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Computational Analysis Tools

FISBR=SHIPT

° FRP-structures of large-length ships need to be able to
withstand extreme loads and environmental conditions
with minimum maintenance. Furthermore, large vessels
are classified according to their expected life, and
therefore it is essential to have advanced simulation tools
that are able to assess and optimize the life-time
performance of FRP-based ship structures.

° FIBRESHIP will overcome this challenge by delivering a
rational, robust and validated set of computational
analysis solutions for assessing the structural integrity of
large-length FRP ships during their life time.

®  Another challenge in the design of large-length FRP is to
demonstrate ‘steel equivalence’ to fulfil the fire-safety
requirements. For this purpose fire risk analyses, based on
advanced simulation tools, are required.

° FIBRESHIP will develop an innovative coupled analysis
solution for fire/smoke dynamics/propagation and
collapse assessment of FRP composite structures.
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New computational analysis needs have been
identified for the structural and collapse
assessment and fire collapse of the future large-
length FRP vessels.

Those analysis solutions have application on

design, building, operation and maintenance.

The new solutions will be based on existing
technology (from previous R&D projects), with
special attention paid to practicality and usability.
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Solution: 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) + explicit Kachanov-type damage (including model
implementation and validation).

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

Other characteristics: Usability (easy definition, local axes, ...).

Constitutive model for

FRP materials
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Constitutive model for FRP materials FISR=SHIPT | |8

Definition of FRP laminates

~ & * Reinforcement materials
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> M Loadcases -

structural damage

~ {." Reinforcement materials - Laminate definition Laminate composition
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> ( ’ Polyester Thickness: 0.0004576 m Wood Okourg@
~ ¢ Composite VE(3E): 60 Balsa 50 mm
. Daliathilan I8mm
» & E_Glass_Epoxy
> & 'Laminate -

structural M\
Materials database (catalogue)

E 3.5¢9 M/m? = .
.« we .| Resin
v 0.33

Specific weight: [15100.0 Nfm* &

PUBLIC © Document owned by FIBRESHIP



Constitutive model for FRP materials

Definition of structural FEM model

Visual description Section properties

Units. M-m-kg

Topwidth  |pg | m Toplaminate [pize oRym

Bottom width |pg | m

Base width 00 |m Base laminate Plate_9Rvm
Height 0.0 | M Height laminate Plate_SRvm

= fBeams [ ] Core properties
i Height]
’ Rectangular section c [

’ Generic section

3 i# Sections library
> {# Naval stiffeners

Section properties

FISR=SHIPT ‘ 3

&> Tdyn x4 Project: UNNAMED - O X

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

1
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> group: Plate_7Rvm E
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Shell / Solid properties

>
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Edit Laminate shell

prT—
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Thickness:

0.014268

CDG Position: 0.0

\» Local Axes: Open hd

Group: [Plate_9Rvm

PUBLIC © Document owned by FIBRESHIP

T ———

£ oot

Definition of localaxes

Tdyn Data EEEYES Groups ‘

> 4 Simulation data
» |Zi General data
» X Constraints
& Local axes
\4 Local axes definition
\( Local axes directions
~ & Materials and properties
» 4 Shells
@ Custom properties
~ & Physical properties
> ' Steel
> & Concrete
> & Solid
> g Plasticity
> § ' Orthotropic
> & Core materials
~ & Composite
&
> ¢ E-Glass_Epoxy
> ¢ M-Carb_Poly
> & Aramid_Poly
> §'Laminate
> M Loadcases

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

( 6.6555

Layer to use: Layer0)  Nodes: 0, Elements: 0 Render: flat
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Solution:

® Hull girder model (basic component for fatigue assessment and health structural monitoring tools).
® |ongterm analysis (fatigue assessment) tool for FRP structures.

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.

® Toimplement a fatigue damage formulation which reduces the strength capacity of the material
based on energy dissipated in each load cycle (load cycle is a variable of the model).

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

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

Hull girder model
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Hull girder model FISR=SHIPT -

befinition of FRP laminates Hull girder model definition Coupled hull girder — seakeeping analysis
: Sea States Simulation Cumt:ined Load

SeaFEM
(diffraction/radiatio

Ship-Beam
Dynamic Analysis

n FEM sea keeping
solver)

Coupling

Time-history of

deformations Sections’
properties
Distributed ; i
loeds : s en gl s bl e Ly e s el 1D to 3D interface
Composite - Detailed 3D Sar i  mEE 1 Ium a0 w8 n we am
Pfopsitics FEM model
Composite I 2o

e Transfer of (time-domain)
seakeeping wave loads

* Imposed hull girder
displacements 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

Voyage

generation of . 4
Simulation

Sea States

SeaFEM
(diffraction/radiatio

n FEM sea keeping
solver)

Coupling

Time-history of
deformations
Distributed

$
loads

Composite Detailed 3D
sl FEM model
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-_— T . -

Fatigue damage

evaluation

4

Automatic
generation of
Combined Load
Cases

Ship-Beam
Dynamic Analysis

Sections’
properties

D User inputs
- Analyses
D Dutputs

Fatigue
assessment
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Hull girder model definition

FISR=SHIP T

Coupled hull girder — seakeeping analysis

(= N e

L yamnte | Pompe | #ynapm| wismi ] sz |9ponis| gl rims | wimar | npmis | wiet | age | g
[ ) Wz 1 T T ]
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1D to 3D interface

A

Fatigue damage
formulation reduces the
strength capacity of the
material based on energy
dissipated in each load
cycle.

The computational analysis
is based on the number of
cycles applied to the
structure, instead of the
load history.
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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 FEM).

Components: CFAST, FDS, GiD, Tdyn-Ramseries / Abaqus, S/P thermomechanical model (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
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Fire simulation & collapse assessment tool FI3R=SHIPZ | H

b
B 1 Woad Wall
B ) Targets

analysis (FDS)

FDS GUI (based on GiD-Ramseries) CFAST GUI (based on GiD-Ramseries)

B Matasisls and propedties.

- Tire madeling data |

= Sl

Fire specification, ship 'E‘é‘{;ﬁ?@mm;

A I compartments configuration, ,;f;":,wmw

- wall thermal properties... S demdiirmpme

- + it

~’ ; ; ==

N et

" Fire dynamics Fire propagation = i v

) analysis (CFAST)

el Descrtan
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[Pesiien i 28 Im

Temperature time evolution
curves

|Pestien (vs 23 Im
[Position Tk 00 Im
Igniticn critesis: Time

et pore: 08 1+

SOME CHARACTERISTICS Beams and shells thermal

analysis (RamSeries)

® new GUI tools allow to define the main namelist @ SOME CHARACTERISTICS
groups of FDS (obstacles, vents, reactions, fire Pyrolysis model (through

events ...) directly in GiD-RamSeries and to run FDS thickness temperature)
solver. @ ® New GUI tools also allow to define compartments,
e . S . vents, fire events and targets directly in RamSeries
eometrical information is shared with the 2nd to run the CEAST solver
structural model and can be used for the definition analysis (RamSeries) '
of the FDS model. @ ® Geometrical information from the structural model

® |mportation tools (STEP and IGES, including XML's Collapse risk assessment f]aer;ebsiaursed for the definition of the CFAST model if
FORAN data) Y-

® |mportation tools (STEP and IGES, including XML's
FORAN data)
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Fire simulation & collapse assessment tool FI3R=SHIPZ | H

FDS / CFAST GUI () 1D/2D Pyrolysis model Thermo-mechanical analysis
i uu;;;i%‘
@EE_J _Jﬁ?%jﬁ‘f—;

SOME CHARACTERISTICS SOME CHARACTERISTICS SOME CHARACTERISTICS

® FDS: Temperature maps over structural ® Transfer temperature (heat flux) information from ® Displacements, strains and stresses are calculated
components (beams, decks and bulkheads) are control points to the structural solver. on structural components using a thermo-
calculated ® The structural solver includes a pyrolysis model for mechanical composites cqnst|tut|ve model
S . . (collapse of the structure is assessed).
® CFAST: Two-zones temperature evolution is composites (1D -through thickness- model for shell
calculated. elements and a 2D model for beam elements),
which calculated temperature distribution (per

® EDS/CFAST: Furthermore, time evolution of
(adiabatic) temperature in a distributed network of
control points

layer).
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Solution: Full 3D hydroelastic solver (ultimate strength assessment).

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

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

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

Full 3D hydro-elasticity

solver

12
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Full 3D hydroelastic solver

FISR=SHIPT | &

FEM structural solver data
* Linear / Non-linear dynamic solver

¢ SP RoM constitutive model

OTdyan
Files View Geometry Utilities Data

Project: UNNAMED

Mesh Calculate Reports Postprocess Help

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

Hydrolelastic solver
* Monolithic coupling

0 Tdyn x64 Project: SeaFEM-ValTest13-Pulled_dynamic_cable-Case2

Files View Geometry Utilities Data Mesh Calculaste Reports Postprocess Help

Enter 1st point
Enter 2nd point
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> 4= Velocity
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Importation tools

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

e 1stand 2" order
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FEM seakeeping solver data
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Solution:

® |nverse 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).

OOOQO O‘

Inverse Finite Element

Updating Method o | O(C))OI | 88
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Inverse Finite Element Updating Method FISR=SHIPT ‘ Ea

Problem statement Normal modes / frequencies (zone 2 damaged)

e Damage zones: FEM model topologically /
heuristically divided into zones

e Design variables: Average damage on the
different zones

e Objective functions: weighted differences
between measured and calculated

Squared shell panel divided into
nine zones

frequencies:
fobj = W ref,i_fi)

e Strategy: Minimization of the objective
functions by means of Newton-based
methods

e FEM solver: SP-RoM + explicit Kachanov-
type damage model

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

15
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Inverse Finite Element Updating Method FI3R=SHIPZ | H

Structural Health Monitoring (SHM) Non-destructive testing tools

* Consist on: * Consist on:

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

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

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

* The collected data is used to feed the e 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
global hull girder and local detailed element
models * The tool is conceived for quality

* The system is conceived to support control and inspection on structural
decision making on maintenance elements

plans

16
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Final comments / Open discussion FISR=SHIPT

Work progress on track.

Alpha version (of most) of the solutions expected by October 2018.

Final versions (validated tools) to be delivered in May 2019.

Validation based on a three-tier approach: small, medium and large scale
experiments*.
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Final comments / Open discussion

FISR=5SHIP T | &

e Questions? Ideas?

Are the specifications of the tools (approaches) correct?
Additional requirements / specifications?

Additional missing computational analysis tool will be required for large
FRP ships?

How to validate the tools?

Integration / communication with existing design tools
Cooperation with teams of other projects
e Open discussion

18
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THANK
YOU

www.fibreship.eu
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