng results [Foartoox10 = |[PrateBack Mt vins ~lfmz | AR ~ |[SL5 _Direct_with_tug _+|[SL1_Direct_without_ ~]

The user can specify an active set, meaning that all members
modelled will be automatically assigned to the selected active set

Dynamic sets are automatically updated during modelling

Time needed for update of dynamic sets increases exponentially with
the number

Recommended to have ONE dynamic set for each typical part and
complete (modelling and mesh tuning) this part before copying

* One typical web frame

* One typical transverse bulkhead

* One typical pillar bulkhead
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 Clipping planes can be used to display parts of the model

« The clipping planes can be dynamically updated by
 dragging sliding bars
» Specifying coordinate; or
* Interactively picking a point in the model

K

Clipping planes for easy access to parts of the model

i
i

Modelling features in GeniE
Clipping planes giving easy access to parts of the model

100
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Clipping planes dialog

remomm x|
Reset cutbox
From: To:
115160 mmfy mm 86860 mm [z mm
| I
4] |
-1000mm [ mm 25000 [xmm
I
i I
|s000 Smm 5000 [x,mm

Activating clipping planes gives easy and

direct access to parts of the model

DNV



By using the default stiffener orientation the user
don't need to rotate stiffeners after creation

Modelling features in GeniE
Default stiffener orientation for efficient modelling

» The user can can select a default stiffener orientation that will be applied when creating new
stiffeners

« User will not need to rotate the stiffeners after creation, avoiding a step

» The default stiffener orientation includes various options, not only global coordinate system, but Stiffeners can easily be created
also normal to a plate perpendicular to an inclined plate

Default stiffener orientation available under Default Properties toolbar

DefabtPropetes x|
IJap_LBDDx'ISOx‘IZxZEj PlateFront j Mat_VL_32 jIT_m jlﬂm active set> j|<no symmetric ;Iotfdlmm asymmetric ;\o‘jl
Customizable
MegXGlobal
MNeg¥Global
MegZGlobal
PlateBack
PosXGlobal
PosYGlobal
PosZGlobal
101 DNV © 31 MAY 2023
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Modelling features in GeniE

Direct access to model verification

GeniE has direct access to model verification tools

Model verification tools allows for that possible modelling errors
(typically lack of surface intersections) are easily detected

Display Free Plate Edges is a powerful verification tool for investigation of model inconsistency, in particular sliver faces

Sliver faces may give bad mesh and also problems when creating compartments (needed for compartment loads)
Other useful verification tools are available (in addition to Display Free Plate Edges)

Topology X |
A/m|-
T

0] Plate Boundary
M Plate Connections
[E Plate Topology
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m| -

[ Free Plate Edges
[pue Bourcn |

M Plate Connections
[E Plate Topology

Topology X |

A4

-

B Free Plate Edges

M Plate Bounda
| ——

[E Plate Topology

Topology %/

H 4

-

M Free Plate Edges
[l Plate Boundary
Ml Plate Connections

Iim late Topology
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Meshing in GeniE

Conditional Regeneration of mesh for high meshing performance
Template Quad mesher optimized for ship structures

Mesher allowing for modelling inaccuracies

Feature edges specifying meshing lines

Mesh properties ensuring mesh size according to Rules

Mesh Editing tools giving control on the mesh

103 DNV © 31 MAY 2023

DNV



Meshing in GeniE

The Conditional Regenerate Mesh option gives
efficient meshing during design iterations

Conditional Regeneration of mesh for high performance

GeniE has two mesh regeneration options available

« Conditional Regenerate Mesh (default setting); and

« Always Regenerate Mesh

Always Regenerate Mesh: Full regeneration of loads and mesh, every time the meshing is executed

Conditional Regenerate Mesh: Scans through the model and only update the mesh, where needed

On *bdf models imported to GeniE, the Conditional Regenerate Mesh ensures that the mesh remains unchanged after importing loads and
assigning corrosion additions, updating properties, etc.

Typical cargo hold model with 32 load cases

31 MAY 2023

104 DNV ©

2 min 44 sec for a full mesh re-generation

(Always Regenerate Mesh)

1 Activity Monitor x|
‘#®  Done!

¥ Journal activity executions

Activity | Duration Status Generate Input
O %1 - Analysis1 - Analysis 164s

A ¥ 1.1-Meshing (Always Regenerates) 164s Success

M 1.1.1 - Delete loads Os SuCcess

M 1.1.2 - Generate loads 33s Success

E 1.1.3 - Delete mesh 45 Success

M 1.1.4 - Generate mesh 127s Success

O 4 1.2 -Hull Girder Load Adjuster — Yes

O Eﬁ 1.3 - Linear Structural Analysis, Static — Yes

O R 14-LloadResults —

- ____________________________________________|

13 sec for changing a plate thickness and
Conditional Regenerate Mesh
B Activity Monitor x|

P
@ Done! Start I Cancel |

¥ Journal activity executions

Activity | Duration Status Generate Input
[ %1 - Analysisi - Analysis
M ¥ 1.1-Meshing (Conditional Regenerate)
[m} 1.1.1 - Delete loads

1.1.2 - Update loads

a

[m} 1.1.3 - Delete mesh

M 1.1.4 - Update mesh

O F4 1.2 -Hull Girder Load Adjuster
O%
M

Success
Yes
Yes

SLlptllpp

1.3 - Linear Structural Analysis, Static

R 1.4-LloadResults Success

|

DNV



The Template Quad mesher, developed by DNV, is optimised for ship
structures, with high performance enabled by multi-threading

Meshing in GeniE
Template Quad mesher optimized for ship structures

» GeniE has different meshers available, optimised for various geometries, typically
« Template Quad mesher; and
« Advancing front Quad mesher (paver meshing algorithm)

Template Quad mesher divides surfaces into patches and creates a mesh based on these

« Advancing front Quad mesher generates the mesh along the edges first and bases the surface mesh on the edges
* The user can assign different meshers to various parts of the model

Template Quad mesher is the default mesher, with high performance, optimised for regular stiffened plate fields

All meshers in GeniE will always ensure that beam elements and shell elements are connected in common nodes

Template Quad mesher on a typical container ship cargo hold model
Template quad:
2 min 44 sec

8" Activity Monitor x|
‘& Done!

¥ Journal activity executions

Activity Duration | Status Generate Input
O %2 1 - Analysis1 - Analysis 164s

M © 1.1-Meshing (Always Regenerate) 164 Success

o} 1.1.1-Delete loads 0s Success

) 1.1.2 - Generate loads 33 Success

=B 1.1.3- Delet= mesh ES Success

o} 1.1.4- Generate mesh 1275 Success

OB 1.2 -Hul Girder Load Adjuster — Yes

O % 1.3-Linear Structural Analysis, Static ~ — Yes

[m]
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GeniE’s meshers allows for model inaccuracies,
that are ignored when creating the mesh

Meshing in GeniE
Mesher allowing for modelling inaccuracies

» During modelling the user by mistake may create structural members that are not correctly intersecting each other
» Below example shows two typical scenarios

+ Astiffener has been modelled too long, resulting in an stiffener with a loose end, that shouldn’t be there

« Astiffener has been modelled too short, resulting in a gap, that shouldn’t be there
* GeniE has powerful features, activated by default, ignoring such inaccuracies when creating the mesh

When meshing, GeniE is ignoring the

Typically modelling inaccuracies from e _
modelling inaccuracies

modelling of stiffeners
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Only few Feature edges can significantly improve
the mesh quality, such as rectangular mesh

Meshing in GeniE

Featue edges specifying meshing lines

Feature edge is used for controlling the mesh, the mesh lines will follow the Feature edge
Feature edges have same modelling options as creation of other geometries, e.g. snapping, copy

The user may also assign number of elements to a Feature edge Typical application of feature edges
(indicated in red)

Feature edges perpendicular to stiffeners will typically ensure rectangular mesh

Meshing without feature edges Meshing wit feature edges
(indicated in red)
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Mesh settings can be assigned to the geometries, so
that mesh size and shape is as required by the Rules

Meshing in GeniE
Mesh properties ensuring mesh size according to Rules

Meshing on atypical pillar bulkhead with:

* In GeniE, the following mesh settings are available _
» Default mesh density 864 mm

* Mesh density; and - Feature edges (in white)
*  Number of elements + 3elements assigned to 4 stiffeners (in red)

» These settings can be assigned to the following members

Mesh property Assigned to
Mesh density o Plates
o Stiffeners

Number of elements o Stiffeners
o Feature edges

» The user may specify a default mesh density that is used, unless other
mesh settings are assigned locally
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Meshing in GeniE

The Mesh Editing tools are advanced features, that may be used for
highly complex geometries, giving the user full control on the mesh

Mesh Editing tools giving control on the mesh

After generating the mesh, there are various mesh editing options available

User can work interactively and edit the mesh without making changes to the geometry model

The Mesh Editing tools are normally not needed for standard geometries, but may be beneficial to highly complex geometries where the user

needs full control on the mesh, e.g. move node

Numerous Mesh Edit options are available and further described in the user documentation

Mesh editing options in GeiE

& Manipulate Triangle (Alt+Shift+T)
@ Move Node (Alt+Shift+W)

Hf Align Nodes in Element Grid (Alt+Shift+A)

I\ Align Nodes Along Line and Move by Constant Vector (Alt+Shift+L)

R Align Nodes Along Line and Move by Constant Vector (Dialog) (Alt+Shift+M)

4 Split Edge (Alt+Shift+E)

% Collapse an Edge (Alt+Shift+C)

¥ Remove Node (Alt+Shift+R)

& Add Plate Element (Alt+Shift+P)

K Remove Element (Alt+Shift+Q)
Enhance Quality (Alt+Shift+X)

[ Refine Grid (2) (Alt+Shift+2)

[ Refine Grid (3) (Alt+Shift+3)

H Refine Grid Inclusive (2) (Alt+Shift+F2)
B Refine Grid Inclusive (3) (Alt+Shift+F3)
M Refine Edge (2)

[ Refine Edge (3) (Alt+Shift+Del)

8 Refine Box (Alt+Shift+B)

3 Imprint Node (Alt+Shift+D)

L Show Limitations Dialog (Alt+Shift+V)
L, Show Delete Results and Loads Dialog (Alt+Shift+F)
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Detailed descriptions in the User Manual, in this case
Move Node

GeniE V8.2-04 Documentation » GeniE User Documentation » |Search docs

9 FE Mesh and Element Types » 9.5 Mesh Editing » 9.5.2. Move Node

Previous Next

9.5.2. Move Node

The Move Nede (Alt+Shift+W) operation changes the position of nodes. Nodes on surface edges can be
moved along the edges and nodes inside surfaces can be moved inside the surface (concept).

F-2-HhXxE-BE-AY -
P4 Move Node 3 Alt+Shifts W
ﬁ Align Nodes in Element Grid Alt+Shift+A
B\ Align Nodes Along Line and Move by Constant Vector Alt+5Shift+L
R, Align Nodes Along Line and Move by Constant Vector (Dialog) Alt+Shift+M

BEEECNRERcs

Fig. 9.47 Move a node along an edge and another node inside a plate

Previous Next
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WHEN TRUST MATTERS

Thank you

Ragnar.Eimhjellen@dnv.com

www.dnv.com
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