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INTRODUCTION

Accurate modelling the constitutive mechanical behaviour of the materials in FE simulations is crucial to capture the mechanical response of cardiovascular tissues. We have
updated the ANSYS LS-DYNA list of materials with a user-defined material to model a hyperelastic matrix with up to two families of embedded fibres, whose directions can be
set locally. The aim of this study is to compare different material laws with structural analyses on a tri-leaflet valve and an aortic root.

MATERIALS AND METHODS

A multi-step algorithm was implemented: (1) the geometry and mapped mesh with eight-node hexahedral solid elements were generated; (2) pre-simulations to obtain the principal
stress directions with realistic boundary conditions; (3) implementation of local coordinate systems for each element of the mesh, according to the principal stress directions by
means of a Matlab code [1]; (4) user-defined strain-energy function [2] characterized with data from the literature [3, 4]; (5) FE simulations with linear elastic (E), isotropic (Iso)
and anisotropic (Aniso) materials imposing physiological loads.
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RESULTS
Valve kinematics in five steps during the physiological cardiac cycle for the three material First principal stress and strain in the systolic and diastolic peaks
models, linear elastic (E), isotropic (Iso) and anisotropic (Aniso). The Geometric Orifice Area for all the valve models.
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First principal stress and strain in the systolic peak for all the aorta models.
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Material parameters and calculation time for one cycle for all the performed simulations with eight CPUs.
Valve Aorta Valve Aorta
E E =8MPa;v =049 E =2MPa; v=049 3h46m 0h20m
D; = 0.16 kPa; D, = 14.88 D; = 12.39 kPa,; D, = 2.57
Iso v = 049 v = 0.49 30h9m 5h7m
Cio =5 kPa,;v = 0.49 Cio = 5kPa,;v =049 ,
Aniso ky = 0.576 kPa; k, = 230.67 ky = 50.31 kPa; k, = 0.56 31h5m 6h46m
ks = 9.487 kPa; k, = 7.59 ks = 82.51 kPa; k, = 57.53

CONCLUSIONS

The main relevance of this work is the implementation of a user-defined material, which allows to model in ANSYS LS-DYNA a hyperelastic matrix with two different families of
embedded fibres, whose directions are locally defined. The comparison of the three different material models confirmed the importance of the choice of the constitutive law in
modelling soft materials. The models showed different opening and closing timing — for the valve, different strain and stress distribution and different calculation time. More
investigation is required to analyse the influence of the anisotropy with fluid-structure interaction simulations and how the orientation of the fibres influences the material behaviour,
as well as to compare our simulations against experiments.
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