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ABSTRACT: Roads are essential to the development of a nation, as they facilitate transportation and economic growth.
Pavements, which provide a durable surface for vehicle traffic, depend on a variety of factors, including the quality of Unbound
Granular Material (UGM) used in their base layers.

The main objective of this review article was to review recent studies on the characterization of UGM in pavements. To do this,
a bibliometrics study was carried out to confirm the scientific interest of the subject by revealing a large number of publications
on pavements and gravels not treated on the subject since 2000.

It appears that various empirical and theoretical approaches are used in pavement design and that UGM properties play a
crucial role in the structural integrity of pavements.

Indeed, the study showed that UGM cleanliness is crucial to avoid contaminants that can affect the quality and performance
of building materials. Various methods, including digital image analysis, have been used to quantify the characteristic shape of
UGM. Additionally, UGM resistance is achieved using tests such as the Los Angeles abrasion test, which measures impact
resistance. The researchers also underline the importance of taking into account cyclic stresses and permanent deformations
in the design of the pavement to improve its longevity. In conclusion, the article highlights the growing scientific interest in
pavements with UG base layers and discusses various methods for characterizing UGM properties, which are essential for the
design of durable and resilient road pavements.
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1 INTRODUCTION

The road network is a key element of a country’s transport infrastructure, facilitating the movement of people and goods
across the territory [1]. The construction of roads is of paramount importance for the socio-economic progress of a country, in
the sense that it promotes the development of exchanges between populations, generates employment thanks to the
economic activities it generates, and also facilitates the exploitation of abundant natural resources in the region where it is
deployed [2], [3].

Roads have several components among which designate pavements that play a crucial role in transport infrastructure,
offering a durable and safe surface for the circulation of vehicles thanks to their structures that allow them to resist over time
(4], [5].

Road pavement structures are sized taking into account certain input parameters such as the nature of the supporting soil,
its thickness or the traffic and the materials constituting the sofas [6]. Throughout its existence, the pavement is mainly exposed
to mechanical and climatic stresses which affect its quality of service [7], which leads to various degradations such as cracks,
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potholes and rutting. Among the constituents entering into the structure of the pavements which allow it to last, we can cite
the unused gravels used as a base course [8].

Several studies have shown the preponderant role played by Unbound Granular Material (UGM) in the life of pavements.
Indeed, according to some authors [8], when the shape of these granular materials conforms with exactness, it influences to
some extent the structure and the mechanical behavior as well as several properties of the pavement. UGM serve as a
structural support by providing a strong and resilient platform on which the roadway is built. They distribute vehicle loads over
a larger area and thus transmit the stress to the upper layers. In addition, UMG allow water to drain through the pavement
layers [9], [10]

The material characteristics of the unbounded layers are therefore of great importance for the performance of the
pavement [4]. The literature reveals numerous studies on unperceived bass as well as on their characterization. Indeed, several
authors have proposed different models for characterizing the shape of UGM in order to better predict their behavior on
pavements. Other authors [11] proposed a method for modeling coarse aggregates based on the morphological characteristics
of particles using the Aggregate Image Measurement System (AIMS). As shape is not the only parameter for characterizing
UGM, other studies have focused on a method for correcting parameters embedded in semi-rigid asphalt pavements combining
numerical simulations and laboratory tests, as well as on the evolution of permanent deformations of UGM as a function of
the number of cycles and the stress level applied to better assess the resistance of UGM under more real conditions [12], [13].
In view of these numerous works, it seems obvious that the characterization of UGM is a problem that arises acutely in the
perspective of producing more durable and rutting-resistant pavements. It is with this in mind that this summary article has
set itself the objective of reviewing recent studies on the characterization of unpowered gravel in pavements. In this review,
we will first examine the bibliometrics in order to show the scientific interest in pavements and Unbound Granular Materials,
then we will review the studies carried out on pavements and we will end with the characterization of Unbound Granular
Materials.

2 BIBLIOMETRICS
The bibliometrics was carried out from the "SCIENCEDIRECT" database on the theme "behavior of pavements with a base

layer made up of unbound granular material (UGM) in Cote d’Ivoire".

Since the year 2000, many publications have been made, including 42,639 publications relating to the terms “pavement”
and “carriegeway” and 59,245 relating to the terms “crushed aggregates”. Figures 1 and 2 show us the number of publications
made by year since the year 2000.

With regard to the keywords "pavement" and "carriegeway", Figure 1 below shows us that the number of publications
relating to these keywords is increasing from 454 to 5,219 from the year 2000 to 2022.

Regarding the keyword "crushed aggregates", we see in Figure 2 that the number of publications relating to this keyword
is also changing, going from 551 to 7589 during the same period.
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Fig. 1.  Number of publications according to the years of publication on the keywords "pavement" and "carriegeway"
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Fig. 2. Number of publications according to the years of publication on the keywords “Crushed aggregates”

This bibliometrics allows us to ensure that the theme "behavior of pavements with a base layer made up of untbound
granular material (UGM) in Cote d’Ivoire" is topical in scientific publications and is of growing interest. Furthermore, it should
be noted that several types of publications have been produced, including review articles, research articles, book chapters,
conference abstracts, short communications and patent reports.

Figures 3 and 4 respectively present the distribution of the types of publications relating to the different keywords.
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Fig. 3.  Post type on keywords “pavement” and “carriegeway”
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In figures 3 and 4, it appears that research articles are the most present scientific publications. However, we note the low
number of patents compared to research articles. Indeed on the keywords "pavement" and "carriegeway" we have 43 patents
for more than 44,000 research articles. On the keyword “crushed aggregates” we have 55,723 research articles and 13 patent
reports.

3 PAVEMENT
3.1 COMPOSITION OF PAVEMENT STRUCTURES

A road pavement is a composite structure made by successively piling a sub-base layer, a base layer and a surface layer
consisting of an intermediate binder course and a wearing course on top of the sub-base layer [14], [15].

Figure 5 below shows a typical cross-section of a pavement structure and the terminology used for the different layers.
Depending on the nature of the materials, their location in the pavement structure and the level of traffic, different types of
structure can be identified.
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Layers of Flexible Pavement

Fig. 5.  Typical cross-section of a pavement structure and terminology of the different layers

There is a wide variety of pavements. Flexible, rigid, thick bituminous, semi-rigid, mixed pavements, and reverse pavements.
Thus, the choice of a type of pavement can be a function of the lifespan of the road, the stresses to which the said pavement
will be subjected after commissioning, and/or construction cost [14]. Pavement structures are designed and constructed to
support loads and provide adequate service capacity. The strength of pavements largely depends on the materials used in the
base layers. Among these materials, we can cite UGM [16].

Among the pavements, a distinction is made between pavements with treated bases for which the grain size of the
materials is also continuous but in which to improve stability and mechanical resistance, a binder, either hydraulic or
hydrocarbon, is added and pavements with untreated bases made up of materials with continuous grain size called unbound
granular material [1], [17], [18].

In addition to the main types of pavement structures mentioned above, there are pavements with a composite structure
combining the durability of cement concrete with the flexibility and adaptability of bituminous materials.

The design of a pavement structure involves a problem of technical and economic optimization, the recipe for which differs
depending on the country.

3.2 DESIGN METHOD FOR PAVEMENT STRUCTURES

Under the effect of external stresses (environmental, loading conditions, etc.), pavement structures are subject to complex
phenomena (mechanical, thermal, physical and chemical) which often appear in a coupled manner.

The purpose of pavement design is to design a structure capable of supporting traffic for a fixed lifespan. Several approaches
have been developed for this purpose, namely: the empirical approach and the theoretical approach. The empirical design
methods developed are based on empirical rules drawn from the observation of the behavior in service of pavement structures
or experimental sections. This method has limits which are all the more visible as new types of structures and more efficient
materials are developed and traffic is constantly increasing [19], [20].

In the theoretical approach, the first step is to experimentally establish the laws of behavior of the materials and to deduce
their mechanical characteristics which will be used in the mathematical formulation of the problem posed. Then, in a second
step, to determine the stresses and strains in the pavement materials and the supporting soil, these are then compared to the
admissible stresses and strains [21].

4  UNBOUND GRANULAR MATERIAL (UGM)
UGM are granular mixtures composed solely of aggregates and water (no hydraulic or hydrocarbon binder is included in

their composition). Their grain size is continuous and the size of the largest aggregates does not exceed 31.5 mm. There are
two categories of UGM, UGM A obtained in a single fraction, and UGM B recomposed from at least two granular fractions.
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In general, there are essentially two sources of aggregates based on origin: a distinction is thus made between artificial
aggregates and natural aggregates.

Artificial aggregates are essentially recycled aggregates: These are aggregate products that include crushed concrete,
bituminous or demolition debris, taconite residues (iron ore), coal mining residues, geopolymers which are inorganic materials
produced naturally or artificially and resulting from the alkaline activation of aluminosilicates [22], [23].

Natural aggregates, they are composed of aggregates deposited by rivers (alluvium) or glaciers (sand, gravel), aggregates
from rocks such as granite, basalt, quartzite, gabbro, limestone, etc [22]. Rock-based UG refer to crushed stone produced in
quarries present in areas where natural sand and gravel and aggregate deposits are insufficient to meet local demand. Large
stones are processed in an impact crusher to create rock aggregates [17].

4.1 CHARACTERIZATION OF UGM

The service life of pavements essentially depends on the characteristics or properties of the UGM. The shape properties of
UG produced by the different crushing techniques influence the performance properties of pavements [4].

The mechanical performance of UGM is usually estimated from several characteristics, including the hardness of the
aggregates which is determined by the Los Angeles and Micro-Deval tests, carried out on the 10/14 fraction), the cleanliness
of the gravels, and the angularity of the aggregates (crushing index, flattening coefficient) [15].

4.2 CLEANLINESS OF GRAVELS

The cleanliness of the gravels is an important factor in various construction applications, especially in bituminous mixtures,
concretes, flooring, drainage works, etc. Gravel cleanliness refers to the presence of unwanted particles, such as dirt, clay, dust,
organic matter or other contaminants, which could affect the quality and performance of the material [9], [24]. To assess the
cleanliness of chippings, the washing test and visual cleanliness can be used.

Particle size analysis makes it possible to determine the distribution of the different sizes of particles present in the gravel.
When the particle size is uneven or there are too many fine particles, it may indicate poor cleanliness [25].

As for the washing test, it is used to assess the content of fine particles present in the bass. The samples are washed with
water to remove fine particles, then these particles are dried and weighed. A high fine particle content may indicate a lack of
gravel cleanliness [25], [26].

Regarding the visual cleanliness test, it should be noted that it is a visual inspection of the gravel that can be carried out
initially to detect the presence of visible contaminants such as soil, organic debris, foreign materials, etc. This method is
subjective but can provide a general indication of the cleanliness of the chippings.

In addition, the cleanliness criteria for gravel may vary depending on its use and local standards because good gravel
cleanliness is essential to ensure the quality and performance of construction materials. Unwanted particles can affect the
stability, durability, strength and other properties of the final material. Therefore, it is important to monitor and control the
cleanliness of UGM used in construction projects [27], [28].

4.3 ANGULARITY OF AGGREGATES

Aggregate angularity refers to the shape and geometry of the particles that make up a granular material, such as gravel or
sand. It is determined by the arrangement of the edges and faces of the particles [29].

Many studies have focused on determining the angularity of UGM. We will review the most recent methods.

One of his studies focused on the characterization of UGM of several shapes (spherical, flat, elongated and flat and
elongated), coming from two sources and different crushers (impact crushers and jaw crushers) by calculating parameters such
as the form factor, sphericity and angularity index. This characterization was carried out by determining the morphological
properties in the standards, followed by capturing images of the top and front of the UG and digital processing of the images
of the aggregated particles [4]. A digital image analysis was performed to obtain the shape parameters of the UG. Furthermore,
other authors developed [30] a digital image processing (DIP) scheme to quantify the sphericity, aspect ratio, aspect ratio and
particle flatness ratio of coarse aggregates. The system had been standardized using ordinary objects such as marble and coins.
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For digital image processing, several algorithms have been used to detect grain boundaries from thin-section images. One
of the most commonly used software is ArcGIS for edge detection [31]. This software detects the boundaries of each UGM as
abrupt changes of interference colors in the thin section image of the UGM [32].

These interesting studies allowing to model the shape of the particles with precision, only give two-dimensional
characteristics. Thus further studies have combined X-ray tomography and the Sobel-Feldman operation to quantify the
morphological characteristics of aggregates by measuring the three-dimensional surface of aggregates [8], [33], [34]. For this,
various devices such as the CPA (Computerized Particle CPA (Computerized Particle Analysis), the Princeton gamma-tech (PGT)
image analysis system, the image analyzer of aggregates from the University of Illinois (UIAIA), to determine the morphological
characteristics of UG [32], [35].

4.4 WEAR AND IMPACT RESISTANCE

The repeated passage of vehicles leads to the blunting and progressive polishing of the aggregates and thus to the reduction
of the grip of the tires on the road surface. Thus the resistance capacity of aggregates is one of their characteristics which
makes it possible to estimate their quality. One of the parameters measuring the resistance of GNTs is the Los Angeles abrasion
test [36].

The Los Angeles test makes it possible to measure the combined resistance to impact and progressive deterioration by
reciprocal friction of the elements of an aggregate. This method, which applies to the aggregates used for the constitution of
the pavements, consists in measuring the quantity of elements lower than 1.6 mm produced by subjecting the material to the
shocks of balls and the reciprocal frictions of the Los Angeles machine [37].

The granularity of the material tested is chosen from six granular classes varying between 4 and 50 mm according to the
European standard. Depending on the type of granularity, the mass of the pebble charge varies. The Los Angeles LA coefficient
is then defined, which is a percentage by mass of the ratio of the elements passing through the sieve of 1.6 and the initial dry
mass [38].

Recent methods of determining the Los Angeles have determined mathematical equations to reduce the test by 24 hours,
in addition to reducing the resources required for the test [37].

However, it should be noted that this road design method used in the majority of West African countries associates rutting
with excessive elastic vertical deformation at the top of the roadbed. Therefore, attributing mechanical performance to UG
mainly from the hardness measurements of their aggregates is reductive and not always satisfactory [13], [19].

Indeed, this approach does not take into account cyclic stresses and is only based on static stresses and elastic
deformations. Moreover, this method does not take into account the characteristics of the material because it clearly appears
that the total permanent deformation of a pavement results from the sum of the permanent deformations which have
accumulated in the different layers of the pavement [13], [39]. In order to overcome this lack, the approach based on the
results of laboratory tests carried out with the triaxial device with repeated loadings (RLT) is increasingly used.

The principle of this technique is to subject a material to thousands of loading cycles along a specific stress path, without
conditioning. This summary method easily demonstrates the impact of stress levels on deformations [14].

Several researchers have thus studied the importance of the number of loading cycles on the evolution of permanent
deformations [40]. Various models have been proposed to study the effect of the number of cycles on the development of the
permanent set [5].

Some authors [13] showed that during triaxial tests with repeated loading, low shear levels lead to permanent deformations
which stabilize with the number of cycles until the behavior becomes reversible. However, when the shear rate is high, the
permanent deformations are accentuated until the eventual rupture of the sample. This shows the importance of maintaining
a relatively low stress ratio in flexible pavements in order to limit deterioration by rutting.

5 CONCLUSION
This review article reviewed recent studies on the characterization of pavement made up of UGM. Bibliometrics has

confirmed the growing scientific interest in pavements and UGM, with numerous publications on the subject since the year
2000. Publications mainly focus on research and review articles, demonstrating a strong scientific commitment to this domain.
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In addition, various methods for characterizing UGM have been proposed, such as the modeling of coarse aggregates based
on the morphological characteristics of the particles or the study of the evolution of the permanent deformations of UGM as
a function of the number of cycles and the level of stress applied.
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