
             

 

1) Valorization of Municipal Solid Waste Incinerati on Fly Ashes coming from Brussels’ 
Region in cementitious materials.  

 
Supervisor : Stéphanie Staquet (sstaquet@ulb.ac.be) 

    Other contact persons : Thibault Lenormand (tlenorma@ulb.ac.be ) 
                                            Jérôme Carette (carette.jerome@gmail.com ) 

 
Working language : English/French 

Student profile : Civil Engineering  

Summary 

This project consists in studying the possibilities of using fly ashes coming from Municipal 
Solid Waste Incineration (MSWI) of Brussels’ Region in cementitious materials as a partial 
replacement of sand or/and clinker. The objective of this work will be to understand the 
influence of the incorporation of these fly ashes in different proportions on a range of 
properties of concrete such as the setting, the heat development, the workability, the 
mechanical properties, the deformations since early age like the autogenous shrinkage, in 
order to reuse these waste in concrete for a minimization of their environmental impact.   

This work is a part of a research project in progress at the Laboratory of Civil Engineering at 
ULB in partnership with the Research Group CRIC-OCCN (situated in Building C) and the 
CREA-SURF research unit at ULB (building U). Considering the nature of the proposed 
subject, an interest in experimental methods is required from the applicant. 
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2) 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 ) 

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 
 



             

 

3) Determination of the very early age mechanical p roperties and the free 
deformations of eco-mortars based on materials thri fty of non-renewable 
resources. 

 
Supervisor : Stéphanie Staquet (sstaquet@ulb.ac.be) 

Other contact persons : Jérôme Carette (carette.jerome@gmail.com ) 
                                        Ameur Hamami (ahamami@ulb.ac.be ) 
 
Working language : English/French 

Student profile : Civil Engineering  

Prerequisites/special skills : Good knowledge in MatLab is prerequisite. 

Summary 

This project consists in studying the early age behavior of new mix design of eco-mortars 
(with addition of slag, limestone filler, ect…) developed at the Laboratory of Civil Engineering 
at ULB in order to improve their durability and to minimizing their potential risk of cracking at 
early age. The first part of the work will consist in carrying out a series of experimental tests 
on mortars to assess their properties since very early age by using several test equipments 
which are available in our laboratory: the setting and the hardening behavior by the use of 
ultrasonic methods, the autogenous shrinkage and the heat of development by isothermal 
calorimetry. The second part of the work will consist in analyzing the results and comparing 
them to those obtained on corresponding concretes. The objective of this part is to 
understand the influence of the presence of aggregates on the results; especially the setting 
time and the reactivity. The question is to know if it is relevant or not to work with an 
equivalent mortar to concrete for such properties at very early age.  

This work is a part of a research project in progress at the Laboratory of Civil Engineering at 
ULB in partnership with the Research Group LEPTIAB from La Rochelle in France and the 
4MAT research unit at ULB (building U).  Considering the combined nature of the proposed 
subject, an interest in both computational and experimental methods is required from the 
applicant. 

 

 

 

 

 

 



             

 

 

 

Test equipments for early age concrete: 

extensometer, shrinkage device, isothermal calorimeter, ultrasonic device 

 

 



             

 

4) Computational modeling of the hardening behavior  since very early of eco-pastes 
based on materials thrifty of non-renewable resourc es. 

 
Supervisor : Stéphanie Staquet (sstaquet@ulb.ac.be) 

Other contact persons : Ameur Hamami (ahamami@ulb.ac.be ) 
 
Working language : English/French 

Student profile : Civil Engineering  

Summary 

This project consists in modeling the early age behavior of new mix design of eco-pastes 
(with addition of slag, limestone filler, ect…) developed at the Laboratory of Civil Engineering 
at ULB in order to improve their durability and to minimizing their potential risk of cracking at 
early age. The work will consist in carrying out a series of computational modelings to assess 
the hardening behaviour of the eco-pastes since very early age by using the CEMHYD3D 
software package available in our laboratory.  

The hydration of cement is a chemical phenomenon easily quantifiable in the laboratory. 
However, its modeling is quite complex, especially with the presence of mineral additions 
(limestone filler, blast furnace slag, fly ash ...). CEMHYD3D is a software package which 
allows the modeling of hydrated cement pastes from their composition (cement properties 
and W/C ratio). Based on the cement size distribution and the W/C ratio, a stack of spherical 
cement grains is created. The grains are then segmented to separate the cement phases 
(C3S, C2S, C3A, C4AF) based on their real mass fractions. Finally, hydration is modeled by 
several cycles of dissolution-precipitation-chemical reaction leading to a hydrated 
microstructure. However, the use of CEMHYD3D remains somewhat limited when it comes 
to model the hardening behavior of pastes with mineral additions. The purpose is to extend 
the code to the modeling of the hardening behavior of pastes with binary/ternary cement. 
Direct applications are the determination of the degree of hydration and the setting time by 
image analysis. 

This work is a part of a research project in progress at the Laboratory of Civil Engineering at 
ULB in partnership with the Research Group LEPTIAB from La Rochelle in France and the 
4MAT research unit at ULB (building U).  Considering the nature of the proposed subject, an 
interest in computational methods is required from the applicant. 



             

 

 

Non-hydrated cement paste structure 

 

Non-hydrated structure slice 

 

Hydrated cement paste structure 

 

Hydrated structure slice 

 

 

 

 

 

 

 



             

 

5) Creep-damage effects: experimental investigation  on concrete in tension with 
acoustic emission technique.  

 
Supervisors : Stéphanie Staquet (sstaquet@ulb.ac.be) 

  Arnaud Deraemaeker (aderaema@ulb.ac.be ) 

Other contact persons : Brice Delsaute (brice.delsaute@gmail.com ) 
 

Working language : English/French 

Student profile : Civil Engineering  

Summary 

The serviceability of concrete structures is a problem in which creep and damage are 
coupled. In common practice, it is usually assumed that linear viscoelasticity takes place for 
low load levels and that in the same loading range, the instantaneous mechanical behavior of 
concrete remains elastic. For high load levels, deviation from linearity of the response of 
concrete to creep is expected and deviation from linearity of the instantaneous mechanical 
response occurs as well. Under high sustained loads, cracks grow and interact with the time 
dependent response of the bulk material. This project consists in studying the creep-damage 
coupling for concrete submitted to tension by means of the acoustic emission technique. 
Acoustic emission occurs when there is a sudden change in energy due to flaws and defect 
nucleation or propagation in a specimen. Most studies focused on relating acoustic emission 
characteristics to the properties of the fracture process zone and to the damage localization. 
The purpose of this work is to apply this technique to the creep tests on concrete in tension.  

This work is a part of a research project in progress at the Laboratory of Civil Engineering at 
ULB in partnership with the IFSTTAR Laboratory from Paris. Considering the combined 
nature of the proposed subject, an interest in both computational and experimental methods 
is required from the applicant. 

 

 



             

 

 
 

Tensile test on concrete specimen up to failure 
 
 

 
 
 
 
 
 
 
 

 


