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Abstract:

This study uses the periodic surveys of the degradation of Guinea's paved roads from the country's Road
Database. Processing the data from five representative sections shows that these structures suffer recurrent
degradation, often located at the same places on the roads. These degradations are mainly manifested by
deformations of the pavement, marked by collapses and pronounced ruts. Simulations with the Alize software
show that the causes of these disorders are mainly related to problems of the evolutionary bearing capacity of
the lateritic support soil between dry and wet periods. This parameter is apparently not yet well integrated into
current methods of pavement design in tropical climates. This work can therefore be used to initiate new studies
of the mechanical and dimensional behaviour of lateritic materials according to climatic cycles and of the
improvements that can be made to them by treatments with hydraulic binders in particular.
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I.  Introduction
1.1 General context

Roads in tropical environments are subject to severe constraints which are a source of recurrent
degradation. Traffic intensity and rolling loads are the main causes, especially if the pavement structure is
undersized. Water then alters the stability of the various layers forming the pavement [Fwa, 1987]. However,
variations in the bearing capacity of the subgrade - usually lateritic in nature - inflicted by seasonal water
contrasts clearly also play an important role [Jayakumar and Soon, 2015; Muthuramalingam and Soon, 2015].

The diagnosis of a pavement starts with the observation of its surface condition. This makes it possible
to identify surface deterioration in order to define a maintenance programme. However it must also make it
possible to identify the origin of the disorders in as much detail as possible so that more permanent
reinforcements can be undertaken or even to improve the dedicated sizing method.

Regular and codified diagnosis of roads in tropical climates is still a recent practice, at least in most
African countries. The few published works on the subject concern methods to diagnose the condition of the
different layers composing the structure, for example by measuring the deflection of the surface under a
standard wheel load [Smith & Jones, 1980], or to evaluate the quality of the supporting soils, for example using
a Falling Weight Deflectometer (FWD) [Razli et al., 2018]. More generally, the literature focuses on the
characterization of lateritic soils and their particularities [Medina, 1986; Ramana, 1993; Akpan and Edet, 2005;
Camapum de Carvalhoa et al. 2015] or their evolution under repeated solicitations [Guimardes et al. 2019].
Work also concerns the use of laterites as granular materials constituting pavement layers [Medina, 1989;
Mahalinga-lyer and Williams, 1997; Caro et al., 2019], or the design methods of laterite pavements [Mengue,
2018].

The objective of the present work is to find a response to this second objective. It is based on the
degradation surveys of paved roads in Guinea carried out between 2009 and 2018 as part of the technical
assistance mission of the Egis International and Louis Berger International offices at the Guinean Ministry of
Public Works [Somparé et al., 2018]. These surveys were not subject to heavy in-situ investigations (lift,
deflection, adhesion, longitudinal and transverse uniformity, etc.) and only surface observations were made and
processed using the VIZIROAD system [Autret and Brousse, 1991]. However, the raw data from the
VIZIROAD database constitute an original source of information on the condition and performance of paved
roads in tropical environments. Some of these data have been included here and amended if necessary by the
personal observations of the investigators who are the co-authors of this article. It should be noted that
VIZIROAD attributes a quality mark per pavement section based on the degradations described in the French
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"Catalogue of pavement degradations” published in 1972 by SETRA and LCPC [SETRA/LCPC, 1972] and
repeated in other subsequent works [SETRA, 1996; LCPC, 1998, for example]. The causes that led to the
quality mark were thus identified, categorized and prioritized. This assessment then provides a set of original
indications on the performance of pavements in tropical environments. This information will be used to define
characteristic sites where samples will be taken in order to undertake a rational scientific study on the evolution
of the bearing capacity of lateritic soils according to tropical climatic cycles, with or without appropriate
treatment.

The article begins with a brief description of the Guinean context and its road network. It then recalls
the typical examples of degradation described in the reference guide for all intents and purposes. Degradations
found on representative sections of Guinean paved roads are then analyzed and dealt with in categories. The
main causes of recurrent disorders affecting these structures were thus identified. This work then provides
scientific data that can later be used as a basis for recommendations for a better reinforcement of pavements in
tropical climates or even for enhanced design parameters thereof.

1.2 The Guinean context
1.2.1  Geography, climate, geology and geotechnics

Guinea is a country in West Africa bordering the Atlantic Ocean. It is located between Senegal and
Ivory Coast and also shares borders with Mali, Guinea-Bissau, Liberia and Sierra Leone. Its surface area is
245,857 km2. It has four distinct natural regions: in the west, the coastal zone or Lower Guinea; in the centre,
mountainous Middle Guinea; in the north-east, Upper Guinea (savannah); in the south-east, Forest Guinea.

Its tropical climate is characterized by a rainy season (April to November) in which trade winds
(Alizés) coming from the ocean dominate and rainfall reaches 1,200mm (Upper Guinea) to 4,200mm (Lower
Guinea) and a dry season (December to May) when the Harmattan blows from the Sahara. The average annual
temperature is between 22 and 24°C with extremes between March-April (39°C in Lower Guinea) and
December-January (4°C in Middle Guinea).

The geology of Guinea is composed of a crystalline basement of Precambrian age which outcrops
mainly in Upper Guinea and Forest Guinea. It is made up of eruptive and metamorphic rocks which contain
significant mineral wealth. In Middle and Lower Guinea, this basement is very often covered by sedimentary
sandstone soils dating from the Devonian. There are also recent alluvial deposits located along the coast and on
the routes of the rivers running through the country (Niger, Senegal, Gambia, Tinkisso, etc.). Under the
influence of the hot and humid tropical climate, all these rocks have undergone a strong transformation into
laterites which is characterized by high concentrations of alumina and iron oxide over a thickness of several
metres to tens of metres, to the detriment of the leached silica [Autret, 1983]. In the upper part of laterites,
alteration is often pushed to the clay stage [Mamedov et al., 2010]. In the eastern of Lower Guinea, laterites are
more or less indurated and are in the form of a thick cuirass. Laterites thus constitute most of the road base soils
in the country and are also a local mineral resource that can be used for the construction of road bodies (lateritic
gravel).

From a geotechnical point of view, Guinean laterites present a variety of facies [Lacroix, 1913, Autret,
1983, Mamedov et al., 2010]. They are often described [Ndiaye, 2013] as sandy to gravelly soils with a fine
fraction (< 80pum) and a coarse fraction (2 to 20-40mm), each forming respectively 10-35% and 30-80% of the
material. There are not many intermediate sizes (80um-2mm) which makes it difficult to carry out and interpret
certain characterization tests such as the Atterberg limits practiced on the 0/400um fraction [Lyon Associates,
1971]. The plasticity index associated with this test is generally between 10 and 35 [Bagarre, 1990]. The
methylene blue value is generally found to be higher than 1.5g/100g and provides additional information on the
clay content of these soils [Ndiaye, 2013]. Finally, the coarse fraction of laterites presents variable hardness and
is difficult to characterize depending on the chemical composition of the parent rock [Ndiaye, 2013].

Lateritic soils can be classified in different systems, such as HRB (Highway Research Board) or USCS
(Unified Soil Classification System). According to the French GTR (Guide des Terrassements Routiers)
classification [NF P 11 300, 1992], these materials are generally in class B6 (largest grain size < 50mm;
plasticity index IP > 10; fillers content between 12 and 35%). This document therefore specifies that their use as
backfill or even as a form layer generally poses problems due to their rapid change in bearing capacity with the
evolution of their hydrous state. If they are very wet or very dry they cannot be used. For intermediate water
states, meteorological conditions lead to adapted implementation methods (extraction, aeration, treatment,
humidification, compaction, etc.). For use in subgrade or even foundation layers, the GTR recommends their
systematic treatment with lime and/or hydraulic binders.

The application of these water-sensitive materials therefore requires special precautions. In wet
periods, their bearing capacity is almost nil whereas in dry periods their bearing capacity is very good. The
quality of a road built in (or even with) these laterites then depends directly on the period of its construction and
its location in the project (excavation, embankment, etc.).

1.2.2  Road network, dimensioning, materials
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The Guinean road network is currently 45300 km long. It is made up of national (7576 km),
prefectural (15,879 km), community (19,846 km) and urban (about 2000 km) roads. In 2018, only 2742 km of
national roads (NR) were paved (they are the subject of this study), the rest of the network (42,560 km) were
dirt roads. The paved network has grown year by year. It was 1124 km in 1984, 1253 km in 2010 and 2346 km
in 2016. It is expected to reach 3200 km in 2020.

The pavements constituting the paved roads in Guinea are mainly flexible pavements usually consisting
of an asphalt wearing course (5 to 6 cm thick) over a base layer of untreated crushed materials (20 cms thick)
and a foundation layer in mechanically stabilized natural lateritic gravel or NLG (25 to 30 cms thick).

There are also semi-rigid or mixed pavements where the base course and sometimes the foundation
course is gravel treated with hydraulic binders. It is also possible for there to be an asphalt binder course
interposed between the base course and the wearing course. These pavements are generally based on a subgrade
course of "lateritic gravel” material but not always. Finally, there are some rigid pavements (urban roads in
Conakry Ville) which consist of concrete slabs on a foundation layer of "lateritic gravel".

In addition, for several years now, road counting campaigns have been carried out on some NR,
whether paved or not and axle scales have been installed on some axes.

Since January 2018, the design of Guinean pavements has been based on the "General Guidelines for
Standards of Design, Construction and Maintenance of Roads and Tracks in the Republic of Guinea" [Guinea
Guidelines, 2018]. Previously, they were designed according to the recommendations of the "Guide de
Dimensionnement des Chaussées des Pays Tropicaux™ established by the Centre Expérimental du Batiment et
des Travaux Publics (CEBTP) [CEBTP, 1984].

According to this guide and the usual principles, the dimensioning of the structure is determined on the
basis of the bearing capacity of the supporting soil (subgrade), the likely traffic and the technique concerned.
Five classes of soil bearing capacity are defined in this guide, based on the CBR (Californian Bearing Ratio)
[NF P 94-078, 1997] and conventionally determined on specimens compacted to 95% of the Modified Optimum
Proctor (MOP) after 4 days of soaking. The traffic class (5 classes) is deduced from the average number of
vehicles circulating per day or from the cumulative number of heavy goods vehicles over the service life of the
structure (15 years in this case).

This guide also defines criteria for the selection of materials for the different layers. For the base and
foundation layers, the corresponding specifications are based on a granularity spindle, the plasticity index of the
fine fraction [NF P 94-051, 1993] and the optimum Proctor density [NF P 94-093, 2014].

Other works, such as those of [Rodrigues et al., 2010, cited by Ndiaye, 2013], propose a more refined
classification of lateritic soils by distinguishing fifteen categories for which one or more fields of use in road
techniques are recommended. The dichotomy is based on granularity (fine, sandy or gravelly laterites) and,
depending on the category, on the methylene blue test [NF EN 933-9+A1, 2013], the shrinkage limit of the fine
fraction [NF XP P 94-060-1, 1997], the friability of the sands [NF P 18-576, 2013], the fragmentability [NF P
94-066, 1992], the degradability of the concretions [NF P 94-067, 1992] and the CBR bearing capacity of the
material. On the basis of conventional specifications for low-traffic roads, the authors then show that:

. all lateritic soils can be used a priori as a subgrade, without treatment or with lime treatment for the
finest soils;

. as a foundation layer for gravelly and sandy lateritic soils, with or without treatment depending on their
clay content;

. as a base layer for gravelly lateritic soils of the best quality.

In any case, in Guinea, gravelly lateritic soils are widely used in road techniques. For example, in Forest Guinea,
a publication states that lateritic materials were used as a foundation layer during the reconstruction of a section
of NR No 2 [Egis International, 2012]. The base course was made of crushed granitic materials (crushed gravel)
and the wearing course of asphalt concrete.

1. Methodology
1.1 Degradation of paved roads
I1.1.1 Baseline. A summary of relevant bibliographical references
For many years, catalogues and guides have been used to identify the deterioration of paved roads, particularly
in temperate climates. In French documents which are taken as a reference here, the “Pavement Surface
Degradation Catalogue, 1998 version” (Complement to Test Method No. 38-2: Survey of pavement surface
distresses) [LCPC, 1998] is of particularly significance.
It seems appropriate to recall briefly the main types of pavement damage described in this document, together
with their origins. These are the following:
. Deformations, including in particular:
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o Ruts induced by the repeated passage of heavy vehicles. They may result from a lack of bearing
capacity of the soil, the use of poor quality pavement materials (large radius ruts) or poor stabilization of the
asphalt revetment (small radius ruts);

o Shoreline subsidence resulting in a trough and bulges along the banks. They reflect pavement fatigue
(thickness, quality of materials) and are worsened by the action of water trapped in the basin;

o Uneven surfaces materialized by a regular corrugation perpendicular to the axis of the road,;

. Cracks or break lines appearing on the pavement surface. They can be:

o Transverse to the pavement in which case they are generally the result of thermal shrinkage and an
underlying layer setting made up of materials treated with hydraulic binders;

o Longitudinal to the pavement, insulated, in slabs or with varying contours. They reflect pavement

fatigue following failure of the supporting soil (settlement, desiccation), an increase in traffic, a construction
defect (widening, defective asphalt joints, etc.) or soil shrinkage after a long drought;

o Of the crazing type, with cracks forming a more or less dense mesh. They are generally due to fatigue
of the wearing course or even of the entire structure (undersized in relation to the traffic and the low bearing
capacity of the soil);

. Pull-outs, most often corresponding to an advanced stage of previous degradations, with the departure
of materials. They are related to poor pavement quality or loss of waterproofing of the wearing course.
Examples include:

o Potholes or circular cavities 5 to 10 cm deep;

“Pelades” or tearing off of the wearing course by slabs;

Plumes where gravel is pulled off;

Stripping where the putty around the aggregates is destroyed

Etc.

The movement of materials being:

In the surface layer: the binder bleeding in hot periods, the gravel sinking, the fillers rising;

o Deeper: mud and water rising to the surface through cracks and joints when heavy vehicles pass.

This catalogue also specifies the pavement deterioration processes according to the type of structure (structural
deterioration).

O ®© O O O O

The processes that may concern Guinean pavements are briefly listed below (excluding the marginal case of
rigid pavements made of concrete slabs):

) Flexible pavements: for this type of pavement, the repeated action of loads and/or the hydric evolution
of the supporting soil lead(s) to a plastic deformation of the granular structure marked by permanent surface
deformations (large radius ruts, subsidence of banks). Longitudinal cracking is also present and evolves towards
fine-meshed crazing. These disorders help cause water infiltration which then amplifies the loss of bearing
capacity of the supporting soil in rainy periods and aggravates the permanent deformations, with the appearance
of pull-outs, then potholes, etc.;

. Semi-rigid pavements made of materials treated with hydraulic binders: these are characterized by
transverse shrinkage cracks spaced about ten metres apart or even by longitudinal cracks linked to traffic or
movements of their support (settlement, water shrinkage, etc.). If these cracks are not sealed, meteoric water will
penetrate the structure and cause the wearing course to loosen and the subgrade to deteriorate. These cracks can
also lead to the formation of independent slabs and then to the modification of the load transfer system. In
addition to the cracks, surface damage may occur such as fines, cracks and potholes rising.

Finally, the specific feature of each type of coating are also described (surface damage):

. For asphalt concrete wearing courses, channelled heavy traffic, temperature and ageing of the bitumen
generally lead to the formation of small radius ruts and beads while for flexible pavements these lead to
cracking and crazing of the asphalt or even the removal of gravel and mastic;

. For surface dressings, traffic and climate-related deterioration generally involves the removal of gravel
and/or the sweating of the binder.

In order to be efficient, the damage recording must comply with a rigorous procedure in terms of its
implementation, operation and interpretation [LCP 38-2, 1997]. To achieve this, methodologies and numerical
tools have been developed to assist in the diagnosis of a pavement and scoring systems implemented to assess
its quality.

In France, for more than 25 years, an "IQRN" (Image Qualité du Réseau National) rating has periodically been
awarded to pavements on the national road network. The IQRN rating system [IQRN, 2000] initially used an
"overall score Ng", a synthesis of a "patrimonial score Np" expressing the structural potential of the pavement
and a "surface score Ns" reflecting the condition of the pavement. These two ratings which make up the "overall
score" are expressed in the same 0 to 20 reference system and are attributed according to the cost of the work
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required to restore a section of pavement to its reference condition. A score of 20 corresponds to an excellent
condition, while a score of 0 corresponds to a very degraded pavement requiring maximum work. Since 2014
[IQRN, 2015], the scoring system has included two indicators of the financial valuation of the pavement
condition (the patrimonial score Np and the overall score Ng) and an indicator of the level of use offered by
pavement lu (grip, conservation of the integrity of the surface layer). Nevertheless, the pavement deterioration
survey should always comply with the procedure defined in the “Pavement Surface Degradation Catalogue”
[LCP 38-2, 1997]. Today, it is carried out with the assistance of specific monitoring equipment and software
such as AMAC/MAPM (Multifunction Apparatus for Pavement Monitoring): simultaneous measurements of
evenness, macrotexture, cross-section and the recording of damage [Nguyen et al., 2007]. The survey is
generally accompanied by skid resistance and roughness measurements also carried out using dedicated
equipment. The periodic IQRN scores are then used as a basis for the maintenance policy of the national road
network. Finally, since the end of 2016, the National Project DVDC (Road Service Life) [www.dvdc.fr] has
been working on new diagnostic methods and modelling tools for estimating the evolution and residual service
life of road infrastructures.

For most West African countries and for flexible pavements, the "VIZIROAD" computerized
evaluation, qualification and prioritization system is currently in use [Autret and Brousse, 1998]. This approach
is carried out using a tablet proposing predefined typologies and consists of identifying the various degradations
in situ and qualifying them in three levels (1 to 3) according to their severity level and extent, distinguishing
between type A degradation which affects the pavement structure (Table n° 1) and type B degradation which
concerns the surface (Table n° 2).

Table n° 1: VIZIROAD - Grid for quantifying type A degradation (affecting the structure)

Severity level

Degradation 1 2 3
Deformation Sensitive to the user but not significant ?ev(ejreldefo_r mations . Seriously affectmgl.safety/ time of
Rutting F<2 cm Localized slumping or rutting: travel:
2cm<f<4cm f>4cm
Fissuring Fine cracks in wheel tracks or in the axle Frankly open and/or often Very branched_ and/or very open, lips
branched sometimes degraded
; . . . - Tighter (<50cm), sometimes Very open, cut into paving stones
Cracking Fine without Ieavmgon;itsnal Wider mesh (> starting from materials, potholes in (<20cm), sometimes starting from
formation materials
- Repair of all or part of the Surface interventions related to type A defects
Renairs roadway body ) A h dati I h -
p R Surface interventions related to Satisfactory maintenance of the Degradations appearing on the repair

type B defects repair itself

* f: deflection measurement

Table n° 2: VIZIROAD - Grid for quantification of type B degradation (affecting the surface)

Severity level
Degradation 1 2 3
Lonaitudinal ioint - Wide (1cm or more) - Wide with lip blemishes
g cracks ] Thin and unique without tearing or or
- Thin branched - Wide branched
Potholes (per <5 5 to 10, ¥<30cm > 10, @ <30cm
100ml of © 30cm maxi or or
pavement) <5, <100cm 5 to 10, P<100cm
Pullouts
S;{L?‘g);gg Non-continuous without the Non-continli)%r;twiliﬁu:ﬁpearance of Continuous with appearance of the
- Pelade and appearance of the base layer the base layer base layer
Material
movements: €.9. Continuous on one tread and "ver
bleeding Non-continuous Continuous on one tread uou marked Y

For type A damage, visual inspection is sufficient to attribute a surface damage index (Is) of between 1
and 7 which gives an overall assessment of the structure over a given length. This index results from the
intersection of two previously calculated indices: the cracking index If and the deformation index Id, both
deduced from the severity level and extent of the corresponding disorders. The resulting score may be further
weighted according to the state of any previous repairs that may have been made. Figure n° 1 summarizes this
approach.

Finally, an additional qualification in terms of quality can be applied, taking deflection into account
(lift test for example [NF P 94-117-1, 2000]).
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The raw data from the "VIZIROAD" database used to attribute cracking, deformation and surface degradation
indices is therefore a valuable source of information for statistical identification of the causes of the disorders.

If no cracks or deformation: Ifand Id =0

Deformation index Id

Cracking index If

Scope Scope
SeVerity | 41510% | 10t050% | >50% SeVerity | 41,10% | 10t050% | >50%
level level
1 1 2 3 1 1 2 3
2 2 3 4 2 2 3 4
3 3 4 5 3 3 4 5
Intermediate degradation rating /
If
ld 0 1-2 3 4-5

0 1 2 3 4

1-2 3 3 4 5

3 4 5 5 6

4-5 5 6 7 7

Correction for repair (if known)
Scope
Severity level 0to 10% 10 to 50% > 50%
1 0 0 0
2 0 0 +1
3 0 +1 +1
Final score
Surface Degradation Index Is
Score from 1 to 7
Figure n°1: VIZIROAD - Principle of the surface degradation index Is
I1.1.2  Surveys carried out in Guinea

Since 2009, several "VIZIROAD" surveys on all or part of the Guinean road network have been carried
out by the Guinean Ministry of Public Works, with technical assistance from Egis International and Louis
Berger International and financial support from the European Development Fund (EDF) [Somparé et al., 2018].
They resulted in the publication of three maps dated 2012, 2016 and 2018 describing the state of surfaces and
road network degradation (Figures n° 2, 3 and 4). The maps show that the condition of some paved sections is
changing rapidly, presenting:

. Either an improvement of their previous condition, following maintenance works, as for example
between 2012 and 2016 for the Mamou - Kouroussa section of the RN No 1;
) or a deterioration of their previous condition, as for example between 2016 and 2018 for the Mamou-

Faranah section of RN No 2.
A detailed comparison of these maps then illustrates the rapid evolution of a road network in a tropical climate
and the difficulty of maintaining it in a satisfactory state.
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Figure n° 2: Surface condition and degradation of Guinean roads (Viziroad notes) in May 2012.
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Figure n°3: Surface condition and degradation of Guinean roads (Viziroad notes) in May 2016.
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Figure n°4: Surface condition and degradation of Guinean roads (Viziroad notes) in April 2018.

In addition, as previously reported, periodic counts have recently been introduced in some RNSs,
notably on the sections linking Conakry to Mamou (RN No. 1) and Conakry to Boké (RN No. 3). The average
number of vehicles circulating daily on these roads (in both directions) was found to be around 6500 units. For
single trucks (2- or 3-axle trucks, semi-trailers, buses, etc.) - often overloaded - the figure is 1500 to 4000 units.
According to the "Guide de Dimensionnement des Chaussées des Pays Tropicaux" [CEBTP, 1984], the
corresponding traffic class is therefore T4 or even T5, i.e. very high traffic classes.

For such traffic (e.g. T4), considering a soil bearing capacity class of "S3" (10 < CBR < 15) and a
flexible pavement structure typical of paved roads in Guinea (see 8 2.2), consisting of an asphalt concrete
wearing course, a base layer of crushed material (granite) and a foundation layer of natural lateritic gravel
materials, the guide recommends respective thicknesses of 7, 25 and 25 cm, i.e. approximately the thicknesses
usually laid (see § 2.2).

Il Results and discussion
1.1 A reminder of the approach used
In the proposed approach, we chose to use the raw "VIZIROAD" data, i.e. the severity level scores 1, 2 or 3 (0 if
no disorder) attributed to the different degradations (i.e. deformations, cracking, crazing), rather than the surface
index Is, the intermediate cracking index If or the deformation index Id. The idea is to statistically quantify the
importance of each type of degradation to identify their main causes (bearing capacity of the ground, pavement
structure, quality of the surface layer, etc.), with regard to the pathologies mentioned above (see § 3).

1.2 Raw data from the road database (RDB)
All "VIZIROAD" information collected in the field is included in a "Road Database or RDB" where it is

identified by:

. the NR and the section where it is located (a section generally separates two cities);

. the position and the length (extent) of the severity level (abscissa of beginning and end, longitude and
latitude of beginning and end);

. the amplitude of severity level (0, 1, 2 or 3);

) the date of the information.

Thus, deformations, cracking and crazing are characterized over the entire length of each section travelled.
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The Guinea RDB currently contains data on most of the country's coated NRs (about ten NRs). For the purposes
of this work, only information relating to four NRs covering the main regions of Guinea was considered. These
are the RNs:

. No. 1 linking the capital Conakry to Lola in the south-east, i.e. more than 1000 km divided into 10
sections covering Lower Guinea, Middle Guinea, Upper Guinea and Forest Guinea;

o No 2 linking Mamou to N'Zérékoré in the south-east, i.e. more than 680 km divided into 6 sections
covering Middle Guinea, Upper Guinea and Forest Guinea;

. No 3 linking Conakry to Bokeé in the west, i.e. more than 250 km divided into 4 sections covering
Lower Guinea alone;

. No. 5 linking Mamou to the Senegalese border in the north-west, i.e. more than 420 km divided into 6

sections covering Middle Guinea.

Table n°3 lists the missions (degradation surveys) carried out on these NR between 2009 and 2018 and lists the
regions concerned for each section. It also shows that a survey campaign does not concern all the NR or all the
sections of the same NR (the sections not covered during a campaign are generally covered during the following
campaign). The 2016 and 2018 maps (Figure n° 3 and Figure n° 4) were therefore drawn up including results
from certain previous surveys for sections which were not studied for these maps from these two years because
of the personnel and time that these surveys require.

Despite this, each NR covers sections that have been checked at least three times during the period in question.
It is also important to take into account the geological nature of the bedrock underlying the laterites as identified
on the geological map of Guinea [Geological Map, 2006]. Finally, it is desirable that the different natural
regions of the country be represented. Cross-referencing these parameters, six sections were selected to form the
basis of the statistical study presented below. These sections are described in Table n° 4 which includes their
geographical location (NR, starting and ending cities) and briefly describes the geological context of the subsoil
and the average environmental conditions (rainfall, temperature, altitude). In this approach, the campaigns of
November 2009 and February 2010 and those of November 2011 and February 2012 have been grouped
together.

Finally, to complete the analysis, it is also important to remember that Guinean roads benefit from
different levels of maintenance, namely: i) "routine maintenance" where localized damage is regularly repaired
on the surface; ii) annual "periodic maintenance" where all the pavement is rehabilitated over a larger area (200
m2 and more); iii) planned "structural rehabilitation" (severity level 3) where the base layer, or even the
foundation layer, is replaced over a given area.

Table n°® 3: Sections investigated according to the dates of the missions, for the four selected NRs

Section Date of the missions

(2] — ﬁ [oe]

g1 8|38 | 8| 8| .18

N N — N

NR . . . s | S| 5| S| 218 2
No Cities n km Region g S -g s 2 © S
2 = o = -

s | 8| | 3| 2|73 |%

z - z t S <
Conakry/Coyah 1 16 Lower Guinea Yes Yes
Coyah/Kindia 2 83 Lower Guinea Yes Yes Yes
Kindia/Mamou 3 134 Middle Guinea Yes Yes Yes
L Mamou/Dabola 4 150 Middle Guinea Yes | Yes Yes
Dabola/Kouroussa 5 160 Upper Guinea Yes | Yes Yes
Kouroussa/Kankan 6 87 Upper Guinea Yes

Kankan/Beyla 78 | 255 Forest Guinea
Beyla/N’Zérékoré 9 128 Forest Guinea Yes
Mamou/Faranah 1 187 Middle Guinea Upper Yes Yes | Yes | Yes
Guinea

Faranah/Kissidougou 2 139 Forest Guinea Yes Yes Yes | Yes

2 Kissidougou/Gueckédou 3 86 Forest Guinea Yes Yes
Gueckédou/Macenta 4 89 Forest Guinea Yes Yes

Macenta/ N’Zérékoré 5 133 Forest Guinea Yes Yes Yes
N’Zérékoré/Lola 6 40 Forest Guinea Yes Yes Yes Yes

3 Conakry-River Konkouré 1 64 Lower Guinea Yes Yes | Yes Yes
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River Konkouré-Boffa 2 104 Lower Guinea Yes Yes Yes
Boffa-Kolaboui 94 Lower Guinea Yes Yes Yes
Kolaboui-Boké 4 33 Lower Guinea Yes Yes Yes
Mamou/Dalaba 1 48 Middle Guinea Yes Yes Yes

Dalaba/Pita 2 54 Middle Guinea Yes Yes
Pita/Labé 3 38 Middle Guinea Yes Yes
5 Labé/Cross. NR5-NR23 4 156 Middle Guinea Yes
Cross. NR5- " - -

NR23/Bouméoul 5 10 Middle Guinea Yes
Bouméoul/Koundara 6 74 Middle Guinea Yes Yes
Koundara/Fr. Sénégal 7 42 Middle Guinea Yes

* coated length
Table n® 4. Sections selected for the statistical study
Section
NR Cities . Geology, Dominant petrography [Geological Map, AI_tltude (m)
. Region Rainfall (mm)
departure/arrival 2006] o
Temperature (°C)
. ] . . 250-300 m
1 KDabola/ 5 Upper Guinea Upper Proterozoic, Eb_urnean phase,_ massive granites 1000-1500 mm
ouroussa and gneisses, migmatites o
24-27 °C
Mamou/ Middle-Upper Upper Archean, Dabola series: gneisses, schists, 500-1000 m
Faranah ! Guinea uartzites, amphibolites 1500-2000 mm
4 » anmp 23-25°C
Upper Guinea Forest Upper Proterozoic, Eburnean phase. Upper Archean, 200-500 m
2 | Faranah/ Kissidougou | 2 PP - Liberian phase: massive granites and gneisses, 1500-2000 mm
Guinea- ] 4 N
migmatites 24-25 °C
Lo L 600-1100 m
iAok - Upper Archean, Liberian phase: granodiorites, ]
N'Zérékoré/Lola | 6 | Forest Guinea tonalites, granites, gneiss, migmatics, magnetite 150203_2205000Cmm
Boffa/Kolaboui | 3 i : ion: illi 0-250 m
3 Lower Guinea Paleozoic, Bé)(;/::e %ﬁ;ﬁ:ﬁéoziliar;gitgge, argillites, 2500-3000 mm
Kolaboui/Boké | 4 9 et 24-27°C
. . . L 1000-1200 m
5 Mamou/ Middle Guinea Mesozoic, palingeno-metasomatic f_or.matlo_ns. 1500-2000 mm
Dalaba dolerites, gabbros. Upper Proterozoic: granites 23-24 °C
1.3 Statistical study of the selected sections' types of degradation

The statistical study of each type of degradation consisted first of all in identifying, for the selected campaigns
and sections, the percentage of total length (%) and the average extent (Eave) corresponding to each grade/level
of severity level (Table n° 5). For example, for section 5 of NR No 1, the February 2010 campaign revealed that
level 3 deformations represented 1% of the total length of the section and had an average extent of 74 metres.
Level 2 deformations corresponded to 3% and 97 metres respectively; Level 1 deformations to 18% and 1167
metres; Level O deformations to 78% and 1434 metres respectively. The same data is displayed for the other
campaigns and the other types of degradation (cracking and crazing), for the six selected sections.

Table n°5: Statistical study of the degradations of the selected sections

Dates of Degradations survey
S’:c?i(;n Degradations S?Z\‘Z'Ity I\II:c;\k/ﬁumabrsrfool%g l\ll:?é?.uma?f,rzzoollzl July-October 2015 June 2016 April-May 2018
% Emoy % Emo % Emoy % Emoy % Emoy
0 78 1434 0.1 22 0.3 246
Deformation 1 18 1167 56.9 723 99.6 79724
2 3 97 40 366 0.1 35
3 1 74 3 75 0 -
0 98.3 19,655 100 | 15,9973 100 | 15,9973
. 1 13 403 0 - 0
1-5 Cracking > 04 240 0 - 0
3 0 - 0 - 0 -
0 13.6 1723 99.8 79,870 100 | 15,9973
Crazing 1 75.1 11,058 0 - 0
2 11.3 9987 0.2 233 0
3 0 - 0 - 0
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0 5 421 0.1 25 25 279 0.1 17
Deformation 1 56 617 84 299 97.4 9563 95.2 8460
2 33 294 12.9 281 0.1 23 3.7 637
3 6 123 3 228 0 - 0.9 91
0 66.5 1392 31.7 7057 35.2 965 99.6 37,216
2.1 Cracking 1 11.6 621 29.2 659 64.8 1831 0.1 16
2 19.5 423 33.1 497 0 - 0.2 161
3 2.4 130 6 191 0 - 0.1 19
0 94.1 3135 35.3 2942 65.5 2034 100 186,438
Crazing 1 0.3 55 28.2 710 34.3 1048 0 -
2 4.3 210 30.4 521 0.2 149 0 -
3 1.3 109 6.1 209 0 - 0 -
0 96 9252 0 - 0.1 8 0.8 1141
Deformation 1 1.9 294 97 9617 99 10,577 99 45,797
2 17 258 2.6 275 0.3 89 0 -
3 0.2 52 0.4 46 0.6 107 0.1 48
0 97.9 6461 34.8 12,051 88.1 20,364 6.7 3081
2.9 Cracking 1 1.7 171 64.8 29,943 11.4 2621 93.3 43,128
2 0.3 50 0.4 594 0.5 144 0 -
3 0.1 92 0 - 0 - 0 -
0 99.7 23,078 60 3784 24.2 5589 37.2 7374
Crazing 1 0.1 37 38.5 2811 74.6 9401 60.1 4902
2 0.1 16 1 131 1 128 2.4 370
3 0.1 30 0.5 66 0.2 139 0.3 70
0 90 921 0.1 13 0 - 6.7 2815
Deformation 1 7 72 85.6 3187 91.5 1944 91 12,402
2 1.2 34 12.2 501 55 132 2 394
3 1.8 108 2.1 141 3 111 0.3 133
0 90.5 824 97 19,853 6.8 2774 100 40,941
2.6 Cracking 1 7.3 68 3 1235 73.4 791 0 -
2 17 39 0 - 15.2 160 0 -
3 0.5 73 0 - 4.6 157 0 -
0 99 5068 78.6 2300 61.1 1668 46.5 2725
Crazing 1 0 - 13.8 514 23.9 377 39.9 1360
2 0.3 23 55 222 11.6 159 13 592
3 0.6 66 2.1 124 3.4 115 0.6 217
0 31.4 861 40.8 1727 4.6 727
Deformation 1 56.3 1175 53.5 1511 89.8 2824
2 12.2 191 55 306 4.6 153
3 0.1 77 0.2 72 1 103
0 99.8 92.7 9027 98.9 16583
. 1 0.1 7 7.6 883 0.1 14
3-3/4 Cracking > 01 10 0 - 1 662
3 0 - 0 - 0 -
0 84.1 9721 90.9 14,437 97.7 19,484
Crazing 1 0.9 185 51 463 1.5 611
2 14.9 3802 3.9 556 0.7 209
3 0.1 15 0.1 80 0.1 40
0 1.9 130 0.1 38 0.2 104
Deformation 1 48.3 391 41.1 409 99.8 47,679
2 44,7 289 56.5 436 0 -
3 5.1 55 2.3 60 0 -
0 92.9 1200 100 47,785 100 47,783
. 1 1.8 74 0 - 0 -
5-1 Cracking 5 79 102 0 - 0 -
3 0.4 50 0 - 0 -
0 84.2 1387 98.7 11,802 99.9 15,908
Crazing 1 11.3 414 0 - 0.1 30
2 3.8 107 1.2 187 0 -
3 0.8 47 0.1 16 0 -

For each section, these data then allow an overall interpretation of the pavement's behaviour at a given date

and/or over time. In brief:

For section 5 of NR No. 1, in 2010, the pavement presented rather satisfactory viability since few
deformations and cracks of severity level 2 and 3 were present. On the other hand, cracking was pronounced
(86% of Gravities 1 and 2). It can therefore be deduced that the structure and the underlying subgrade were in a
satisfactory condition but that the surface pavement was deteriorated. 1.5 years later (2011 campaign), the
section was almost completely deteriorated, with a high rate of level 2 and 3 deformations (the characterization
of cracking and crazing was probably no longer efficient). This very rapid evolution is a significant and
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revealing example of the (poor) performance of pavements in tropical environments. By 2018, almost the entire
section was again in an acceptable condition (level 1 deformations) which is the obvious consequence of one or
more repair/degradation phases during this interval;

. For section 1 of the NR No. 2, in 2010, the pavement had poor viability with only 5% of the route free
of deformation. 6% of the route had deformations of severity level 3 and cracking was significant. In 2015, the
situation was "a little better”, with more level 1 deformations but less level 2 and 3 deformations, implying that
the repairs carried out in the intervening period were losing their effectiveness. There was also more significant
cracking and crazing than before and these parameters could therefore be considered as a preliminary phase
which will lead to future deformations of higher severity level. In 2016, the general condition of this section
showed fewer severe severity level deformations, with, however, a lot of cracking and crazing of severity level
1. As before, it can be assumed that the previous just repairs were being altered. In 2018, the pavement was in
good condition, with mainly severity level 1 deformations but without much cracking and crazing, probably the
result of recent structural maintenance;

. For section 2 of the same NR n° 2, in 2010 the pavement presented a very satisfactory general
condition, with very little deformation, cracking and crazing. Two years later, the entire pavement presented a
majority of severity level 1 degradations, notably deformations. In 2016, four years later, there were still as
many severity level 1 deformations but less cracking and more crazing (effect of previous repairs). By 2018,
severity level 1 cracking had increased,;

) For section 6 of the same NR No. 2, the pavement was in a satisfactory condition in 2009. Two and a
half years later, severity level 1, 2 and 3 deformations had significantly increased. In 2015, the situation was
even more difficult with an increase in severity level 3 pathologies. In 2018, large sectors of the section were
still deformed but the severity levels were lower, with however a significant level of crazing (results of the
periodic repairs carried out);

. For sections and 4 of NR No 3, the 2010 campaign had shown a majority of deformations of severity
level 1 and 2 and significant crazing of severity level 2. In 2015, these pathologies were slightly less but still
significant. In 2018, deformations of severity level 1 affected nearly 90% of the section;

) For section 1 of NR No 5, in 2010, the pavement was almost completely deformed, with a high rate of
level 2 and 3 deformations. There was also significant cracking and crazing. In 2012, severity level 2
deformations had increased. In 2018, the road was in satisfactory condition but with a high percentage of
severity level 1 deformations.

This description shows that the condition of these pavements changes rapidly over the years, although the
responses differ or are similar depending on the regions concerned. However, in the vast majority of cases, it is
deformations that constitute the predominant deterioration and endanger the pavement, reflecting a loss of
ground bearing capacity, or the use of pavement materials that are unsuitable for heavy goods vehicles which
are often overloaded. A spatial study of this deterioration provides additional information.

It consisted of classifying each survey by severity level level and plotting them on a map based on their
coordinates (latitude, longitude), taking into account the central position of the deformation (generally small
average extent). In this way, it is possible to locate each deformation geographically and to observe, for
example, its evolution over time in terms of severity level and/or pathology.
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[ ’ ° °-+0., Kouroussa
s Dabola 8w

=

® 10,6

-11,2 -11 -10,8 -10,6 -10,4 -10,2 -10 -9,8

Longitude (decimal degrees)

Figure n°5 : RN 1, section 5 Dabola-Kouroussa. Comparison of the 2010 severity level 1 deformations to the
2011 severity level 2 and 3 deformations.

Figure n° 5 shows, as an example, the results obtained for the deformations found on section 5 of NR
No 1, 1.5 years apart. It can be seen that the 2011 level 2 and 3 severity level deformations are very often
localized at the level of the 2010 level 1 and/or 2 deformations, at least in the north-western part of this section.
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This result clearly illustrates the rapidity of the degradation which can be directly related here to the geological
nature of the soils and even to the local climate. In this case, it is noted that the area concerned by deterioration
is adjacent to the Tinkisso River (a tributary of the Niger River) and its tributaries, where important alluvial
deposits of mostly clay and silt are found [Geological Map, 2006]. The numerous meanders of these rivers also
reflect a depressed topography, where soils can be rapidly saturated during rainy periods (rainfall of 1000 to
1500 mm, Table n° 4). The rest of the section has less humerous and more localized disorders and the subsoil
geology is mainly granitic in nature (laterites with little clay).

Figure n° 6 shows the deformations found on sections 3 and 4 of RN No. 3, at three dates (2010, 2015
and 2018) between which routine and structural repairs were carried out. For this example, the three levels of
severity level have been combined. It can be seen that recurrent deformations appear mainly on certain sections,
starting from Boffa and before Koulaboui and then as far as Boké. According to the geological map, in these
areas, the soils are mostly composed of argillites. The rest of the road is based on rather sandstone soils which
clearly allow for better foundations (laterites less clayey) even in rainy periods.

Similar correlations could be established on the other sections of the different RNs investigated.
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Figure n°6: NR No 3, section 3/4 Boffa-Koulaboui-Boké. Comparison of the deformations recorded in 2010,
2015 and 2018, taking into account severity level.

1.4 Overall assessment, prospective simulations

This statistical study confirmed that the viability of the paved Guinean roads was rapidly altered by recurrent
deformation problems linked a priori to the nature of the supporting soil (more or less clayey laterites depending
on the geology of the region) and the probable evolution of its bearing capacity during climatic variations. The
effects of heavy vehicle traffic and associated overloads were also found to play a negative role.

To assess these aspects, prospective simulations were carried out using the Alize-LCPC software [Alize, 2016;
Alize, 2018] initially considering a reference structure subject to several scenarios. This structure is that of a
typical flexible pavement in Guinea, consisting of;

. a class 3 BBSG3 semi asphalt concrete wearing course (6 cms);
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. a base course of good quality crushed or gravelly untreated crushed material of class 1 GNT1 (20 cms);
. a base course of natural lateritic gravel ("gravelly lateritic") of lower quality or TNG 3 (25 cms).

The overall characteristics retained for these materials, according to standard NF P 98-086 [NF P 98-086, 2019],
are given in Table n° 5. It should be recalled that the sizing principles assume that these characteristics remain
unchanged over time.

Table n°® 5: Characteristics of the materials used for simulations with Alize

Layer Nature Thickness (cm) Modulus (MPa) Nu (Poisson)
Bearing BBSG3 6 3245 (hot country, 25°C, 10 Hz) 0,350
Base GNT1 20 600 0,350
Foundation GNT3 25 2 x that of PF: 100 0,350
Ground PF2 infinite 50 0,350

The first step consisted of finding the average annual daily traffic that a pavement can bear to ensure
that its service life is 15 years, i.e. that considered in the "Guide de Dimensionnement des Chaussées des Pays
Tropicaux" [CEBTP, 1984]). This was assumed to be an annual traffic growth rate of 5%. The answer given by
the software is 67 heavy vehicles per day (HVs/day), or T3- traffic (between 50 and 100 HVs/day) according to
the Catalogue of New Pavement Structures [Catalogue, 1998], i.e. total cumulative traffic of about 500,000
HGVs.

If traffic is higher, e.g. T2 traffic of 200 HVs/day, then the simulations give a lower pavement service
life of only 6 years. If TO traffic were to be even more intense (1200 HVs/day), the service life of the pavement
would then only be 1.1 years.

If we now consider a PF1 platform with a lower bearing of 20 MPa (loss of bearing of the PF2
platform), the 15-year service life would be ensured if the traffic did not exceed 6 HVs/day, i.e. T5 traffic (0 to
25 HVs/day). Assuming the "initial” traffic is retained (T3-, 67 HVs/day), the pavement service life is then only
1.8 years. For T2 traffic (200 HVs/day) the service life of the structure would be only 0.65 years.

Finally by keeping the same PF2 platform and the same T3- traffic of 67 HVs/day but increasing the
axle load by 25%, the service life would be 8.5 years.

These simulations clearly show, if needs be, the importance of traffic intensity but above all of the
bearing capacity of the roadbed in relation to the service life of a pavement. The resulting recommendations are
therefore to better define and characterize the bearing capacity of the various lateritic soils in tropical
environments during climatic variations and to integrate the results into the principles of pavement design. This
study makes it possible to locate a variety of sectors where lateritic soils could be used to conduct a dedicated
research programme which would address the changes in bearing capacity and material dimensions during
climatic cycles.

A study would also be required of the possibilities of in-place treatment of the support soils with
hydraulic binders possibly associated with lime [NF P 94-102-1, 2001] in order to obtain a form layer that
would improve the bearing capacity of the platform. In this respect, simulations show that with a PF3 platform
(120 MPa modulus), the initial structure could cope with T1 traffic of 540 HVs/day over the 15-year service life,
or even T3- traffic (67 HVs/day) over the same service life but without the presence of the foundation layer
(base and surface layers only). These results clearly show the economic and environmental benefits of aiming
for a high-performance and durable subgrade to ensure the viability of road structures, particularly in tropical
climates. Finally, the need to carry out the work according to the rules of the trade should also be noted again
including in particular soil treatments (treated soil covered with a gravel plaster can be used as a temporary
pavement) and also to ensure the structures' durability by ensuring that lateral drainage is always efficient.

V. Conclusion

This general study based on the periodic surveys of pavement deterioration in Guinea, contained in the
Viziroad Road Database provides "quantified" information on the durability of roads in tropical environments.
The processing of these data shows that routine and periodic maintenance, or even structural repairs carried out
locally, are not very durable since these pavements are subject to recurrent deterioration which is often located
in the same areas or in the same places along the route. These degradations are mainly caused by structural
deformations, marked by collapses and pronounced ruts. The causes of these disorders are linked to the intensity
of heavy vehicle traffic (overloads) but obviously also by the variation in the bearing capacity of the lateritic
support soil, between dry and wet periods, as confirmed by the simulations carried out with the Alize software.

The aim of this work is not to provide technical solutions at this stage but rather to once again
demonstrate the need for methods to be developed for dimensioning pavements in tropical climates. In
particular, this would involve defining more appropriate methods or tests for characterizing the evolution of the
bearing capacity of lateritic soils and their dimensional variations when they are subjected to repeated variations
in their hydrous state. Scientific research is being carried out in this respect on the basis of typical lateritic sites
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identified as a result of this study. This would also require recommending realistic technological solutions to
implement under the best conditions solutions found in the laboratory based on the treatment of soils with
hydraulic binders in particular.
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