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Abstract

A new technique, "the concrete lozenges channels" is described in this paper. It is an erosion control measure to attenuate
the water soil loss quantity to a tolerable level. These are open inclined channels that form lozenges on the slope. In fact,
they drain rainfall, runoff, and sediments alongside the slope into the ditch. Using the RUSLE erosion model for erosion
assessment, the parameters that had the most influence on the percentage decrease of the soil erodibility are discussed. A
comparison between techniques already used, that is, the concrete arches and the concrete lozenge channels proposed in
this paper, makes it possible to mention the shortcomings and the strengths of each technique. In fact, the percentage
decrease in erosion soil loss is about 42% for 2 arches and is about 49% for 2 lozenges. If the number of channels present
on the slope increases, the area exposed to erosion decreases. By comparing the study case, the exposed area for one
lozenge is less by 39% to 68% than the exposed area for one arch. The total perimeter lengths are comparable. In this
article, a parametric study is undertaken to define the optimum dimensions and optimum number of concrete inclined
channels. The ditch section and the inclined channel section are determining factors in the lozenge sizing.

Keywords: Water Erosion; RUSLE; Concrete Lozenges Channel Sizing; Parametric Study; Optimal Geometry.

1. Introduction

Landslides are several forms of mass movement that cause a natural modification of terrain. They start when the
stability of the slope is touched by a specific stimulus "trigger" such as intense rainfall that moves materials throughout
the Earth [1]. Those causes increase the stresses or reduce the strength of slope materials. Then, the slope or a portion
of it becomes unstable. In fact, rainfall intensity is the principal driver of the removal of soil: soils erosion and landslides
[2]. Adding to that, landslides can be the result of erosion on the slope surface [3]. By definition, water erosion is a
process that detach and transport of topsoil particles away from their origin point due to raindrop and runoff impact.
Rainfall, soil type, topography, land use, and land management are the principal factors that affect the rates of soil
erosion by water [4]. This phenomenon can even affect human activities, inducing large material and human losses [5,
6].

Several water erosion assessment methods are proposed to evaluate soil erosion depending on the purpose of
assessment and its suitability, applicability, and compliance with local conditions [7]. Also, Karydas et al. (2014)
classified 82 water-erosion models according to their geospatial and temporal characteristics [8]. The Universal Soil
Loss Equation (USLE) [9] and its revised version (RUSLE) [10] are the most commonly used soil erosion models. It is
an empirical erosion model that estimates long-term average annual soil loss. However, the RUSLE model has some
limitations [11]. Kumar (2022) identified the performance of the RUSLE model under varying topographic and climatic
conditions [12]. RUSLE is widely used in combination with GIS to map erosion and provide an argument for scenario
analysis and the adoption of measures against erosion [13].
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In Morocco, a new anti-erosive technique has been adopted on the slopes of the Kilometric Points 21, 28, 34, 40,
and 47 of the Tangier-Rabat highway (Figure 1). Concreted arches are channels of concrete, reinforced concrete, or
masonry, extended by columns. The arches' width varies from 10 to 40 cm, and their height varies from 40 to 70 cm.
This variation depends on their diameter [14]. In the first experimentation, diameters of 50 m were arbitrarily used [14].
Observations made a few years after their installation show the technical gaps, such as the arches' instability and a
diameter that is not suitable for all projects [15].

Figure 1. The concrete arches realized in the KP 47 of the Tangier-Rabat highway [16]

The Moroccan linear railway infrastructure located in the Fez-Meknes region of Morocco is subject to recurring
disorders. In fact, they cross areas dominated by marl formations. Indeed, the many observations made on a large humber
of slopes have highlighted the essential role of water and the slope inclination in triggering instabilities that can be
gradually accelerated as human activities develop [17].

All those disorders call for an urgent soil erosion measure to slow down water runoff and reducing the transport of
solid particles. The objective is preventing the development of soil erosion damage and reducing intensity of soil erosion
to a tolerable level. However, soil erosion control techniques generally used are simple and easy in theory but in the
practice, they are difficult, expensive and taking a lot of time [18]. In this perspective, a new technique with a new
design is proposed by this study to protect the slopes and reduce the quantity of eroded soils. At the same time, ensure
a good Quality-Price-Ratio: the Concrete lozenges channels. They are a soil erosion control technique that maintains
stability on shallow soil and slopes. These are inclined concrete drainage channels that form a diamond-shaped network
[6]. They limit the formation of deep drainage channels that collect and transport water downhill.

The objective of this study is to identify the sensitivity of slope to water erosion. It is a question of evaluating in a
first time the erodibility of the soils and in a second time, the effect of the new solution proposed to attenuate soil erosion.
In the second part, the results of the parametric study will be discussed. The parametric study allowed the concrete
lozenges channels sizing: Optimum number and dimensions.

2. Soil Erosion Model: Revised Universal Soil Loss Equation (RUSLE)

In this study, the soil erosion model (Revised Universal Soil Loss Equation) is used. It is a model that predicts the
long-term average annual soil loss (A) due to runoff from specific field slopes and pastures in specific farming systems.
Also suitable for non-agricultural conditions such as construction sites [19]. The long-term average annual soil loss (A)
can be calculated using the Revised Universal Soil Loss Equation such as:

A=RXKXLSXCXP (D)

where A is the Predicted soil loss (ton.ha-1.year-1), R is the Rainfall and runoff factor (MJ.mm/ha.h.year), K is the Soil
erodibility factor (t.h/MJ.mm), LS is the Slope length and steepness factor (a dimensionless factor), C is the Crop
management factor (a dimensionless factor) and P is Support practices factor (a dimensionless factor).

2.1. Rainfall and Runoff Factor (R)

The R factor represents the erosivity index of rainwater and runoff in RUSLE. It corresponds to the annual average
of the sum of the EI value; which is the product of the total kinetic energy of a storm multiplied by the maximum
intensity of the rains for 30 minutes (130). This method is suitable when precipitation intensity data for a period of 22
years or more are available [20]. The availability of the data on the amounts of annual and monthly precipitation
encourages the use of the empirical equation of Rango and Arnoldus (1987) for the calculation of the factor R [21].
Therefore, the R-factor can be expressed as:
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LogR = 1,744 * Log % (-5) + 1,299 @)
Where, P; is the monthly precipitation in inch and P is the annual precipitation in inch.

2.2. Soil Erodibility Factor (K)

The soil erodibility factor (K) is the rate of soil loss per unit area caused by the effect of precipitation and runoff. It
is measured initially on a plot 22.1 m long, 1.83 m wide minimum with a slope of 9%. K can be calculated using the
algebraic approximation (3) which takes into account three main factors of the soil: its proportions of silts, clays and
very fine sands, its organic matter content (OM), classes for structure (s) and its permeability (p), such us [17, 18]:

[2.1x107*(12—-OM)M 14 +3.25(s—2)+2.5(p—3)] 3
100 ( )

K=

where, M = a x (b + ¢), (4) is the product of the primary particles size (in %); a= (0.002 - 0.1) mm size fraction (in %);
b= fraction of silt (in %); c= fraction of sand (in %). To defining the s factor, a nomographic classification of the soil
structure based on the particles size [19], it is given in Table 1:

Table 1. Value of the s factor

Type of soil structure Size (mm)  Class
Very fine granular or without structure - 1
Fine granular <2 2
Medium granular 2-5
Coarsegranular 5-10
Polyhedral, lamellar, massive, prismatic >10 4

According the soil structure and the soil permeability [14] are defined six permeability class. They are presented in
the following Table 2.

Table 2. Value of the p factor

Structural class Permeability class  Permeability [cm/s]  Permeability code
Gravel, coarsesand Fast >4.4x10%° 1
Loam sand and loams sandy Moderate to Fast (1.4 -4.4) x10°® 2
Fine sandloams, loams in moderation (0.4 -1.4) x10°% 3
Loams, clay loams Slow to moderate (0.14 - 0.4) x10°® 4
Clay loams, clays slow (4 - 14) x10° 5
Tight, compacted Very slow <4x10° 6

2.3. Slope Length and Steepness Factor (LS)

LS represents the effect of topography on the soil erosion. It is a dimensionless factor which combines both the slope
length factor (L) and the slope steepness factor (S). The steeper and longer the slope, the higher the risk of erosion.

2.3.1. Slope Length Factor (L)

The following formula containing the horizontal projection (1), the RUSLE unit plot length (22.13 m) and a
dimensionless variable slope length exponent (m) calculates the slope length factor. Then L factor is as following [20]:

L =(1/22.13)™ 4)
The slope length exponent (m) characterizes the favoured mode of erosion: rill or interrill erosion. The value of B is

multiplied by two, when the rill erosion becomes very important and divided by two, when the rill erosion becomes less
important. The slope length exponent (m) is calculated by the following equation:

m = B/(1+B) ®)
B sin 6 (6)

" 0.0896[3%(sin 8)9-8+0.56]
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2.3.2. Slope Steepness Factor (S)
The slope steepness factor S is defined by the following formulas [21]:
S=10.8sin6+0.03 s<9% (7
S=168sin6—05 s>9% ®)

2.4. Crop Management Factor (C)

C is a dimensionless factor that represents the effect of cultivation and management practices on the erosion rate of
natural or engineered slope soils. The density of the vegetation cover of the soil surface is a determining parameter of
the C factor. The value of C can vary from a value close to 0 for a well-protected soil to 1.5 for a soil surface very
exposed to precipitation which generates very significant erosions in gullies [21-23]. Therefore, this factor is also used
to compare different preservation solutions. It is calculated by combining the effect of four sub-factors such as:

C =PLU x CC x SC X SR (©)]
where, PLU is the Prior Land Use, CC is the Crop Canopy, SC is the Surface Cover and SR is the Surface Roughness

2.5. Support Practices Factor (P)

In RUSLE, P is a dimensionless factor expressing the effect of a specific support practice on soil erosion from a
slope. The main effects of these support practices on the amount of soil eroded generally lie in altering the type of runoff,
altering the content or direction of runoff, and reducing the amount and rate of runoff [22]. This factor supports the
culture factor (C). The value of the factor P can be those developed by Smith (1948) [23] who gave a value of 1 for a
zero slope (0%) because no direction of flow is defined and for a slope which exceeds 25% because such a ridge would
not store water.

3. Methods

3.1. Research Methodology

The objective of this study is to research the design and sizing of this new control measures method, by investigating
parameters that influence the performance of the proposed solution. The flowchart of the research methodology is shown
in Figure 2.

Rainfall

Erosion Model Water erosion assessment ——| Area characteristics Soil

| characteristics

Expérimentation m:::(lzlcjasllli) Concrete lozenges channels Plot characteristic
1 \ [ |
[ | | ' '
Data comparison Dimensions Numbers Dimensions Inclinaison
I |
I
Validation Concrete lozenges channels sizing
[ ] | |
Optimum Optimum
lozenges I Opti
g lozenges ptimum Tra——
number number small long diagonal
{vertical {horizontal diagonal g g
direction) direction

Figure 2. The flowchart of the research methodology
3.2. Site Context

The project is located in the Fes-Meknes Moroccan region. It is situated From KP 57+000 to KP57+300 of the Fez-
Taza railway axis (Figure 3). Several factors are combined which cause water erosion of the slopes soils such as slope
inclination, the impermeability of the soils and the heavy rainfall.
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Figure 3. Geographical location of the project

In the geological context the project is situated in the external Rif [24]. Structurally, this unit is linked to the Miocene
stage [25]. Soils are marls with a greenish gray and sometimes yellowish color. Indeed, Marls are plastic soils [26]. They
are sensitive to water [27]. This sensitivity is mainly reflected by a significant volumetric instability [28], a strong
reduction of friction and effective cohesion [29], and a low permeability [30], preventing water absorption and
promoting very strong runoff. These characteristics give this type of soil a propensity to shrinkage-swelling [28], a
significant progressive creep [31] along the slopes and a risk of erosion around runoff areas [32]. The Table 3 below
presents a summary of the type, composition and physical properties of the soils.

Table 3. Types, compositions and physical properties of soils

Soil composition Atterberg limits
LCPC Classification
Sand (%) Limon (%) Clay (%) MO (%) WI (%) Ip (%)
17 36 45.9 11 35 21 Sandy clay

The climate on the Fez / Oujda section is continental and relatively temperate. Rainfall varies between 500mm/year
towards the west and 700 mm/year towards the east. The mountainous areas bordering the corridor are much more
watered: up to 1500 mm/year. In this case, the rainfall can constitute penalizing factors for slops stability. The rains are
characterized by seasonal variability. Figure 4 below shows an average of total monthly precipitation (1979- 1980/-
2014-2015) of Fez.

70

= P(mm)

60

50 -

40 -

30 |

Precipitations (mm)

20 A

10 A

Jan Feb Mar Apr May Jun Jul Aug  sep oct nov dec

Figure 4. The average of total monthly precipitation (1979- 1980/-2014-2015) of Fez [33]

4. Results & Discussion
4.1. Results

To compare The Concrete Arches and lozenges concrete channels techniques and show the shortcomings of the
Concrete Arches technique and the strengths of Lozenges Concrete channels technique, the application of this two
techniques is studied on a reference plot of (100x100) m?in the Fez region which is presented in the chapter above by
application of the Revised Universal Soil Loss Equation (RUSLE).
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Table 4 gives the data needed for the soil erosion model used to assess the predicted soil loss. The plot is devoid of
vegetation cover and supporting practice so vegetation cover factor and support practice factor are taken equal to 1.In
this study, L factor is the one variable of the RUSLE erosion model. Also the optimal arrangement of lozenges concrete
channels (Figure 5) is defined by studying the influence of the model parameters on the results.

Table 4. RUSLE factor’s values

Value Unit
69.00 MJ.mm/ha.h.year
0.191 mm.t.h/MJ

Rainfall and runoff factor

Soil erodibility factor

1.00 -
4.81 -

R

K
Vegetation cover factor C 1.00 -

Support practice factor P

S

steepness factor

100

50

Figure 5. The arrangement of concrete lozenges for each studied case

The concrete lozenges open channels are studied for 2, 4 and 16 lozenges (Figure 5). A diameter of 100, 50 and 25
m of Concrete Arches are studied (figure 6) that respective numbers are 2, 8 and 32.

7 NI/ N\ \/’ - \J

snm

o

Figure 6. The arrangement of Concrete Arches

Table 5 shows the calculation results.

Table 5. Calculation results

Reference plot Concreted Arches technique Concreted lozenges technique

Technique number 0 2 4 32 2 4 16
L Factor 2.64 1.66 1.05 0.66 1.43 0.90 0.57
The area for one element (m?) 10000 7854 1963 491 2500 1250 3125
Predicted soil loss (t/year) 167.59 97.60 57.74 32.27 85.42 49.19 28.08
Perimeter length (m) - 414 853 1606 44721 82462  1649.24

4.2. Discussions

In discussing results of table 5, a sensitivity analysis is realized to search the influence of different parameters of the
model on the predicted soil loss and the necessary characteristic of each technique.
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4.2.1. Number of Lozenges and Arches

The first parameter analyzed is the number of Concrete Lozenges and Concrete Arches for each study case. In fact,
the variation of Concrete Arches number from 2 to 32 and Concrete Lozenges number from 2 to 16 conducts to the
following notices: if the number increases, the value of the percentage decrease of the predicted soil loss will increase.
The percentage decrease of the predicted soil loss is about 42% for 2 arches and is about 49% for 2 lozenges (Figureb)

Figure 7 shows that lozenges technique has a great influence on the soil loss quantity than the concrete arches
technique. It is clear that as the number increases the predicted soil losses decrease. The number of lozenges present on
the slope has a positive impact on the soil loss quantity than Concrete Arches by more than 7%. The objective is to find
the optimal dimensions and number to have the best price-quality ratio.

90

80 <
70 o

60

50 o

40

30

Percentage Decrease (%0)

20 <& Arches technique

10 O Lozenges technique

0 5 10 15 20 25 30 35
Number

Figure 7. Variation of the percentage decrease in soil losses according to the number of Lozenges/ Arches

4.2.2. Perimeter Length

The second parameter analyzed from table 5 is the perimeter length. The perimeter length increase when the solution
number increases. In fact, the values presented in Table 4 show that for the same study case, the perimeter length of
Concrete Arches is less by an average of 2% than Concrete Lozenges. The perimeter length has a direct impact on the
Project Cost and the stability of the proposed solution.

4.2.3. Exposed Area

Values presented in Table 5 show that if the number of channels presents on the slope increases the area exposed to
erosion decreases. By comparing the study case (Figure 5 and 6), the exposed area for one lozenge is less by 39% to
68% than the exposed area for one arch.

4.3. Concrete Lozenges Design

Tolerable soil loss quantity is defined as the amount of soil loss allowing the ditch alongside the slope as well as the
inclined channels on the slope to drain water. The number of lozenges in the vertical direction is conditioned by the
quantity of soil tolerable to be evacuated by the ditch alongside the slope, while the number of lozenges in the horizontal
direction is conditioned by the tolerable soil loss rate to be evacuated through the inclined channels on the slope. In this
parametric study, the same plot (100x100) m? is investigated. The annual quantity of soil loss is A=167.59¢, the plot
drains towards a ditch of cross sections S. the soil loss characterized by a unit weight of 18 kN/m?@.

4.3.1. Design of the Optimum Length of the Small Diagonal of Lozenge Concrete Channels

Assuming that the sediments can occupy up to 50% of the section of the ditch. A rate that allows the drainage of
water and avoids the sediments deposition. The graph in Figure 6 shows the variation of Lozenges channels number in
the vertical direction of the slope with the ditch section for 3 angles inclination of the slope.
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Ditch Section

Figure 8 shows that for the same angle inclination, if the ditch section increases the necessary lozenges number
decreases. However, the commonly feasible sections do not exceed 1m?2. It is preferable to provide an adaptable ditch
section to the quantity of eroded soil to optimize the project cost. Ditch section is a determining factor.

18
16 o 25%

14 0 33%

12 67%

10

Lozenges Number

oo

0.4 0.5 0.6 0.7 0.8 0.9 1 11 1.2 1.3

Ditch Section

Figure 8. The variation of Lozenges channels number in the vertical direction of the slope with the ditch section for 3 angles
inclination of slope (25, 33, and 67%0)

Slope Inclination

Figure 8 shows that the necessary lozenges number decreases when the slope inclination decreases. If the slope is
very steep (67%), the number of lozenges will be greater. in this case, either adjust the slope or provide berms.

Ditch Fill Rate:

The filling rate of the ditch depends on the periodicity and the maintenance budget chosen by the project manager.
That is why, it is considered constant. Experimentation has shown that a rate that exceeds 50% allows water drainage
and avoids sediment stagnation. The other parameters of the formula are considered constant because they depend on
the site conditions according to the RUSLE erosion model (R, K, C, P, and S). The application of the formula on several
slopes made it possible to extract the formula for sizing the small diagonal of lozenges. Such as:

d< (At/Cst)m_l (10)
At=1 XyXS§; XLy (11)
Cst=R x K xCxPxSx(:gﬁ)m (12)

where, d is the length of the small diagonal of lozenge, At is the tolerable soil loss quantity, 7 is the ditch filling rate, vy is
the density of eroded soil, Sq is the ditch section, Lg is the ditch length, R is the Rainfall and runoff factor, K is the Soil
erodibility factor, C is the crop management factor, P is the support practices factor, S is the steepness factor, m is the
slope length and 6 is the slope angle.

4.3.2. The Optimum Length of the Long Diagonal of Lozenge Concrete Channels

Assuming that the sediments can occupy up to 1/3 of the section of the inclined channel. The graph in Figure 9 shows
the variation of Lozenges channels number in the horizontal direction of the slope with the inclined channels section for
3 angles inclination of the slope.
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Figure 9. The variation of Lozenges channels number in the horizontal direction of the slope with the ditch section for 3
angles inclination of slope (25%, 33% and 67%)

4.3.2.1. Ditch Section

Figure 9 shows that for the same angle inclination, if the inclined channels section increases the necessary lozenges
number decreases. However, as the section of the channel increases, the cost of the project increases, it is necessary to
choose an optimal section. The section of the inclined channel is a determining factor in the lozenges sizing.

4.3.2.2. Slope Inclination

Figure 9 shows that the necessary lozenges number decreases when the slope inclination decreases. If the slope is
very steep (67%), the number of lozenges in the horizontal direction of the slope will be greater. in this case, either
adjust the slope or provide berms.

4.3.2.3. Ditch Fill Rate:

The filling rate of the inclined channels depends on the periodicity and the maintenance budget chosen by the project
manager. That is why it is considered constant. Experimentation has shown that a rate that exceeds 33% allows water
drainage and avoids sediment stagnation. The parametric study carried out during our research has made it possible to
define the formula, allowing the calculation of the length of the longest diagonal of the lozenges. This is given by the
following formula:

2XCst2
D= A X sin® (13)
Cst2=1t Xy X Sc (14)

where, 1 is the ditch filling rate, vy is the density of eroded soil and Sc is the inclined channel section, A is the predicted
soil loss and 6 is the slope angle.

5. Conclusion

In this paper, the erodibility of KP 57+000 of the Fez-Taza railway line in the Fez-Meknes area in Morocco has been
investigated. Two erosion control measures are studied: a previous technique (concrete arches) and a new technique
(concrete lozenge techniques). Using the RUSLE erosion model (Revised Universal Loss Equation), a comparison of
the two techniques was undertaken to evaluate the performance of the two techniques and extract the most significant
factors that affect soil loss rate. In fact, the lozenge technique channels had an influence on the percentage decrease of
soil loss compared to the old method, which varied from 49% for two lozenges to 83% for 16 lozenges. A parametric
study allowed the design and sizing of the lozenge technique and evaluating the necessary number to reduce the amount
of eroded soil to the tolerable amount: (1) the parameter that has a great influence on the small diagonal length is the
tolerable soil that can be evacuated by the ditch (ditch section); (2) the parameter that has a great influence on the long
diagonal length is the tolerable soil that can be evacuated by inclined channels (inclined channels section).
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This work contributes to enhancing the knowledge about erosion control techniques by presenting an existing
technique and proposing a new solution to mitigate the soil loss rate on slopes. However, the validation of the
performance of the new solution was only subjected to the empirical evaluation of the percentage decrease in soil loss.
However, the objective at this stage is to convince decision makers of the effectiveness of the method to move on to
experimentation. In further development of this research, it is expected to analyze the experimentation results to correct
the difference between the direct soil erosion assessment and the estimated erosion and to validate the proposed
equations of sizing of the new solution. It is clear the significant environmental impact of this new erosion control
technique. In future research, an environmental impact study of the proposed solution will be carried out.
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