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Computational Analysis Tools

FORESEEN
ITEM m PERIOD STATUS

COMPASS

WP3-DEVELOPMENT AND VALIDATION OF NUMERICAL AND CAE TOOLS
Task 3.1: Development and tuning of a coupled Seakeeping-FEA analysis tool

Task 3.2: Implementation of the Inverse Finite Element Model Updating method

Task 3.3: Development of thermo-mechanical behaviour analysis and collapse assessment tools for laminated
composite structures

Task 3.4: Validation and benchmarking for the software developments and applications
Task 3.5: Demonstration of the developments and implementations
Task 3.6: Graphical user interface integration of the developments and implementations

Task 3.7: Simulation tool version release, documentation and training
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Solution: Implementation of a new constitutive model for FRP materials (basic component)

Objectives: Integrate (within a FEM GUI) an advanced constitutive model for FRP materials based on
the Serial/Parallel mixing theory (SP-RoM) & isotropic Kachanov-type damage (including model
implementation and validation) & thermo-mechanical model & fatigue assessment model.

Components: GiD, Tdyn-Ramseries, SP-RoM model (new development).

Other characteristics: Usability (easy definition, local axes management, new groups manag. tools, ...).
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Definition of FRP laminates

~ {A’ Reinforcement materials
> ¢ 'EGlass
> & Kevlar_49
V{A’Nlatnxmatenals | Fibre
» & Epoxy
> {A’ Polyester
> {A’ Compaosite

s Wt Laminates definition
structural m\

4

~ {A’ Reinforcement materials - Laminate definition Laminate composition
Elasidpropeities > ¢7E Glass Laminate name Plate_1M50 1M1RE00 1M CP15 2M CP15 1M1RE00 1M 1M50 Material | Angle | Thickness | Layers | Num. seq, | -
" 2 3 = EGlass/Epoxy_MAT300 00 0000246 1 E l
El: 72489 MN/m - & e Material EGlass/Epoxy MAT300 & Select material EGlass/Epory RovB0D 00 00006 1
E2: 72.4¢9 N/m o ~ ¢ Matrix matenials Dlsequenc ‘ EGlass/Epoxy_ MAT300 0.0 0000246 1
> & Epoxy Sequence EGlass/Epoxy MAT300 0.0 0.000246 1
3 z .
G12: 30.0e9 N/m - ? Pobvest deg Woed_Okoumé 9000 0001500 1
a1z 2000 Nfm? . ).( °3"E_ & Wood_Okoumé 00 0001500 1 .
N i (L V{’Composlte = e = s TSRS =
G2 30.0e8 M/m* - ).() E_Glass_Epoxy - rRIERES Visual description
viz: 0.21 7 & Laminate Ren_EGlass/Epaxy_|
eviously defined laminates EGlass/Epoxy_Rovl.
w21: 0.1 composite components EGlass/E, Diage
/Epoiy_Diag
. Existing laminates  Plate SRvm - Ren_EGlass/Epaxy_ |
Specific weight: |24900.0 MN/m® - Compasite components .| i
Ren_EGlass/Epoxy_t
. i rei Total laminate thickness EGlass/Epoxy_MAT.
Type of ply: matrix_reinf poxy.
7 - Total thickness [0.033280 ‘ EGlass/Epoxy JMAT:
> ¢ Kevlar 49 Reinforcement material: E_Glass - otal thickness [0. ™ Ren_EGlass/Ejpoxy |
~ ¢ Matrix materials . . Ren_RVM_EGlpss/Ey
atrix material: {63 A
> Mat terial Epoxy MetaAramid_Hesoxa
: EGlass/Epoxy [Roval
7 Thickness: 0.0004576 m b POXY.
> § " Polyester Wood_Okourg®
~ & Composite VE(36): 60 Balsa 30 mm
. Dolisthilan IS
> § E_Glass_Epoxy
> & Laminate v

structural m\
Materials database (catalogue)

E: 3.5¢9 N/m? - -
8 = v - L Resin
i 0.33

Specific weight: | 15100.0 N/m? -
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Constitutive model for FRP materials

Definition of structural FEM model

Visual description

Top Width
' '
' oo
v 3 Beams [ 1
’ Rectangular section Height]
# Generic section } ]
> 1 Sections library ! : : !
a I i
0 e 1 AR i
~ 4 Shells I I
4 Isctropic shell | |
I I
4 Orthotropic shell Base Wi

~ 4y Laminate shell

> group: Plate_9Rvm
) group: Plate_8Rvm
() group: Plate_7Rvm
group: Plate_6Rvm_4
group: Plate 4Rwm_2

group: Plate_4Rvm_soric3mm

| group: Decks_Plate_IM1RIMCPE1IMCP2IMIRIM

[Jj group: Plate_ IMTRIMCP151M1RIM

group: Plate_1M1RB001MCP10TRANS100X25CP101M1R3001M
group: Plate_1M1RB001MCP10TRANS100X50CP101MTRE00TM
group: Plate_1MTRTMCP10TRANS100X25CP10TMIRTM

» L group: Plate_IM1R1M_CP10_TRANS100X50_CP10_1M1R1M

>
>
>
?
>
>
>
>
?
>

4

Edit Laminate shell

Section properties

Units N-m-kg T

Top width 00 | m Toplaminate  |niic aRum @
Bottor width pg | m

Base width 00 |m Base laminate Plate_9Rvm &

Height 00 |m Heightlaminate |piate opym @

£> Tdyn x64 Project: UNNAMED

Files View Geometry Utilities Data Mesh Calculate Reports Postprocess Help

Pick LEFTMOUSE to rotate (ESC to quit)
Pick LEFTMOUSE to rotate (ESC to quit).

[Command

Core properties-

G 00 N/m?

Section properties

© Caleulate
Area o m
yy oo m*
Iz 00 m
Specific weight I | N/m?*
E oo | Wi
) oo m

Shell / Solid properties

© T Frect LNNANED

Fies View Grometry Uslitns Dsts Mah Cokulste Reports Postprocens g

Mumber of layers: |21

Thickness: 0.014268

Material: ate_SRum - Q
|
|

CDG Position: 0.0

\» Local Axes: Open hd

Group: [Plate_9Rvm
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Definition of local-axes

CAD/CAM import tools
(IGES / STEP + FORAN XML)

Nodes: 0, Elements: 0 Render: flat

(s_ssssv-d b07? 0)

E——

> 4k Simulation data
> General data
> X Constraints
~ & Local axes
& Local axes definition
'Z Local axes directions
~ & Materials and properties
3 4 Shells
& Custom properties
~ & Physical properties
> & Stesl
> & Concrete
> & Solid
> ¢ Plasticity
» ¢ Orthotropic
» ' Core materials
~ & Composite

Y&

> ¢ E-Glass_Epoxy
> §'M-Carb_Poly
> & Aramid_Poly
> & Laminate
> 4l Loadcases
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Fatigue assessment tool

& Tdyn x64 - Project: SeaFEM-ValTest13-Pulled_dynamic_cable-Case2 . . . - O X
Files View Geometry. Utilities Data Mesh . Calculste Reports Postprocess Help { A : 5

Strain et

!

...Stresses Top Sx 0.01
iMPal

® Wohler (S-N) experimental curves are defined for parallel an serial
directions (matrix and fiber).

Layer to use: SHELLS/HUL... Nodes: 32K, Elements: 72K = Render: smooth = (Orthogonal,

® Rainflow counting-type algorithm (Miner's Rule) is used to estimate
the damage per ply.

® Damage estimate of the composite is evaluated based on the per-ply
value.
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Solution: Fire simulation & collapse assessment tool

Objectives: Coupled computational analysis solution for fire and smoke propagation (fire dynamics
and fire propagation) and collapse assessment of FRP composite structures (thermo-mechanical +
pyrolysis + isotropic damage FEM).

Components: CFAST, FDS, GiD, Tdyn-Ramseries / Abaqus, S/P thermomechanical model + isotropic
damage (new), 1D-2D pyrolysis model (new).

Other characteristics: Usability (included integrated GUI), Import/Export tools, Practicality (Fire
propagation vs Fire dynamics).

~ Fire/smoke
propagation & collapse

assessment tool

PUBLIC © Document owned by FIBRESHIP



Fire simulation & collapse assessment tool
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FDS GUI (based on GiD-Ramseries)

SOME CHARACTERISTICS

new GUI tools allow to define the main namelist
groups of FDS (obstacles, vents, reactions, fire
events ...) directly in GiD-RamSeries and to run FDS
solver.

Geometrical information is shared with the
structural model and can be used for the definition
of the FDS model.

Importation tools (STEP and IGES, including XML’s
FORAN data)
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CFAST GUI (based on GiD-Ramseries)

Fire specification, ship
compartments configuration,
wall thermal properties...

Fire propagation
analysis (CFAST)

Fire dynamics
analysis (FDS)

Temperature time evolution
curves

Beams and shells thermal

analysis (RamSeries)

b @ Materials and properties
Fire modelling data ¢/
b & Time data
b ¢} Simulation conditions
< By Compartments
P () group: Compartments Autol
b () group: Compartments Auto2
P () group: Compartments Auto3
< < Wallvents

b ) group: Mechanical vents Auto2
b &) group: Mechanical vents Auto3

t: |Compartments Auto ]
ooooooo 0 [25 Jm J
N 25 Im |
J
J
J

bo lm

U

Pyrolysis model (through
thickness temperature)

<

Beams and shells structural
analysis (RamSeries)

Collapse risk assessment

SOME CHARACTERISTICS

® New GUI tools also allow to define compartments,

vents, fire events and targets directly in RamSeries
and to run the CFAST solver.

Geometrical information from the structural model
can be used for the definition of the CFAST model if
necessary..

Importation tools (STEP and IGES, including XML’s
FORAN data)



Fire simulation & collapse assessment tool
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FDS / CFAST GUI
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Fire Dynamics

Thermo-mechanical analysis
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e - %‘% T =1 =0

& rderoald

® FDS: Temperature maps over structural
components (beams, decks and bulkheads)
are calculated

® CFAST: Two-zones temperature evolution is
calculated.

® FDS/CFAST: Furthermore, time evolution of
(adiabatic) temperature in a distributed
network of control points
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Smokeview 644 - Jan 18 2017

Frame: 0

Time: 0.0

temp

|

yrolys

. £ Hal g daplacoments
|S 3 [ Dymmic condian:

SOME CHARACTERISTICS

SOME CHARACTERISTICS

® Transfer temperature (heat flux) information

from control points to the structural solver.

® The structural solver includes a pyrolysis

model for composites (1D -through thickness-
model for shell elements and a 2D model for

beam elements), which calculated
temperature distribution (per layer).

SOME CHARACTERISTICS

® Displacements, strains and stresses are
calculated on structural components using a
thermo-mechanical composites constitutive

model.

® Anisotropic damage model is used to
assess the collapse risk of the structure.
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The compartment conaining with the k.

Fire simulation & collapse assessment tool o Gotat /24260 Moy 209 IR RESHIP T ‘ S

Example of application: Fire-resisting division test

Fire Dynamics Pyrolisis model Thermo-mechanical analysis
H\ ‘ = The heat fluxes/adiabatic temperature are Thg 'CAE.struc'tural model of the fire-resisting
~SHEITAE ! calculated in a set of control points on the Hd|V|5|or1 is defined (integrated GUI).
‘ e ) ([l e el et bulkhead / deck. S ]
% _r——/'))jﬁ :— i ::;{ 500 .Jl.'::dlcmruum R
1= ll L fT—::E’ij’l = 450 e T
e e ™
The compartment delimited by the fire-resistin g el “\‘.\\i
division of interest is modelled (integrated GUI). Eh g
: S P & 2w Simeea
* B maien 4 2 150 u#urm:;:
=t —N\  ET
L ) S 50 — 1 smmm
- = ;':x:hem 0 >2’Hﬂ:lpmp-aﬂu
A i G s e il s 0 200 400 600 800 1000 1200 1400 - N
oS o . (Ciwital eonditiom . Al Combined LI
- T, 4 b vty rdoon time (s) o Ml Loademn 1
. P 3 3 Ml LosdCae propertis
{\r :-& JﬁLm-uumn
J e An 1D/2D model calculates the temperature e
g™ evolution through the panel/stiffener thickness and e
[S— the pyrolysis of the polymer matrix. =
a0 . 1,1 303%%“5
o or o er) é(wh,) 1 sormas
C,—=— hk— |———+m +h e
740 p P 51 6”(( ax J ax_ SE (QP‘ C) %0,3 coossar
850 %u,s
S60 61" . 04
470 pCPE:V-(;'(TVT)—ngngg VT +m,, (Qp—i-hc—hg)
z:z Characterization of materials properties Is based on o _ _
- experimental tests (carried out by VTT) Valldat|_on will be based on experimental tests (to
o be carried out by VTT and RINA)
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Full 3D hydroelastic solver o Ciotat /2426t My 2019 IR RESHIP T | 57

Solution: Full 3D hydroelastic (& non-linear) solver.

Objectives: To implement a coupled time-domain radiation/diffraction seakeeping analysis solver (2nd
order) and dynamic FEM structural solver based on the SP-RoM constitutive model.

Components: GiD, Tdyn-Ramseries, Tdyn-SeaFEM, SP-RoM model (new), monolithic algorithm (new).

Other characteristics: Integrated GUI, Monolithic coupling, Import/Export tools.

Full 3D hydro-elasticity

solver
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Full 3D hydroelastic solver
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FEM structural solver data
* Linear / Non-linear dynamic solver

* SP RoM constitutive model

Hydrolelastic solver
* Monolithic coupling

() Tdyn x64 Project: UNNAMED — O X 0 Tdyn x64 Project: SeaFEM-ValTest13-Pulled_dynamic_cable-Case2
Files View Geometry Utilities Data Mesh Calculate Reports Postprocess Help Files View Geometry Utilities Data Mesh Calculate Reports Postprocess Help
Pick LEFTMOUSE to rotate (ESC to quit) ~ Enter 1st poir]t
Pick LEFTMOUSE to rotate (ESC to quit). o Enter 2nd point
(B bedB O DL
oo - COCnEE
Structural data
tuctural dats /7 W
I iGenenI data § p
- <> rem
X Constraints =) ¥ Hy D
& Conacs : i -
I MDynamic conditions [_ =i B
& Local axes _
& Materials and properties D <
> #FBeams .| HH Velocity over fluid .. & [
> 4 Shells N\ [ M Freesuface Autol [ [
I & Custom properties E‘ =\ | Outiet Autol 5]
l > & Physical properties ~ [ Mooring @ -
¥ Tlseament 1 [N
- - | « co— »
ST, = = = =
b B General date 9 Limits: 3 e c
|\« Problem description P ~ @ Free surface 4
Ii % Environment data th > | Total elevation é
I > & Waves = > N Scattered waves
2D, > R Incident waves
&) Time data 3
dat 4 > 4= Velocity
= | 2, ‘v > @ Min/Maxall steps
= ! — | ~ @ Fuid
I lements data -k, =
 Body joints . X All preferences
|| i 8ody couplin % Draw original No -
[ INumerical d g Result “{Free surfac v
¢~ Aristes
dagy - - i ¥ Drawstvie Group
Layer to use: Layer0 = Node lements: 0 = Render: normal | (4.3155, -0.16636, 0) Layer to use: PartD//FS1 | Nodes: 3K, Elements: 15K | Render: smooth | (Orthogonal ] | J 4 S—

Importatic; tools

STEP and IGES, including XML's FORAN data * Time domain

e 1stand 2" order
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FEM seakeeping solver data

Validation Vv

Validation to be done with the data gathered onboard

Zim Luanda container ship (carried out by TSI) 5



Hull girder model + 3D FEM analysis ot 2025 w09 IR RESHIPT | B

Solution:
®* Hull girder model (basic component for fatigue assessment and health structural monitoring tools)
+ 1D to 3D FEM interface.

Objectives:
®* Toimplement a time-domain coupled hull girder — seakeeping analysis tool (linear/non-linear — 1t
order/2" order) and a 1D to 3D FEM interface.

Components: GiD, Tdyn-SeaFEM, Tdyn-Ramseries, fatigue damage model (new), hydro-elastic model.

Other characteristics: Hull girder to 3D FEM model interface, Reduced computational cost, Usability
(new GUI), Practicality.

L
bsteinl | ngle | Thickmness | Lope | vium, el
EGl 4545} Q.00045TE 12 3

Hull girder model

[ | [gmen]
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Hull girder model
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Definition of FRP laminates

Automatic

generation of
Sea States

SeaFEM
(diffraction/radiatio
n FEM sea keeping

solver)

Distributed
loads

properties

Composite
SN curves

Automatic
Voyage generation of
Simulation Combined Load

Cases

— Ship-Beam
Coupling Dynamic Analysis

Time-history of '
deformations Sections’

‘ properties

Composite ﬂ Detailed 3D

FEM model

3D Hydro-

elastic analysis

4

Strengh
assessment
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Hull girder model definition

‘»p....—...,

| #ama | Total Mass [T) | Ate fenit ) | Fowd it [o] | Pos. ¥ fm] | Pos. ¥ [en] | Pos. 2 m]
0 0 15 5 [

BallstBr 200
2 Congol 1500 -0 0 an an
3 Cango2 1500 » 'l 150
a BallastEr 200 ] o -5

3 em em  om ean

[ J[cmea]|

Coupled hull girder — seakeeping analysis

.....

=

3D FEM dynamic analysis

l | 1D to 3D interface

* Transfer of (time-domain)

seakeeping wave loads

Hull girder stresses /
displacements are imposed
at the boundaries of the 3D
section under analysis

3D FEM model offers local
displacements and stresses
using SP-RoM model
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Hull girder model

Definition of FRP laminates

Automatic

generation of
Sea States

SeaFEM

solver)

(diffraction/radiatio
n FEM sea keeping

Distributed
loads

Composite
properties

Composite
SN curves

Voyage
Simulation

Time-history of
deformations

$
ﬂ Detailed 3D

FEM model

Automatic
generation of
Combined Load
Cases

- Ship-Beam
Coupling Dynamic Analysis

Sections’
properties

Fatigue damage [ veroe

evaluation

4

- Analyses
D Qutputs

Fatigue
assessment
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=

l | 1D to 3D interface

25 + Fatigue damage is

estimated using a
rainflow counting-type
algorithm (Miner's Rule)
based on the SP RoM
model.
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Solution:

® Inverse Finite Element Updating Method (basic component).
® Structural health monitoring solution.
®* Non-destructive testing tools.

Objectives:

®* Toimplement an Inverse Finite Element (iFEM) Updating Method based on the SP-RoM + explicit
Kachanov-type damage model.

®* To develop a Structural Health Monitoring system for large-length FRP-based ships.

®* To develop a non-destructive testing (inspection) for structural elements.

Components: RMOP optimization platform, GiD, Tdyn-Ramseries, SP-RoM model (new), monitoring
system (new).

Inverse Finite Element

Updating Method

17
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Problem statement Normal modes / frequencies (zone 2 damaged)

* Damage zones: FEM model topologically / [l IS S I . . . . cociced into
heuristically divided into zones 111 < S\ nine zones

- Design variables: Average damage on the [ A
different zones

e Objective functions: weighted differences
between measured and calculated
frequencies:

fobj = W ref,/'_fi)
* Strategy: Minimization of the objective

functions by means of Newton-based

methods

* FEM solver: SP-RoM + explicit Kachanov-
type damage model
* The iFEM model can be also applied to

estimate damage maps based on different

f=4070 Hz f=4805 Hz f=5374Hz f=6060 Hz

objective functions (such as displacements
in control points)
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Fire simulation & collapse assessment tool

Example of application: Quality assessment of a composite panel

Modal testing

iFEM CAE model

iIFEM analysis / Quality assessment

20—

Armplitude

o

...
L
® Phase & o

The natural frequencies of the structure are
measured.

> 4 Seiation dta

© Retererce oata — =] x
Reference dats
Mode LFreaiy) |

- —
3
2
> 5
> 5
3

P

1.082512, 1.114518, 0)

I I ]

¢} o) @
@

@ @ @

The iFEM model is created: FEM panel model +
reference modal frequencies + a set of control
points, definind the area of interest.

© Ramseries 164 reject om axperiments ogt - o

Fies View Geometry Ubities Dats Mesh Calculate Raports Postprocess _Help
_—

Pick LEFTMOUSE o desplace view (ESC to quil
G, Event BeforesetCursor PAN_FROM

3 4= Mode 1 freg: 153)
> 4= Mode2 freq: 3729)

> 4= Mode 3 (freq. 40.36)

3 4= Mode d lreq: 27

3 4= Mode’ freq: 61.38)

3 4= Mode6 freq: .)

> 4= Mode 7 lreq: S2.79)
¥ 3 4= Mode 8 [freq. 9856)
[

The model offers as a result an estimation of the
damaged area of the panel.
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Structural Health Monitoring (SHM) Non-destructive testing tools

* Consist on: * Consist on:

* A modal monitoring (testing) * A portable modal monitoring
system (testing) system, including impact

* A model of the structure (global hammer.
hull girder and local detailed * A local model of the structural
models) element (i.e. bulkhead)

* A processing unit (iFEM model) * A processing unit (iIFEM model)

* The collected data is used to feed the * The collected data is used to feed
iIFEM model, which estimates the the iFEM model, which identifies
damage map on the structure for the possible defects in the structural
local detailed models element

* The system is conceived to support * The tool is conceived for quality
decision making on maintenance control and inspection on structural

plans elements

20
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Computational Analysis Tools

WP3-DEVELOPMENT AND VALIDATION OF NUMERICAL AND CAE TOOLS COMPASS

Task 3.1: Development and tuning of a coupled Seakeeping-FEA analysis tool COMPASS
Task 3.2: Implementation of the Inverse Finite Element Model Updating method CIMNE
Task 3.3: Development of thermo-mechanical behaviour analysis and collapse assessment tools for laminated COMPASS
composite structures

Task 3.4: Validation and benchmarking for the software developments and applications COMPASS
Task 3.5: Demonstration of the developments and implementations COMPASS
Task 3.6: Graphical user interface integration of the developments and implementations COMPASS
Task 3.7: Simulation tool version release, documentation and training COMPASS

* Beta version of the different computational solutions already available.
* First training course scheduled.
* Final versions (validated tools) to be delivered by September 2019.

M1-M24

M1-M24

M1-M24

M13-M24

M13-M24

M13-M24

M13-M24

* Validation based on a three-tier approach: small, medium and large scale experiments.

 Demonstration on the three targeted vessels by January 2020.

PUBLIC © Document owned by FIBRESHIP

Finished
Finished
Finished
Delayed

Finished

Validation
and testing
Validation
and testing

PROGRESS (%)
up to M24

100%
100%
100%
60%
100%
90%

90%

La Ciotat / 24-26th May 2019 F[SQESH[P? ‘ -
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