
 

 
Ph.D. in Computational Material Modeling 

 

Modeling of Ceramic Matrix Composites 
 
 
About the partners 

 

e-Xstream engineering (http://www.e-Xstream.com) is a software and engineering services 
company 100% focused on the multi-scale modeling of composite materials and structures. 
We help our customers, material suppliers and material users across the industries (Auto, 
Aero,…), to reduce the cost and time needed to develop innovative materials and products 
using DIGIMAT, the nonlinear multi-scale material modeling platform we are developing. e-
Xstream was founded in 2003 in Belgium and Luxembourg. e-Xstream is an MSC Software 
company which is part of Hexagon AB (www.mscsoftware.com and www.hexagon.com).  
 
 
The Aerospace & Mechanical engineering team of the University of Liège 
(https://www.am.uliege.be/) aims at developing advanced technologies and engineering 
solutions based on the scientific core disciplines of dynamics, continuum mechanics, material 
sciences, thermodynamics and applied mathematics with a particular focus on applications 
in the fields of aerospace engineering, materials and processes, energy conversion, 
mechanical systems, biomechanics and numerical methods. The research group involved in 
this Ph.D. is focusing on Nonlinear Computational Mechanics and is led by Professor J.P. 
Ponthot and R. Boman (http://metafor.ltas.ulg.ac.be).  
 
 

About the Ph.D. subject 

 

Ceramic matrix composites (CMC) result from the combination of a ceramic matrix with a 
ceramic reinforcement. As illustrated in Figure 1, the reinforcement can be of different forms.  

 

Figure 1: Different reinforcement architectures: (a) short fibers / particles, 

(b) unidirectional continuous fibers, (c) woven 2D or (d) woven 3D 

 

Like monolithic ceramics (i.e. without reinforcement), such composite materials have an 
excellent stiffness-to-weight ratio and can be used at elevated temperatures above 1000 ° C. 
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In addition, they exhibit a much less brittle behavior than monolithic ceramics (see Figure 2) 
thanks to the fibers that deflect the cracks which develop in the matrix. As a result, they 
exhibit better resistance to cracking and thermal shock, higher strain at break and excellent 
strength-to-weight ratio. They are therefore of great interest for applications where it is 
desired to have good mechanical performance at high temperature with reduced weight. 
These include: aircraft engine parts like nozzles, brake discs for aircraft or sports cars, wing 
elements and heat shields for atmospheric reentry vehicles. 

 

Figure 2: Schematic representation of the stress-strain behavior of monolithic ceramics and CMCs 

CMCs have unfortunately several disadvantages. Their manufacturing process is very long 
(up to 2 months) and therefore very expensive. They include porosities and micro-cracks 
generated during manufacture that can occupy up to 5-15% of their volume. Their mechanical 
behavior is complex and subject to strong variability. To date, there are still few computational 
methods and simulation tools that can reliably account for, or predict, these phenomena. The 
development of new structural parts is therefore based on simplified methods and proceeds 
with many trials and errors. This leads to high development time and cost as well as often 
suboptimal designs. 

In this Ph.D, we propose to develop a simulation methodology to predict the behavior of CMC 
parts under quasi-static loadings, at ambient temperature as well as at a high temperature 
(representative of the service conditions). We also want to make this methodology usable in 
an industrial context by implementing new functionalities or by improving existing 
functionalities in the Digimat software. Research will also focus on step-by-step validation of 
the developed methodologies and models, from the scale of the material to that of the 
coupons and structural details, by comparison with experimental data. We will focus on 
materials with 2D woven reinforcement, both the fibers and the matrix being made of silicon 
carbide (SiC). These materials have the greatest potential for application in aircraft engines 
because their mechanical performance is superior to other material systems. 

  

Figure 3: Modeling strategy to be developed in the project 

 

The breakage of CMCs results from complex mechanisms occurring at the microscopic scale. 
For example, in composites with unidirectional fiber reinforcement, subjected to an uniaxial 



 

loading increasing in time, pre-existing microcracks, as well as new cracks initiated at the 
edge of the voids, will gradually grow in the matrix until stopped by fibers. This phenomenon 
will continue until the matrix is saturated in cracks. The cracks will then continue to grow 
along the fiber-matrix interfaces until the fibers themselves break. The latter will finally be 
removed from the matrix by sliding along the fiber-matrix interfaces, a phenomenon known 
as fiber pull-out. Therefore, the simulation methodologies that will be developed in the project 
will be based on (see Figure 3): 

• Micromechanical models for predicting the behavior of yarns (see Figure 1 (c) for 
the representation of yarns) by modeling the phenomena occurring in the fibers, in 
the matrix and at the fiber-matrix interface. 

• Micromechanical models to predict the behavior of the CMC material by modeling 
the phenomena occurring in the yarns (using the first models above), in the matrix 
area between the yarns and at the interface between the yarns and matrix. 

• A multi-scale approach to use these micromechanical models in finite element 
analysis on coupons or structural details, taking into account the spatial variability of 
the microstructure and properties of the material. 

 

 
The Candidate 

 

The ideal candidate should have:  
 

✓ An engineering degree in mechanics, material science, applied mathematics or 
equivalent. 

✓ Willing to perform a Ph.D. involving a university and a company in order to build up 
knowledge and bring back competencies to the company.  

✓ A good level of English as business language. The knowledge of French is not 
mandatory but appreciated. 

✓ A high level of self motivation, flexibility and self-learning aptitude. 
 
 
The Benefits 

✓ Challenging high-tech job within highly qualified and dynamic teams. 

✓ The opportunity to develop a large variety of skills and experiences within academic 
and industrial R&D groups.  

✓ Exceptional, performance-driven, career progression opportunities within the 
company after completion of the Ph.D. 

 

Contact 

For further information please send your C.V. and cover letter to laurent.adam@e-xstream.com  
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