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Abstract

Granular materials have widespread applications in geotechnical engineering, where soill
reinforcement with synthetic or natural bers enhances strength and stability. This
thesis numerically analyzes, using the Discrete Element Method (DEM), the interaction
between a ber embedded in granular material. The study examines the drag and lift
forces acting on a ber dragged in a granular material. The results provide insights for
optimizing applications related to ber-reinforced materials and suggest directions for

future research in this eld.
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Introduction

The applications of granular materials are many in the industrial sector, from agribusi-
ness, with grains, to construction, with cement, or in the chemical and pharmaceutical
industries, with powders and drugs, as well as in nature, where they occur in various
forms such as sand, soil and minerals.

Speci cally, the use of granular materials in geotechnical engineering is critical for a va-
riety of applications, particularly in the design and construction of foundations, roads,
dams, tunnels and other infrastructure.

Granular materials (i.e., sand, gravel, crushed stone and similar) are characterized
by a structure composed of discrete particles that can support loads by means on
inter-granular friction, making them particularly useful in many applications, such as
foundations, base and foundation layers for roads, slope stability and soil reinforce-
ment. In this regard, soil reinforcement can be obtained using bers of di erent types:
synthetic bers (polypropylene, polyester), carbon ber, glass ber or natural bers
(hemp, sisal and coconut).

This technique has seen signi cant development recently and is used to enhance the
mechanical properties of soil, such as strength and sti ness, through mixing bers made
from various materials [[27], [49], [50], [55].

This approach is useful in situations where the soil is not su ciently stable or sti, for
the application purpose. By introducing bers into the soil, it helps to better distribute
loads, improving cohesion between soil particles and reducing the risk of settlements
or slides.

The ber-soil coupling problem can be studied by analyzing the e ect of a single ber
placed within a granular material ow, in order to evaluate the drag and lift forces

acting on it. Numerous studies in the literature examine the use of an object sub-
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jected to the forces of a granular material ow, but such objects are mostly spherical
or parallelepiped-shaped [2]; [51]. It is therefore necessary to apply these studies to
the case of a single ber: Discrete Element Method (DEM) simulations are thus used
to study and analyze the behavior of granular systems and ows.

This thesis paper presents a numerical rheological study of a ber embedded in a gran-
ular material, being pulled from its center at a constant velocity. Initially the rigid ber
was considered and then a deformable one. The case of a rigid disk is also evaluated to
make a comparison with the case of the ber, focusing on the di erences in the forces
of drag and lift acting on the two shapes. The objectives of the evaluation are to assess
the behavior of the ber, the forces acting on it, and the surrounding soil.

Given the complexity of the problem, in this work a simpli ed model was adopted by
analyzing the behavior of a rigid ber placed inside a xed box lled with granular
material. The ber is pulled out, so as to simulate the ow of granular material.

In Chapter One, a description of what a granular material is, its main properties and
the previous studies available in the literature are presented.

In Chapter Two, a description of the Discrete Element Method (DEM), used to per-
form the analyses in the di erent cases, as well as a description of the studied system,
are provided.

Chapter Three reports the results of the rst case study, which concerns a rigid ber
inserted in a con ned granular layer.

In Chapter Four, results are reported for the rigid ber and the disk case, both placed
inside an in nite granular layer to better simulate a continuous ow of granular mate-
rial.

In Chapter Five, the results obtained for the case of the exible ber, also placed inside
an in nite granular layer, are reported.

At the conclusion of this paper, the main results obtained from the various analyses
performed and some future work prospects for further development of this study are

reported.



Chapter 1

Granular material

The following Chapter aims to describe the main information about granular materials
so as to understand the behavior and rheology of these media. In particular, their
behavior at the microscopic scale will be described, de ning the contact forces existing
between the grains, and then moving on to a description of their static behavior and
their behavior in the ow regime. Previous studies will also be reported, carried out
due to the need to understand the behavior of an object moving within a granular

medium.

1.1 Introduction to granular materials

This thesis will discuss granular materials, that are de ned as a collection of particle-

based materials made of almost-rigid small bodies, whose size is typically larger than

100 m [17] (Fig[T2).
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