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1 INTRODUCTION  

With the accelerated growth of urban areas, uncontrolled deforestation, the advancement of agricultural 
frontiers and the unplanned deployment of infrastructure works, serious and numerous erosive problems 
have been occurring in the country. In order to solve them or to mitigate them, it is necessary to carry out 
research on alternative techniques. This paper analyzes a low cost solution for the recovery of erosive 
processes.  

2 STUDY MODEL 

The idea of the development of the research was basically to increase a system for the recovery of ravines 
and gullies with the installation of buses transversal to erosion. Figure 1 shows the schematic drawing of 
this system.  
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Figura 1. Front view of bus system. 

The efficiency of the bus as a permanent work of erosion control is linked to technical adjustments 
according to local conditions. The advantages of this system can be justified by the simplicity of execution, 
low cost and possibility to obtain structures compatible with the sediment load to be contained. 

Initially the system is constructed in stages so that upstream sediment production does not compromise 
bus stability. For this, the best solution is the execution in heights compatible with the resistant effort of the 
structure, as well as with the stability of the lateral slopes. 

Figure 2 shows, in a first stage, the execution of three buses with the rods not being used in their entirety. 
That is, the metal screen and the geotextile are placed at a certain height of the stems so that the upstream 
sediment can be accumulated in the bus 1 and the surplus passes to the bus 2 and so on. The total coating 
of the channel, shown in this figure, with the geotextile is justified by the small distances between one 
busbar and another, without causing a considerable increase in the implantation costs. However, for ero-
sions and larger busses the solution should be analyzed with lateral and bottom anchorage with extension 
of the geotextile upstream.All tables and figures should be numbered consequently (Table 1, Figure 1) and 
should have titles and captions (font-size 11 pt, line-spacing 11 pt). The proper position of each table and 
figure must be clearly indicated in the paper. Graphical and photographical artwork is accepted with a 
minimum resolution of 300 dpi. Please use the SI system of units. Other systems of units will not be ac-
cepted.  

 

Figure 2. Stage 01: Side view of the barriers for accumulation of sediments generated upstream. 

In a second stage, with the sedimentation of the buses, the sediment accumulated in the bus 3 increases 
the stability of the bus 2, and the one produced in the bus 2 increases the stability of the bus 1. This is due 
to the opposite effort that the sediment load accumulated in the sequential bus exercise in the former, as 
shown in Figures 3 and 4. 
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It is important to emphasize that in addition to the upstream geotextile, it is also necessary to place it in 
the foot of the bus on the downstream side, as protection against the erosive effect generated by the over-
flow. This geotextile can eventually be replaced with hand stone. Another important observation is regard-
ing the fixation of the geotextile so that the flow does not cause it to start. This fixation can be done with 
annealed or galvanized wire on the metal screen and with metal pins at the base and sides of the erosion, as 
shown in Figures 2, 3 and 4, taking care not to damage the geotextile with the perforations made. 

 
Figure 3. Stage 02: Side view of the barriers for accumulation of sediments generated upstream. 

Then, it is possible to go to stage 3, which is the increase of height of the buses, as shown in Figure 4. In 
addition to increasing the height of the buses, it is possible at this stage to increment new buses downstream, 
with the objective increase the overall stability of the system. 

Figure 4. Stage 03: Side view of the barriers for accumulation of sediments generated upstream with increment of 
new buses. 

3 PROCEDURES DESIGN BUSES 

The following describes, in a simplified way, the main design procedures to be adopted in the design of the 
busbars. 
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1º. Step: Verification of local conditions 
In this item, it is necessary to make a complete evaluation of the local conditions aiming to verify the 

geological, geotechnical and geomorphological conditions as well as the estimate of the volume of surface 
runoff and the production of upstream sediments, since nothing would justify the installation of buses if not 
there was sediment production to fill them. The evaluation can be done from visits during rainy events, or 
by making periodic collections of fluid from the surface stream. 

The volume of soil to be retained in the buses can be estimated by the Universal Soil Loss Equation, 
although much of the sediment may originate from the erosion itself. 

 

2º. Step: Sizing the system 

In this item, a series of analyzes should be considered in order not to compromise the system, especially 
in terms of stability. The following are the main analyzes to be considered in the design: 

a) Determination of the depth that the stems will be anchored (calculation of the tokens); 
b) Stability analysis of the lateral slopes. This analysis will indicate the most recommended height in-

crease that should be adopted for erosion recovery; 
c) Stability analysis of longitudinal slopes, both local and global; 
d) Sizing of the rods that can be both wood and metal; 
e) Definition of the metallic screen, which should be flexible and resistant to the requesting effort; 
f) Definition of the most appropriate geotextile to be used in the system and the physical, mechanical, 

hydraulic and resistance to weathering must be checked. Geotextile sizing usually obeys the criteria of 
retention, permeability and clogging; 

g) Sizing of the spillway to be executed on the bus, priority should be given to the triangular shape in 
order to progressively center the flow. 

 
3º. Step: Installing the template in the field 
The following are the main precautions that must be taken when performing the work: 
a) Make sure that during the installation of the system there is no possibility of rain; 
b) Make sure that all materials and equipment to be used are fully available on site; 
c) Total cleaning of the area to be implanted the busbar system. Avoid to the utmost to provoke instability 

in the side slopes when cleaning or unnecessary removal of natural protections like the vegetal covering; 
d) Evaluate the support surface, especially the slopes and bottom, in order to avoid possible depressions 

and the presence of materials that could damage the geotextile; 
e) Check overlays and seams of geotextiles; 
f) Verify spacing of the geotextile fixing pins; 
g) Avoid placing the geotextile under tension in order to minimize the risk of damage; 
h) To avoid the formation of wrinkles in the geotextile and to make the necessary anchorages. 

4 IMPLEMENTATION OF THE MODEL IN THE MUNICIPALITY OF PRATA IN MINAS GERAIS 

4.1 Location of the study area 

The municipality of Prata is located in the central portion of the mesoregion called the Triângulo Mineiro / 
Alto Paranaíba, State of Minas Gerias, between the basins of the Paranaíba and Grande rivers, which are 
part of the Paraná river basin. The municipality is approximately delimited by the parallels S 18º 55 '00' 
'and S 19º 24' 00 "and by the meridians W 48º 24 '00' 'and W 49º 10' 00 ''. Its total area is 4,899 km2. The 
neighboring municipalities are: to the North, Monte Alegre de Minas and Ituiutaba; to the South, Comen-
dador Gomes, Campo Florido and Veríssimo; to the west Campina Verde; and to the east Uberlândia. The 
municipality has as natural limits the Rivers Tejuco, in the portion to the north and to the south, the rivers 
Verde and Peixe. The main access road to the municipality is BR 153 connecting the municipality to the 
states of Goiás and São Paulo and MG 497 linking the municipalities of Uberlândia and Campina Verde. 

4.2 Considerations about the erosive process in the region 

Francisco (2003) in his master's dissertation says that the erosive processes that occur in some farms of the 
Faber Castell company, in the municipality of Prata (MG), are due to the combined actions of the surface 
and sub-surface fluxes concentrated, besides the natural susceptibility of the soil to erosive occurrences and 
of the incorrect form of use and occupation of the same since the decade of 60. 
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These erosive occurrences are associated to the yield runners, since they favor the concentration of the 
runoff. As a result of the erosion processes, other damages arise such as: silting of river channels, loss of 
soil fertility and devaluation of rural property. 

Most regional erosions present U-shaped morphologies when there is evolution associated with sub-
superficial and superficial flow and concentrated (voçorocas), and in "V" when there is only concentrated 
surface flow (ravines). They are characterized by stable steep slopes in the dry season and unstable in the 
rainy period, evolving laterally by basal overlap and falling blocks. They show mixed characteristics be-
tween ravine and voçoroca, being able during the rainy period to undergo influence of the oscillation dy-
namics of the water table and to connect to the upwelling of water, exactly when the erosive intensity 
increases. 

Francisco (2003) also shows the registration of 43 Ravines and 2 gullies on the Faber Castell farms in 
the municipality of Prata (MG), and in the Buriti dos Bois farm, there were 7 linear erosions, 6 ravines and 
1 gull. He carried out several characterization tests and found that the soils present in the study area have, 
in their majority, granulometries that vary from the coarse sands to clays. 

The studied erosion is located at Fazenda Buriti dos Bois and presents a geotechnical profile with only 
one horizon and an approximate geometric shape in V. 

4.3 Details about proceedings adopted for design 

In the following items the main procedures used for the design and execution of the project to recover the 
erosive process in the municipality of Prata are described. 

After verification of the local geological, geotechnical and geomorphological conditions, estimation of 
the volume of surface runoff, upstream sediment production, determination of the lengths of the planks of 
the stems, the stability analyzes of the slopes, presented below. 

4.3.1 Stability analysis of slopes 

Due to the important depth of erosion, approximately 8 meters, slope stability analyzes were carried out in 
order to verify if changes in the geometry and saturation of their bases during the erosion recovery process 
would cause landslides and / or instabilities of soil masses. The slides contribute to the widening of the 
erosion, which may compromise the installed model. 

In the lateral slopes analyzes were used for the natural soil, cohesion of 10 kPa, angle of friction of 30º, 
natural specific weight of 15,8 kN / m3 and inclination of slope of approximately 60º, without considering 
suction in the soil. Although the suction contributes to the improvement of stability, being critical the mo-
ment of filling during the rainy events we chose to consider the resistance parameters of the saturated soil. 
The natural soil parameters were obtained from the direct shear test. The natural specific gravity was ob-
tained using the hydrostatic balance method (ABNT / NBR 10.838). Figure 5 shows the graph obtained for 
the direct shear test performed on the undeformed sample. 

 

Figure 5. Graph obtained for the direct shear test of the sample collected. 
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To verify the stability of the lateral slopes, 16 cases were studied following the form of recovery of the 
erosion predicted for the field. Thus, it was analyzed situations in which there was an increase in sediment 
height from meter to meter so that there would always be a drop of 1 meter between the first and second 
bus and 1 meter between this and the third bus. 

The results of the slope stability analyzes performed with the SLOPE / W, Version 5 program are pre-
sented below. The results obtained from the analyzes by this program show the soil mass, the critical center 
mesh, the surface of critical rupture and the lowest safety factor obtained. 

In the first case, Figure 6, the stability of erosion slopes was verified in the condition in which it was, 
that is, without any external interference in the erosion. By means of this figure, it is observed that the 
conditions adopted for the slope and the soil profile provide a safety factor of 1.122. In reality, considering 
the suction effect, this value would probably be only slightly higher in order to be treated of sandy material 
with easy increase of degree of saturation during rainy events. 

 

 
Figure 6. Case 01: Natural slope: Stability analysis without erosion interference. 

In the second case, Figure 7 shows the stability for the same geometric conditions of Figure 6, but con-
sidering the water level of 1 meter on the face of the slope. This would be the condition for the first 1 meter 
high bus in which after the installation of the system, a rainy event occurred with accumulation of material 
on the bus until that time. In this figure it is observed that the conditions adopted for the slope and the soil 
profile provide a safety factor of 1.067 characterizing the reduction of stability for the presented condition. 

 
Figure 7. Case 02: Stability analysis with water level of 1 m on the face of the slope. 
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In the third case, Figure 8 shows the stability for the same geometric conditions of Figure 7, but consid-
ering 1 meter of sedimented soil produced and retained upstream of the first bus, adopting for this sediment 
a friction angle equal to 25º, cohesion of 3 kPa and apparent specific gravity of the soil of 12 kN / m3. 
These values were adopted according to bibliographies on the subject for this type of soil. In this figure, it 
is observed that the conditions adopted for the slope and the soil profile results in a safety factor of 1,215, 
showing a slight increase in stability in relation to the previous case. 

 

 
Figure 8. Case 03: Stability analysis with 1 m sedimented soil. 

In the fourth case (Figure 9), the stability for the same geometric conditions of Figure 8 is verified, but 
considering a water level of approximately 1.0 meter above the sedimented soil, which would be the situa-
tion with the occurrence of total sedimentation of the first, second and third bus and the consequent instal-
lation of the 1.0 meter increase for the first bus, that is, a second stage of the recovery, with the occurrence 
of a rainy event. In this figure, it is observed that the conditions adopted for the slope and the soil profile 
provide a safety factor of 1.019, indicating a further reduction of the stability conditions. 

Table 1 presents the 16 cases considered for the analysis of natural slope stabilities as well as the plot of 
the values in Figure 10, where each studied situation is analyzed in a sequential way for the situations that 
would occur during the recovery of the erosive process. 

Table 1 and Figure 10 show that, for the studied situation, a slight decrease occurs in the stability of the 
lateral slopes at the first moment with the occurrence of rainy events, these being stabilized after a certain 
height of sediment accumulation. Therefore, the analyzes show that it is necessary to evaluate the evolution 
of the safety factor of the lateral erosion slopes when this type of work is implemented. 
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Figure 9. Case 04: Stability analysis with 1 meter of sediment and water level 1.0 m above the sediment. 

After verification of the lateral slopes, we proceeded to the analysis of the longitudinal slope formed by 
the busbars when filling the implanted system. 

Figure 11 shows a slope equivalent to what would be formed when the system was fully filled with 
sediments for height of four meters. This slope has a length of 8.0 meters and an inclination slope of 26.6º. 
The parameters used for the analysis were those of the sedimented soil. The safety factor obtained was 
1.751, considered stable for the presented situation. 

However, when the total slope saturation was simulated, the safety factor fell to 0.630, an unstable con-
dition for the presented situation, as shown in Figure 12. 

 
Table 1 - Results of natural slope analysis.  

Case 
Height (m) Security Factor  

Obtained (FS) Natural Slope Sedimentary soil Water 

01 8 0 0 1,122 

02 8 0 1 1,067 

03 8 1 0 1,215 

04 8 1 2 1,019 

05 8 2 0 1,333 

06 8 2 3 1,088 

07 8 3 0 1,443 

08 8 3 4 1,062 

09 8 4 0 1,656 

10 8 4 5 1,113 

11 8 5 0 1,969 

12 8 5 6 1,185 

13 8 6 0 2,831 

14 8 6 7 1,428 

15 8 7 0 4,680 

16 8 7 8 1,821 

 
 

 1
.4

00
  

 1
.5

00
  

 1
.6

00
  

 1
.8

00
  

1.019

Â ngulo de Atrito = 30º

Coesão = 10 kPa

Solo Sedimentado

Solo Natural

Distância (m)

0 2 4 6 8 10 12 14 16 18 20

A
lt
u

ra
 (

m
)

0

2

4

6

8

10

12

14

16



Proceedings of the 11th International Conference on Geosynthetics 

 16-21 September 2018, Seoul, Korea 

 
Figure 10. Safety factor x Bus height. 

With the analyzes shown in Figures 11 and 12, a more realistic situation was started, that is, the simula-
tion with the introduction of the wooden stakes. In this situation, a safety factor of 3.130 was obtained, 
indicating a very stable condition for the presented situation. In a second analysis the complete saturation 
of the formed slope was simulated and the safety factor fell to 1,801, even though indicating good overall 
stability for the formed system. Figures 13 and 14 show the analyzes performed. 

It should be noted that if the situation of instability of the longitudinal slope formed by the buses re-
mained, a new configuration should be sought in order to facilitate their smoothing. 

 

 
Figure 11. Slope similar to what would be formed when the system was completely filled with sediments. 
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Figure 12. Slope similar to what would be formed when the system was completely filled with sediment and runoff. 

 

 
Figure 13. Slope that would be formed when the system was completely filled with sediments. 

 

0.630

SOLO SEDIMENTADO

Â ngulo de Atrito = 25º

Coesão = 3 kPa

Distância (m)

0 2 4 6 8 10 12 14 16 18 20

A
lt

u
ra

 (
m

)

0

2

4

6

8

10

12

14

16

 3
.5

00
   4

.0
0

0
   4.500

  

3.130

SOLO SEDIMENTADO

Â ngulo de Atrito = 25º

Coesão = 3 kPa

SOLO NATURAL

Â ngulo de Atrito = 30°

Coesão = 10 kPa

Distância (m)

0 2 4 6 8 10 12 14 16 18 20

A
ltu

ra
 (

m
)

0

2

4

6

8

10

12

14

16



Proceedings of the 11th International Conference on Geosynthetics 

 16-21 September 2018, Seoul, Korea 

 
Figure 14. Slope that would be formed when the system was completely filled with sediment and runoff. 

5 I NSTALLATION OF THE MODEL IN FIELD 

Figures 15 to 18 show the procedure and model implanted in the field for recovery from erosion. In this 
erosion were built three buses with spacing of 2 meters between them, in January 2004. 

In the installation of the system were used common tools of the day-to-day of the construction, metallic 
screen type pestle, geotextile, level of hose, staples, among others. The approximate total cost for the work 
was R $ 1,105.13, which per square meter of executed bus was approximately R $ 25.12, or US $ 9.09, 
with the dollar quotation of R $ 2,764, for the March 16, 2005. This cost is considering only the materials 
used in the bus, such as: geotextile, wire mesh, galvanized annealed wire, metal clamp, treated eucalyptus 
wood and nails. 

In order to avoid the erosion of the shoulders, it was decided to use the system in the form of a box. In 
this system lateral protection was used for all geotextile sections where the system was installed, as shown 
in Figure 18. 

The fixation of the geotextile on the slopes and on the talvege was performed with metallic iron pins of 
5.0 mm in diameter, length of 30 cm and folding of 3 cm. Figure 15 shows the schematic drawing of the 
fixation of the geotextile in the slopes and talvegue of the erosion. 

In August 2004 a visit was made to the place where the model was installed and it was verified that the 
system was in perfect conditions and that there was little amount of sediment retained in the first bus, 
approximately 30 cm high, that due to the few rains that fell after the installation. 
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Figure 15. Schematic drawing of the fixing pins in the geotextile. 
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Figure 16. Detail of size and spacing of the clamps. 

 
Figure 17. Choose of the location for installation. 

 
Figure 18. Overview (downstream) of the work performed. 

6 CONCLUSIONS AND PROPOSALS 

This research sought to present and analyze alternative techniques for erosion control with the objective of 
solving them or mitigating them at low cost with the field model implementation. The studies carried out 
showed that: 

• The analyzes for the studied situations of recovery of the erosive process show a slight decrease in the 
stability of the lateral slopes at first with the occurrence of rainy events, stabilizing after a certain height of 
sediment accumulation; 

• The analyzes show that it is necessary to evaluate the evolution of the safety factor of the lateral slopes 
of erosion when the type of work shown in this work is implemented; 

• The installation of the model in the field allowed to improve it with the inclusion of new procedures 
and care to be taken for the non-commitment of the system; 

• It is necessary to verify the need to build sequential buses using different geotextiles for each of them. 
As an example, a lighter geotextile for the first, intermediate for the second and heavier for a third bus. This 
would be important in order to avoid possible overflows and to increase the efficiency of solids retention, 
since one could work with the retention of larger particles in the first, intermediates in the second and fine 
particles in a third bus; 

• It was verified the applicability of geotextiles for the recovery of erosive processes leading to the 
proposition of an executive methodology for buses in which this material is applied; 

• It is recommended the execution of long-term laboratory tests similar to the model installed in the field,  
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in order to evaluate the behavior of the geotextile / soil system for the most different granulometric 
compositions in order to determine through-flow rates systems for each case; 

• It is also recommended, for the erosions to be recovered, a complete study to verify the feasibility of 
using the corrective system of ravines and / or gullies with the installation of the rails, as shown in this 
work, along the talvegue, in order to retain the sediments produced upstream. From this point on, the system 
must be monitored, especially after intense rainfall, with the objective of verifying the behavior of the work. 
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