
 

Synergy between Multiphysics/ Multiscale and Artificial Intelligence 

Adnan Ibrahimbegovic 

Universite de Technologie Compiegne – Alliance Sorbonne Universite, France 

ABSTRACT 

The motivation of this talk is to investigate the complementarity of classical multi-physics/multi-scale 

approaches and model building approaches based on the use of artificial intelligence algorithms.  

The knowledge accumulated through the long-term efforts of computational mechanics experts provides an 

a priori selection of efficient reduced models built with appropriate assumptions and kinematic constraints. Classical 

structural models are also proving to be very useful for building relevant multi-scale and multi-physics models. 

In parallel, there are many advances in the use of Artificial Intelligence and statistical data analysis 

algorithms in solid and structural mechanics.  How can such approaches be developed in synergy? Can they benefit 

from each other's advances? Can model building skills be reduced to the application of artificial intelligence 

algorithms? 
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ABSTRACT 

In this study, an electrostatically actuated microplate is considered with additional constant transverse 

mechanical pressure. The added load is taken into account for the derivation of combined bistability and latching 

criteria, which includes an additional configuration, not apparent in the electrostatically actuated and pressure-free 

counterpart. The plate is studied using two reduced-order (RO) models. The first is based on the Föppl von-Kármán 

model, and the other is based on Berger’s approximation, from which both bistability and latching conditions were 

be extracted. The study has found that for such a loading scheme, bistability and latching are intertwined. More 

specifically, it was found that latching can hamper bistability, making it an integral part of the resulting criteria. 

The study has found that in the presence of electrostatic displacement-dependent load, the added mechanical, 

displacement-independent, load, will bear a non-linear effect, where bistability may be present but not guaranteed. 

As such, the condition for bistability is a necessary condition, and the condition for latching, a sufficient one.  

The RO models that describe the behaviour of the plate were solved using an upgraded version of the arc-

length method, that also includes a stability analysis. The reason for the added analysis is twofold. Firstly, the plate 

must first undergo a mechanical analysis, which will end once the plate converges to a configuration which 

corresponds to the load bearing upon it. However, not all configurations are created equal, since the calculation may 

encounter an unstable configuration that corresponds to the load 𝑃. Something that cannot occur once the 

electrostatic load is added. Secondly, the inclusion of stability analysis enables one to disclose limit points without 

additional extremums that form at higher elevations. The transition from mono- to bistability was therefore found 

to depend not only on the geometry, but also on the pressure exerted on the plate. In other words, while mechanical 

load alone seemed to be invariant to bistablity, depending solely on the geometry of the plate, the presence of a 

nonlinear load adds to the effect mechanical load has on bistability. 
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The resulting criteria and characterisation paradigm can be of service when approaching the design of 

threshold pressure sensors. Depending on the stability profile of the structure (i.e., mono- or bistable), it is possible 

to know if a microplate has surpassed a desired pressure to become bistable. Alternatively, a bistable microplate 

will become monostable if it crosses the condition with rising pressure, positioning the plate at a monostable 

configuration/phase. Due to the generality of the approach and methodology in the current study, it can be applied 

to other types of plates, such as rectangular or plate strips. Ultimately, the inextricable link between pressure and 

bistability, present under electrostatic load, allows one to track changes in equilibrium configurations and ascertain 

if a microplate experiences a pressure that either allows for bistability, or not. 
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ABSTRACT 

Patient-specific biomechanical finite element analyses (FEA) are widely employed to simulate the 

mechanical behavior of human tissues and their interaction with medical devices. These simulations play a critical 

role in the design of prostheses, orthoses, and surgical planning by incorporating patient- and location-specific tissue 

mechanical properties. Accurate modeling requires individualized material parameters, which are often challenging 

to obtain in-vivo due to the invasive nature of standard experimental methods. Non-invasive material 

characterization methods, such as indentation, often result in multiple sets of seemingly optimal parameters, known 

as the non-uniqueness problem, making reliable predictions difficult for other loading scenarios [1]. 

This study investigates the feasibility of uniquely identifying hyperelastic transversely isotropic soft tissue 

parameters through macro-scale indentation experiments. A combined numerical and experimental approach was 

adopted, utilizing a spherical indenter to indent a custom-made soft transversely isotropic composite material, while 

simultaneously measuring the indentation forces and full-field surface deformations. Inverse FEA was then applied 

to extract homogenized material parameters from these measurements. To assess parameter certainty, we introduced 

an enhanced sensitivity analysis method based on the Hessian approximation of the objective function, enabling 

quantification of confidence intervals around identified parameters [2]. 

Results revealed confidence intervals of ±7.5% for isotropic parameters and ±33% for anisotropic 

parameters in the test case. Additionally, individual composite components were characterized and incorporated 

into an FEA model of the composite, validating the material parameters obtained via inverse FEA. This study 

demonstrates the potential for improved reliability in non-invasive material characterization methods, paving the 

way for more precise patient-specific biomechanical modeling. 

 

1. Oddes, Z. and Solav, D., 2023. Identifiability of soft tissue constitutive parameters from in-vivo macro-

indentation. Journal of the Mechanical Behavior of Biomedical Materials, 140, p.105708. 

2. Ashkenazi, A. and Solav, D., 2025. Parameter certainty quantification in nonlinear models. International 

Journal of Engineering Science, 206, p.104163. 
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ABSTRACT 

The inverse problem of identifying an inclusion, a small region in the medium where the material properties are 

significantly different than those of the surroundings, is considered. The inclusion properties to be identified are the 

material properties - elastic moduli and mass density, and the shape (the interface curve that separates the inclusion 

from the rest of the domain). This work extends [1] in two ways: first, the governing equations are the equations of 

elasticity rather than the scalar wave equation, second, the scatterer is an inclusion and not a hole. In the proposed 

method, the identification is performed using full waveform inversion. Sensors measure the waves generated by 

known tractions, then, a two-stage iterative process is performed to find the inclusion's properties that best matches 

the measurements. The adjoint method is used for its efficient calculation of the gradient of the misfit function. The 

unknown interface is defined by a parametric representation, that is completely general and does not make any 

preliminary assumptions about the scatterer geometry. The performance of the proposed method is demonstrated 

via numerical examples, starting with material property identification alone, followed by shape identification alone, 

ending with simultaneous identification of both material properties and shape. All numerical experiments were 

performed on inclusions with varying contrasts: inclusions with material properties close to those of the background, 

and inclusions with significantly different material properties from the background. It is concluded that the contrast 

of the inclusion has a significant impact on the success of the identification. 
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ABSTRACT 

In recent decades, composite materials based on a metallic matrix reinforced with ceramic particles has 

replaced traditional monolithic alloys in many applications in the aerospace, automobile, and nuclear 

industries. These composites offer the potential of enhanced thermal and mechanical properties and 

greater durability in service. An attractive method for the fabrication of metal-ceramic composites is the 

use of cold compaction of a metal-ceramic powder mixture followed by sintering at high temperatures. 

During the compaction stage, the time-dependent hydrostatic stress at each material point governs the 

final density distribution of the component. Large-density gradients can result in defective components 

with low thermal conductivity and reduced ductility and strength. As a consequence, predicting the density 

distribution during the compaction stage is critical.  Although many analytical models can provide average 

values of the compact density, due to the complex non-linear nature of the compaction process, numerical 

methods must be utilized to obtain local values of density.  

This research focused on investigating the cold compaction process of Al-TiB2 and Al-SiC powder 

mixtures (0-15% volume fraction of TiB2 and SiC in the Al were considered) using finite element analysis 

in conjunction with compaction experiments. The powder mixture was assumed to behave like a porous 

media and was modeled using the Gurson-Tvergaard-Needleman (GTN) constitutive model. A density-

dependent elastic response of the powder mixture was also incorporated using a user-defined sub-routine 

in the commercial code ABAQUS. Convergence studies were conducted for solution verification and 

compaction experiments were used to both identify the GTN model parameters and to validate the 

computational models. By comparing the computations to the compaction experiments, it is demonstrated 

that a density-dependent elastic response is required for the GTN model to represent the observed initial 

part of the compaction curve accurately where the relative density is low. The study also reveals that the 

GTN model parameters q1 and q2 can be correlated to the volume fraction of the ceramic reinforcement 

particles.  From a practical point of view, it is also shown that increasing the volume fraction of the ceramic 

reinforcement, although increasing initial powder density results in greater final local density gradients.  
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ABSTRACT 

Phase field method is a widely used approach to model fracture in computational mechanics. Its attraction 

comes from the ability to simulate crack initiation, propagation, and branching without remeshing or 

introduction of additional modelling entities, such as discontinuity variables in the XFEM. The main 

drawback of this method is the computational labor due to dense meshes required to reach high accuracy. 

Moreover, practice has shown that the phase field approach does not perform well in modelling brittle 

materials under compression. More precisely, it is challenging to predict realistic failure modes for 

heterogeneous concrete and rock under uniaxial compression.  

In contrast, the continuum damage-plasticity approach does not suffer from this shortcoming. Therefore, 

in the present study, we combine the phase field approach with a damage-viscoplasticity model so that 

both the tensile and compressive failure types can be tackled with a single model. The viscoplasticity part 

is formulated with the consistency approach by Wang (1997), while the stress states leading to inelastic 

strain and damage are indicated by the Mohr-Coulomb criterion. Moreover, since we aim to solve dynamic 

problems, a rate dependent formulation of phase field method is presented. For this, we employ the so-

called hybrid formulation of the phase field theory, which enables using an application specific crack 

driving force for brittle materials in dynamic tension. In the present case, this force depends on the positive 

part of the hydrostatic stress and the rate-dependent tensile strength (as the threshold value). We also 

present a scheme to decide, based on the trial stress state, which kind of failure process is taking place, a 

compressive failure requiring return mapping on the yield surface or an update of the crack driving force 

leading to increase of the phase field variable (or both simultaneously).  

The global problem is solved by marching explicitly in time solving first the phase field problem and then 

updating the mechanical field variables based on the modified Euler method. The present approach is 

demonstrated in simulations of uniaxial tension and compression tests, as well as the dynamic Brazilian 

disc test on rock.  
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ABSTRACT 

Impedance pumps, which utilize a valveless mechanism driven by fluid-structure interaction (FSI), have 

garnered significant attention due to their potential applications in biomedical devices and microfluidic 

systems. This research focuses on novel aspects of this mechanism, specifically the effects of multi-

pincher configurations and channel geometry, which have not been previously explored in depth. Through 

numerical simulations, the influence of the number, positioning, and synchronization of pinchers on net 

flow generation and overall pump efficiency was examined. The results reveal how varying the amplitude 

and synchronization of pinchers affects the net flow rate (NFR). For example, using one pincher with a 

50 Pa amplitude resulted in an NFR of 0.32 ml/min, while increasing the amplitude to 100 Pa produced a 

significantly higher NFR of 2.45 ml/min. Additionally, employing two pinchers with an ideal phase 

difference between their pinching times resulted in an NFR of 2.65 ml/min, even at a 50 Pa amplitude, 

demonstrating the enhanced performance of synchronized multi-pincher setups. This work also 

investigates the impact of rectangular channel geometry on wave dynamics and flow patterns, offering 

new insights into optimizing impedance pumps for improved stability and efficiency in complex fluidic 

environments. 

 

 


