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1. Introduction & Objectives

= Commercial vessels (eco-design, etc.)

= Materials for marine applications :
- Polymer matrix laminated composite materials

(epoxy or vinylester resin / carbon fiber
polyester resin / fiberglass)

- Sandwich materials (lightness / bending stiffness)

(polymer matrix laminates + polymer foam or/and wood)

The aim is to predict a material substitution by materials related to sustainable development

Reference materials :

- PVC80 foam
- Monolithic made of fiberglass and polyester resin Core

Substitute materials :

- PETr80 foam (same density ) / PETr115 (equivalent mechanical properties)
- Monolithic made of basalt fiber and greenpoxy resin (SICOMIN) a

Facing



2. Approaches / Works

= Foam - Experimental tests : validate the hypothesis of the mechanical behavior

- Identification of macrohomogeneous behavior : FEMU method

- Multi-scale approach
- Morphological characterization: MO and SEM
- Homogenized foam behavior

= Monolithic - Homogenized behavior: damageable elasticity (cohesive zones - CZM)

(multi-scale approach : fiber strands, ply, multi-ply composite, etc.)

= Sandwich —> Construction of a model : homogenized behavior of the complete sandwich material
(foam + monolithic facings )



3. Experimental part

PVC foam (reference material)
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3. Experimental part
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— Compression tests (3 different slenderness ratios )
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3. Experimental part

— Compression tests (3 different slenderness ratios ) : PVC80
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- Different apparent modules for each set of dimensions for the same material
(Triaxial compression)

- A FE model is needed to identify the intrinsic elastic parameters

15 mm



3. Experimental part

- Compression tests 15x15x15mmA"3 : 2 directions Z and y
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@ : Face observed with the camera

><: indicates the top (or bottom) of the plate in which the cubes are cut

E, and E,, : Apparent stiffness modules

Uzy , Uzx and Uy, , Uyx !
Apparent transverse contraction coefficients

Equation that verifies transverse isotropy :
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3. Experimental part

= Example of compression tests PVC 80 15x15x15mmA3 : directions Z
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3. Experimental part

Thickness direction 7
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Results PVC80 :
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3. Experimental part

Thickness direction 7
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Compression direction
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3. Experimental part

- Shear test : (X, Z) plan
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3. Experimental part

Strain evolution profil
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4. Numerical part

— Compression tests (3 different slenderness ratios )

5 parameters M
(Ey; EZ, UYX, Uyz, ’ ze )app- ‘

Finite Element Model Updating
(FEMU) method
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4. Numerical part

Boundary conditions
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4. Numerical part
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4. Numerical part

Calibration of the 3 compression tests (in parallel for 3 dimensions)

Compression test 15x15 Compression test 30x30 Compression test 60x60
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Error 1 Error 2 Error 3

Average error

Minimisation

Adjusted parameters | => Intrinsic parameters J




4. Numerical part
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4. Numerical part

Results
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Validation of transverse isotropy theory
Obtaining the five elastic coefficents (compliance matrix)

FEMU method => intrinsic elastic behavior of the foam

Establishment of a statistical morphological model of the foam (tomography, SEM,
Pycnometry ...) and its homogenized behavior

Studying the effect of resin impregnation in the homogenized behavior

Prediction of the homogenized behavior of monolithic and sandwich composite



