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1 INTRODUCTION 
 
Tubes of geotextile are large tubes with structures 
manufactured from geotextile high resistance and 
filled with a reject and formed "in situ" by hydraulic 
pumping of the reject. This results in a monolithic, 
flexible and continuous structure, which is highly re-
sistant to water current, and are usually characterized 
in terms of theoretical diameter after the filler.  

The geotextiles can retain approximately up to 
90 % of the material, depending on the particle size 
of the material contained therein. If there is a high 
number of thin fractions, this retention may decrease, 
and the use of flocculants can be specified. Fine par-
ticle size materials bring several unfavourable as-
pects, such as their high capacity to retain water, low 
tensile strength, low friction angle and difficulty in 
controlling the migration of their particles. However, 
the thin fractions do not limit their use as filling the 
tubes.  

The extent to which tubes can be accommodated 
on top of another tube with consolidated tailings, one 
can obtain a material with high specific natural 
weight, raising its property to receive horizontal and 
consequent tensions containing horizontal thrust. As 
the tube is malleable and accommodates well the de-
posited material, besides being able to be stacked, it 
is very common to dimensioning a containment struc-
ture evaluating the moment in relation to slippage and 
tipping. 

2 BIBLIOGRAFIC REVIEW 

2.1 Geotextile tubes and dewatering process 

Geotextiles are materials used in geotechnical works, 
especially those in direct contact with the soil, and 
can assume several functions. Processes of filtration, 
protection, waterproofing, separation and control of 
superficial erosion, for example, are some of which 
can be optimized with the use of geotextile. 

The geotextile tubes constitute only one of several 
solutions that can be adopted for disposal of waste, 
mainly those coming from the beneficiation of ore 
and can also be called drainage bags, or even geobags. 
Its main function is to promote the dehydration of 
sanitary and industrial sludge, with retention of solid 
material and release of water. It is a profitable solu-
tion compared to traditional materials, with ease of 
transport, assembly and installation, high tensile 
strength and tension at the time of filling the tubes. 
They can be left on site, also serving to control ero-
sion of materials, and cause little impact to the envi-
ronment. 

In the drainage process using geotextile, the mate-
rial works in a manner similar to a filter, letting the 
water enter the drain and blocking the passage of par-
ticles.  

The process of dewatering mining tailings with the 
use of geotextile tubes consists in repeating the filling 
of the tube with release of the water by the sides. Until 
it reaches the total volume of the tube, the process can 
be divided into several phases comprising two stages: 
filling and draining. In each filling step, the reject is 
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added to the tube under high pressure, which allows 
any agglomeration of material that may have been 
formed to be disaggregated with the turbulence of the 
filling, helping to ensure the flow of water out of the 
tube, free and unobstructed form. After the drainage 
process of the last step, the material provided in the 
tube enters the consolidation phase (Fig. 1). 

The material contained in the geotextile tube is 
consolidated under its own weight. 

 

 
Figure 1. Phases of filling, drainage and consolidation 

2.2 Stacking of geotextile tubes 

The processes of mineral beneficiation result in a high 
volume of tailings and sterile. A possible concern is 
the provision of these materials in order to cause the 
smallest possible environmental impact, in a safe and 
permanent manner.  

The geotextile tubes are materials of high tensile 
strength, capable to resist the stresses that may arise 
in the filling stage, resist the overloads and also pos-
sess the ability to maintain its structural form. In this 
way, the stacking of them is possible in order to re-
ceive tailings and sterile from the mining processes. 
Since the geometry of the pile is defined by the height 
of the berms, spacing between them and the inclina-
tion of the projected slopes, the technical feasibility 
of the stacking process of the tubes can be evaluated 
in a simpler and more practical way. Figure 2 shows 
the use of this type of structure. 
 

 
Figure 2. Stacking of geotextile tubes 

3 CASE STUDY 
 
The Following case study is characterized in a simple 
and discretized way, considering the objective of 
evaluating the stability of the slope formed by the 
stacking of geotextile tubes with gold mining tailings, 
in a long-term scenario, considering the end of con-
solidation of the materials arranged in the tube. With 
the results, it seeks to arbitrate whether the simple and 
discreet model can be considered as the basis for ex-
ecutive project, since there are currently no market 
programs available for such peculiarity. 

3.1 Tailings characteristics 

The tailings in question are derived from the mineral 
beneficiation of gold and its collection was carried 
out on a date which was predicted a higher concentra-
tion of solid residues. The tailings of gold ore are 
chemically contaminated. Therefore, until the filling 
and draining phase is completed, several tests are re-
quired, with the addition of a flocculant product. 
Flocculation is necessary to improve the clarification 
and filtration processes. In the development of this 
work, the tests of flocculation and dosage of material 
will not be approached, considering that all geotech-
nical parameters and the disposal of residues in the 
tube have already passed through this phase with 
proper approvals in the tests. 

For the adoption of the geotechnical parameters of 
the reject, characterization tests were performed, 
which gave the reject a granulometric classification 
of sandy silt material. Due to the absence of resistance 
assays, specific weight and cohesion values were es-
timated through previous experiments with the same 
type of material. Table 1 presents the characteristics 
of the filling material of the geotextile tubes. 
 
Table 1. Geotechinal parameters of the tailings 

Material γ (kN/m³) c’ (kPa) Φ ' (°) 

Tailings 21 0 32 

 
The fact of considering a null cohesion value ex-
presses a worse situation in terms of stability analysis, 
since this value represents a portion of the resistance 
equation of the Mohr-Coulomb model, here adopted 
for validation of the analysis. 

3.2 Foundation soil characteristics 

The foundation soil that receives the stacking of the 
geotextile tubes should also be considered in order to 
evaluate its support capacity. As well as the tailing, 
no parameters were available for testing or repre-
sentative geological sections. The only data that was 
available in the area were the results of the SPT tests, 
which served to estimate the parameters. Four repre-
sentative boreholes were selected, closest to the re-
gions of the geotextile tubes implantation (Fig. 3). 
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Figure 3. Representative region and location of the holes 

 
Based on the results of the tests, the geotechnical pa-
rameters were estimated and presented in summary 
form in Table 2. 
 
Table 2. Foundation soil parameters 

Material γ (kN/m³) c’ (kPa) Φ ' (°) 

Horizon 1 16 9 25 
Horizon 2 16 17 30 
Horizon 3 16 29 34 

 
The adoption of such parameters serves only for sta-
bility analysis. The execution of a representative test-
ing campaign is of paramount importance in order to 
contemplate the entire area to be requested, as well as 
to provide complete and reliable data. 

3.3 Section analysis 

The analysis section, in plant, can be verified in Fig-
ure 4. To evaluate the simplified modelling of the 
stacking of the geotextile tubes, only the AA section 
(longitudinal) was chosen for presenting stacking ge-
ometry closest to a conventional slope and being con-
sidered the most critical section.  

 

 
Figure 4. Stacking section, in plant 

The detail of stacking of geotextile tubes in section 
AA is shown in Figure 5. 

The simplified modelling of the slope is based on 
the section presented above, which due to the ellipti-
cal format of the tubes, leads to the need for change 
in the shape of the berms. Currently, there is no soft-
ware capable of inserting the format of the geotextile 
tubes in their analysis models, thus seeking the 
change of geometry in order to obtain a cross section 
closer to a conventional slope.  

Conventional stability analyses are performed 
with the help of the Slide software, from Rocsciense, 
which calculates the smallest safety factor by the limit 
equilibrium method. Simplified modelling spans mul-
tiple concepts to make the final geometry compatible 
with the features available in the software in question. 
Therefore, the modelling process can be divided into 
two phases, the first being the definition of the geom-
etry of the slope, and the second the suitability of the 
geometry in the moulds of the software so that the 
analysis can be computed.  

In the geometry definition step, from the stacking 
section of the geotextile tubes, circumventing them in 
order to obtain a format closer to a conventional 
slope, composed of benches and berms.  

The adjustment step of the geometry for analysis 
in the software requires the attribution of materials 
and supports, as well as the definition of the flow con-
ditions, and happens directly in the interface of the 
software used for stability analysis. In the space cor-
responding to an original geotextile tube, there is a 
substitution of the same, with eventual attribution of 
the material that contains the characteristics of the 
consolidated reject. It is known that the geotextile 
tubes are highly resistant to traction efforts. With this, 
the bottom of the tube adds a geosynthetic support, 
with the same characteristics of tensile strength of the 
geotextile tube, simulating what occurs in situ, when 
the reject is consolidated, and the lower part of the 
tube is in its state of most requested service. 

 

 
Figure 5. Detail of the stacking of the geotextile tubes 
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Regarding the consideration of the water level, the 
same is attributed at the highest part of the slope, at a 
height similar to that of the flow in the last tube to be 
stacked, dripping superficially throughout the body of 
the slope to the ground of foundation. The objective 
of this consideration of the water level is to obtain a 
situation closer to what can be seen in Figure 2.  

For the stability analysis of the simplified model 
of tube stacking, the minimum safety factor required 
by the NBR 13029/2017 standard must be attended, 
which relates to the elaboration and presentation of a 
sterile stack layout design. The minimum required 
safety factor is equal to 1.5, considering the final sce-
nario of stacking, the totally dense reject, where the 
water level is in a maximum estimated position. The 
method of Morgenstern and Price was adopted be-
cause it is considered the most rigorous, since its anal-
ysis satisfies the three equilibrium conditions. The 
Analysis of the AA section is presented in figure 6, as 
well as the characteristics of the supports used as ge-
osynthetic reinforcement.  

The direction of the analysis was in the direction 
from left to right. The apparent water level on the left 
side of the figure can be neglected, since it was added 
only for the simulation on the right side of the figure 
to occur more coherently with reality. An overload at 
the top of the slope was added to simulate a more crit-
ical situation, with the action of destabilizing forces. 
 
 
4 CONCLUSIONS 
 
The stability Analysis of the scenario that contem-
plates the stacking of geotextile tubes was verified in 
a simplified way, with the objective of studying the 
feasibility of the executive project. With the consid-
eration of the resistance characteristics of the geotex-
tile materials and the geotechnical parameters of the 
materials, it was possible to verify the minimum 
safety factor of the work. The level of water adopted 
was the closest to a real flow condition. 

The safety factors obtained, although favourable, 
should be corrected and verified whenever possible, 
and in each stage or change in scope, since this is an 
analysis that modifies and adapts a real situation. As 
for the geotechnical parameters, a complete research 
campaign must be carried out, due to the uncertainty 
implied in the fact that there are no programs in the 
market that carry out the analysis of the stability of 
the tubes itself, making it necessary to simplify the 
model. Even if it was not the objective of this work, 
the consolidation of the material and the efficacy of 
the flocculant polymer should be rigorously verified, 
such as the geotechnical parameters, in order to de-
crease the uncertainties and obtain as much data as 
possible for the monitoring of the slope throughout its 
useful life.  
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