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Detailed description of the research work proposed for a PhD

Title: Study of the mechanical behaviour of bitumen stabilized
materials with RAP (reclaimed asphalt pavement) subjected to
mechanical cyclic loadings at various hydric states, temperatures and

curing time. Design of road pavements.

1. Background

Granular materials like unbound granular materials (UGM) [1], [2], reclaimed crushed
concrete aggregates (RCA) [4], reclaimed asphalt concrete aggregates (RAP) [3] or mixes of
these materials are more and more used in the road pavement structure and become a key

point in pavement life cycle assessment (LCA).
2. Obijectives

In this project we plan to study the mechanical behavior of bituminous treated materials (BTM)
with active filler (lime or cement). These BTM are generally out of standards and have to be
studied with repeated load triaxial tests (RLTT). BTM mechanical behaviour depends on the
curing time:

- At early age, the mechanical behaviour is defined as the resilient behavior after a
conditioning loading. It depends on the state of stress, the water content and the
affinity of the emulsion binder with the stone or RAP. Plastic strains occur which
depend on also the same state parameters.

- For long term curing, the resilient behaviour depends on the temperature, the
frequency, the state of stress and also the curing condition. Plastic behaviour of these

BTM depends on the temperature and the curing condition.

The addition of low amount of active filler has never been studied or taken into account in
models for road pavement design in France while it is still studied in other European, Asian
or Amercian countries.

Previous Ph.D. studies have been performed recently in our team with either UGM (Ph.D. of
N. HO (2013), P. JING (2016)), or RAP (Ph.D. of L. Gaillard (2019)), or RCA (Ph.D. C. WANG
(2023)), or gravel-emulsion material (Z. Chen 2026) [6]. The team has the knowledge of the
initial behaviour of these materials considered alone, the behaviour of the mixes with active

filler will have to be studied.



In this context, we propose to study the influence of the unsaturated state, temperature, curing
time, temperature, frequency, mix design (amount of stone and RAP + active filler) on the
cyclic mechanical behaviour (visco-elastoplastic) of a compacted mixes of BTM with a repeated
load triaxial cell. We will first study the chemo-physical properties of RAP, stone, emulsion
and active filler, then try during these tests to measure the suction evolution in the sample.

Then the study of the multi-physics mechanical behaviour will be done.

3. Numerical approach

These experimental results will provide the database to add the curing time effect and the
bitumen content in an visco-elastoplastic model which could be based on the shakedown
theory, developed for the cyclic behaviour of these granular materials.

The visco-elastic framework could be used to model the long-term resilient behaviour (Coulon
et al., 2023). This model will be implemented in the finite element (FEM) code Cast3M, and it
will be used to simulate the behaviour of road pavement subjected to traffic loading and

various environmental conditions.
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Keywords: soil mechanics, unbound granular materials, reclaimed asphalt concrete, cold
recycled mixtures, bitumen stabilised materials (BSM), cement-bitumen treated materials

(CBTM), resilient behaviour, analytical modelling, finite element modelling.

Scientific competences:

During the PhD work the student will acquire deep experience in multiphysics tests and
simulations. Computational competences will be developed. The proposed work will be also

an opportunity to deal with high level pavement engineering.
Background required from the applicant:

We are looking for applicants interested in the experimental study of cold recycled mixtures
like bitumen stabilised materials, cement-bitumen treated materials materials with or without

reclaimed asphalt pavement for road pavement base layer.

The rheological behaviour of these mixes will be modelled analytically or with the finite
element method. A good knowledge in continuum mechancics, soils mechanic and/or
pavement material is wellcome. Experimental skills and previous experiences in one (or more)

of the mentioned fields are welcome, but not mandatory.



