
             

 

Master projects proposals - Thierry J. Massart 

 

The subjects mentioned below are defined in collaboration with other academic staff members, post-

doctoral fellows and PhD students. 

 

A maximum number of 4 master projects will be accepted for supervision 

among the 6 subjects defined below. 

 



             

 

Subject 1: Homogenisation and multi-scale methods for the failure of reinforced concrete 

slabs 

Supervisor: T.J. Massart (thmassar@batir.ulb.ac.be) 

Other contact persons: B. Mercatoris (bmercato@batir.ulb.ac.be)  

Working language: English/French 

Student profile: Civil Engineering/Architectural Engineering 

Prerequisites/special skills: Good knowledge in finite element modelling and in Matlab programming 

is a prerequisite. The course of Non linear modelling (CNST-H418) is considered as a basis for the 

research work. 

Summary  

Reinforced concrete slabs are extensively used in civil engineering. These thin structures are often 

subjected to out-of-plane loadings leading to membrane-flexural behaviours, see Figure. A shell 

description is therefore required to efficiently model such behaviours and capture the generalised 

efforts (normal efforts and bending moment). 

The failure behaviour of reinforced concrete slabs is difficult to model due to the presence of 

different inelastic phenomena such as damage (concrete) and plasticity (steel). The formulation of 

adapted phenomenological constitutive laws is therefore complex and depends on the steel grid 

configuration. In order to avoid formulating too complex laws at the structural scale, multi-scale 

methods have been developed allowing the material laws to be postulated at the scale of 

constituents (concrete and steel). The principle is to use finite element meshes at both scales: the 

structure is represented by shell elements, whereas the composite material (concrete + steel grid) is 

modelled by a representative sample meshed by volume elements. The material considered for the 

shell structure is seen as homogeneous. The behaviour of this “homogenised” material is deduced 

from computations on the representative sample in which the constituents are explicitly 

represented. 

 

Flexural failure of reinforced concrete slab under out-of-plane loading [Ibrahim, 2011 



             

 

The department of Building, Architecture and Town Planning (BATir, ULB) has developed a strong 

expertise in the development of such multi-scale methods for the quasi-brittle behaviour of masonry 

structures, see for instance [1]. The objective of the Master thesis is to extend the use of these 

methods to the failure of reinforced concrete slabs taking into account damaging and plastic 

phenomena. 

References 

[1] B.C.N. Mercatoris, T.J. Massart, A coupled two-scale computational scheme for the failure of periodic 

quasi-brittle thin shells, International Journal for Numerical Methods in Engineering, 85, pp 1177-1206, 

2011. 



             

 

Subject 2: Non-linear computational analysis of the membrane-flexural failure behaviour 

of historical structures – Application to the Our Lady church of Sablon 

Supervisor: T.J. Massart (thmassar@batir.ulb.ac.be) 

Other contact persons: B. Mercatoris (bmercato@batir.ulb.ac.be)  

Working language: English/French 

Student profile: Civil Engineering/Architectural Engineering 

Prerequisites/special skills: Good knowledge in finite element modelling and in Matlab programming 

is prerequisite. The course of Non linear modelling (CNST-H418) is considered as a basis for the 

research work. 

Summary  

The analysis of the structural behaviour of historical structures has been a subject of intensive 

research during the last decade and is still a current research topic. Most historical structures present 

the occurrence of cracks which may significantly affect their load bearing capacity. In the context of 

restoration, it is therefore crucial to be able to estimate the residual strength in order to assess the 

safety of buildings. Recently, bi-dimensional simulations have been performed within the Building, 

Architecture and Town Planning department (BATir, ULB) in order to simulate the structural 

behaviour of the Our Lady church of Sablon in Brussels. These simulations were able to reproduce to 

the cracking state observed in situ, neglecting the three-dimensional effects, see Figure. 

  

Different techniques are available in the literature to model the occurrence of cracks within a 

structural simulation. A kinematic enrichment based on embedded discontinuities in finite elements 

allows representing the opening of cracks and incorporating cohesive zones in the formulation [1]. 

Cohesive constitutive laws need to be defined to capture properly the energy dissipated during the 

fracture process 



             

 

Based on the recent bi-dimensional analyses, the objective of the Master thesis is to study the three-

dimensional effects on the cracking initiation and propagation with the Our Lady Church as a case 

study. An embedded discontinuity approach extended to shell description including membrane and 

flexural behaviours [2] will be used with adapted cohesive constitutive laws for this purpose. 

References 

[1] F. Armero, Large-scale modeling of localized dissipative mechanisms in a local continuum: 

applications to the numerical simulation of strain localization in rate dependent inelastic solids, 

Mechanics of Cohesive-Frictional Materials, 4, pp 101-131, 1999. 

[2] F. Armero, D. Ehrlich, Finite element methods for the multi-scale modeling of softening hinge lines 

in plates at failure, Computer Methods in Applied Mechanics and Engineering, 195, pp 1283-1324, 

2006. 



             

 

Subject 3: Homogenisation and multi-scale methods for hydro-mechanical couplings in 

cracked concrete 

Supervisor: T.J. Massart (thmassar@batir.ulb.ac.be) 

Other contact persons: B. Mercatoris (bmercato@batir.ulb.ac.be)  

Working language: English/French 

Student profile: Civil Engineering/Architectural Engineering 

Prerequisites/special skills: Good knowledge in finite element modelling and in Matlab programming 

is prerequisite. The course of Non linear modelling (CNST-H418) is considered as a basis for the work. 

Summary 

The failure behaviour of porous media such as concrete can be strongly affected by other physical 

phenomena such as the moisture transport. The pore pressure can indeed influence the degradation 

of the material, whereas the occurrence of cracking causes preferential moisture flow, see Figure. 

The modelling of the hydro-mechanical behaviours however requires constitutive laws to be 

postulated for each physical phenomena as well as for their couplings. 

In order to deal with this problem, computational homogenisation methods have been proposed, 

mainly to determine the average mechanical response of materials with complex microstructures. 

The purpose of these methods is to characterise the macroscopic properties of such materials by 

identifying the parameters of assumed phenomenological laws for their constituents, and to perform 

coupled multi-scale computations. The extension of the computational homogenisation methods to 

multi-physical problems has recently emerged for thermo-mechanical problems [1] and is the topic 

of current research within the department of Building, Architecture and Town Planning (BATir, ULB). 

Using these methods, the objective of the Master thesis is to characterise the hydro-mechanical 

behaviour of concrete taking into account damaging phenomena. 

 

References 

[1] I. Ozdemir, W.A.M. Brekelmans, M.G.D. Geers, Computational homogenisation for heat 

conduction in heterogeneous solids, International Journal for Numerical Methods in Engineering, 73, 

pp 185-204, 2008. 

Concrete microstructure sample with damage zone [Frippiat, 2011] 



             

 

Subject 4: Non linear modeling of deployable structures accounting for friction and 

imperfection in hinges 

Supervisor: T. J. Massart (thmassar@batir.ulb.ac.be), N. de Temmerman(ndtemmer@vub.ac.be) 

Other contact persons: P. Berke (pberke@batir.ulb.ac.be), L. Alegria Mira (lalegria@vub.ac.be) 

Working language: Nederlands/English/French 

Student profile: Civil Engineering/Architectural Engineering 

Prerequisites/special skills: Good knowledge in finite element modelling is prerequisite. The course 

of Non linear modelling (CNST-H418) is considered as a basis for the research work. 

Summary 

Deployable structures for civil engineering applications can be built from the assembly of beam elements 

connected through hinges. Such assemblies allow the transportation of the structure in a compact folded state 

and their subsequent direct deployment requiring only limited on-site assembly operations. This constitutes a 

major advantage of using them for temporary buildings (concert halls, emergency shelters). Their prime 

disadvantage is that subtle and inevitable changes in the geometry (tolerances on hinge positions) and in the 

behavior of the constitutive elements (hinge friction) can have a dramatic effect on the final deployed shape 

and can result in undesired mechanical behavior or no deployment at all. The aim of this thesis is the numerical 

investigation of the structural mechanics and deployment of transformable structures and quantifying the 

effect of imperfections (geometry, friction) on their behavior, leading to their more efficient design. The main 

tasks include the numerical investigation of the deployment of 2D/3D structures with an ideal geometry 

(wireframe model) including the effect of friction in the hinges and the effect of geometric imperfections. The 

deployment force, as well as its variation during deployment should be limited to ensure safe deployment.  

The computational modeling of the above aspects is a non trivial task. The mechanical analysis is by nature 

geometrically nonlinear, but also involves additional nonlinearities due to friction. A commercial finite element 

code (Samcef) will be used for this study. Considering the numerical nature of the proposed subject a solid 

basis of the Finite Element Method is required from the applicant. 

 

 

        

 



             

 

Subject 5: Modelling of the behaviour of porous heterogeneous materials by means of 

XFEM discretisation strategies 

Supervisor: T.J. Massart (thmassar@batir.ulb.ac.be), B. François (bertrand.francois@ulb.ac.be) 

Other contact persons: B. Sonon (bsonon@ulb.ac.be) 

Working language: English/French 

Student profile: Civil Engineering 

Prerequisites/special skills: Good knowledge in finite element modelling and in MatLab are 

prerequisites. 

Summary 

Nowadays, most of the simulations involving geomaterials (rocks, soils, ...) have to take into account 

the heterogeneities and the material boundaries between different phases. This may be true to 

understand the overall behaviour of heterogeneous materials at the fine scale (Figure, left), but also 

to describe large scale phenomena such the stability of large soil or rock masses with embedded 

fracture zones (Figure, right). 

Small scale

Large scale

 

At small scale, geomaterials are multi-phase and heterogeneous by nature. For modeling their 

mechanical behaviour by the finite element method at such a scale, the mesh generation operation 

quickly becomes difficult task, especially in 3D. To overcome this problem, enriched discretisation 

techniques (XFEM) are being developed to allow simulations in which the mesh can be built 

independently from the material boundaries. Developments are under way in the BATir department 

to adapt such methodologies to the mechanical behaviour of heterogeneous soils. The objective of 

this Master thesis is to extend this methodology to poroelasticity, i.e. the behaviour of porous 

materials coupling their mechanical behaviour with fluid diffusion (which is a key point in 

conventional soil mechanics and geomechanics). 



             

 

Subject 6: Computational and experimental investigation of the shrinkage-induced 

cracking on the early age mechanical properties of concrete in tension and in compression 

Supervisors:  Thierry J. Massart (thmassar@batir.ulb.ac.be),  

  Stéphanie Staquet (sstaquet@ulb.ac.be) 

Other contact persons: Bernard Sonon (bsonon@ulb.ac.be) 

Brice Delsaute (brice.delsaute@gmail.com ) 

   Jérôme Carette (carette.jerome@gmail.com ) 

Working language: English/French 

Student profile: Civil Engineering 

Prerequisites/special skills: Good knowledge in finite element modelling and in MatLab are 

prerequisites. The course of Non linear modelling (CNST-H418) is considered as a basis for the 

computational work. The work will also require skills for experimental work and knowledge about the 

modeling of the mechanical behavior of concrete at early age. The course of Environmental design of 

concrete structures (CNST-H510 MA2 CC) is recommended for the modeling and experimental works. 

Summary 

The overall behavior of concrete structures is determined by various processes occurring from the time of 

casting. The understanding of this overall behavior requires the investigation of the mechanical processes at 

the scale of concrete constituents. Among these fine scale features, the interactions between the shrinkage of 

the cement paste and its prevention by aggregates are nowadays thought to play a crucial role in microcracking 

development, which in turn may cause dissymmetry in the compressive vs. tensile instantaneous and delayed 

mechanical response of concrete (E modulus, creep/relaxation). 

The objective of this work will be to assess the potential importance of microcracking in these mechanical 

properties based on computational and experimental investigations.  

The computational procedures will be based on computational homogenisation theories allowing deducing the 

overall properties based on constituents postulated laws and on microstructural Representative Volume 

Elements material. The simulations will involve the use of cracking laws available in an in-house code 

developed in BATir, as well as tools enabling the generation of microstructural representative volume 

elements.  

Starting from available data for the overall concrete (elastic mechanical properties, creep/relaxation, shrinkage, 

imaging from scanning electron microscope SEM), the goal of the experimental work will be to extend them for 

the mortar by using equipments available at BATir-LGC; especially a TSTM Temperature Stress Testing Machine. 

Considering the combined nature of the proposed subject, an interest in both computational and experimental 

methods is required from the applicant. 



             

 

 

 

 

TSTM Temperature Stress Testing Machine 

 

 

 


