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Agenda

« Cargo hold finite element analysis
» Modelling of vertical supports and procedure for transmitting friction forces
» Modelling of contact elements in stoppers accounting for initial clearances
» Automatic creation of loading conditions as required by the Rules
« Verification of analysis results (distribution of forces iwo tank supports)

 Local strength analysis — fine mesh model of supports

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

* FE fatigue assessment of a typical detail — bracket toe

* Refine mesh in cargo hold finite element model
» Creation of temperature loads for low cycle fatigue

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

» GeniE customized for ships

* Gas fuelled container ships — tutorial available
 Ship configuration of GeniE
+ Digital sales

* Q&A session
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Over the last year, a lot of new features have been added to
Nauticus Hull and Sesam GeniE, covering the complete
analysis scope, as required for gas fuelled container ships

Gas fuelled CV with independent prismatic tank

Gas fuel tank finite element analysis scope

* Analysis scope described in DNV-CG-0554 Gas fuelled container ship with independent prismatic tanks type-A and type-B
+ DNV’s calculation tools Sesam GeniE and Nauticus Hull supports the minimum required analysis scope

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

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

Cargo hold analysis (CHA)

stiffener spacing mesh

Agenda item: Cargo hold finite element analysis

v

Agenda item: Local strength analysis —
Fuel gas tank & supports liliri fine mesh model of supports
Agenda item: FE fatigue assessment of a typical detail —
Strength assessment Fatigue assessment Strength assessment bracket toe
Yield Buckling Very fine mesh analysis Yield Buckling
tx t mesh
Local fine mesh analysis Crack propagation

50 mm x 50 mm mesh analysis
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The complex force interaction in the vertical supports for
independent tanks is automatically accounted for in GeniE

Cargo hold finite element analysis
Modelling of vertical supports

» Wooden chocks are modelled as compression-only truss elements (no shear stiffness, no bending stiffness, and no tensile stiffness)
« Friction forces in vertical wooden supports will be represented by a force couple in the analysis

« Method automatically accounted for in GeniE by Tank Support Coupling Forces tool (TSCF tool)

Wooden chocks: Friction forces in vertical supports: Tool for friction forces controlled
compression-only trusses force couple by GeniE’s activity monitor
[m  Activity Monitor x|
‘@ Start I Cancel |

¥ Journal activity executions

Activity | Duration Status | Generate Input
B ©: 1 -TsSCF_aAnalysis - Analysis Oz Mot Started
M % 1.1-Meshing (Conditional Regenerate) 0s Mot Started
] 1.1.1-Delete loads 0s Not Started
=] 1.1.2 - Generate loads 0s Mot Started
O 1.1.3 - Delete mesh Os Mot Started
] 1.1.4 - Update mesh 0s Not Started
B2l Cicderl oad Ao cie L Lok Siariad
E 1.3 - Independent Tank Coupling Analysis  0Os Mot Started Yes
=] 1.3.1 - Tension Compression Step 0s Mot Started Yes
] 1.3.2 - Tank Support Coupling Forces Os Mot Started

1.3.3 - Tension Compression Step Os Mot Started Yes
E’Fﬂm i3 Tlot Started
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The Point-Point connection feature newly
introduced in GeniE can account for gaps,

Cargo hold finite element analysis

Modelling of initial clearances (gaps)

Initial clearances in anti-roll, anti-pitch, and anti-floatation supports are accounted for in GeniE by the Point-Point connection feature
In the Point-point connection dialogue, the user specifies the initial gap

DNV’s solver Sestra can consider the initial clearances when running the analysis

Display of the Point-Point connections

Initial clearance can be specified or taken from the modelled gap
-
< \ |B_| Properties x|
Object Properties  PoInt-point connection |
& Mar

me: sar+ PPconnection51 L\‘
Local coordinate system:

| LocalSystem{Vector3d(1000 mm,0 mm,0 mm), Vector j Ge
 Define end foatprints:

Beam Point Footprint  Support Point Footprint |

Support Point: | £ Sp830 hd %

Beam Paint Footprint  Support Point Footprint |

SupportPoint: | £ Sp831 Dd‘

Stffness | Damping Contact |

* Contact @2 " No Contact o7 \
Condton: [Gp <|¢e
Degree of freedom: | Transiation 2 -|g»
Tnitial gap
e
J

mm

oK. Cancel Apply

J
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Point-point connections are made user-friendly,
with same behaviour (display, selection,
copy/mirror, etc.) as other concepts in GeniE

Cargo hold finite element analysis

Modelling of contact elements accounting for initial clearances

Step 1: Create a beam (not truss) connecting the tank to the supporting structure Step 3: Create support points (free in all degrees of freedom) in way of the gap

z

k.

Step 2: Split the beam, representing the initial clearances

[E————— [E————

Seperspars [A510 Enjor Seperspars [A510 Be]oe

e | parnpeg | comact | ‘stiness | canpeg  Coniact |

Saffms Condears [Gap EEs
e depmrdert Fres  Soing St

S [
= o e — |
= =
= o
R E=
= =
— [ om | o | — = |
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FE load template in Nauticus Hull for simple and quick
creation of loading conditions required by the Rules

Cargo hold finite element analysis
FE load template for Strength assessments

« 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
& Design load combinations - Container carriers — O ® T 2 W
e Loading patiem T DT:‘,Q"' ("“:} (C"“'; Containers in hold
— Container height 86" (Standard)
ST1 @ @ Departure 85 0398 fo11B Load cases (6) Na of conlainers in stack (LNG bay) [3
No of containrs in stack (typical)  [11
sT1a @ @ g:lﬂ,e 5 p3ee  foiie Design container loads 20 fi [24 (VTEV)
Tight bhd —————
I —-— Tank test [_ [_ [_
50% water 8.5 0.398B 0118 Load cases (1)
s m @ - Containers on deck areas and halch covers
5B ek _ _ Container height 86" (Standard) ~
ST2a @ gL 85 s bl [ i) | No of containers in stack o
= i L L Mo of stacks in widin [0
s T e L T — e
Bl mE Max stack waight 40 f 180 (Ustack)
o ﬁ oo e pme e Condiions (1)
0
201t
ST4 @ Heavy osoTsc fo3sB  JoriB Load cases (8)
0 ——  Fuelgas
[ ([ 401 Density 10.500 ({tma3)
s [ ﬂ | [ | @ o fc e P losdemest) | | ypourpressune —)
[ [ Fiooded 1
e Dﬁ]ﬂ & A | LA Conditons (1) | Heslange deg) [0
P | Gl |
[ [ Flooded 2
sT7 D& Support 20 b398 piie Conditions (1) Heelangle(deg) [0
)
. 20" containers Water ballast Empty OK Cancel Save ‘ Default |
40 containers [ Fuel gas
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The advanced analysis method is controlled by GeniE’s activity
monitor, with an intuitive and user-friendly Graphical Use Interface

Cargo hold finite element analysis
TSCF tool — Graphical User Interface

Analysis set-up in GeniE

[ x|
® ceet |

[¥ Journal activity executions

Step 1: T/C analysis
11 Independent Tk Coupling Ansysi X

T Jrser |Te2 |

Available Loadcases: Incuded Loadcases
Ma.., [ add-> | [Name T ]
= =
<-Remove

Activity | Duraton | status Generate Input.
M = 1- Analysis1 - Analysis 504s Warrings Add All =
[ ¥ 1.1-Meshing (Conditienal Regenerate) 1585 Success Remove Al |
= 1.1.1-Delete loads s Success
= 1.1.2 - Generate loads 455 Success [V Warp Correction (4 node elements)
o 1.1.3 - Delete mesh s Not Finished B e ¥ Use sestra10
E 1.1.4-Update mesh 1115 Success Continue on element shape error Mo terations ,4(]—
AT = [ Use Multifront Solver with LDL factorisation
= C: \Warnings [~ Select a subset forresuits generation Tolerence 1o
= 1.3.1- Tension Compression Step 1195 Warnings ves —
] 1.3.2 - Tank Support Coupling Forces 4835 Success :I'
R dude loads from interface fles inresult fle 97
E 1.3.3 - Tension Compression Step 123 \Warnings res ﬁmd“:::‘mm' = Es'”'e‘s‘:ﬂt y 0 * ¥ Incude beam dlement forces and moments nremitfle @2
¥ Indude shell element stresses in result file 3
0“
o
.
S
0
A ""'
Set containing tank boundary, .
B
0
. . 5
for computing resulting force.ffom tank pressures
S
R
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Step 2: TSCF Compute and apply
horizontal friction forces

1+ g ok Couping s il

Tl TSF |tez |

Cargo hold model FEM file

[ 15400 mod2 T1.FeEM

SIN input fle

[ 15400 mod2 R 1.5IN

Q2

Minimum friction coefficient

Set induding supports

@ AAA_ING_Support_VerticalBeams v

Set ncluding cargo tan

@ AAA_LNG_Shell -| @9

)

et |ty

Step 3: T/C analysis, including
coupling forces from TSCF

|5 ¢ Independent Tank Coupling Analysis x|

Tc1 | Te2 |

Avaiable Loadcases: Induded Loadcases
No... | add> | [name I 5|
¥ _001_FT1_Hog_HSM_1 o]
<-Remove | |5 002 FT1 Hog HSM_2

g8
a3
A
£
44
o

1
T
2
8
s

ﬂl _k:_ﬂm_PFl_Hog_BEP P |

Removedl |

g
3
G
&
8
s

[V Warp Correction (4 node elements)
[¥ Use Sestra10

[ Continue on element shape error
Max iterations

E)
Tolerance 1810

[V Use Multifront Solver with LDL factorisaton

[~ Select a subset for resuits generation

<None> ~

[V Indlude loads from interface files in result fle 97
[ Indude beam element forces and moments inresult fle G

[V Indude shell clement stresses in result fle @7

Cancel Apply

.
Y
.
Y
.
.
Y
.
.
.
.
.
.
Y
.
Y
i
.
Y
.
.
.
.
Y
-
.

.

Set containing truss elements (highlighted in red),
for vertical forces and djstribution of friction forces
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The TSCF tool has recently been improved to also distribute friction
force couples for loading conditions where sliding will not occur

Cargo hold finite element analysis
TSCF tool — Computation of friction forces in vertical supports

Run T/C analysis

Run TSCE tool for all load cases Friction force couples in vertical supports computed by TSCF

158.0 58.0 kN

For the set containing the tank boundary, integrate the pressures and compute Lo

* Resulting horizontal force: Fyo; xy

=y 446.3 kN

2308 230.8 kN,
84.6 K

+ Resulting force’s unit vector in longitudinal and transverse direction: u, and u,, 527 S
Compute sum of axial forces in way of wooden supports Fy,, , %
IF Frot xy > Frot z X 1, THEN (sliding will occur) in way of each vertical truss, i,

* Fix=F zxpx Uy

© Fiy=Fizxuxuy,

IF Frot xy <= Frot z X 1, THEN (sliding will not occur) in way of each vertical truss, i,

* F x = Fot xy X Uy X F 2 / Frot 2

* Fy=FoixyxuyxFiz / Frot z

Run T/C analysis, including friction force couples from TSCF tool
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The load transfer by the TSCF tool, in combination with
contact elements in stoppers, have been thoroughly verified

Cargo hold finite element analysis
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 Forces taken in vertical supports as friction + Forces taken in anti-pitching supports
13078 kN

28 515 kN

15 437 kN

71 log_tscf.txt - Notepad

File Edit Format View Help

Loading combination: _@@8_ST3_Hog_Coll_@5g

X:
Y:
XY:

Hopizaod diaci o
[2,85145721E+007]

A L

4516805E-009

5145721E+007

Horizon

Vertica
-5,70288485E+007

Nt = X e

oo~ «
S

7,
2,
ta
1,000
e,
1 resultant force due to tank pressures:
5,

Ln 736, Col 28 100%  Windows (CRLF)

unit vector giving direction for applied coupling forces

UTF-8
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Cargo hold finite element analysis

Analysis results for flooded case — distribution of vertical forces

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

+ Self-weight can be found from a load case where the tank is not floating,
being the difference between vertical forces in supports, and sum of vertical pressures in tank

Sum of pressures on independent tank

116 910 kN

7 log_tscfixt - Notepad - o

File Edit Format View Help

Loading combination: _822_ST7 Hog_Flooded_2

Horizontal resultant force due to tank pressures:
X: -2,81535933E-003
¥: -3,68887498E-089
XY: 2,81535933E-083

Horizontal unit vector giving direction for applied coupling forces:

X: -1,000
Y: 0,000
Vertical resultant force due to tank pressures:
7: 1,16969743E+008 .
< >
Ln 2119, Col 8 100%  Windows (CRLF) UTF-8
11 DNV © 25 FEBRUARY 2022

Self-weight =

Vertical force in supports —sum of vertical pressures

76 547 KN — 68 186 = 8 361 kN

__ Forces taken in anti-floating supports
= 108 549 kN

7] *Untitled - Notepad
File Edit Format View Help
Loading combination: _@@1 ST1 Hog HSM 1

- o

Horizontal resultant force due to tank pressures:

X:  1,04259678E+006
Y: -1,54258301E-0088
XY: 1,04259678E+006

Horizontal unit vector giving direction for applied coupling forces:

X: 1,000
Y: @,000

Vertical resultant force due to tank pressures:
Z: -6,81863088E+007

Tank coupling analysis result

Sum of horizontal forces transferred in way of vertical supports:
X:  1,84259578E+006
Y: 0,00000000E-+000
XY: 1,84259578E+006

Sum of axial forces in vertical supports:
(from tank pressures and tank self weight)

Z: -7,65473520E+807

S EEEEEESES U G | s s L ey e

Ln 14, Col 6 100%  Windows (CRLF) UTE-8

X

By introducing point-point connections in way of the anti-
floating supports, the flooded load cases can be run in the
same analysis as for the intact load cases

DNV



The results (force transfer and displacements) in way of
supports with initial clearances, have been thoroughly verified

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

 Difference in vertical displacements identical to the modelled initial clearances: in this case (98.7 mm — 48.7 mm = 50.0 mm)

4.036238e+01

acement: 48.7 mm

132797 1e+01
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Demo: Cargo hold finite element analysis

DNV



A sub-model can easily be created in GeniE by using the global
model as a basis and mesh a set representing the sub-model

Local strength analysis — fine mesh model of supports
Create a sub-model containing vertical supports

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

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

« When running the analysis, you may select to mesh only the set containing the sub-model In GeniE's Activity Monitor,
mesh sub-model only

5 Activity Menitor x|

\ » e

o £

EEEEEEOJOEE

o 4T

B Mesh activity :. x|

Meshing Rules

.
Regenerate mesh option | Coffditional Regenerate Mesh  ~ | G
H

H
™ Indude loads onmesh = [ Virite FEM fle vid
H

.
Mesh Priarity |<Nnne> N -
.

Mesh Subset
’7(? Indude " Exdude

ETCSS Y Localviocel

oK | Cancel Apply

€
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GeniE has effective tools for automatic converting
stiffener beam elements to shell elements

Local strength analysis — fine mesh model of supports

Refine sub-model’s mesh

» For stiffeners close to vertical supports, convert beams to shell elements
» Specify 50x50 mm as default mesh density
Stiffeners represented as beams can

automatically be converted to shell elements Beams converted to shell elements, with ridged link
-

Stiffeners represented as shell
elements in way of result target area

Edit Beam...
Centre of Gravity..

Rename...

Properties... K3
Labels
ColorCode
Clear Labels

|F ' Convert beam(s) to shells

Beam I = hd

General options

Delete converted beams Delete Converted Beams  «

¥ addrigdlink 32

Mesh density | (1] <No Mesh density > j Q2 U
z Mesh option | (23 <No Mesh option > j G
: o | camcel | appy |
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By the Local Analysis set-up in GeniE, all necessary
analysis steps for sub-models are executed in one click

Local strength analysis — fine mesh model of supports
Run analysis of the sub-model

« GeniE’s Activity Monitor has a set-up for Local Analysis of sub-models, controlling all required analysis steps in one single click
« Automatic load transfer from the global model to the sub-model is ensured by the Local Model Load Applier tool (LMLA)

« Automatic transfer of prescribed boundary conditions from the global model to the sub-model is ensured by the Submod tool

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

can contain more than one tank support GeniE’s activity monitor
| Activity Monitor x| Ve \
‘® [ st | 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 K
M #: 1- Analysis1 - Analysis 375 Not Finished prescribed boundary conditions in sub-model
M © 1.1-Meshing (Conditional Regenerate) 0Os Mot Finished o
m] 1.1.1 - Delete loads Os Mot Finished . 1 H H
B 112l o oty Step 1.3 — Linear Structural Analysis, Static
O 1.1.3 - Delete mesh Ds Not Finished running Sestra solver and computing stresses and
A 1.1.4 - Update mesh Os Mot Finished o .
rE 1.2 - Local Analysis 31s Success ’«h’és dlsplacements
M 1.2.1 - Local Model Load Applier 225 Success .‘°. \ J
=] 1.2.2 - Submod apply displacements ~ 9s Success
Eﬁ 1.3 - Linear Structural Analysis, Static 65 Warnings Yes
H  1.4-Load Results Os Success

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

Local strength analysis — fine mesh model of supports
LMLA tool — Graphical User Interface

Set in sub-model, containing contact area(s),
for distributing pressures (lateral and traction)

Analysis set-up in GeniE Local Analysis
4 )

‘@ Done! Cancel
Global model results file (SIN) Browse... |

C:/Temp/R1.5IN g
W Journal activity executions

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

[ #: 1 - vertical_Supports - Analysis 1500s Warnings

M ® 1.1-Meshing (Always Regenerate) 2108 Success ~Local Model Load Applier (LMLA)

= 1.1.1 - Delete loads 0s Success

= 1.1.2 - Generate loads 0s Success Apply local loads Vg2

= 1.1.3 - Delete mesh 125 Success K

M 1.1.4 - Generate mesh 198s Success Local model translation I O mm O mm 0 mm [k‘ mm&? ,*'

] 1.2 - Local Analysis 847s es | ‘o'

= 1.2.1 - Local Madel Load Applier 5385 Success ) I— 0

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

B % 13- Linear Structural Analysis, Static 242 Warnings Yes | K

A R 14-loadResults 15 Success Tolerance, angle I 35deg deg§? ’,0’
o
B
Distribute point loads v G= '." k
. J

- | e

Distribute temperature loads v @2 R
o
5
I— o
Temperature gradient 0.5 delC/mm delC/mm | K
S Set in global model (same as for TSCF tool), containing tank
. - . * ’
Distribute loads in supparts v Q2 ‘..0 . ] ’
Comtact surface aubsct [lm‘? } boundary, for computing unit vector of horizontal pressures
ontact surface subse _Con urf - | Q2

" Loads for FLS &2 (* Loads for ULS @2

Support type Wertical Support - |2
Friction coefficient I 0.5 a=

setinduding cargo tank (global) l I LNG_Shell 9?'._ -

r~ Submod |

Tolerance, distance Submod I 100 mm mm &2

Ignore beam eccentricity of global result [ g2

0K I Cancel | Apply |

17 DNV © 25 FEBRUARY 2022 \k _J

DNV



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

Local strength analysis — fine mesh model of supports
LMLA tool — Distribution of tank loads

1. Pressures in the global model (cargo hold model with stiffener spaced mesh) will be interpolated to the sub-model (with refined mesh)

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

Pressures transferred from global
model to sub-model

18 DNV © 25 FEBRUARY 2022

Temperature loads transferred from
global model to sub-model

|2 Local Analysis

x|

Global model results file (SIN) Browse... |

C:/Temp/R1,5IN °
Local model FEM file ITl-FEM

i Local Model Load Applier (LMLA)

Apply local loads v @2
Local model translation I 0'mm 0 mm 0 mm I, mm?l?
Tolerance, distance LMLA I 100 mm mm 9?|
Tolerance, angle |35deg— deg @2
Distribute point loads v g2

Distribute temperature loads

v @2

I Temperature gradient

I 0.5 delCfmm delCfm

Distribute loads in supports

Contact surface subset

Support type

Friction coeffident

Set induding cargo tank (global)

" Loads for FLS §2  Loads for ULS G2

[ 3=

I @ AAA_ContactSurf - | Ge

I Vertical Support - |G
| 0.5 G

| LNG_shell @2

i~ Submod

Tolerance, distance Submod

|
I 100 mm mm 92

Ignore beam eccentricity of global result [ g=

0K I Cancel | Apply |

]
;
:
.
.
.

Temperature loads distributed to supports
outside tank boundary

DNV



From January 2022, the LMLA tool can also distribute
reaction forces in way of tank supports according to Rules

Local strength analysis — fine mesh model of supports
LMLA tool — Distribution of forces in way of tank supports

Nodal tank support forces in the global cargo hold model
will be distributed to the sub-model as pressures

Method for distributing reaction forces and friction forces
in accordance with DNV-CG-0554

Robust implementation:

» The sub-model can contain multiple contact surfaces

« Each tank support in the global cargo hold model can be
represented by more than one truss element

All tank support types are covered

I.  Vertical supports (ULS and FLS)

[I.  Anti-flotation supports (ULS)

[ll. Anti-roll supports (ULS); and

IVV. Anti-pitch supports (ULS)

19 DNV © 25 FEBRUARY 2022

Sub-model of vertical supports: Reaction forces and friction

forces distributed as lateral pressures and traction pressures
-

DNV



Basic result attributes are available in GeniE, while
Xtrtact can be used as a more advanced viewer

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

* Results required for fine mesh yielding check are available in GeniE
» Displacements, and deformation plots that can be toggled on/off
« Gaussian von-Mises membrane stress

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

6.91088Te+01
6.567149+01
6.223411e+01
5.879673e+01
55359350 +01
5.192197a+01
4.B4B459a+01
| 45047200 +01
4160982 +01
3.817244e+01
3.473506e+01
3.129768e+01 i
2.786030e+01
2.442292e+01

4.629070e+03

4.273552e+03

3.918034e+03
625176 +
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Demo: Local strength analysis — fine mesh model of supports
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GeniE has effective tools for automatic mesh refinement,
providing quadratic elements with size according to Rules

FE fatigue assessment of a typical detall — bracket toe
Mesh refinement

» Within a cargo hold model, the user can use the detailed box feature to specify structural details where the mesh shall be refined
* The detailed box feature can also automatically convert beams to shell elements

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

Select hot spot and specify refinement area and mesh size GeniE will refine the mesh and ensure proper mesh transition

|8 Detail Box

Name: I Upperstr j

Hotspot: | Point(227598. 2966 mm, 0 mm, 13880 mm) [, mm

Dimension:

@ Use symmetric dimensions

X: 200 mm ¥i 200 mm Z: 200 mm

 Use unsymmetric dimensions
+dx: mm -y mm -z mm
~dx: mm

mm gy mm  dz

Point(227598.2966 mm,0 mm, 13850 mm)

Local syster
’V I LocalSystem{Vector3d{1000 mm,0 mm,0 mm), Vector3d{0 mm, ‘

Mesh Density: A md10 [&, -
Mesh Option Hole: | <Mone> [, ~

[V Mesh Beams as Plates
[¥ Connect converted beams @2
[~ Divide structure by bax
I add interior to set -

I™ Use advanding front quad mesher around box

I Preview oK I Cancel | Apply
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The load template for fatigue assessment allows for
motions and accelerations based on a wave load analysis

FE fatigue assessment of a typical detall — bracket toe
FE load template for Fatigue assessment

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

FE load template for fatigue assessment Detailed loading information can be inspected and further tuned
a5l Fatigueload combinations - Container carriers - o X b (47 NoimaDeciowe 2 b ¢
Lc Losding pattern Description D’?yﬁm [’r(n,) ﬁ"\.; [\ " h | j
Containers in hold
R 1 [ @ gosbetink [aosgn [owe g _ loedems0n | o & Gt =]
a No of containers in stack (LNG bay) P
— — No of containers in stack (typical) 1
DD DD --- 75 % filled < s = e =
2 oo tan W IW INT Load cases (10) atigue container loads (WFEU) =
T L ] [ (om] & e
[H:' DD -i— 50% filled l
asfueltank [Tdesgn  [0398 0118 coses
" L Tl T o) & S - [
— = Container height [6& (Standarg)  +]
T4 ‘I.E-]‘ l %?ﬂfim Tdesign [0388  [0118 Load cases (10) ::::::::‘T“ :D
Fatigue container loads 40 ft 22 (WFEU)
(17 Add user defined accelerations: e .”. -
Additional Low cy€le fatigue cases (pressure and temp loads)
a_surge (mfs2) 8_sway (m/s2) a_heave (m/s2) a_pilch (radjs2) pitch_angle (deg) a_roll (rad/s2) rall_angle (deg) . .0 .
0 7 = e s = o pee st can be created.ih Nauticus Hull
n o fo2e2 [o506 [ooos (3 [o00s 812 Density 0500 (ym3) s ~\ e
\, Vapour pressure 70 (kPa)
& Temperature Load - O X ‘
Distance Tem::!:tl.lre
from BL position
mm) {deg Celsius)
» L"J -165
B 20 contsiners Water ballast Empty oK Cancel Save Default 8090 e
40 conteiners [ Fuel gas 4 8590 135
19670 -135
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GeniE fully supports temperature loads, that are
required for low cycle fatigue assessments

FE fatigue assessment of a typical detall — bracket toe
Temperature loads as required for low cycle fatigue assessment

« Temperature loads can be assigned to compartments
* When meshing the temperature loads are automatically mapped to the finite elements (same as for surface loads)

* The temperature loads are automatically distributed to shell elements and beam elements

Temperature assigned
to the compartment

|H ' Properties

Object Properties | Content | Fil Height Compartment Loads

2| %]

Load case: | Tempload
% Global Loads ¢ Local Plate Loads

Compartment:

LMGF _Tank

Generic Line Load Function {Temperature)
function temperatureFunction(x,v,z) {

Ttop = 100 delC;

Thot = - 100 delC;

Ztop = 31.05m;

Zbot = 3.85m; %

return Thot + (Ttop - Thot ) * (z - Zhot ) / (: "..
0

loiensities

\ fremer” | 1000 mm
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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.

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

c
ﬂ%c
4 fhc
16.2 delC
42.5 delC
67.3 delC 37.3 delC
61.5 delC 311 dele
61.3 delC
A - 21.8 celc
5.9 delC -
L | 12.3 cele
9.0 delCe g .l gelC
16.2 delC
2.5 delC
37.3 del
311 del
4.8 delC
186 Gell
12.3 gelc
6.1 del
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GeniE'’s close integration with DNV’s FE Fatigue tool
allows for direct import of all stress components needed

FE fatigue assessment of a typical detall — bracket toe
Export information to the FE Fatigue tool

» GeniE can export an XML file with finite element information (element numbers iwo hot spot, hot spot type, etc)

« This XML file can be imported by the FE Fatigue tool for effective computation of high cycle fatigue and low cycle fatigue

FE Fatigue tool imports XML file with hot spot information

GeniE exports XML file with hot spot information

#9 FE Fatigue Tool - LowerStr.nhfef - o *
File Help
(~) General Input
= Fues DNV GL
K3 Export Fague detail Fe— 350 0m
S [ Gmbosbeaan 5 =] @ @ ° @- [Ervionmental factor, e 1 Fraction at sea fo ass
' Hame - - e
) Analysis1 12112021 15:14 Name: Fraction of time:
Quick secess Backups 12112021 15:16 M 0.25)
[} GenieR 12112021 1516 m 0.25]
2 m 0z
Destiop 12.11.2021 0622
- ines 12.11.2021 0622 i} 0
(2] 1 Exportfror 2112021 1423 .
Libraries h| Fut rar ;_rulelonds xr 12.11.2021 1404 File (sink | CADMV\Warkspaces\NAUTICUSHULLVCV_Tutorial_FuelGasTank_Start\CV_Tutorial_FuelGasTank_Start\FEAnalyses\GasFuelledTank_FLS\Analysis1\R1.SIN Reboad
y ul 2012021 1424 Load cases:
12112021 1426 Name: HM-1 HSM-2 FSM-1 M2 BsRP1 BSRP2 BSRS1  BSRSZ  BSPAY BSPP2 BSPST  BSPSZ  OSTP ost osts1  osts2
T  Createl adCondition: 12112001 1424 m 001 F11 Hog, = | 00211 Hoq_~ |003,FT1 Hoq_ - |004 FT1 Hog~ |05 FI1 Hog ~ |006 FT1 Hog |- none- » |- none - = |007 FI1 Hog_~ |08 FT1 Hog. = |-none- ~ |-none - » |009,FT1 Hog ~ [010 F11 Hog_~ |- none- « |- nane- =
N 12.11.2021 1550 o) 011.F12 Hog_* | 012,12 Hog_ ~ |013 F12_Hog_* | 014 F12 Hog_~ | 015_FT2_Hag ~ | 016 F12_Hog ~ |- none - © | -nane - ~ | 017 FT2_Hog_ ~ |18 F12_Hog_~ | -~none- ~ | -none - ~ |019 12 Hog ~ |020 12 Hog_* |- none - ~ |- none
Network " UpperToemi 12112021 1351 e 021 13 Hog._~ 022 F13.+ioq_~ | 023 FT3 Hog__~ | 024 FT3 Hog. ~ |025 FT3 Hog - | 026 F13.Hog ~ | -none - ~ | -none - ~ | 027 FT3 Hog - [028.FT3 Hog. ~ |- none - ~ | -none - ~ | 029713 Hog ~ |030 FT3 Hog_ ~ | -none - ~ | -none - ~
4 031,714 Hog_~ | 032 P14 Hog_ = [033 F14 Hog_* | 034 F14 Hog_~ | 035 FT4 Hag ~ |036 T4 Hog - | -none - - | -nane - = | 037.FT4 Hog_~ |038 F14 Hog_~ | ~none— | -none - = | 039,714 Hog ~ |040 FT4 Hog. = | -none - |-none - =
I Edit Detail Box. ) Inchude low cycle fatigue
File name. ht i _ Al box Low cycle loading conditions:

Saveastpe:  [XML Fies () -]

Detsiow: | @ Lowerst: T

Voatont: | 27528 568 m 0 510861

|CADNY\Workspaces\NAUTICUSHULLICY. Tutorial_FusiGasTank_ Stam\CV_Tutorial FueiGasTank Startyf EAnalyses\GasFuelled Tank FLSVAnalysis \R1.SIN

Name St
100%Fling 101 Tomperaturstosds 100Fling -

T5%ling 0 Filing

Sowfiing 103 Jemperstustoads SOFillng -

25%Filling 104 Temy ; 25Filling -
o spoes:

Import Gend i e | CADNVAWorkspaces\NAUTICUSHULL\C. Tutoial FuelGasTank Start\CY.Tutovil_FuedGasTank, Start\FEAnalyses GasFuelodTank FLS\.cwesStr
Length urit - -

Stoes unt e

ot e ploe | WekdedDutl |

> & Addnew 3 Delet
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The FE Fatigue tool has been recently improved to include all FE
strength computations needed for gas-fuelled container ships

FE fatigue assessment of a typical detall — bracket toe
FE Fatigue assessment by FE Fatigue tool

» Following results are available
I.  Fatigue strength results (damage) for high cycle fatigue and low cycle fatigue
[I.  Hot spot stress for fracture mechanics

[ll.  Hot spot stress for crack propagation analysis

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

Hot spot location - | X spet location - 2

~ o x

(OO kind ot Other welded details - type ‘a’ - hot spot stress for crack propagation analysis Other welded details - type ‘a’ - hat spot stress for fracture mechanics analysis
= impen

pEn

Desnpen
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» FE Fatigue tool automatically reads stresses from a finite element result file

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

* Intermediate fatigue results
» Direction 1/ Direction 2

» Fatigue damage computation

31

The FE Fatigue tool computes intermediate results,
giving the user a good overview of loading conditions
and EDW'’s contributing most to the fatigue damage

FE fatigue assessment of a typical detall — bracket toe
FE Fatigue Strength assessment by FE Fatigue Tool

* For each EDW: hot spot stress range and mean stress effect
* For each loading condition: Part damage

* High cycle fatigue

* Low cycle fatigue

« Combined high cycle and low cycle fatigue

DNV ©

25 FEBRUARY 2022

FE Fatigue tool for fatigue strength calculations

# Hot spot location - Hotspot

1

Message List:
1.2 Wami
Message
A\| Warning, high cycle fatigue

[=
Other welded details - type ‘a*
(%) nput
Design basis otspot
Design life, Tor 25| yunrs  Time i oorrasive erwieninent, Tezs 0 years *
Stress reduction factor, Ky 1
146238 147402 64594 146375
Stress mognification factor, K 1
Number of loading and unloading cycles, mioaing | 1000
Weld input
Net thickness of the transverse attached plate, ta 10 mm
147403 147404 146376 146377
Welded joint category (for thickness exponent) | 1: Cruciform joints, transverse T-joints, plates with transverse attachments
Elements
Upper and lower are according the normal vector specified in GeniE
Upper surface
® Lower surface
(2) Stresses
[ Import data from SIN file ]
Specified minimum yield strength, Reu | 235 N/mm2  Thickness,trnsa| 100/ mm  Meshsize| 100/ mm
Stresses:
He.  loadng |, HSM-1 HSM-2 FSM-1 FSM-2 BSR-IP BSR-2P BSR-1S BSR-2S BSP-1P BSP-2P BSP-1S BSP-2S OST-1P OST-2P OST-is ost2s|| He lLeadng g Static
No. condition No. condition
146238| FT1 [0« surtace 1803 1745 1757] 1770] 1884 1744 00| 00| 1884] 1719 0,0 00 1763 177 0] 00| | 146238] 100%Filling |o y surtace 79,1
146238 FT1 oy surtace ar] 35| 1so] 129 139 153 oo oo 33 11| oo oo 143 137 00| 00| 146238]100%iling|o s surace | 223
146238 FT1 iy srfoce 307] 327] 286 348 303 335| 00 oo 300 336 00 00 305 332 00 00 146238]100%Filing |t yysutsce | 344
146238] FT1 0 ¢ membrane | 135.0] 1306 131,6] 1325] 1407] 131,] 00| 00| 1407 1291 0,0 00 1321 1330 0] 0,0 | 146238] 100%Filling |o x membrane | 5.2
146238] FT1 9 ¢ membrane 2.2] 15 29  og 0] 3,5 0,0] 0] 04 3,9] 0,0 0.0] 21 1,4] 0] 0] | 146238] 100%Filing [ y membrane | 7.8
146238 FT1 [y memprane] 50,0 514 474] 538 509  520] 0,0 00 s05| 514 0,0} 00[ 494 523 00| 0,0] | 146238 100%Filing |« uy membrane| -4
(%) Results
[ Calculate fatigue life time
Combined fatigue life Low cycle
(high and low cycle): High cycle fatigue life: fatigue life:
Fatigue Life Damage ¢ || FatigueLife Damage ¢ || Damage
Iyears] Ivears)  Dicr Dicr
114 oosox | 7774] _ 003]ok 000]
Intermediate results Intermediate results
high cycle fatigue: low cycle fatigue:
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 OSI-S iiine Static Static
condition B0us fmean Aohs fmean A0Hs fmean B0k fmean A0Hs fmean A0Hs fmean B0Hs fmean Aoks fmean B9 comb An
FTt, direction 1| 129] 1.00| 91| 100 325 100 00| o000 375 100 00| 000 48 100 00 000| Direction1| 1382 1.0
FTi.diection2| 25| 100 73| 100 13 100 0o 000 30| 100 oo 00o] 22 10| 0o o0
F12. diection 1| 72] 100 8] 100 333 100 oo 00| 330 100 oo ooo] 35 10 0o o0
Fi2. diection2| 04| 100| 75| 100 13 100 0o o000 25| 100 oo 0o0o] 27 100 00| oo
F13.direction 1] 14| 100 35| 100 325 100 oo 000 200 100 oo oo0o] 31 10o[ oo oo0d
F13.diection2| 02| 100 38 100 12 100 oo 000 o7 100 oo 0oo] o8 10| 00 oo0o
FT4, direction 1 08| 1,00| 28 100 1700 1,00 00| 000 140 1,00| 0,0 0,00 1.8 1,00| 00| 0,00
FT4, direction 2 0.6] 1.00| 20| 1.00| 0.7] 1.00| w 0,00 0,5 1,00| 00| 0.00] 06| 1.00] 00| 0.,00]
Damage calculation, high cycle fatigue:
Loading
condition bors De D
T 37.5| 0.00} 0,07]
F12 333 0.00} 0,04)
FT3 32,5 0,00} 0,04]
T4 170000 o000

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

Description

| High cycle fatigue: The stress read out point i inside the midpoint of the inner element. Read out point: 5,0, inner midpoin |

1,[Warning, low cydle fatigue

[ Low cycle fatigue: The stress read out point s inside the midpoint of the inner element. Read out point: 5,0, inner midpoint |
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Demo: FE fatigue assessment of a typical detail — bracket toe
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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 e n i E C u Sto m i Z e d fo r S h i pS fuelled container ships with independent prismatic tank
Gas fuelled container ships — tutorial available

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

DNV

Tutorial for gas fuelled container ship with independent tank

Sesam GeniE

Title Article Total View Count
Tute: tod container ship with indepandent tank 18

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

Demos describing typical workflow

D | — SesamPortal X | @ Tutorial for gas fuell ine x| ) < / x =

ticushull/cargoholdmodel.mp4
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GenlE customized for ships

Ship mode configuration of GeniE

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

Input Units ﬂ
Qutput Units
Length ,mmi Mass ,tnnnei
Force N Angle rad
Temperature lﬂi Time: ,57

Input Units
Refill table Motice: Derived units will not be updated until you press apply

Unit Mame Unit Display For... |D\sp|ay Precision -
Acceleration m/s*2 Fixed hd B

Angle deg Fixed ﬂ 1

Area cm”2 Fixed ﬂ 1

FirsttMomentOfArea cn”3 Fixed ﬂ 1

Force kN Fixed ﬂ 1

ForcePerUnitArea KN/ "2 Fixed ﬂ 1

ForcePerUnitLength kN/m Fixed ﬂ 1 j
Length mm Fixed ﬂ 1

SecondMomentOfArea |cm*4 Fixed ﬂ 1

SecticnModulus cm*3 Fixed ﬂ 1

TempDiff delC Fixed =1

Time s Fixed ﬂ 1 -
| v

Reset to output units

oK ‘ Cancel | Apply

Detailss 3>
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Ship mode filter out browser entries that

are not applicable for ships

Full mode
E-{] testing

E1-{7] Analysis

L] Activities
¥ Load Cases
-{ 7] Capacity

i —
——

|

EIC] Properties
(Emseamiassiient

--{ 7] Beam Types

--{_7] Compartment Content

{7 Carrosion Addition

--{17] Effective Flange

—eeee

e —

—eeee——

W

{7 Materials

D Mesh

--{7] Mesh Options

-{{7] Permeability

{17 Plate Types

{17 Sections

{7 SlotsfLugs

-{_7] Sniping properties
{7 Structure Type
{17 Thicknesses
-{ 7] Wet Surface
E-{7 Structure

{7 Details
= ;
--{ 7] Features

-{ 7] Holes

{7 SlotsfLugs
-{ 7] Supparts
-] Utilities

-{ 7] CutPlanes

{11 Guiding Geometry
--{_7] Mesh Priorities
-{ 7] Model Views
--{17] Reports

H-{] Sets

Ship mode
B-{] test

B3 Analysis
{71 Activities
{7} Load Cases
D Capadity
E-{] Properties
--{ 7] Beam Types
--{7] Compartment Content
--{{7] Corrosion Addition
--{ 7] Materials
D Mesh
--{"7] Mesh Options
--{ 7] Permeability
--{ 7] Plate Types
{7 Sections
{7 Slot/Lug properties
-{_7] Sniping properties
{7 Structure Type
--{ 7] Thicknesses
-{ 7] Wet Surface
B-{] Structure
--{ 7] Details
--{ 7] Features
{7 Holes
{7 Slotsflugs
--{ 7] Supports
B-{] Utilities
{7 CutPlanes
{1 Guiding Geometry
{7 Mesh Pricrities
{7 Model Views
--{ 7] Reports
E-{] 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

|E ' Rules Meshing

General IWmnab& edge ]W

ther preferences
e unused properties

General FEM options
[ Use second order elements G2
Superelement type | 1 v

| topology (Performed before meshing)
v Alwa
[~ split periodic
- . topology if possible

Adjust number of elem
Wirite loads separa’

[ Allow triangular
v Prefer pg

[ Use first order thick shell elements G2

Face mesher
ing Front Qu;
= Ady; iangle Mesher
Sesam Quad Mesher
& Template Quad Mesher
" Patch Surf Tri Mesher

¥ Longitudir: i)

[~ Adjust edge d

Scantling idealizations

Thickness | Gross -

Eccentri
| Use co-centric

mized face parameterization

idealizing 97

Ship mode
2| x| |B ' Rules Meshing ﬂ&

General ]Eliminahe edge ]

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

Element preferences
I Use first order thick shell elements 92

Scantling idealizations
Thickness | Gross j

Face mesher
+ Template Quad Mesher
" Patch Surf Quad Mesher

OK | Cancel Apply

oK Cancel

Apply
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The GeniE Ship Mode licence has a competitive price
compared to other FE tools used in the maritime industry

GenlE customized for ships
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

« Node locked: 1 415 Euro  Price policy for yearly rental (need NH prescriptive
package in addition)

* Node locked: 6 760 Euro
* Network: Node locked / 0.6 =11 270 Euro

* Network: Node locked / 0.6 = 2 360 Euro
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GenlE customized for ships

Digital sales of Nauticus Hull

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

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

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

Internet landing page for digital sales of Nauticus Hull

Purchase on the internet

< C @ storeveraciy.com *

- o x

B G @) -
oy

Nauticus Hull - Ship
structural analysis and
design

See pricing

Why choose this service

Overview

37 DNV © 25 FEBRUARY 2022

cC @

x4

Overview

-+

E— - a8 x
c & st veracipcom * 0 B (e @) -

Pricing and plans

ull Prescriptive package - Nods locked

1 user - Node locked EUR 1415

EUR 2360

TOTAL EUR 2360

Pay by credit card or invoice
3 PAYMENT

@JG_\, bycard () Pay by invoice

We accep!

Ve acce
VISA

t:
= ¢

‘Card holder name

Card number Explres/CVC code (D)

) Thisis a secure payment provided by Stripe”

Caneel Submit payment >

DNV


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

WHEN TRUST MATTERS

Thank you

Feel free to contact us if you shculd need any further support

Ragnar.Eimhjellen@dnv.com

www.dnv.com
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