
                                    

 

Monitoring of the mechanical properties of soils using embedded piezoelectric transducers 

Supervisor: Arnaud Deraemaeker (aderaema@ulb.ac.be)  
Co-supervisor :  Bertrand François (bertrand.francois@ulb.ac.be) 
Contact persons: Arnaud Deraemaeker / Bertrand François 

Working language: English/ French 

Student profile: Civil Engineering 

Prerequisites/special skills: An interest in soil mechanics, experimental work and in the field of 
dynamics 

Summary: Ultrasonic techniques can be used in order to estimate the mechanical properties of soils. 
Commercial systems consist in external piezoelectric transducers which are coupled to a small  soil 
specimen using some coupling agent. A compressive wave is sent by the emitting transducer and is 
picked up by the receiver after travelling through the sample of soil. An estimate of the time of travel 
allows to compute the mean velocity of the compressive wave which, in turn, is used to estimate the 
Young’s modulus of the sample. Such a system has been previously used in the laboratory of 
geomechanics of BATir at ULB. For the estimation of the properties of soil over long periods of time, 
the system is however not optimal as it requires to recouple the soil sample to the transducers using 
coupling agent many times. The goal of this thesis is to study the possibility of using very low cost, 
disposable piezoelectric elements permanently attached to the soil sample instead of the regular 
transducers.  
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Figure 1 : Soil sample and transmitted ultrasonic wave 

The work is essentially experimental and consists in realizing different test setups in which low-cost 
transducers are attached to the soil sample. The performances of these alternative transducers will 
be assessed and compared to the performances of the existing system. The possibility to embed the 
transducers before compaction will also be studied. 
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Embedded MEMS accelerometers for long time permanent monitoring of 
concrete structures 

Supervisor: Arnaud Deraemaeker (aderaema@ulb.ac.be)  
Co-supervisor :  Hugo Sol (hugos@irexchange.vub.ac.be) 
Contact person: Arnaud Deraemaeker (aderaema@ulb.ac.be)  

Working language: English/ French 

Student profile: Civil Engineering 

Prerequisites/special skills: An interest in experimental work and in the field of dynamics 

Summary: Permanent monitoring of the quality of concrete is of great importance for optimal 
maintenance of concrete structures. Vibration based methods can be used in order to track changes 
in the dynamic signature of structures caused by damage. Traditional sensors used for SHM systems 
are accelerometers. New types of accelerometers based on the MEMS (micro-electromechanical 
systems) concept have been developed in the last decade, largely driven by other application 
markets such as smart phones and airbag systems. These low costs sensors have however lower 
performances than traditional accelerometers used in vibration analysis.  The goals of this thesis are 
(i) to make a review of the different types of existing MEMS accelerometers outlining their respective 
performances, and (ii) to develop a test setup in which the best candidate MEMS accelerometer is 
embedded permanently inside a concrete beam in order to monitor its dynamic response. 

The work consists in a market survey of existing MEMS accelerometers and experimental work 
consisting in the development of a test setup. This setup will consist in a concrete beam in which 
MEMS accelerometers are embedded in order to monitor the acceleration levels. The performance 
of the embedded MEMS sensors will be compared with the performance of expensive high quality 
accelerometers available in the laboratory of civil engineering of BATir at ULB.  
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Design and execution of three-point-bend tests as a basis for   identifying 
material parameters of concrete 

Supervisor: Arnaud Deraemaeker (aderaema@ulb.ac.be)  
Co-supervisor :  Bernard Espion (bespion@ulb.ac.be) 
Contact person: Maik Brehm (maik.brehm@ulb.ac.be) 

Working language: English 

Student profile: Civil Engineering 

Prerequisites/special skills: An interest in experimental working is required and a basic 
understanding of concrete damage mechanisms is desirable. 

Summary: In recent years, a major step has been made in developing suitable constitutive laws to 
model progressing damage in concrete structures. Of course, the constitutive laws rely on several 
material parameters to describe the linear-elastic and softening behavior. Even though most of such 
parameters have a physical meaning, their accurate prediction is difficult. To reduce the uncertainty 
of predicted parameters, experimental tests can be performed. One kind of test is a three-point-bend 
test on a single-edge-notched beam [1] [2].  

                       

 

 

 

Figure 1: Notched beam 

Based on the recommendations from literature, the student has to design and realize a three-point-
bend test in the laboratory. This includes the preparation of test specimens, the construction of the 
test setup and the execution of the tests. To investigate the statistical uncertainties of such tests, ten 
repetitions need to be performed.                          

 

 

 

                         

Figure 2: Experimental and numerical load-deflection-curve 
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Damage detection on a reinforced concrete column using dynamic vibration 
signals 

Supervisor: Arnaud Deraemaeker (aderaema@ulb.ac.be)  
Contact person: Arnaud Deraemaeker (aderaema@ulb.ac.be) 
Working language: English/ French 

Student profile: Civil Engineering 

Prerequisites/special skills: An interest in the field of structural dynamics and concrete structures 

Summary: Assessing the state of health and the level of damage in concrete structures is an 
important aspect of maintenance of such structures. Among others, vibration based methods have 
been studied for many years. The underlying principle is that damage occurring in the concrete will 
result in a change of stiffness which will be reflected by the change of the dynamic signals. The 
present thesis is based on experimental data made available by the Los Alamos National Laboratory 
in New Mexico USA. It consists in recordings of the dynamic response of a reinforced concrete 
column subjected to progressive damage. The aim is to develop an efficient signal processing 
technique in order to build a suitable damage indicator which can be used in order to assess the state 
of damage of the column.  

 

Figure 1 : Reinforced concrete column tested up to failure 

 

The work is based on available experimental data but is strictly numerical. It will consist in 
implementing a new damage indicator recently proposed in the research team at the BATir lab of 
ULB and to compare its performance with the damage indicator used in the study conducted by the 



                                    

 

Los Alamos National Labs research team. The computation of the damage indicator will be 
performed using Matlab,  based on already existing signal processing routines. 
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Comparison of damage localization methods based on dynamic strain 
measurements 

Supervisor: Arnaud Deraemaeker (aderaema@ulb.ac.be)  
Contact person: Gilles Tondreau (Gilles.Tondreau@ulb.ac.be) 
Working language: English/ French 

Student profile: Civil Engineering / Mechanical Engineering 

Prerequisites/special skills:  An interest in the field of structural dynamics and Matlab programming 

Summary: Vibration signals can be used in order to detect and locate damages in structures. In 
particular, many researchers have shown the interest of using dynamic strain measurements and 
proposed different methods for damage localization. The goal of this thesis is to compare the 
efficiency of these different methods. Due to the difficulty to generate experimentally data suitable 
for all these methods, an existing numerical simulator developed in the Matlab environment will be 
used.  

 

Figure 1 : Finite element model of a concrete bridge with simulated damage and dynamic strain 
sensors attached to it for damage localization 

The work is numerical and consists on one hand in the use of the simulator to generate data on 
simple examples (simply supported beam with reduced stiffness in a local area) an on the other hand 
in the application of the different methods proposed in the literature (among which one is developed 
at BATir lab in ULB) in order to compare the performances. The methods will also be programmed in 
the Matlab environment. 

 



                                    

 

References 

[1] A.K. Pandey,M. Biswas, andM.M. Samman. Damage detection from changes in curvature mode 
shapes.  Journal of Sound and Vibration, 145(2):321–332, 1991 
[2] A. Deraemaeker. On the use of dynamic strains and curvatures for vibration based damage 
localization. In Proc EWSHM 2010, Sorento, Italy, July 2010 
[3] G. Tondreau and A. Deraemaeker. Damage localization in bridges using multi-scale filters and 
large strain sensor networks. In Proc ISMA 2010, Leuven, Belgium, Sept 2010. 



                                    

 

Modeling of uncertainties and variability in dynamics 

Supervisor: Arnaud Deraemaeker (aderaema@ulb.ac.be)  
Co-supervisor : Rajan Filomeno Coelho (rfilomen@ulb.ac.be) 
Contact persons: Arnaud Deraemaeker / Rajan Filomeno Coelho  

Working language: English/ French 

Student profile: Civil Engineering / Mechanical Engineering 

Prerequisites/special skills:  An interest in the field of structural dynamics  and Matlab programming 

Summary: Variability of material and geometrical properties is an important aspect which should be 
taken into account for the robust design of structures and systems. If the probability distribution 
functions of these properties is known, the effect of this variability can be predicted using a 
numerical discrete model of the structure (such as finite elements). A typical approach is to use 
Monte-Carlo simulations which require to solve the numerical problem many times. An alternative is 
to solve the problem for a limited set of  parameter values and to fit a stochastical model to this 
limited set of points in order to be able to approximate the real variability. An approach commonly 
used is polynomial chaos expansion.  

 

Figure 1 : Dynamic testing of a real-scale building 

The work consists in assessing the applicability of polynomial chaos expansion for dynamic problems. 
Based on simple systems such as a single degree of freedom mass-spring system, the applicability 
and limitations of the polynomial chaos expansion will be assessed. The work is numerical and will be 
performed in the Matlab environment. 
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Design improvement of a resonant piezoelectric sensor for the monitoring of 
the state of health of structures 

Supervisor: Arnaud Deraemaeker (aderaema@ulb.ac.be)  

Contact person: Arnaud Deraemaeker (aderaema@ulb.ac.be) 

Working language: English/ French 

Student profile: Civil Engineering / Mechanical Engineering 

Prerequisites/special skills:  An interest in the field of structural dynamics  and Matlab programming 

Summary: Vibration signals can be used in order to monitor the state of health of structures. 
Traditionally, this is done using accelerometers which, due to their design, are limited to frequencies 
below 10 kHz. In some applications, signals of higher frequencies are more interesting for the 
monitoring of the state of health. An alternative to the classical accelerometer is to use a resonant 
sensor acting as a band-pass filter focusing on a given frequency band of interest. Such kind of sensor 
has been previously developed in the company SDT International, targeting frequencies around 40 
kHz. The goal of this thesis is to study possible improvements of this design. 

The work consists on one hand in the modeling of the existing piezoelectric transducer using the 
finite element code SAMCEF in order to estimate its resonant frequencies, and on the other hand on 
the study of alternative designs in order to improve its performances, essentially by tuning the 
eigenfrequencies. 

 

 

Figure 1 : Current design of the resonant sensor (SDT International) 
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