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The target of this research, i.e. development of an advanced adaptive and
multi-physics computational method for hydroelastic FSI, has been achieved through coherent and
rigorous developments made with respect to aspects of reliability, adaptivity and generality. A
computational method has been developed capable of reproducing hydroelastic FSI including those
corresponding to anisotropic composite structures in both 2D and 3D.
The computational method provides possible selection of either Newtonian or Hamiltonian structure
model as well as SPH or MPS formalism. With material discontinuities in composites, a robust
Hamiltonian structure model was developed and coupled with a fluid model, resulting in ISPH-HSPH FSI
solver as the first entirely Lagrangian meshfree method for hydroelastic FSI corresponding to
composite structures. The solver was also extended to 3D and carefully modified for structural
material anisotropy. These developments are published in a set of international journals.
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1. WHZERAR Y DT 5

For the design of resilient and sustainable structures in ocean and coastal regions, precise and in-depth
understanding of the complex Fluid-Structure Interactions (FSI) is of substantial importance. On the
other hand, considering the coastal/ocean structures against extreme waves or severe slamming,
precise realization of coastal/offshore fluid-structure systems would be significantly challenging on
account of their large scale and limitations of experimental or field measurements. Therefore,
computational modelling would be considered as a robust and potentially reliable approach.
Meanwhile, presence of violent fluid flow fields, complex moving boundaries and topological changes,
complex fluid-structure interactions and intense non-linear structural responses would result in distinct
challenges for reliable computational modelling of FSI in coastal/ocean engineering. Considering
these challenges, new generation computational methods, namely, Lagrangian meshfree or particle
methods are advantageous for reliable computational modelling of hydroelastic FSI. In specific,
Entirely Lagrangian Meshfree hydroelastic FSI solvers provide substantial potential as reliable
computational tools for hydroelastic FSI due to their flexibility, robust extendibility and precise

impositions of interface boundary conditions.

2. WMEDOBEH

The purpose of this research was to develop an advanced, adaptive and multi-physics computational
method for hydroelastic FSI encountered in ocean/coastal engineering. In this development, several
important aspects of reliability, adaptivity and generality were systematically targeted. Regarding
reliability, achievement of unconditional stability, high accuracy as well as excellent conservation,
convergence and consistency of the overall FSI solver were carefully considered. As for aspect of
adaptivity, achievement of an adaptive FSI solver capable of handling different computational
resolutions for fluid and structure sub-domains, with preserving the reliability of the solver, was
targeted. As for the aspect of generality, applicability of the solver for reliable modelling of FSI
corresponding to composite laminated structures characterized by large material discontinuities was

targeted.

3. WHEDTA

Since precise models for the fluid part had already been developed, the main focus was devoted to
rigorous development of a precise structure model and its consistent coupling with the fluid model so
that the solver could reliably and adaptively reproduce complex FSI corresponding to elastic structures
including composite laminated ones. A distinct challenge corresponding to composite laminated
structures correspond to presence of discontinuities in material properties including density and
Young’s modulus of lamina. In this regard, Newtonian structure models were initially tested, and
acceptable reliability could not be achieved due to presence of stress discontinuities at material
interfaces. Considering the importance of variational consistency, i.e., rigorous consistency of
dynamics and kinematics of the structure system, in providing excellent stability, accuracy and
conservation properties, a Hamiltonian SPH structure model was developed. The model was
scrupulously validated and was then coupled with an ISPH fluid model, resulting in a so-called ISPH-

HSPH FSI solver capable of accurately handling FSI corresponding to laminated composite structures.



In parallel, an FSI solver was developed in the MPS context, namely, MPS-HMPS and was
successfully applied for accurate reproductions of hydroelastic FSI in both 2D and 3D.

Hamiltonian structure models provide distinct advantageous features corresponding to variational
consistency, excellent stability, accuracy, conservation and convergence properties. In addition,
Hamiltonian formalism would provide distinctive advantages for convenient and rigorous extensions
to model non-linear and large-strain elastic and inelastic structural responses in a mathematically-
physically consistent and variational manner. However, careful considerations need to be made with
respect to selection of a proper material constitutive equation including preciseness of the energy
potential defined for the specific problem of interest. Hence, simultaneously, efforts were dedicated
for development of thoroughly Newtonian particle-based FSI solvers, such as ISPH-SPH along with
incorporation of precise and consistent multi-resolution schemes to ensure reliable adaptivity of the
FSI solver. Regarding the aspect of generality, 3D extensions as well as careful modelling of structural
material anisotropy were targeted in the last year of this project. In addition, to ensure reliability of the
Newtonian SPH structure model for FSI corresponding to composite structures, a new SPH structure

model incorporating staggered integration was developed in the last year of this project.

4. WRIERCR

The main achievements of this project include sets of novel and reliable hydroelastic solvers:

(1) Development of an entirely Lagrangian meshfree ISPH-SPH FSI solver in both 2D and 3D (Fig.
la)

(2) Development of an entirely Lagrangian meshfree 3D adaptive ISPH-SPH FSI solver (Fig. 1b)

(3) Development of an entirely Lagrangian meshfree 3D MPS-HMPS FSI solver (Fig. 1c)

(4) Development of an entirely Lagrangian meshfree 2D ISPH-HSPH FSI solver targeting FSI
corresponding to laminated composite structures (Fig. 1d)

(5) Development of an entirely Lagrangian meshfree 3D ISPH-HSPH FSI solver targeting FSI

corresponding to anisotropic laminated composite structures (Fig. 1e)

Fig. 1 portrays representative snapshots by a set of novel computational methods developed
throughout this project. These methods include (1) ISPH-SPH [1], as the first entirely Lagrangian
meshfree hydroelastic FSI solver with projection-based fluid model developed in both 2D and 3D; (2)
3D ISPH-SPH (MR or Multi-Resolution) [2], characterised by refined adaptive schemes; (3) 3D MPS-
Hamiltonian MPS [3], as the first 3D entirely Lagrangian meshfree projection-based hydroelastic FSI
solver; (4) 2D ISPH-Hamiltonian SPH [4] as the first entirely Lagrangian meshfree hydroelastic FSI
solver for composite structures; and (5) 3D ISPH-HSPH [5] for anisotropic composite structures. The
snapshots correspond to water slamming by homogeneous as well as composite marine panels as well

as dam break on an elastic plate.
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Fig. 1. Representative snapshots by hydroelastic FSI solvers developed throughout this project
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