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ABSTRACT 
 
Geotextile tubes have been used extensively to contain and dewater dredged sediments and 
slurry waste. In the field, geotextile tubes are filled multiple times before they are stacked. It is 
critical to understand the dewatering behavior of geotextile tubes for multiple fillings rather than 
a single filling. When geotextile tubes are stacked, each stack of geotextile tubes applies a 
pressure to the underlying tubes. It is also important to know the properties of the filter cake in 
the geotextile tubes under the applied pressure due to overlying tubes. In this paper, a new 
geotextile tube model test apparatus which are designed both large-and small-scale, is described. 
The primary aim of the apparatus is to measure the dewatering behavior of slurry and the 
hydraulic conductivity and consolidation properties of the filter cake under multiple filling 
cycles. The consolidation of the filter cake is not discussed in this paper. Dewatering results of a 
15% solid concentration slurry in large-and small-scale model tests are presented. The results 
show a significant difference in the dewatering rate and hydraulic conductivity of the filter cake 
obtained from the large-and small-scale tests. It is believed that the large-scale test estimates are 
more representative of field conditions. 
 
INTRODUCTION 
 
Geotextile tubes are made of permeable, high-tensile strength geotextiles. Geotextile tubes are 
hydraulically filled with a wide variety of dredged sediments, sand, and industrial wastes. 
Geotextile tubes are extensively used in coastal projects for shore protection and breakwaters 
(Shin et al. 2002). Geotextile tubes have also been used to dewater municipal and industrial 
waste and fly and bottom ashes. In these applications, slurries are pumped through the ports on 
top of the tubes. The sediments in the slurries settle with time while the effluent seeps out 
through the pores of geotextile, leaving the sediments inside the geotextile tubes. The schematic 
of the geotextile dewatering process is shown on Figure 1. 

There are three stages in the geotextile tube dewatering process: containment, 
dewatering, and consolidation. During the containment stage, the slurry is pumped into the 
geotextile tube. The effluent seeps out of the geotextile, thereby resulting in volume reduction 
and effective dewatering. The geotextile tubes are generally filled multiple times before the 
consolidation stage. During the consolidation stage, the water seep-out process is very slow so 
that it may take up to several months, depending upon the nature of slurry and concentration of 
solids in the filter cake (Lawson 2008). 
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Figure 1. Schematic of geotextile dewatering process.  

 
The dewatering behavior of geotextile tubes has been the subject of many studies (Liao 

and Bhatia 2006, Muthukumaran and Ilamparuthi 2006, Cantre and Saathoff 2011, Yee and 
Lawson 2012, Driscoll et al. 2016, Cetin et al. 2017). In these studies, different experimental 
setups have been used. The most commonly used test setup is the Pressure Filtration Test (PFT) 
in which constant pressure is applied on the slurry during the dewatering. In most of these 
studies, the slurry was placed in a single filling and the volume of the slurry was less than that 
which is generally pumped into a typical geotextile tube in the field.  

 A typical PFT consists of a cylindrical reservoir in which a geotextile is secured at the 
bottom. In the test, a slurry of a given concentration is introduced into the reservoir in a single 
filling. After the filling, the slurry is subjected to constant air pressure. The filtrate drains out 
freely from the pores of the geotextile, and the total flow rate is recorded over time. During the 
test, this applied constant air pressure represents a typical internal pressure during dewatering in 
a geotextile tube.  

In the PFT, as the slurry volume decreases, height changes take place and the hydraulic 
pressure, which causes the filtration, gradually decreases. Furthermore, the small size of the filter 
cake sample obtained in a typical PFT limits the determination of the hydraulic conductivity, 
shear strength, and consolidation properties of the filter cake.  

To investigate the dewatering behavior of a dredged slurry during multiple fillings in a 
geotextile tube, a new experimental system was developed, called the “geotextile tube model test 
system”. With the large-and small-scale of this test system, dewatering behavior and the 
hydraulic conductivity of the filter cake is directly measured during multiple fillings.  
 
MATERIALS AND TESTING PROCEDURES 
 
Slurry and Geotextile. In this study, natural Tully soil was selected to represent the dredged 
sediment. Natural Tully soil was obtained from Clarks Gravel Pit in Tully, NY. The index 
properties of the soil are summarized in Table 1. In this study, a slurry of 15% solids by mass 
was used for both large-and small-scale tests.  
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Table 1. Soil properties. 
%Finer 
Sieve 

4 

%Finer 
Sieve  
200 

Clay 
Percent 

% 

Liquid 
Limit 

% 

Plastic 
Limit 

% 

Plasticity 
Index 

Specific 
Gravity 

(Gs) 

Unified Soil 
Classification 

100 74 14 23.4 13.9 9.5 2.73 ML 
 
Geotextile. A high-strength monofilament woven geotextile (W1) made of polypropylene (PP), 
commonly used in geotextile tube dewatering applications, was used in this study. It is 
commercially available. Table 2 shows the physical and hydraulic properties of the geotextile, as 
obtained by the manufacturer. 
 

Table 2. Geotextile physical and hydraulic properties. 
Fabric Structure W, MF 

AOS (mm) 0.255 
Permittivity (s-1) 0.37 

Mass per Unit Area (g/m2) 585 
Thickness (mm) 1.04 

Tensile Strength (kN/m) 96x70 
PP= polypropylene; W= woven; MF= monofilament; AOS= apparent opening size  

 
 GEOTEXTILE TUBE MODEL TEST SYSTEM 

 
In this experimental study, a medium-sized geotextile tube, which is widely used in in-situ 
dewatering applications and has a circumference of 9 to 15 meters, has been chosen as 
representative. In a geotextile tube of this size, the maximum filling height in field applications is 
approximately 2.0 meters. For this reason, this maximum filling height was taken into 
consideration in the large-size model test systems, and the slurry volume was filled up to this 
height, with the slurry having a 15% solid concentration by mass. In comparison, in the small-
scale test system, the maximum filling height was 1/10 of the large-scale test.  

The primary reasons for developing this geotextile tube model test system are to evaluate: 
(a) the dewatering rate in multiple fillings, (b) the hydraulic conductivity of the filter cake before 
and after consolidation, and (c) the effect of sample size on dewatering rate and hydraulic 
conductivity. The step-wise consolidation pressure, which represents the weight of each stack in 
the field, can be applied after the final filling. The hydraulic conductivity of the filter cake can be 
determined after the consolidation step. The shear strength and water content of the filter cake 
layers can also be measured.  

For this study, one small-scale and two large-scale tests were developed. The height of 
the small-scale model test is 300 mm, whereas the height of the large-scale test system is 2100 
mm. Both systems were constructed with a Plexiglas pipe and a plastic sheet, with an inner 
diameter of 63.5 mm (Figures 2 and Figures 3). There is a 70 mm thick stainless steel piston that 
applies stress on the top surface of the filter cake and this piston can move smoothly within the 
tube.  
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Figure 2. Schematic setup of the large-scale geotextile tube model test system. 

(All dimensions are in mm) 
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Figure 3. Two large-scale geotextile tube model test systems. 

 
The pressurized water tank is used to convert the applied air pressure from the control 

panel to the water pressure. With the air pressure control panel, the desired air pressure is applied 
to the valve located above the water pressure tank for a hydraulic conductivity test or a 
consolidation test. It is necessary to take into consideration the water level in the tank while 
calculating the water pressure; however, the water pressure tank diameter is considerably larger 
than the diameter of the test system. The externally applied pressure does not vary considerably 
during the test due to the fact that the hydraulic conductivity value or consolidation settlements 
of a filter cake are very small. 
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There are three valves on the top cap, as shown on Figures 2. Valve 1 is connected to 
valves 4 and 5 on the steel piston. By applying a constant water pressure, which is obtained from 
the tank via these valves, the hydraulic conductivity of the filter cake can be determined by 
measuring the amount of water coming out from the valve at the bottom of the test system. 

Valve 3 on the top cap is for filling the space between the moveable steel piston and the 
top cap with water. The required consolidation stress can be applied to the moving piston by 
connecting valve 3 to the pressurized water tank during the consolidation phase.  

There is a water pressure measurement port (valve 2) at the top cap. With the pressure 
applied from the air pressure control panel, the water pressure acting on the moving piston 
during consolidation can be controlled and measured using a water pressure transducer that can 
be connected to the water pressure measurement port. 

The effluent volume is measured during the dewatering, permeability, and consolidation 
stages by using a scale in the test system. The effluent and water pressure data are collected from 
the instrumentation using software.  

 
TEST PROCEDURE 
 
In the first filling stage, the slurry volume reaching the maximum filling height of 195 cm in the 
large size test system and 19.5 cm in the small-size test system was determined. Slurry with 15% 
solid concentration by mass was prepared by mixing Tully soil with distilled water and was 
introduced into the tube from, the top of the cell. Using a scale connected to the computer, the 
filtrate volume for the filling was determined depending on the time required for the water level 
on the filter cake to completely discharge. While the soil was settling down to form a filter cake, 
and after the filter cake was formed, the permeability of the first layer of the filter cake was 
computed. The height of the filter cake can be measured at any stage because of the transparent 
Plexiglas design of the experiment cells used when calculating the hydraulic conductivity value 
of the filter cake. 

 After completion of the first filling, the filter cake height was determined and the soil 
suspension with 15% solid content was prepared. The second filling was then performed to fill 
the remaining geotextile tube volume up to the same maximum height. Both the large-and small-
scale test system were filled with ten fillings. Filtrate volume and the permeability of the entire 
filter cake was likewise computed for each of the filling steps. 

The filling process was terminated after the tenth filling cycle since the filling rate 
decreased after each filling step. At the end of the filling phase, the height of the filter cake in the 
large-scale test system reached 146.5 cm and 14.0 cm in the small-scale test system. In both test 
systems, when the maximum filling height was considered, approximately 72-75% of possible 
filling was achieved. 

S AD DIUSSIN 
GEOTEXTILE TUBE MODEL TEST RESULTS 
 
The typical geotextile tube dewatering process consists of multiple filling and dewatering phases. 
In each filling phase, a slurry is introduced in the tube, however the pumping rate may or may 
not be the same for each filling. Yee and Lawson (2012) performed a pilot dewatering test of a 
geotextile tube (2.8 m theoretical diameter) in which the slurry was pumped in eight cycles and 
the pumping rate for each cycle was not constant. For the full-scale project, they used a 10.7 m 
theoretical diameter tube and eight pumping cycles. Geotextile tube heights and solid 
concentrations of the incoming slurry were measured for each pumping cycle. Yee et al. (2012) 
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reported a case study of dewatering contaminated sediments using a geotextile tube of 8.75 
theoretical diameter. In this project, eight cycles of filling were used and for each filling, the 
pumping rate was constant.  

In this study, slurry was pumped in ten filling cycles. The volume of slurry for each 
filling for both the large-and small-scales are given in Table 3. The total volume of slurry for the 
large-scale test was 34132.88 cm3, whereas in the small-scale test, the volume was 3686.3 cm3. 
As can be seen, the volume of slurry deceased with the increased filling cycle. Each filling was 
accomplished in 2-3 minutes. After dewatering, the height of the cumulative filter cake was 
146.5 cm in the large-scale test and only 14.0 cm in the small-scale test.  

 
Table 3. Volume of slurry, volume of filtrate, and filter cake height  

in large-and small-scale tests. 
Test Size Large-Scale Test Small-Scale Test 

Filling 
Number 

Volume of 
Slurry 

Introduced 
(cm3) 

Volume of 
Slurry / 
Total 

Volume of 
Slurry 

% 

Volume 
of 

Filtrate 
(cm3) 

Total 
Height 

of Filter 
Cake 
(cm)  

%H/Hf 

Volume of 
Slurry 

Introduced 
(cm3) 

Volume of 
Slurry / 
Total 

Volume of 
Slurry 

% 

Volume 
of 

Filtrate 
(cm3) 

Total  
Height  

of Filter 
Cake 
(cm)  

%H/Hf 

1 6175.50 18.09 5399.60 24.00 16.38 617.55 16.75 530.00 2.70 19.29 
2 5415.80 15.87 4712.38 46.50 31.74 532.04 14.43 464.00 4.50 32.14 
3 4703.25 13.78 4101.16 66.00 45.05 475.04 12.89 402.00 6.20 44.29 
4 4085.70 11.97 3572.29 82.50 56.31 421.20 11.43 377.00 7.85 56.07 
5 3563.16 10.44 3109.92 96.80 66.08 368.95 10.01 333.00 9.45 67.50 
6 3110.29 9.11 2701.38 109.50 74.74 318.28 8.63 293.00 10.55 75.36 
7 2708.09 7.93 2343.52 121.00 82.59 283.44 7.69 263.00 11.50 82.14 
8 2343.89 6.87 2042.66 131.00 89.42 253.35 6.87 230.00 12.50 89.29 
9 2027.20 5.94 1789.31 139.00 94.88 221.68 6.01 194.00 13.35 95.36 

10 1773.84 5.20 1536.33 146.50 100.00 194.77 5.28 183.00 14.00 100.00 
Total 34132.88   31308.55     3686.30   3269.00     

 
Dewatering Time. Large-and small-scale geotextile tube model tests were carried out to 
determine the dewatering performance of a 15% solid Tully soil slurry and the difference in 
dewatering rates due to scale. Figures 4 and 5 show the cumulative filtrate volume vs. time in 
both large-and small-scale tests.  
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Figure 4. Cumulative volume of filtrate versus time for 15% Tully in the large-scale tests. 

 
Multiple filling large-scale test results (Figure 4) show that the dewatering took 355 days, 

which is a very long time. This is due to the fact that the experimental system is one-dimensional 
and the volume of slurry used was very large. In small-scale experiments (Figure 5), the 
dewatering time was only 5.1 days, but the volume of slurry was 1/10 of that used for the large-
scale test. Both of these tests are one-dimensional flow tests, and therefore they have similar 
limitations. To compare the dewatering test results, the ratio of filtrate volume (V) to total filtrate 
volume (Vf) and the ratio of dewatering time (T) to final dewatering time (Tf) were used. Results 
are shown in Figure 6. As shown, for the large-scale test, Vf was 31308.55cm3 and Tf was 355 
days; whereas, for the small-scale test, Vf was 3269 cm3 and Tf was 5.1 days.  

 

 
Figure 5. Cumulative volume of filtrate versus time for 15% Tully in the small-scale tests. 
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Figure 6. Ratio of filtrate volume to final filtrate volume versus the ratio of dewatering time 

to final dewatering time.  
 

The results given in Figure 6 show that the rate of filtration is faster in the large-scale test 
as than in the small-scale test. For example, for T/Tf of 0.40, V/ Vf for the large-scale test is 0.52 
as compared to the 0.36 in the small-scale test. This difference decreases with increasing ratio of 
T/ Tf.  
 
Solids Concentration of Filter Cake. The solid content of the filter cake was calculated using 
filtrated effluent volumes for each filling. Results are given in Figure 7 for the large-scale tests, 
and Figure 8 for the small-scale tests. The solid content of the filter cake for both tests show a 
similar pattern. The final average solid content of the filter cake for the large-scale test is 71% 
vs. 78% in the small-scale test. As shown in Figure 7, after each filling, the average filter cake 
solid content remained more or less the same, whereas in the small-scale test (Figure 8), it 
increased from 68% after the first filling to 78% in the tenth filling. In both large-and small-scale 
tests, the filter cakes were not homogenous, and they had distinct layers that were very clear in 
the 1.46 meter thick filter cake.  
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Figure 7. Variation of solids concentration of the filter cake in the large-scale tests. 

 

 
Figure 8. Variation of solids concentration of the filter cake in the small-scale tests.  

 
Hydraulic Conductivity of Filter Cake. The hydraulic conductivity of the filter cake was 
calculated after each filling using the filtrated effluent volume and dewatering time for the entire 
filter cake. After each filling, the thickness of the filter cake increased in a non-linear manner. 
The results are given in Figures 9 and 10 for the large-and small-scale tests, respectively. 
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Figure 9. Hydraulic conductivity of multi-layer filter cake in the large-scale tests. 

 

 
Figure 10. Hydraulic conductivity of multi-layer filter cake in the small-scale tests.   
 
The figures show that the hydraulic conductivity of the filter cake increases with the 

increasing fillings in both test systems. This increase is 5 times in the large-scale test system and 
15 times in the small-scale test system. The hydraulic conductivity of the entire filter cake 
increases at each filling step due to the gradual decrease in the total head of the filter cake 
exposed and the filter cake formed at increasingly lower pressures. 

The hydraulic conductivity of the 1.46 meter filter cake in the large-scale test system is one 
order smaller than that obtained from the small-scale test system, because the filter cake is 
formed at lower pressures in the small-scale system. In the large scale-test, the filter cake is most 
likely compressed due to the overlying soil, therefore resulting in much lower hydraulic 
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conductivity. This result shows the importance of the size effect of the test system on the 
hydraulic conductivity of the filter cake. 

 
CONCLUSION 
 
In this study, a large-and small-scale one-dimensional filtration apparatus was designed to 
determine dewatering time, solid content of the filter cake, and the hydraulic conductivity of the 
filter cake in multiple filling cycles for the geotextile tube dewatering application. By comparing 
results, the following conclusions can be drawn: 
  

• New test apparatus allows for evaluation of the importance of scale on dewatering rate, solid 
content, and hydraulic conductivity of the filter cake. 

• The dewatering rate was faster in the large-scale test compared to the small-scale test. The large-
scale test is believed to be more representative of real geotextile tubes used in the field. The 
average solid content of the filter cake was slightly lower in the large-scale test compared to the 
small-scale test and it did not increase with multiple fillings.  

• In the large-scale test system, the filter cake is formed under higher pressure, resulting in a filter 
cake of lower hydraulic conductivity. It is believed that the large-scale test estimates are more 
representative of field conditions.  
 
ACKNOWLEDGMENT 
 
The authors would like to thank to The Scientific and Technological Research Council of Turkey 
(TÜBİTAK) for their financial support of the first author who conducted this study while visiting 
the Civil & Environmental Engineering Department of Syracuse University. 
 
REFERENCES 

 
Cantre, S. and Saathoff, F. (2011). Design parameters for geosynthetic dewatering tubes derived 

from pressure filtration tests, Geosynthetics International, 18(3): 90-103. 
Cetin, D., Sengul, T., Bhatia, S.K., and Khachan, M.M. (2017). Effect of polymer and fiber usage 

on dewatering and compressibility behavior of fly ash slurries, Marine Georesources & 
Geotechnology, 35(5): 678-687. 

Driscoll, J., Rupakheti, P., Bhatia, S. K., and Khachan, M.M. (2016). Comparison of 1-D and 2-D 
tests in geotextile dewatering applications, International Journal of Geosynthetics and Ground 
Engineering, 2-27. 

Lawson, CR. (2008). Geotextile containment for hydraulic and environmental engineering, 
Geosynthetics International, 15(6): 384-427. 

Liao, K. and Bhatia, S.K. (2006). Evaluation on filtration performance of woven geotextiles by 
falling head, pressure filtration test, and hanging bag tests, Proceedings of 8th International 
Conference on Geosynthetics, Yokohama Japan, 515-518. 

Muthukumaran, A.E. and Ilamparuthi, K. (2006). Laboratory studies on geotextile filters as used in 
geotextile tube dewatering, Geotextiles and Geomembranes, 24(4): 210-219. 

Shin, E.C., Ahn, K.S., Oh, Y.I., and Das, B.M. (2002). Construction and monitoring of geotubes, 
International Offshore and Polar Engineering Conference, Kitakyushu, Japan, 469-473. 

http://www.tubitak.gov.tr/en
https://link.springer.com/journal/40891
https://link.springer.com/journal/40891


973 
 

Yee, T.W. and Lawson, C.R. (2012). Modelling the geotextile tube dewatering process, 
Geosynthetics International, 19(5): 339-352.  

Yee, T.W., Lawson, C. R., Wang, Z.Y., Ding, L., and Liu, Y. (2012). Geotextile tube dewatering of 
contaminated sediments, Tianjin Eco-City, China, Geotextiles and Geomembranes, 31(12): 39-
50. 


	Geotextile tube model test system
	Test Procedure
	s ad Diussin
	Geotextile tube model test results


