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BRIEF DESCRIPTION FI3R=SHIPT

*  CHARACTERIZATION AND SIMULATION OF FIBRE-BASED MATERIALS
*  Simulation of mechanical performance of composites.
. Calibration process.

. Fatigue performance of composites.

NUMERICAL TOOLS TO DESIGN AND ANALYZE FIBRE-BASED SHIPS OF LARGE LENGTH
. Coupled seakeeping-FEA tool

. GUI for materials definition, hull girder analysis and collapse assessment.
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INTEGRAL COMPOSITE SHIP

CHARACTERIZATION AND SIMULATION OF
FIBRE-BASED MATERIALS
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ODUCTION. What'’s a composite material? FISR=SHIPT
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TASK: Development of numerical models

INTRODUCTION. Use of composite materials on naval industry

SOLUTIONS ON NAVAL INDUSTRY ARE BECOMING MORE SPECIFIC, AS
WELL AS THE MATERIALS USED TO DEAL WITH ARE BECOMING MORE
COMPLEX.

COMPLEX SOLUTIONS REQUIRE SPECIFIC TOOLS

gEsm
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TASK: Development of numerical models

FISI=SHIP T

INTRODUCTION. Challenges with composites

* Anisotropic behavior: material
properties are orientation-
dependency.

* Different failure modes
(delamination, matrix cracking,
fiber breakage,...)

* Lack of experimental data
compared with other materials.

HOW TO DEAL WITH THESE CHALLENGES?

.

Standardization of tests and calibration
methods
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Stress [MPa]

TASK: Development of numerical models

FISR=5HIP

Serial/Parallel Mixing Theory

This formulation is a constitutive equations manager that provides the response of the composite by
coupling the constitutive equations of its components.

Matrix Compatibility equations
Fiber

c _m _ f
Parallel behavior Ep= E€p = "€&p
‘c,="k"o,+ ko,

PARALLEL

SERIAL DIRECTION

DIRECTION
Serial behavior {Cgs ="k"e, + "k’ g
7000

1200
6000
1000
5000

4000 800

3000 600

Check for convergence:

[Ags]* = [Mag]* — [ L] ~ 0

2000

Stress [MPa]

—e—Composite 400 ”
1000 —e— Composite

—e—Fibre

—e—Fibre
. 200
—a— Matrix

—e— Matrix
-1000

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

. 0 0.02 0.04 0.06 0.08 0.1
Strain

Strain

FIBRESHIP, 27th February 2019



TASK: Development of numerical models FISR=SHIPT

ADVANTAGES OF USE S/P MIXING THEORY
* Any staking sequence, no matter fiber orientation or fiber volume fraction.
* Formulation is able to couple different fiber/matrix systems, different constitutive laws.

* Non-linear performance of the composite can be defined from its constituents.

‘composite.AD" m—
" "iber, AE! m—
i AR —

l 45: 2 6 x
| 45° :

WHAT DATA DO WE REQUIRE? - = =
» Stacking sequence of the laminate and volumetric participation.
* Elastic properties of the constituents.

* Non-linear properties of the constituents.
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TASK: Development of numerical models

RESULTS. Numerical model Tensile test model

Flexure test model

FIBRESHIP, 27th February 2019
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TASK: Development of numerical

models

FISR=5HIP

RESULTS. Load-Position curves.

Longitudinal tensile test

Transversal tensile test

Longitudinal flexure test
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TASK: Development of numerical models FISR=SHIPT

3P Bending perpendicular to fibre direction

RESULTS FEM MODEL. Failure modes.
3P Bending in fibre direction

I A numerical simulation not

® only has to represent the
global performance correctly,
besides has to show the

equivalent failure mechanism i

ur Fill of Int Var /Composite2 fLayert] fmn//DEGMA
Deormation (3} DISPLACEMENTS of DISPLACEMENTS. stap 0205
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TASK: Fatigue performance of composites FISR=SHIPT

INTRODUCTION. Fatigue phenomenon

ASTM E1823 standard: “The process of permanent, progressive
and localized structural change which occurs to a material
point subjected to strains and stresses of variable amplitudes
which produces cracks which lead to total failure after a
certain number of cycles”.

Log (AS)

N~
‘\\‘1Q,m1
L Importance of the fatigue in naval structures. Prove of it is the

FAT b existence of specific rules on Class Societies
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TASK: Fatigue performance of composites

FISI=SHIP
5 - .
FATIGUE FORMULATION S / VY
5

* Fatigue damage formulation initially developed for metallic

materials N [} : . \/
* The constitutive law is modified by means of a reduction / > @i VAV, Y .

function, to account for the cyclic behaviour of the load. S \/ \/ SulR=-) Fl0 . VAVA
e The formulation can take into account different block " r " ~ ' e e e

loading sequence.

K(S;,R,N.,0)
T fred(Na Smeda R: e)
Non-fatigue constitutive equation: f(g) — K(ay,) < 0
Fatigue application: f (o) — fy(N,0;,, R) - K(os,) < 0 Fatigue Path
Damage Path Path: 142

Influence of Quasi-

reduction (HCF) Static strength

[ Influence of IV, strength

4

/
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F
"

reduction.

q=q(o%,d,0)
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TASK: Fatigue performance of composites

ADAPTATION OF THE FORMULATION TO
COMPOSITES

Require to establish fatigue models for fibre and
matrix.

S/P Mixing Theory couples both materials to
obtain fatigue behaviour of composite.

Fibre and matrix performance, both static and
fatigue, are obtained by tests on UD laminates.

 UD loaded at longitudinal direction has a
fibre-dominated performance.

e UD loaded at transverse direction has a
matrix-dominated performance.

Failure of the laminate is supposed when
damage appears on fibre for longitudinal ply.

FISR=5HIP

FATIGUE MODELS
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Constitutive law for fibers

Nominal strength for carbor fibers depending on number of cycles
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TASK: Fatigue performance of composites

FISR=SHIP

VALIDATION OF THE FORMULATION
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CONCLUSIONS ABOUT NUMERICAL MODELS

RELEVANT ASPECTS

Composite perfromance is obtained by means of fiber and matrix
behavior, regardless fiber orientation or fiber participation, what
reduces number of tests to be done.

A process to calibrate the numerical model is constructed.
Failure modes of the composite can be obtained.

S/P Mixing Theory is compatible with known failure criteria (Tsai-Hill,
first ply failure, etc).

A composite fatigue model is introduced in order to simulate any kind
of laminate.

Better understanding of fatigue performance of composite structures.

Reduction of uncertainty means structure optimization.

FIBRESHIP, 27th February 2019
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INTEGRAL COMPOSITE SHIP

NUMERICAL TOOLS TO DESIGN AND ANALYZE
FIBRE-BASED SHIPS OF LARGE LENGTH




Hull girder analysis tool FISR=SHIPI

s

T Section | Pini [m] | P end (m] | W (N/m] | A(m2] | €(N/m2]] G (N/m2]] J{md] | Ty (ma] | tz(mé] | bx(md] | Asy (m2] | Asz(m2]
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r— e #====] v Hull girder model: Simple
Simifaton cghctdttd 3D dynamic beam coupled
with FEM seakeeping solver.
It allows to analyse quickly
long time series of the
coupled problem.

Automatic
generation of
Sea States

SeaFEM
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n FEM sea keeping Dynamic Analysis
solver)

Time-history of
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Distributed ‘
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Hull girder analysis tool FISR=SHIPT

o Applied loads and boundary conditions:

eDistributed cargo pressure loads must be specified

e Seakeeping wave load calculated during the hull
girder analysis

e Enforce hull girder displacements at the end
boundaries of the local section under analysis

o Results:

eTime history of local displacements and stresses in
the detailed structure of the section under analysis

Design and engineering (TQC3) / Compass / 12t — 13 of November 2018 19



Hull girder graphic user interface FISR=SHIPT

E T _ — 15 Y AGUI has been implemented
)?_S’mu!ﬁﬁqndﬂa

P e R . ‘ in RamSeries to allow for the
L —— e definition of ship sections and

= i cargo/ballast loads for the hull
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GUI for the definition and assignement of laminates

¥ (" Reinforcernent materials
> & EGlass
¥ g Kevlar 49
“ !'./- Matrix materials
> ¢ Epoxy
> "" Palyester
> ¢ Composite

> {h Laminate

3 M Loadcases

structural  damage |

Elastic properties

El:
EZ:

G12:
G13:
G23:

vl
w2l

T2.:4e9
72429
30.0e9
30.0e9
30.0e9
0.21

0.21

Specific weight: 24900.0

> Kevlar 49

“ & Matrix materials

g

» & Polyester

w ¢ Composite

» & E Glass_Epoxy
> (""'Laminate

structural damage

Elastic properties

E:
G:

w

3.5¢9
1.25e9
10.33

Specific weight: | 15100.0

™ g * Reinforcement materials
Y & "E_Glass
» g Kevlar 49
~ "1 Matrix raterials
» ¢ Epoxy
b & ' Polyester
™ g ' Composite
> o E.Glass_Epoxy
» ¢ 'Laminate
composite compenents
Composite components
Type of phy: matri_reinf

Reinforcement material: E_Glass

Matrix material: Epoxy
Thickness: 0.0004576
V(5 60
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Total thickness

Laminate definition

Laminate name Plate_1M50 TM1R800 1M CP15 2M CP15 TM1RB00 1M 1TM50

Material EGlass/Epoxy_MAT300

[]Sequence 11

FIS=

Laminates definition

Laminate compositicn

=SHIP ¢

Layers ‘ Num. seq.

EGlass/Epoxy_MAT300

EGlass/Epoxy_MAT300
EGlass/Epoxy_MAT300

% Nurnber of layers |1

Thickness |

= || £ || X

Previously defined laminates

Existing laminates | Plate_SRvm

Total laminate thickness

e)

| Angle ‘ Thickness ‘

0 0.000246
0.000656
0.000246
0000246
0.007500
0.001500

-

Ren_EGlass/Epoxy_|
EGlass/Epoxy_Rovl!
EGlass/Epoxy_Diags
Ren_EGlass/Epoxy |
Ren_EGlass/Epoxy_f
EGlass/Epoxy_MAT:
EGlass/Epoxy JMAT:
Ren_EGlass/Egowxy |
Ren_RVM_EGIhss/Ey
Metalramid_Hewoa
EGlass/Epoxy JRovat
Wood_Okourgg'
Balsa 50 mm
Delicthilan I5mm
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GUI for the definition and assignement of laminates

FISI=5HIP

~ ’Beams
’ Rectangular section
j’ Generic section
3 7# Sections library
> 1# Naval stiffeners
~ 4 Shells
4 Isotropic shell
4 Orthotropic shell
v 4 Laminate shell

» L1 group: Plate_8Rvm
2} group: Plate_7Rvm
group: Plate_6Rvm_4Dia
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group: Plate_4Rvm_sori
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4

-Visual description

Top Width|
| |
— g
,I—I‘| &
| |
Elluttum Widtlh

[Eoea Wl

Base Yyidth

group: Decks_Plate 1M1..7
group: Plate_IM1RIMCP151MIR1M
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~Edit Laminate shell
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|
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Thickness:
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$ ———
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EU.U | m Top laminate iPIBte,QRWﬂ

IHzI‘
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Height 50E|m Height laminate ;F_;me_ggvm ||z|[ .
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Iz 0o

Specific weight |ﬁ.9

|
E
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|
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8.0

Assign shell
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Coupled analysis for collapse assessment

FISI=5HIP

* 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)

CFAST GUI (based on GiD-Ramseries)

D @ Materials and properties
Fire modelling data ¢/

» @Timedata

Fire specification, ship

compartments configuration,

wall thermal properties

b ¢ Simulation conditions
< [ Compartments
b (i) group: Compartments Autol

b i) group: Compartments Auto2

b fif] group: Compartments Auto3
v} Wallvents

b { group: Wall vents Auto

b group: Wall vents Auto2

b} group: Wall vents Auto3

Fire dynamlcs
analysis (FDS)

Flre propagation
analysis (CFAST)

< = Ceiing Floor vents
b = group: Ceiling Floor vents Auto!

< (@ Mechanical vents

b @ group: Mechanicel vents Auto2

b ) group: Mechanical vents Auto3

Temperature time evolution
curves

lm

Beams and shells thermal
analysis (RamSeries)

U

[Cox ] [cance]

Pyrolysis model (through
thickness temperature)

SOME CHARACTERISTICS

L 2

® New GUI tools also allow to define compartments,
vents, fire events and targets directly in RamSeries

Beams anfj shells Str.“cn”ar and to run the CFAST solver.
analysis (RamSeries)
R o .

v

Geometrical information from the structural model

Collapse risk assessment

can be used for the definition of the CFAST model if
| necessary..

Design and engineering (TQC3) / Compass / 12t —

® Importation tools (STEP and IGES, including XML's
FORAN data)
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Coupled analysis for collapse assessment FISR=SHIPT

* FDS / CFAST GUI () « 1D/2D Pyrolysis model Thermo-mechanical analysis

SOME CHARACTERISTICS SOME CHARACTERISTICS SOME CHARACTERISTICS

e FDS: Temperature maps over structural * Transfer temperature (heat flux) information ® Displacements, strains and sthresses are calculated
components (beams, decks and bulkheads) are from control points to the structural solver. on structural components using a thermo-
calculated mechanical composites constitutive model

* The structural solver includes a pyrolysis model (collapse of the structure is assessed).

e CFAST: Two-zones temperature evolution is for composites (1D -through thickness- model

calculated. for shell elements and a 2D model for beam
elements), which calculated temperature

e FDS/CFAST: Furthermore, time evolution of distribution (per layer).

(adiabatic) temperature in a distributed network
of control points
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Collapse assessment of complex and large structures FISR=SHIPT

e Start the validation and demonstration of fire analysis tools by simulating a fire
scenario in the FIBRESHIP’s demonstrator of the fishing research vessel

() GiD =64 Project: Demostrador (compassfem) = O 4
Files View Geometry Utilities Data Mesh Calculate Benchmark Reports Postprocess Help

FD5 2nd stage ([compassfem) - m} e ‘

ostrador -

Files View Geometry Utilities Data Mesh Calculste Benchmark Reports

Postprocess  Help

p - Layers  Groups *,

> lation data . (e} > & Simulation data <
> @’ Materials and properties > @Matedahs and properties
~ Fire modeling ¢/ / p ] v Fire modeling ¢4 B
[L_]Fire analysis type: Fire dynamic: [ Fire analysis type: Fire dynar
> i General data > 1 General data ﬁ
> < Results () 3 <> Results &)
> £7Time data ¢ m > (%3 Time data "
> B Control volume definition < > 5 Control volume definition | K25
> = Properties . 3 = Properties
» [T Conditions and initial data \ ~ 7 Conditions and initial data
> [ Devices and controls 'j (7} Initial conditions @‘
» & Advanced options : » 3 Velocity initialization =
Z? 2f Complex walls E‘
) > 2 Obstacles
L > [A Holes
pe v Vemts
17 > % group: Outlet
: :;i» 3 [ Devices L,
Layer to use: Cotas//Aux = Nodes: 0. Elements: 0 Render: flat (8.160845, -10.74 B Layerto use: FDS = Nodes: 1K, Elements: 4K = Render: flat (-10.42653, -27.2870| + = — : 4
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