Master Thesis Proposal
Short fiber bio-composites: manufacturing, testing and modelling
Background
Short fiber reinforced composites (SFRCs) are being increasingly used
due to their interesting mechanical properties and ease of processing.
Despite very good performance of short fiber composites made from
synthetic matrices and fibers, following from rising consciousnesses
about environmental issues and the important need of sustainability,
but also important emerging properties as light weight, considerable
research is devoted to replacing man-made matrix material and fibers
with materials obtained from natural resources.
Purpose
The purpose of this project is to (i): fabricate bio-composite samples
from polylactic acid (PLA) and cellulose fibers, (ii): perform
thermomechanical experiments on the samples, and (iii): model the
mechanical behavior of the composite samples using micromechanical modelling approaches.

Figure 1: Components of an automobile made form biocomposites [Holbery and Houston (2006), JOM, 58 (11): 80-86]

Project description
In the first phase of this project, bio-composite samples will be fabricated using PLA
as the matrix and cellulose fibers as reinforcements, via melt processing. In order to
model the mechanical behavior using micro-mechanical approaches, once the
samples are produced, thermomechanical experiments will be conducted to obtain
their mechanical performance, and. compared with the neat polymer matrix. .Based
on the obtained results, a constitutive model will be calibrated to represent the
behavior of the PLA matrix. For cellulose fibers, in-situ mechanical experiments will
be performed to obtain their mechanical properties. For micro-mechanical
modelling, it is also needed to obtain the orientation distribution of fibers at the
micro-structure. This will be obtained by performing X-ray Computer Tomography or
other imaging techniques. Having the above information at hand, numerical
Representative Volume Elements (RVEs) which mimic the actual material microstructure will be generated, and spatially discretized. Figure 2 shows an RVE of a short
fiber composite and its corresponding mesh. Then, Finite Element simulations will be
carried out, and the homogenized composite properties will be obtained.
Student background
This project is suitable for one or two master students who are interested in an
interdisciplinary study merging experimental/computational mechanics and
composite materials. Programming skills in Matlab or Python, and familiarity with a
Finite Element software such as Abaqus are highly valued.

Figure 2: An RVE of a short fiber
composites and its spatial discretization
[Mirkhalaf et al. (2020), Composite Part
B, in press]
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