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by DEM/CFD coupling

1. Background

In recent years, cities worldwide have faced an escalating risk of pluvial flooding and its
repercussions, primarily due to climate change-induced extreme precipitation events and
urbanization. Flooding is a common natural disaster worldwide, foreseeing increased
frequency due to climate change. Porous Asphalt (PA) pavements offer a promising solution,
initially designed for motorways but now recognized for urban use. They efficiently manage
stormwater runoff, mitigating flood risk while being cost-effective and eco-friendly (see Figure
1). However, the impact of water pressure and flow on PA pavement durability remains
unclear, necessitating further research. Clogging, caused by void blockages and pollution
accumulation, undermines drainage capacity, posing a significant challenge. Research efforts
focus on understanding clogging mechanisms and developing resilient PA mixtures to reduce
flood risk without compromising durability. Developing a robust model for permeability
based on porosity and associated sediment mass balance facilitates the extrapolation of results
beyond laboratory's experiments. This allows the analysis of asphalt concrete with different
porosities, water flow velocities, and solid concentrations. The derivation of general and
simplified equations related to measurable system quantities (porosity, permeability,
granulometry, fluid flow, solid concentration, etc.) is a crucial tool for the design of PA

pavements.
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Figure 1 — (a) Scheme of a typical porous asphalt pavement and (b) a real example [1].

2. Objectives of this work

e Develop a numerical model to simulate water flow (computation fluid dynamics -
CFD) through permeable pavements coupled to discrete element modelling (DEM) to
describe the granular material structure and sediments.

e Incorporate factors influencing clogging, including sediment transport and pollutant
accumulation and their effect on structure permeability.

o Investigate the impact of different pavement materials and designs on clogging
susceptibility.

e Validate the model using experimental data from our tests..

3. Numerical approach

The impact of clogging on pavement permeability, will be held through Discrete Element
Modeling (DEM) for granular material structure and sediments, and the simulation of water
flow through PA pavements using Computational Fluid Dynamics (CFD). The solid and fluid

equations will be coupled in order to define permeability of PA pavements.

The PA pavement will be described as a porous medium composed of solid particles bounded
together by asphalt binder. Water charged with sediments flow through the connected pores
of this medium. Two phases will be described: solid (asphalt concrete and sediments) and fluid
(water). The solids will be modeled using the Discrete Element Method (DEM) [2, 3, 6], which
can easily handle the motion of a very large number of particles. Cohesive interactions

between asphalt concrete particles will be considered. Sediments interact through simple



elastoplastic (frictional) contacts [4]. Particle calculations will be performed using the open-
source DEM code YADE or PFC from ITASCA.

The fluid, averaged over the pores, will be described using a Computational Fluid Dynamics
(CFD) scheme. Equations of continuity and fluid motion (Navier-Stokes) define the fluid flow.

Fluid calculations will be conducted using the open-source CFD software OpenFOAM.

A quantitative assessment of the evolution of the permeability depends on the characterization
of the interactions between solid and fluid phases in more complex porous materials (see an
example of a granular matrix composed by particles of different shapes in Figure 2). A
comparison with experimental results from literature will allow the calibration of these
parameters, a major element for the numerical description of the loss of permeability during
clogging process.
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Figure 2 - Illustration of clogging is taking place in simulations from [5].
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Scientific competences: During the PhD work the student will acquire deep experience in
multiphysics simulations like multi-particle modeling and fluid dynamics. Computational
competences will be developed (notably in Python). 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 on the
study of materials and structures. Computer skills and previous experiences in one (or more)

of the mentioned fields are welcome, but not mandatory.
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