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Abstract The unpaved roads of Lomé in Togo are increasingly eroded by runoff waters. These waters dig
sometimes great gullyings on the roads. The runoff waters make the roads impracticable, and they are very often
dangerous for populations. The current project consists in determining the compensation slope of the roads in Lomé
in order to reduce the water erosion. 330 sediment samples are taken from 110 roads in Lomé, and then subjected to
granulometric analyses and identification tests. From the slope compensation theory, the slope that makes it possible
to avoid the road erosion is determined for any right-of-way of roads and water sheet. As a result compensation
slopes (p) exponentially decrease with roads’ right-of-way (L) lying between 3 m and 20 m (p=alL"=ae”" ")) and
become stationary beyond 20 m. They are also decreasing from the sheet 100 mm to 350 mm for any right-of-way of
the road. The required slopes for unpaved roads are between 0.23% and 2.92% with an average of 0.92 % in order to
keep them from water erosion. Equations and graphs are established to help deducting slopes no matter how long the
road is (L) and how high the sheet is (h).

Keywords: uncoated roads, Togo, water erosion, compensation slope

Cite This Article: AMEY Kossi Bollanigni, “Reduction in Water Erosion of Uncoated Roads in Lomé in
Togo: Correlation Slope, Width and Water Sheet of Roads.” American Journal of Civil Engineering and

Architecture, vol. 7, no. 1 (2019): 20-27. doi: 10.12691/ajcea-7-1-3.

1. Introduction

Erosion is a natural and very complex phenomenon that
keeps changing the structure of soils. Four (4) main factors
influence erosion: rainfall, relief, soil, human activity. Water
erosion might be the major cause of mass draining of the soil.

Construction of coated roads is a very costly work, and
this cannot be accomplished until a feasibility study is

carried out in order to evaluate the cost-effectiveness of
such investment. Thus, in the sub-Saharan African
countries, only the big roads within towns and national
roads are hydrocarbon-coated or coated with paving
stones. The proportion of the paved roads is then much
lower than that of unpaved roads on the urban network as
well as on the whole road network in these countries. In
Togo for instance, one of the sub-Saharan African
countries, the proportion of unpaved roads and streets
accounts for 82.13% [1].

a- Erosion has taken off the soilon a depthof 50
cm at the exterior face of the building.

b- Erésionhas t:rf_dnnedthe roadintoa dctof
more than 5 m deep leading to the collapse of
houses.

Figure 1. Example of the impact of water erosion on two roads in the Agoe area in Lomé (Togo)
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In the urban network where roads are characterized by a
significant built-up surface and then waterproof, the
infiltration of rainwater is therefore largely reduced. This
reduction in rainwater infiltration increases their runoff on
the roads that are for the most part uncoated. Thus, many
uncoated roads are turned into ducts by runoff water.
They present then signs of advanced degradation due to
erosion and become, therefore, impracticable and very
often dangerous for populations (Figure 1a and Figure 1b).

Because the extent of the phenomenon, many studies
have been completed on the water erosion of soils. These
studies mainly focused on the effects of erosion on the
farming lands or in rural areas, particularly, the transport
effect of soils causing the loss of fertility on farming lands
[2,3]. Relations are defined between losses of soils, due to
water erosion, soil slopes [4], the lengths of slopes [5],
rushed water sheets [6], the state of surface and soil cover
[7] and the liquid debit [8], etc. The main purpose this
study is the contribution toward reducing water erosion of
unpaved roads through the search for correlation between
compensation slopes, lengths of roads and water sheets of
ducts that characterize urban unpaved roads of Lomé in
Togo, a sub-Saharan African country. Graphs and formula
will make it possible for of civil engineering professionals
to have data available for the construction of unpaved
roads.

2. Theoretical considerations

2.1. Average Perimeter

The purpose of this study is to analyze the effect of
water erosion on the roads. The latter will be considered
as rectangular ducts subjected to the runoff of rainwaters.

Thus, the expression of the average perimeter is as follows:

Ry=— (n

C

With S, watered surface and C, watered perimeter given
by:

S=Lh (2a)

C=2h+L. (2b)

In these equations L and h are respectively the watered
length and the height of the duct (Figure 2).

Concession Concession

| L |

The right-of-way of the road

Figure 2. Watered surface and perimeter of the duct
Thus:

Lh

R, =— 3
M on+L

This allows to deduct the coefficient of the form (m)
given by:
R L

h L+2h

2.2. Equation of the Movement

A moving drop of water in a duct undergoes a driving
force the expression of which is given by the equation (5)

[9]:
Fe=p, LSsina (5)

Where p, is the volume mass of the liquid and a the

angle of the bottom of bed in relation to the horizontal
plan.

As for the delaying force (resistant) caused by the
cohesion between the water drop and the bed, it is
expressed in the following:

Fr=p, LC(olv+czv2 ) (6)

In this expression v indicates the speed of the
movement of the drop, ¢, and c, are perimeters defined by
Prony (c;=0,000044 et ¢,=0,000309) and by Eytedwein
(c,=0,000024 et c,=0,000366) [9].

The equation of the uniform movement is given by the
balance between the impulsion force (movement) and the
delaying force (resistance) (F, = F, ).

From equations (5) and (6) we deduct the movement
equation given by:

Rsina = av + bv? @)

According to Darcy and Bazin who made a lot of
experiments, the uniform movement equation may be
given by:

'

Rmsina:n[L K j ®)
R

2
m
For watercourses carrying rollers, this expression (8)
becomes:

Rmsina :o.ooo4o[1+—lF'{75J. 9)

V2 m

Thus, the speed v given by:

Ry sina

0 .00040[1—%1":5)}

m

(10

2.3. Impulse Strength and Friction Strength

Consider a particle with dimensions x, y and z, put on
the bottom of bed in slope, if the direction of movement of
the particle is x, the impulse produced by the shock of the
fluid stream on the particle will be given by the expression:

2
' \Y
F=(K+K )peyzg. (11)
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According to the works of Dubuat [9] the coefficients
of cubic particles are given by: K=1,19 et K’=0,27.

The friction strength F; of the particle on the bed is
given by:

Ft =(pe — pe ) Xyzf CcOSax (12)

With f coefficient of friction; its value for the case of
friction between stone is f = 0.76, P, the volume mass of
the dislodged particle.

There will be movement of the particle if F ;> F;. The
limit speed of movement of the particle will then be given
by the expression:

N 0,76( o, — pe ) X COS cx
0,0744p,

2.4. Compensation Slope

(13)

The compensation slope will be given by the balance of
the two speeds given by the equations (10) and (13). Thus:

3.04x( e —pe )[1+1R75J

Slna m

COS(Z

tga= (14)

744p.R,,

We deduct from this the compensation slope (in %)
given by:

BURKING FASD

Dapacng

304X( e —pe )[1+175]
Rm

p=100tgar= (15)

744 peR,,

This expression (15) of the compensation slope
is a function of the size of dislodged grains X,
the volume mass p. , and the average perimeter R, of the
duct.

3. Equipment, Materials and Method

For an identification of sand sediments resulting from
the erosion of unpaved roads of lagoon area of Lomé
(Figure 3), the most vulnerable area to water erosion,
collections of 330 samples of sediments are performed on
110 roads. Laboratory tests are carried out on these
samples according to norms NF EN 933-1 [10], NF EN
933-2 [11], NF I1SO 9276-1 [12], NF EN 933-8 [13], NF
EN 12620 [14]:

- Granulometric analysis (on a game of sieve of the
series 0.063-0.08-0.125-0.25-0.5-1-2-4 and 5 mm) for the
determination of differential (qr) and cumulative (Qr)
distributions, granular class (d/D) and the module of
fineness (Mf);

- Physical tests (absolute densities (d.,), apparent
density (da) and the equivalent of sand (ES)).
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Figure 3. Lagoon northern area of Lomé in Togo



American Journal of Civil Engineering and Architecture

According information data collected from the
cadaster department of Togo, the roads in Lomé, under
consideration in the process of study, have right-of-ways
varying from 3 m to 70 m. Roads of 22 width
(right-of-ways): 3, 4, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65 and 70 (in m) are selected.
The consideration of the level of waters on some roads
indicates the heights of runoff water on these roads not
exceeding 350 mm. Six (6) values of water sheets are then
the subject of the present study: 100, 150, 200, 250, 300
and 350 (in mm). The compensation slopes of these roads
are searched for through modelisation of the draining of
runoff waters that trigger the movement of particles by
way of water erosion.

4. Results

Table 1 and Figure 4 provide the results (average of 330
samples) of determining characteristics of sediments due

23

to water erosion of roads in the lagoon northern area in
Lomé.

The findings from Table 1 and Figure 4 show that the
road sediments of the lagoon northern area are clean and
too fine sands (ES~87.94 >70 and Mf~1.92<2.1) of granular
class 0/1 and absolute density of 2.61 and apparent density
of 1.49. These properties of road sands are almost similar
to these of fine sands of Togolese littoral at PK7 and
siliceous sands of Togo that are too fine (Mf<2.1), of
absolute densities between 2.65 and 2.75 and apparent
densities between 1.5 and 1.55 [15-20]. The similarity
between these three materials is due their closeness and
therefore to their composition which is the silica
(proportion at least equal to 66.32).

From the absolute density of sediments (o, = pan =2,61),
the dimension of the big particle (x=D=1), the dimensions
of the duct (L=3 m to 70 m), the water sheets (h = 100 mm
to 350 mm) and by the application of the formula (15), the
compensation slopes of Lomé’s roads are determined
(Table 2, Figure 5 and Figure 6).

Table 1. Characteristics of sediments of unpaved roads of lagoon northern area in Lomé, sands of the littoral of Lomé at KP7 and siliceous

sands of Togo

Mass absolute

Mass apparent Module of Equivalent of

Type of Sand N;Janr:]biggf Clgilsjg(ﬁry)lar volume volume fineness sand
P pay (kg/m®) pap (kg/m°) Mmf ES (%)
Sand of Roads of The lagoon
Northern area 330 0/1 2.61 1.49 1.92 87.94
Of Lomé
Sand of littoral of Lomé
at PK7 [15,16,19] 210 0/1.25 2.66 1.55 1.514 100
Silty Sand of Togo [18,20] 72 on 2.72 1.50 1.966 66.32
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Figure 4. Granulometric distributions of sediments of roads of lagoon northern area in Lomé
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Table 2. Compensation slope (%) of unpaved roads of the lagoon northern area of Lomé

Water height (mm)

Ref Road width (m)

Average slope

Minimum slope

Maximum slope

100 150 200 250 300 350

1 3 2.82 1.36 0.83 0.57 0.43 0.34 1.06 0.34 2.82
2 4 2.73 1.30 0.79 0.54 0.40 0.31 1.01 0.31 2.73
3 6 2.65 1.25 0.74 0.50 0.37 0.28 0.96 0.28 2.65
4 7 2.63 1.23 0.73 0.49 0.36 0.27 0.95 0.27 2.63
5 8 2.61 1.22 0.72 0.48 0.35 0.27 0.94 0.27 2.61
6 9 2.60 121 0.71 0.48 0.35 0.26 0.93 0.26 2.60
7 10 2.58 1.20 0.71 0.47 0.34 0.26 0.93 0.26 2.58
8 12 2.57 1.19 0.70 0.46 0.34 0.26 0.92 0.26 2.57
9 14 2.56 1.18 0.69 0.46 0.33 0.25 0.91 0.25 2.56
10 16 2.55 1.18 0.69 0.46 0.33 0.25 0.91 0.25 2.55
11 18 2.54 1.17 0.68 0.45 0.33 0.25 090 0.25 2.54
12 20 2.54 1.17 0.68 0.45 0.32 0.25 0.90 0.25 2.54
13 25 2.53 1.16 0.68 0.45 0.32 0.24 0.90 0.24 2.53
14 30 252 1.16 0.67 0.44 0.32 0.24 0.89 0.24 2.52
15 35 2.51 1.15 0.67 0.44 0.32 0.24 0.89 0.24 2.51
16 40 2.51 1.15 0.67 0.44 0.31 0.24 0.89 0.24 2.51
17 45 2.51 1.15 0.67 0.44 0.31 0.24 0.89 0.24 2.51
18 50 2.51 1.15 0.67 0.44 0.31 0.24 0.88 0.24 2,51
19 55 2.50 1.15 0.66 0.44 0.31 0.24 0.88 0.24 2.50
20 60 2.50 1.15 0.66 0.44 0.31 0.24 0.88 0.24 2.50
21 70 2.50 1.14 0.66 0.44 0.31 0.23 0.88 0.23 2.50

Average slope 2.57 1.19 0.70 0.47 0.34 0.26 0.92

Minimum slope 2.50 1.14 0.66 0.44 0.31 0.23 0.23

Maximum slope 2082  1.36 0.83 0.57 0.43 0.34 2.82
The equations of the smoothing of the slope (p in %) For h=250 mm

depending the right-of-way of roads (L in m) are given for

the different heights of water (h in mm) by (Figure 5):

For h=100 mm
P1oo=2.9344L70052R2 20,9270 for L<20m

P1oo=2.6146L"0011R2-0.9680 for L>20m.

For h=150 mm

Prsp=1.4458L*07°R%=0.9290 for L<20m

P1sp=1.2224L"%1°R?=0.9680 for L>20m.
For h=200 mm

P200=0.8977L *%®R?=0,9311 for L<20m.

P00 =0,7223L"0921R2 -0 9680 for L>20m

(16a)

(16b)

(16¢)

P50 =0,6316L7121R? =0,9320 for L<20m.

P250=0,4850L "%2°R?=0,0689 for L>20m. (16d)
For h=300 mm

P250=0,4850L "%2°R?=0,9689 for L>20m.

P300=0,3529L%%1R2_0,9690 for L>20m. (16e)

For h=350 mm

P3so =0,3852L161R2 =0 9350 for L<20m

P35 =0,2714L720%R2 —0,0690 for L>20m.  (16f)

Table 2, Figure 5 and and the equations (16a) to (16f)
indicate that the compensation slopes exponentially go
down with the right-of-ways of roads between 3 m to 6 m,
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become stationary in the interval between 6 m and 20 m
and are almost constant beyond 20 m. The slopes present
decreasing trends of the sheet 100 mm to 350 mm for any
right-of-ways of road (Figure 6).

The slopes between 0.23% and 2.92% with an average
of 0.92%, may be brought into two categories: slopes of
right-of-ways under 20 m and those of right-of-ways
beyond 20 m. Table 3 provides the values of the two
categories of compensation slopes.

Table 3. Compensation slopes (p in %) of Lomé’s roads

Ref. 1 2 3 4 5 6
Water height h (mm) 100 150 200 250 300 350

Slope p (%) for L<20m  2.82 1.36 083 057 043 034
Slope p (%) for L>20m 251 150 067 044 031 0.4

5. Discussion

In order to ensure an acceptable drainage of runoff waters
on the roads, it is recommended to get a gradient and others
between 0.5% and 1% with an average value of around
0.7% [21]. The margin of the slopes in the case of the
present study that is 0.23% to 2.92%, with an average value
of 0.92%, includes the recommended margin (0.5% to 1%).

The expressions of the slopes (p in %) depending on the
width of road (L in m) (equations (16a) to (16f)) are of the
form:

p =aL? =ae®™") and R2=0,90 a7
With:
pn, the compensation slope (in %) for a height of water h
(in mm)

L, the width of road (in m)

R?, the determination coefficient

a and b constant functions of geometric characteristics of
the duct (width L) and dislodged particles.

The extraction of coefficients a, b and R? of
these equations (16a) to (16f) has helped determining
the correlations between these parameters and the
height of water (sheet) h (Figure 7). The curves of
smoothing of these parameters depending on the height of
water h (in mm) provide the equations (18a) to (18b):

For L<20m:

a=5004.7h"1623 with R2=0.99

b=-0.0004h—0.0104 with R%=0.99 (18a)
R2=0.00003h—0.9241 with R2=0.98
For L>20m:
a=10696h1809  WithR?=0.99
b=-0.0001h-0.0015  with R2=0.99  (18h)

R2?=0.000005h--0.9673 withR?=0.80

The correlations between the slopes (p in %), the sheets
(h in mm) and the widths of road (L in m) are then given by:
e ForL<20m

p(h,L)=5004 71(-1623) ~(0.0004h+0.0104)

~1623In(h) ,-0.0004hIn(L) ,-0.0104In(L) (1 g..)

=5004.7¢
=5004.7¢".
With:
A =—(1.623In(h)+0.0004hIn(L)+0.0104In(L))

e

e Pour L>20 m

o(h L)=10696h(‘1'8°9) | ~(0.00011+0.0015)

~1.809Inin(h) ,-0.0001hinln(L) ,-0.0015ln(L)

=10696¢ (19b)

=10696¢”
With:
Ay =—(1.696In(h)-+0.0001hIn(L)+0.0015In(L)).

Table 4 and Table 5 show the relative errors of results
gained from the equations (19a) and (19b) with respect to
Table 2. It emerges from this that the errors on the calculated
slopes are lying between 0.03% and 7.13%. The slopes
provided by the equations (19a) and (19b) may then represent
the theoretical values of Table 4 and Table 5 at 92.87%.

Table 4. Relative errors on calculated slopes for h=100 , h=150mm, h=200 mm

Water height h (mm)

Ref Street right-of-way L (m)

100 150 200
1 3 2.82 2.69 4.68 1.36 1.36 0.15 0.83 0.83 -0.43
2 4 2.73 2.65 3.13 1.30 1.33 -2.28 0.79 0.81 -3.58
3 6 2.65 2.60 2.08 1.25 1.30 -4.01 0.74 0.78 -5.88
4 7 2.63 2.58 1.96 1.23 1.28 -4.25 0.73 0.77 -6.21
5 8 2.61 2.56 1.96 1.22 1.27 -4.30 0.72 0.76 -6.30
6 9 2.60 2.54 2.02 1.21 1.26 -4.25 0.71 0.76 -6.24
7 10 2.58 2.53 213 1.20 1.25 -4.12 0.71 0.75 -6.09
8 12 2.57 2.51 2.40 1.19 1.23 -3.76 0.70 0.74 -5.64
9 14 2.56 2.49 271 1.18 1.22 -3.33 0.69 0.73 -5.10
10 16 2.55 2.47 3.03 1.18 121 -2.88 0.69 0.72 -4.52
11 18 2.54 2.46 3.35 117 1.20 -2.43 0.68 0.71 -3.95
12 20 2.54 2.44 3.66 117 1.19 -2.00 0.68 0.70 -3.39
13 25 2.53 2.48 1.64 1.16 117 -1.08 0.68 0.69 -166
14 30 252 2.48 1.59 1.16 117 -1.16 0.67 0.68 -1.77
15 35 251 2.47 1.58 1.15 117 1.18 0.67 068 1.79
16 40 251 2.47 1.60 1.15 1.16 1.17 0.67 0.68 177
17 45 251 2.47 1.62 1.15 1.16 1.13 0.67 0.68 1.73
18 50 251 2.46 1.66 1.15 1.16 1.08 0.67 0.68 1.67
19 55 2.50 2.46 1.70 1.15 1.16 1.03 0.66 0.67 1.60
20 60 2.50 2.46 1.74 1.15 1.16 0.97 0.66 0.67 1.53
21 70 2.50 2.45 1.82 1.14 1.15 0.85 0.66 0.67 1.37

/ Minimum relative error /=0.15%

/Maximum relative error/=6.30%
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Table 5.

Relative errors on calculated slopes for h=250 , h=300mm, h=350 mm

Water height h (mm)

Ref Street right-of-way L (m) 250 300 350
1 3 0.57 0.57 1.09 0.43 0.41 3.78 0.34 0.32 7.13
2 4 0.54 0.55 -2.63 0.40 0.40 -0.36 0.31 0.30 2.69
3 6 050 0.53 -5.37 0.37 0.38 -3.43 0.28 0.28 -0.61
4 7 0.49 0.52 -5.77 0.36 0.37 -3.88 0.27 0.28 -1.07
5 8 0.48 0.51 -5.88 0.35 0.36 -3.99 0.27 0.27 -1.17
6 9 0.48 0.50 -5.81 0.35 0.36 -3.90 0.26 0.27 -1.05
7 10 0.47 0.50 -5.63 0.34 0.35 -3.68 0.26 0.26 -0.80
8 12 0.46 0.49 -5.09 0.34 0.35 -3.05 0.26 0.26 -0.08
9 14 0.46 0.48 -4.43 0.33 0.34 -2.29 0.25 0.25 0.78
10 16 0.46 0.47 -3.74 0.33 0.33 -1.49 0.25 0.25 1.68
11 18 0.45 0.47 -3.05 0.33 0.33 -0.69 0.25 0.24 2.58
12 20 0.45 0.46 -2.38 0.32 0.32 0.09 0.25 0.24 3.45
13 25 0.45 0.45 -1.07 0.32 0.32 0.22 0.24 024 1.94
14 30 0.44 0.45 -1.20 032 0.32 0.07 0.24 024 1.77
15 35 0.44 0.45 -1.23 0.32 0.32 0.03 0.24 0.23 1.74
16 40 0.44 0.45 -1.21 0.31 0.31 0.06 0.24 0.23 1.77
17 45 0.44 0.44 -1.16 0.31 0.31 0.13 0.24 0.23 1.85
18 50 0.44 0.44 -1.08 0.31 0.31 0.21 0.24 0.23 1.95
19 55 0.44 0.44 -1.00 0.31 0.31 0.31 0.24 0.23 2.07
20 60 0.44 0.44 -0.91 0.31 0.31 0.42 0.24 0.23 2.19
21 70 0.44 0.44 -0.72 0.31 0.31 0.64 0.23 0.23 2.45
/ Minimum relative error /=0.03% / Maximum relative error /=7.13%
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For example, the equations of the compensation slope (p in %)
for a height of water h=125 mm, are given by:
P,5 0)=1.9774 L -0-0604

P,5 L)=1. 7215, 0-0140

forL<20m with R*=0.927850
forL=20m with R*= 0.967925

L=street right-of-way (m)

Figure 7. Coefficient a, b and R? depending on the height of water h (in mm)
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In order to avoid erosion of unpaved roads in Lomé, we
have to see to it that their slopes are limited according to
slopes resulted from the equations (19a) and (19b) during
the construction works. The similitude of road sediments
in Lomé to that of siliceous sands leads to conclude that
the resulted compensation slopes might be generalized
across the whole country, Togo (Table 2, Table 3,
equation (19a), equation (19b) and Figure 7). Nevertheless,
complementary works are needed for a confirmation of
this generalization of slopes.

6. Conclusion

To limit unpaved roads’ disorders caused by water
erosion, the compensation slopes of the unpaved roads are
determined from the characteristics of materials (density
and granular class), the geometry of roads (width and
height of water), and the theory of the compensation slope.
Equations and graphs are developed to deduct, no matter
how wide the road and the water sheet in Lomé, the slope
of these unpaved roads in order to keep them free from
water erosion. The players of the design of unpaved roads
and the implementation of the urbanization of Lomé
possess tools of design, dimensioning and construction of
unpaved roads by avoiding water erosions.

Acknowledgments

We would like to express our thanks to Institute
FORMATEC, particularly to its Research and
Development Team (ERDF) which financially supported
the research of materials, equipment and logistic. We are
also grateful to late Koulekey Kodjo C. who brought a
very helpful contribution to the design of the research
method.

References

[1] PND, (2018), “Plan National de Développement 2018-20122”,
République Togoglaise.

[2] Plan Bleu, (2003), “Les menaces sur les sols dans les pays pays
mediterraneens”, Etude Bibliographique, Cahiers du Plan Bleu 2.

[3] JGRC, (2001), “Guide technique de la conservation des terres
agricoles : Redonner au sol sa productivité dans une perspective
durable”, Documentation technique de la JGRC-générer
I’abondance dans le Sahel par la lutte contre la désertification,
Vol 5, Socité Japonaise des Ressources Vertes.

[4] Chaplot, V., Lebissonnais, Y., Benkhadra, H., Lecomte, V., Fox,
D., (1996), “Relation au champ entre pertes en terre et inclinaison
de la pente en situation d'érosion diffuse”, France.

[5]1 Poesen, JW.A. , Bryan, R.B., (1989), “Influence de la longueur
de pente sur le ruissellement : r6le de la formation de rigoles et de

(6]

[7]

(8]

(9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

croQtes de sédimentation”, Cah. ORSTOM. s&. Ppdol., vol. XXV,
no 1-2, 1989-90: 71-80.

Touaibia, B., Gomer, D., Aidaoui, A., (2000), “Estimation de
I’index d’érosion de Wischmeier dans les micro bassins
expérimentaux de I’Oued Mina en Algérie du Nord”, Bull. Réseau
Erosion n°20, Ed., IRD, Montpellier, pp 478-484.

Morsli, B., Habi, M., Mazour, M., Hamoudi, A., Halitim, A,
(2012), “Erosion et ruissellement en montagnes méditerranéennes
d’Algérie du Nord: analyse des facteurs conditionnels sous pluies
naturelles et artificielles”, Rev. Mar. Sci. Agron. Vét. (2012) 1:
33-4.

Touaibia B., Dautrebande, S., Gomer, D., Kidaoui, A., (1999),
“Approche quantitative de [I’érosion hydrique a différentes
échelles spatiales: bassin versant de 1’Oued Mina”, J. Sciences
Hydrologiques., 44, 6.: IAHS Press. Wallingford. UK: 973-986.
Darcy, N., (1856), “Les fontaines publiques de la ville de Dijon-
Les principes & suivre et les formules & employer dans les
distribution d’eau”, Voctor Dalmont.

NF EN 933-1, (1997), “Essais pour déterminer les caractéristiques
géométriques des granulats, Partie 1: Détermination de la
granularité — Analyse granulométrique par tamisage”.

NF EN 933-2, (1996), “Essais pour déterminer les caractéristiques
géométriques des granulats, Partie 2: Détermination de la
granularit¢ — Tamis de contrdle, dimensions nominales des
ouvertures”.

NF 1SO 9276-1, (1998), “Représentation de données obtenues par
analyse granulométrique- Partie 1: Représentation graphique”.

NF EN 933-8, (1999), “Essais pour déterminer les caractéristiques
géométriques des granulats, Partie 8: Evaluation des fines —
équivalent de sable”.

NF EN 12620, (2002), “Granulats pour béton”.

Amey, K. B., (2006), “Caractérisation des sédiments sableux du
littoral togolais : expérimentation et détermination d’une formule
de sable normal”, Thése de Doctorat unique en Sciences de
I”Ingénieur a I’Université de Lomé au Togo.

Amey, K. B., Neglo, K., (2018), “Characterisations of Parameters of
Granularity of Sediments from Togolese Littoral: Granular Potential”,
American Journal of Applied Sciences, Science Publications, ISSN
Print: 1546-9239, ISSN Online: 1554-3641, Volume 15, Issue 8,
2018, page n° 399-408.

Amey, K. B., Samah, O. D., Neglo, K., Amoussou, K.,
Sounsah, K. M., Tchamdja, B., (2018), “Experimental Study of the
Formulation of Mortar Based on Silty Sand of Togo”, American
Journal of Civil Engineering and Architecture, Science and
Education Publishing, ISSN: 2328-3998, volume 6, No. 5, 2018,
page N° 172-179.

Amey, K. B., Neglo, K., Tamba, S., Johnson, A. K. C., Kouto, Y.,
Nayo, E., (2014), “Caractérisation physique de sables silteux au
Togo”, Afrique SCIENCE, African Journals Online (AJOL), ISSN
1813-548X, Volume 10(2), 2014, page 53-69.

Amey, K.B., Bedja, K., Neglo, K., (2013), “Etude de I’évolution
transversale des distributions différentielle et cumulative et de la
classe granulaire des granulats marins du littoral togolais”, Journal
de la Recherche Scientifique de I’Université de Lomé (Togo),
African Journals Online (AJOL), ISSN: 2413-354X, Série E,
Volume 7(2), 2013, page 13-20.

Amey, K. B., Bedja, K., Neglo, K. (2004), “Distribution
longitudinale de la granulométrie du sable littoral togolais: Grain
moyen, sorting index et skewness”, Journal des Sciences Pour
I’Ingénieur, African Journals Online (AJOL), ISSN: 0851-4453,
N°8, 2007, page 1 a 8.

Québec- Service, (2008), “Guide de conception géométrique des
rues de la ville de Québec” 1é Edition, Ville de Québec- Service
de I’laménagement du territoire.

© The Author(s) 2019. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



