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Keywords

The road network manager constantly needs information on the condition of paved roads in order to
properly plan maintenance and renewal. The ideal would be to have a reliable model of the condition
of the network and its degree of service. This work intends to build a road network model for Togo
based on a characterization of the paved roads and prevailing climatic conditions. The
characterization of the condition of the roads in their environment was based on extensive
documentation and field surveys. The paved national Togolese road network supports heterogeneous
class of T5 to TO traffic, dominated by untreated bedrock structures (84.41%) mostly coated with
asphaltic concrete (78.47%). The early onset of degradation, mainly of small amplitude, on the

surface of the pavements is explained by the use of pavement materials without considering the

Paved Road Network,
Degradation, Traffic,
Foundations, Modeling,
Ecological Zone.

*Corresponding author:
Salihu, D.A.,

diversity of traffic or climatic factors.
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INTRODUCTION

A road network is a civil infrastructure of major economic
importance whose long-term performance is strongly
influenced by climate. Precipitation followed by high
temperatures in the dry season puts environmental pressure on
pavements and reduces their mechanical performance
(Cervigni, Losos et Neumann). Successive rains alternating
with hot dry seasons cause more and more degradation of
paved roads in the tropics. In addition, climate change does not
favour sustainable road infrastructure investments and requires
better knowledge of the road network and its environment to
help make them more résilient. Togo with nearly 14,000
kilometers of roads subdivided into four (04) categories (paved
national roads, earth national roads, urban roads and rural
tracks), is not spared.

Thus, a better understanding of climate as a factor in the
damage to paved roads and the deterioration of the interface
between layers necessarily requires a characterization of the
paved roads in relation to the environment or the ecological
zones of Togo.

Methodology for collecting and analyzing the various
indicators

Studyarea: Togo covers an area of about 56,600 km® and
stretches from South to North (between the Atlantic coast and
the border with Burkina Faso) over approximately 650 km.
Located entirely in the intertropical zone, in the center of the
southern coast of West Africa, between 6 ° and 11 ° North
latitude and 0 ° and 1 © 51 'East longitude, Togo presents
climatic, geological. and plant diversities found in five (05)
ecological zones (Ern) (Figure 1).
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Figure 1. Study zone (Ern)

Ecological zone 1 is located in the northern part of the country
and enjoys a tropical Sudanese-type climate with ferruginous-
type soils and two seasons (a rainy season records average
annual rainfall varying between 880 and 1380 mm from June
to October and a dry season from November to May). The
average monthly temperature varies from 25 to 30°C in the
rainy season and 25 to 34°C in the dry season. Ecological Zone
2 or Northern Mountain Zone is an area of dense dry forests,
open forests and grassy savannas. Located in the northern part
of the Togo mountains, it is characterized by a tropical climate
with tropical ferruginous soils and a high altitude Sudanese
type climate, a rainy season with rainfall varying from 970 to
1832 mm / year from April to October and a dry season from
October to March. In this area, the monthly average
temperature varies between 20 ° and 32 ° C.

Ecological zone 3 or the central plains zone or the Guinean
wooded savannah zone is dominated by large expanses of
plains, with dome-shaped rocky hills rising to altitudes
between 200 and 400 meters. The dominant vegetation is a
more or less “Guinean wooded savannas”(Brunel). This
ecological zone has a tropical climate enjoys a long rainy
season with rainfall varying between 976 and 1850 mm / year.
One finds here,mainlyshallow tropical ferruginous soils.
Average monthly temperatures are between 24 ° and 31 ° C.

Ecological zone 4 or the Atakora unit, corresponds to the
southern part of the Togo mountains (Sylvain et al., 1986). It is
the domain of the humid and semi-deciduous forests of
Togo.(Akpagana).The Atakora unit enjoys a transitional sub-
equatorial climate(Trochain), characterized by a big rainy
season from March to October marked by a drop in rainfall in
August. The annual rainfall varies between 1420 and 1830mm.
The dry season lasts 2 to 4 months between November and
February(Guelly). Average monthly temperatures vary
between 22 © and 28 ° C with extremes of 20 ° C and 34 ° C.

Ecological zone 5, corresponding to the coastal plain of
southern Togo, is dominated by the coastal sedimentary basin
located in the extreme south of the territory (Pauline Y. D. Da
Costa). It is characterized by a subequatorial or Guinean type
climate with two rainy seasons, one big from March to July
and the other small from September to November. The area is
marked by a rainfall deficit and very low temperatures are
recorded in the short dry season (Edjame). The rainfall varies
between 580 to 1400 mm / year. Average monthly
temperatures vary between 26 ° and 30 ° C with extremes of
19°Cand38°C.

Characterization of pavements in the different ecological
zones

The lengths of the sections are recorded by GPS (Global
Positioning System) and the network lengths are obtained by
cumulating the sections that compose it.

The characteristics of the pavement structures were taken
from road study reports as well as re-bonding plans(DGTP)and
confirmed by field observations. The data include those on
surface plaster and asphalt concrete coatings, and for the
foundations untreated gravel, gravel treated with hydrocarbon
binder and improved gravel with hydraulic binder (Ifsttar,
Ageroute Senegal, egis, senelabo.btp).

Traffic class T5 T4 73 72 Tl 70
HGV /day/direction <25 <50 <150 <300 <750 <2000

(a) Chunking (b) Transverse cracks (c) Joint crack

Figure 3. Les dégradations superficielles

Traffic data were extracted from traffic analysis reports from
recent road studies in Togo (DGTP/DPESE). Expressed as
average number of heavy goods vehicles (HGV) per day and
per direction, it is organized in traffic classes (Ti) ranging from
TS5 for low traffic to TO for high traffic as shown to Table 1
(Ifsttar, Ageroute Senegal, egis, senelabo.btp). Cumulative
traffic (Tc) is calculated by considering an arithmetic increase
(1) of 6% (value obtained from the traffic study reports
available at the DGTP) using the expression (CEBTP):

24+ n—-1)
T, = 365mt, x ————

t,is the traffic in the year of commissioning and n the operating
time already consumed by the roadway. For roads with
different sections brought into service on different dates, a root
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mean square is calculated to estimate the traffic. The recurring
overload phenomenon was taken into account for each section
usingaggressivity coefficients (low, medium and high).

Analysis of degradation of paved roads in Togo: The VIZIR
method(Paul  Autret)was  selected to  assess  the
degradation(Figures 2 and 3), characterizing the structural
condition of the pavement (deformations, longitudinal or
fatigue cracks, crazing) and those reflecting a surface defect
(tearing, cracking excluding fatigue cracks, etc.). Potholes are
considered a structural degradation of the pavement.

e The cracking index (If) linked to the severity and extent
of cracks and crazing;

e The deformation index (Id) linked to the gravity and
extent of the deformation ;

e The pothole index (Indp) linked to the severity and extent
of the potholes.

The surface degradation index (Is) is determined from various
indices linked to the various structural degradations coupled
with surface degradations (Figure 4):

2 [>50% Indice de dégradation de surface
(Is)
Lavaleurvariede 0 a 7

1d/indp

>50%

Note d'éuat de dégradation

0 0 [+
0 +1 +1

Figure 2. Determination of surface degradation index

Degradation is a function of time (number of wetting / drying
cycles) and the type of structure. This is why the sections are
chosen by age group (more than 10 years of operation / less
than 10 years of operation). The paved road lengths studied by
ecological zones are harmonized.

RESULTS

Characteristics of paved pavement structures in Togo:
Togo's road network is made up of two types of pavement base
structure. Thus, 1774.5 km or 83.82% of paved roads have an
untreated base while 342.52 km or 16.18% have an asphalt
base. These foundations are topped with a coating of either
bituminous concrete on 78% (1652.32 km) of the network, or
surface coating on 21.95% (464.69 km) of the network. The
traffic encountered in the different ecological zones ranges
from class TO traffic to class TS5 traffic. There is therefore an
uneven distribution of types of pavement structures and traffic
on the paved national road network in Togo (Figure 5).
Ecological zone 1 (ZE1) has 489.16 km of paved roads of
which 59.62% consists of untreated base and 67% of roads
with asphalt concrete pavement. The traffic on the bituminous
bases is exclusively of class TO unlike the untreated bases
where it is mainly of class T3 (88.88%). T1, T2 and T4 traffic
are completely absent. Two thirds of the untreated base in this
area are coated with asphalt concrete pavement compared to
only one third with surface coating. TO traffic is absent on
surface plasters (Figure 6).
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Figure 3. Characteristics of paved national roads in Togo
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Figure 4. Characteristics of paved roads in ecological zone 1
(ZE1)

Ecological zone 2 consists of 407.38 km of paved roads
exclusively on untreated base. It is 69% topped with an asphalt
concrete coating. TO traffic absent on surface plasters occupies
second place (146.35 km or 35.93%) behind T3 traffic (191.82
km or 47.09%). T1, T2 and T4 traffics are also absent in
ecological zone 2 (Figure7).
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Figure 7. Characteristics of paved roads in
ecological zone 2 (ZE2)
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Figure 5. Characteristics of paved roads in ecological zone 3
(ZE3)

Essentially made up of untreated layers at 69.09% of the total
length (469.95Km), the paved roads in ecological zone 3
mostly allow TO traffic (220.47Km or 46.91%) encountered
exclusively on bituminous base, followed respectively by
traffic T3 (33.89%), TS (46.56Km or 9.91%) and T4 (42.39Km
or 9.02%).
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T1 traffic is negligible while T2 is absent (Figure 8). For
ecological zone 4 (ZE4), the paved roads are entirely
untreated. Mainly coated with bituminous concrete 58%
against the 42% remaining in surface coating. Most of the
traffic is class TS5 (174.74Km or 43.25%) followed by T4 (108
Km) T1 (86.26Km) and T3 (35.01Km) respectively. There
isno T2 traffic (Figure 9).
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Figure 6. Characteristics of paved roads in ecological
zone 4 (ZE4)

Made mainly of an untreated base, the pavements in ecological
zone 5 (ZES5) are mostly (94%) coated with asphalt concrete
against 6% with surface coating. Classes TO and T1 traffics
share a major part of the bituminous coated network in the
respective proportions of 20.50% and 67.45%. T2, T3, T4, and
T5 traffics although present are negligible T2 (3.24%), T3
(1.45%) and T4 (1.71%) (Figure 10).
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Figure 7. Characteristics of paved roads in ecological zone 5
(ZE5)

Assessment of the state of degradation of the paved road
network in Togo: The structural degradations present are
respectively deformations, fatigue cracks, chunking and
potholes. The quantification of these degradations made it
possible to assess the lengths of the network affected by each
degradation and their distribution by degrees of severity
(Figure 11).

Defrmation | — ]
e TR —————— |
Potholes [T
0% 10% iz 3% 4% 5% % % 0%
Length of network paved
OCravityl BGravity2 BGravity3

Figure 11. Distribution of the different degradations on the paved
network in Togo

The most common structural degradations are deformations
(72%), half of which are ofgravity 1, followed by chunking
(38.6%) and longitudinal cracks (34.6%). For surface damage,
faiengage hold the record with 55% followed by transverse
cracks and joint cracks.

66%

INDP

45%

IFE

5%

IDE

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Length of network paved

ODegreel GDegree? @mDegree3 CDegreed BDegrees

Figure 12. Degradation index (Id, If and Indp) for the paved
network in Togo

Assessment of the coated network in Togo: For the
degradation indices calculated (Figure 12) a high proportions
of the network is assigned todegree 1. These are respectively
the deformation index (Id = 75%), the cracking index (If =
45%) and the pothole index (Indp = 66%). Degree 3 remains
average for the three indices (15% to 22%). Degree 5 remains
low with 4% for deformations, 11% for cracks and 8% for
potholes. The otherdegreesremainnegligible for all three
indices. The combination of the various degradation indices
with the degrees of severity, the extent of chunking and repairs
made it possible to define the condition index (Is) of the
network and to classify its condition gs : good, average or bad
(Figure 13).
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Figure 8. Indices of degradation and condition
of the paved road network in Togo
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Togo's paved national road network supports varing traffic
depending on road sections. It varies between classes TS5 and
TO traffic. But class T2 traffic remains negligible in the
network (0.63%) and class T4 is low (7.18%). A large
proportion of the network supports TO (30.37%), T1 (17.16%),
T3 (30.31%) and TS5 (14.35) traffic. This variety of traffic is
supported by two types of beds: 15.59% of the network
supporting mainly TO traffic consists of bituminous bases and
more than 84%, untreated beds. A good part of the heavy
traffic (TO, T1, T2, T3) on the road network is therefore
supported by an untreated base. The road surface consists
mainly of bituminous concrete (78.47%) and surface coating
(21.53%). Although we can observe a predominance of heavy
traffic on asphalt concrete type pavements, the structural
distribution of pavements in Togo does not seem to respect the
choices of bedding and coating materials based on traffic
criteria.
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We are therefore witnessing a disorderly distribution of traffic
in relation to pavement materials. Referring to the different
ecological zones, the bituminous beds are mainly found in
ecological zones 1 and 3. They are used for the bedding of
recently rehabilitated pavements under class TO traffic. This
could be explained by a recent awareness of the poor
performance of untreated beds for the highest traffics. But the
share of the untreated base network supporting higher class
traffic (TO and T1) is still significant and is found in the five
ecological zones. In addition, the choice of the type of coating
does not seem to consider the climatic characteristics of the
project areas. Indeed the results obtained show a distribution
type of coating in disagreement with the porous properties of
the coating. The high impermeability of asphalt concrete type
coatings compared to surface armature would normally have
favored its use in the wettest areas(Vallon). But 41.87% of the
network in ecological zone 4, the wettest zone in Togo, is done
with a surface coating. At the same time, ecological zone 1, the
driest zone in the country has less than 20% of its network with
surface coating done.

The assessment of the condition of the pavements of the paved
national road network identified the presence of potholes,
faiengage, cracks and deformations. Deformations and
faiengages representingrespectively 72% and 38.6% of the
total length of the network, are the most common structural
damage. Longitudinal cracks and potholes follow with 34.6%
and 28% respectively. The preponderance of deformations of
small radius (49.3% of gravity 1) indicates an interface defect
between the surface layer and the bases of the roadways in the
network (Hicks). This phenomenon results in a rapid
development of crazing and cracks (Brodeur) which, under the
combined action of water and traffic, form to potholes (Bodin).
The strong presence of degradations of low amplitude (gravity
1 and gravity 2) shows that the pavements in Togo do not
deteriorate because of fatigue of the base materials under the
action of traffic as shown by mechanical models of the
pavement (CEBTP), (Setra-Lcpc). But the degradation process
begins with bonding defects at the interface which evolves into
deformations and cracks. The latter facilitate infiltration and
create disorders in the foundations of roadways which result in
potholes. The combination of the different degradations in the
pavement condition assessment process shows a discontinuity
for the degree 2 condition index. This results in a rapid
evolution of deformed surfaces into cracks which combine to
present states of degradation of higher degrees. The prominent
presence of the degree 3 state explains this evolution of
degradation.

CONCLUSION

The characterization of the paved national road network in
Togo makes it possible to understand some difficulties that
undermine the design process, which are out of phase with the
operation of the pavements. Thus, the use of materials in the
base of pavements respects neither the distribution of traffic
nor the distribution by class of traffic on the road network. In
addition, the choice of the type of coating is not always in
accordance with the climatic properties in the project areas.
This leads to premature deterioration of the road surface.The
analysis carried out made it possible to observe on the surface
of the roadways tears, deformations, potholes, longitudinal
cracks and crazing. These degradations are largely of low
amplitudes (93.39% for the tears; 94.20% for the deformations;

71.89% for the potholes; 88.11% for the longitudinal cracks
and 80.34% for faiengage. These low amplitude degradations
are the results of interface defects between the road surface and
the base layer (Hicks).
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