
 

 

  

Abstract—In this experimental work, we have shown that the 
geometric shape of the grooves (furrows) plays an important role in 

sediment dynamics. In addition, the rheological behaviour of solid 

discharge does not depend only on the velocity discharge but also on 

the geometric shape.   
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I. INTRODUCTION 

ACH year, more than 120 million tons of lands are torn by 

the erosion of Algerian mountain slopes. This large amount 

of lost land is mainly the result of irrational use of 

agricultural land and poor farming practices ([1], [2] and [3]).  

Surface irrigation furrow is widely used in Algeria in view of 

its simplicity and economy. It is suitable for many crops: 

vineyards, orchards and trees ([4], [5] and [6]). According to 

the Algerian Ministry of Agriculture, the use of furrows on 

slopes greater than 12% is quite common. 

The grooves can have different agricultural geometric 

shapes: triangular, trapezoidal, rectangular or parabolic with 

widths varying between 15cm and 75cm and depths from 10 

cm to 20 cm. Contrary to their simplicity and efficiency, the 

channels can easily become the site of severe erosion 

problems once the slope exceeds 1% ([4], [5] and [6]). 

The literature gives six factors responsible for the erosion: 

slope, size, velocity, time of watering, vegetation and the 

length ([7], [8], [9] and [10]). To these factors, it is necessary 

to add the likely effects of the explosion of air stored in the 

soil layers and the electrical double layer [11]. 

In the 1940 and 1950’s years, the work of E. W. Lane 

focused on finding the best geometric profile which can be 

stable, that is to say, without erosion or deposition ([12] and 

[13]). It is true that the works of E. W. Lane were referred to 

the major irrigation canals. V. T. Chow, in his monumental 

book "Open Channel Hydraulics" noted that the distribution of 

shear stress was independent on the size of the cross section of 

the channel [14]. It is therefore logical to think that the shape 

of the cross section of the grooves may influence the sediment 

transport. 
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II. EXPERIMENTAL MODEL 

The soil that we used in our experimental investigation was 

taken from the first 30 cm of soil belonging to the Algerian 

agricultural plain Abadla (Figure 1). 

 

 
Fig. 1 Location of soil sampling area 

 

The amounts collected were placed in plastic bags and 

transported to the laboratory. Testing particle size, 

physicochemical and mechanical properties were performed.  
TABLE I 

PARTICLE SIZE CHARACTERISTICS 

A L F L G S F S M S G 

19% 10% 6% 47% 7% 11% 

D Ap D r Po Ac pH (sol) K 

1,41 2,969 0,47 1,2 8,2 27 mm/h 

 

A Clay  Ac Clay Activity 

L F Fine silt  K Permeability  

L G Coarse silt  Po Porosity 

S F Fine sand  D Ap  Absolute density 

S M Medium sand  Dr Relative density 

S G Coarse sand    

The table shows that the soil is a fine sandy loam [15]. 

From the mechanical point of view, the soil is clay type 

inorganic low to medium plasticity. Activity Index (Ac) of 

about 1.2 indicates that the clay type kaolinite with low 

swelling capacity. 
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All tests were performed on an experimental model (Figure 

2) manufactured completely in galvanized steel plate 3mm 

thick. The model has a form of rectangular channel of length x 

width x depth equal 2000 x 150 x 120 mm. 3mm diameter 

holes were provided, on both sides and the bottom of the 

model, to ensure a free flow underground. The downstream 

part is equipped with a system of rotation of the model. The 

upper part is equipped with a manual hydraulic jack for lifting 

the model. Within the model, system, honeycomb is arranged 

to ease the flow of water and make them uniform before 

entering inside the model. For the collection of volumes of 

clean water and mixture, the plastic bowls were placed on the 

floor. 

 

 

III. SOIL PREPARATION 

Before placing the soil, naturally ventilated, it is passed 

through a screen mesh 3 x 4 mm. After that, we add the 

amount of water that provides the desired percentage of 

moisture and the whole is mixed to obtain good 

homogenization. Following this step, the wet mixture is 

passed a second time through the same sieve before. This 

phase is important because it eliminates the aggregates that 

formed after adding water and mixing. After that, we cover the 

inside of the experimental model with a sheet of 5mm thick 

sponge to act as a drain filter. 

ground, it is useful that the model is horizontal. The soil is 

placed inside the model in layers 5 cm thick. After gently 

leveled with a wooden spatula, soil compaction is subjected to 

free-fall from a height of 30 cm with a mass of 15kg on a flat 

sheet steel of 65 x 14 cm placed above the ground ([16] and 

[17]). The same procedure is repeated up to a soil depth of 10 

cm.The soil is prepared and the shape of each agricultural 

groove is carried out using an appropriate metal tool. There 

are as many tools as forms of furrows. These small tools are 

the reduced forms of real hoes used by farmers (Figure 3) 

 
Fig. 3 Different types of hoes used in agriculture 

 

Once the furrow dug, the model is moved, using a cylinder, 

to obtain the desired slope. The experimental model is then 

supplied with the first flow of water for a relatively short time 

of 2 minutes. This time of runoff has been chosen following 

the work of T.J Trout and J. A. Gomez who concluded that 

sediment transport and runoff follow linear laws in the first 

few minutes ([7], [10] and [16]). After this time, the power is 

off and we take photographs. 

The mixture is set for 6 hours to facilitate settling and to 

separate the solid from the liquid phase. After settling, there 

should be a first weight of the liquid extracted. The solid 

phase, sip of water, is put in the oven for 24 hours. After that, 

a second weighing will give the actual mass of sediment 

exported from the furrow. 

 

IV. EXPERIMENTAL PROCEDURE 

This experimental work aims to study the influence of the 

geometric shape of the grooves on the agricultural rate of 

sediment transport and rheological nature of the solid 

discharge. It is useful to note that in all series of experiments, 

two factors only change: the geometric shape of the grooves 

and the slope of the channel. In this study, we chose four kinds 

of slots and 3 slopes. We considered the circle, trapezoid, 

triangle and sine. For the slopes, we chose 1%, 20% and 52%. 

The geometric characteristics of the grooves were obtained 

after studying the laws of similarity of flows with moving 

bottom ([18] and [19]). 

The final dimensions of the different types of grooves are 

given in the table below (Table IV). 

GEOMETRICAL CHARACTERISTICS OF THE GROOVES 

Form of groove  Function Parameters  

 

 

 

 

Yo = 3.2 cm 

B = 7.3 cm 

b = 2.6 cm 

α = 54° 

  

�� � ��

� �3.2
� 

Yo = 3.2 cm 

B = 6.4 cm 

b = 0 

  

 Yo = 3.2 cm 

B = 9.5 cm 

b = 0 

α = 34° 

 

 

3,2 sin
�. �

10
 

Yo = 3.2 cm 

B = 10 cm 

b = 0 

 

 

V. RESULTS 

Table V gives the results of experimental measurements for 

each form of the groove. 

Fig. 2 General scheme of the experimental model 

TABLE II 

Before starting the phase of the implementation of the 
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SEDIMENT MASS EXPORTED

 Slope = 1% Slope = 20%

Form  Mass (g) Mass (g)

Sine 41.19 2178.90

Triangle 93.15 3462.30

Trapezoid 870.48 5547.48

Circle 192.28 4233.29

 

The reading of this table allows the following remarks

• The mass of sediment varies greatly with slope.

• The mass of sediment varies greatly with the shape

groove. 

VI. DISCUSSION 

A. Effects of the shape on the sediment 
The shape of the grooves was never con

involved in sediment dynamics in agricultural

chart above and photos below show clearly that

the groove strongly influences sediment dynamics

slopes less than 32%, the sinusoidal shape

sediment transport, followed by the circ

and finally the trapezoid shape. 

In the other hand, for slopes greater than

is the circle, followed by the triangle, trapez

the sine. 

                  Sine (52 %)                                      

          Circle (52 %)                             Circle (20 %)

      

 

EXPORTED 

0% Slope = 52% 

(g) Mass (g) 

2178.90 9149.06 

3462.30 6464.39 

5547.48 7606.91 

4233.29 4967.55 

the following remarks:  

with slope. 

with the shape of the 

 transport 
of the grooves was never considered as a factor 

agricultural furrows. The 

show clearly that the shape of 

sediment dynamics. Indeed, for 

sinusoidal shape involves less 

circle, then the triangle 

greater than 45%, the best form 

, trapezium and finally 

           Sine (20 %) 

 

Circle (52 %)                             Circle (20 %) 

 

 

B.  Effect of the shape on the rheological 

The experiments also led to the fact that

of the solid discharge depends not only on

volume concentration Cv but also

groove (furrow) [15]. Figure 5

• For the trapezoidal shape, the fluid 

when the slope p is greater than

• For the circle, this occurs for p

• For the triangle shape, the fluid 

the slope is greater than 20%.

• For the sine shape, the limit is 

27%. 

Fig. 5 Evolution of the

VII. CONCLUSION

After these series of experiments

geometric shape of the 

influences sediment dynamics

sediment transport in agricultural

a geometric shape parameter

experiments showed that the

characteristics depend not only on

concentration Cv sediment but also
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