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ABSTRACT 
 
Many studies on the soil pressure and tension force (T) in geotextile tubes are limited to theoretical 
analysis, and experiments that could validate the assumptions, as well as consider and describe the 
geotextile tube formation are few. In this study, half-cross section tests on sand and clay-filled 
geotextile tubes were conducted to quantitatively obtain the soil pressure and tension force during 
filling and dewatering. Results of the tests showed that the lateral soil pressure and tension force 
have a significant relationship. As the lateral soil pressure increases, the magnitude of the tension 
force increases. The tension forces were then analyzed and equations which consider the 
coefficient of lateral pressure (K) are proposed. Results of the analysis showed that the equations 
proposed in this study are in good agreement with the measured data. 
 
INTRODUCTION 
 
Geotextile tubes have been widely used in recent times because it is cost and time efficient, and 
environmentally friendly. Revetments, breakwaters, levees, and dikes made from geotextile tubes 
are viable alternatives to the conventional structures especially when temporary protection is 
required or when rock is difficult to transfer to the site (Kim et al., 2016). Several essential factors 
need to be considered in the planning, designing, scheduling and costing of geotextile tube projects. 
The geotextile tube must have the strength to withstand the tensile stresses generated during filling 
(Lawson, 2008). Hence, determining the tensile stress is critical in the design stage. However, 
analysis on the tension force and soil pressure of geotextile tubes is complicated and limited due 
to the tube’s geometry. In addition, the fill material phase changes from liquid with zero shear to 
solid with shear strength. 

Many researchers such as Leschinsky et al. (1996), Plaut and Suherman (1998), Malik and 
Sysala (2011), Guo et al. (2014), Gorniak (2016), and Kim et al. (2016), have conducted theoretical 
analysis on the geometric dimensions and stresses of geotextile tubes. However, experimental 
analysis on the circumferential tension force of geotextile tubes has not been well established. For 
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this reason, half cross-section tests were conducted in this study to quantitatively evaluate the 
tension force and soil pressure of geotextile tubes filled with sand and clay. 

 
 
THEORETICAL BACKGROUND 
 
The coefficient of lateral pressure (K) is the ratio of horizontal stress (σh) to the vertical stress (σv). 
In calculating the circumferential tension force, previous methods assume that the coefficient of 
lateral pressure (K) is 1.0. Thus, K is usually omitted in the calculations. In reality, water can 
dissipate during filling. Thus, the lateral stress may not be equivalent to the vertical stress. 
Considering half of the cross section of the geotextile tube and the coefficient of lateral pressure 
(K), as shown in Figure 1, the circumferential tension force can be calculated using Equations 1 
and 2. The equations were derived based on force equilibrium. In the equations, T = circumferential 
tension force, Tsubmerged = circumferential tension force in submerged condition, K = coefficient of 
lateral pressure, Pp = pumping pressure, H = tube height, γ = unit weight of soil, and γext = unit 
weight of external fluid. 
 
 𝑇𝑇 = 0.5 ∙ 𝐾𝐾 ∙ 𝑃𝑃𝑝𝑝 ∙ 𝐻𝐻 + 0.25 ∙ 𝐾𝐾 ∙ 𝛾𝛾 ∙ 𝐻𝐻2 (1) 

 
 𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 0.5 ∙ 𝐻𝐻 ∙ 𝐾𝐾 ∙ 𝑃𝑃𝑝𝑝 + 0.25 ∙ 𝐾𝐾 ∙ (𝛾𝛾 − 𝛾𝛾𝑠𝑠𝑒𝑒𝑒𝑒) ∙ 𝐻𝐻2 (2) 

 

 
Figure 1. Geotextile tube force diagram. 

 
EXPERIMENTAL MATERIALS, SETUP, AND RESULTS 
 

The half cross-section geotextile tubes used in the tests, which were made of woven 
polyester (PET), have theoretical diameters (D) of 1.53 m. In the tests, the tubes were filled using 
buckets. The sand and clay soil used to fill the geotextile tubes were obtained in Gunsan City, 
South Korea. The sand fill material was obtained from a local dredging site in the Saemangeum 
river estuary while the clay fill material was obtained near the train station. The properties of the 
fill materials are shown in Table 1. The test tank used for the half cross-section test is shown in 
Figure 1. The dimensions of the observation tank are 1.5 m in length, 1.0 m in width, and 1.0 m in 
height. The tank, which was supported by steel bar framing, consists of a transparent glass for easy 
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viewing of the test specimens. The glass was marked with lines spaced at 5 cm for tube geometry 
and soil height measurement. The woven polyester (PET) half-cross section tube was installed and 
supported by two load cells at the top and bottom to monitor the tensile and compressive forces 
developing in the tube. The top load cells, which represent the tension force, were labeled as LC1 
and LC2 while the bottom load cells, which represent the bottom compression force were labeled 
as LC3 and LC4. To obtain the measured circumferential tension force per unit length (Tmeasured), 
the sum of the data obtained from LC1 and LC2 was divided by the width of the tank or the length 
of the tube which was equivalent to 1.0 m. 
 

Table 1. Properties of the fill materials 

Property Unit Quantity 
Sand Clay 

Specific gravity, Gs N/A 2.705 2.637 
Percent passing #200 sieve % 26.2 97 
Liquid limit, LL % 33 45 
Plasticity limit, PL % N.P.* 21.4 
Soil classification (USCS) N/A SM CL 

*Non-plastic 
 

  
(a) (b) 

Figure 1. Half cross-section test setup: a) sand, and b) clay  
 

In the sand half cross-section test, the pressure gauges (SP1H, SP2H, and SP3V) were 
placed in the manner as shown in Figure 1a to monitor the horizontal and vertical soil pressures. 
SP1H and SP2H measure the horizontal soil pressures while SP3V measures the vertical soil 
pressure. The tube was filled to a height of 0.85 m. The saturated unit weight of the soil fill (γ) was 
16.26 kN/m3. In this test, 4 different stages or conditions were experienced by the tube. In 
sequential order, the stages experienced were the filling stage, submerged state, dewatering stage, 
and moist state. 

In the clay half cross-section test, the pressure gauges (SP1H, SP2H, SP3H, SP4H, and 
SP5V) were placed in the manner as shown in Figure 1b to monitor the horizontal and vertical soil 
pressures. SP1H, SP2H, SP3H, and SP4H measure the horizontal soil pressures, while SP5V 
measures the vertical soil pressure. Since the clay soil was not workable, water was added. Clay 
soil and water was mixed using an agitator and clay slurry was produced with a water content (w) 
of 108.94% and a saturated unit weight (γ) of 13.96 kN/m3. The measured tube height after filling 
was 0.67 m. A 5 cm thick sand layer was placed at the bottom of the tank to allow drainage at the 
base of the tube. Tube settlement and water discharge were measured as the tube consolidated. The 
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tube settled to about 18.8 cm after 21 days and the measured water discharge was 0.11 m3 after 21 
days. 

Figures 2 and 3 show the variation of lateral pressure and vertical pressure with time, 
respectively, for the sand geotextile tube. Results show that the soil pressures increased during 
filling as the soil height and water level increased. At the start of the submerged state, the soil 
pressures decreased due to the removal of filling pressure and due to buoyancy. The outlet at the 
bottom of the observation tank was then opened, draining out water, removing the effect of 
buoyancy. As a result of dewatering, pressure readings at SPH1 and SPV3 increased while the 
pressure reading at SPH2 decreased. The increase in the pressure reading at SPH1 and SPV3 may 
mainly be due to the removal of the buoyancy effect. The decrease in the pressure reading at SPH2 
may somehow be due to small lateral movement caused by the horizontal outflow of water at the 
bottom of the tank. 

 

  
Figure 2. Variation of lateral pressure with 

time for sand. 
Figure 3. Variation of vertical pressure 

with time for sand. 
 

The variation of lateral and vertical pressure with time for the clay geotextile tube are 
shown in Figures 4 and 5, respectively.  Results show that both the horizontal and vertical soil 
pressures increase during filling and decrease during consolidation. The decrease in soil pressure 
during consolidation is a result from the decrease in tube height and the lateral outward movement 
of the soil. 

The results of the load cell data for the sand geotextile tube is shown in Figure 6. As shown, 
the magnitude of the load at the bottom of the tube (LC3+LC4), which comes from the compressive 
lateral force of the soil, is smaller than the tension force at the top of the tube (LC1+LC2). 
Furthermore, it can also be observed that the magnitude of the loads increased during filling and 
decreased during the submerged stage. This shows that the soil pressure and tension force have a 
significant relationship. As the soil pressure increases, the magnitude of the load increases. 

The measured load per unit length at the top and bottom of the clay geotextile tube, which 
was obtained by adding data obtained from LC1 and LC2, and LC3 and LC4, respectively, is 
shown in Figure 7. As shown, the tension force is larger compared to the compression force located 
at the bottom of the tube. Similar to the results of the pressure gauges, the measured load per unit 
length decreased during the consolidation stage as the height of the tube decreased. 
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Fig. 4. Variation of lateral soil pressure 

with time for clay. 
Fig. 5. Variation of vertical soil pressure 

with time for clay. 
 

  
Figure 6. Variation of measured load per 

unit length with time for sand. 
Figure 7. Variation of measured load per 

unit length with time for clay. 
 
EXPERIMENTAL ANALYSIS 
 
Based on the results of the half cross-section test, the lateral soil pressure has a significant 
relationship with the circumferential tension force. Thus, obtaining the coefficient of earth pressure 
(K) is necessary to have a more accurate prediction of the tension force. Data in Figures 2, 3, 4, 
and 5 were used to obtain the coefficient of lateral pressure (K). The lateral pressures were divided 
by the vertical pressures to obtain K. For sand, an average Kave value of 0.62 was obtained during 
filling while an average Kave value of 0.85 was obtained for the submerged state, as shown in 
Figure 8. For clay, an average Kave value of 0.71 was obtained, as shown in Figure 9. 
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Figure 8. Variation of K with time for sand. Figure 9. Variation of K with time for clay. 

 
Using Equations 1 and 2 and setting the pumping pressure to zero, the measured data is 

compared with the theoretical method proposed in this study, as shown in Figures 10 and 11. 
Contrary to previous methods proposed in literature which assumes that K is equal to 1.0, the 
method proposed in this study is in better agreement with the measured data. 
 

  
Figure 10. Comparison between measured 

and theoretical circumferential tension 
force with time for sand. 

Figure 11. Comparison between measured 
and theoretical circumferential tension 

force with time for clay. 
 
CONSIDERING PUMPING PRESSURE 
 
After validating the equations obtained in this study, a half cross-section test on a sand-filled 
geotextile tube made of woven polypropylene (PP) was conducted. The tube has a theoretical 
diameter of 1.53 m. The tube was filled underwater by hydraulic pumping up to a height of 0.9 m. 
The unit weight of the slurry was 11.63 kN/m3 and the applied pumping pressure (Pp) was 30 kPa. 
Using Equation 2, the submerged theoretical tension force (Tsub) was compared with the measured 
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data. As shown in Figure 12, a K value of 0.35 matched well with the measured data while a K 
value of 1.0 resulted in the overestimation of tension force. As a summary, a comparison of the 
maximum measured and theoretical tension force is shown in Table 2. Results show that the 
tension forces obtained using the procedures presented by Leshcinsky et al. (1996) and Plaut and 
Suherman (1998) are underestimated because the required pumping pressures (Pp) are relatively 
small at a height of 0.9 m, whereas in the test, the applied pumping pressure was 30 kPa. 
  

 
Figure 12. Comparison between measured and theoretical submerged tension force with 

time for pumping pressure (Pp) = 30 kPa 
 
 

Table 2. Comparison of submerged tension force at a height of 0.9 m 

Method Pumping 
pressure (kPa) 

Submerged tension force 
at a height of 0.9 m (N/m) Error (%) 

Measured 30 4568.60 0 
Leshchinsky et al. 

(1996) 0.30 503.55 88.97 

Plaut and Suherman 
(1998) 0.58 497.43 89.11 

This study (K = 0.35) 30 4755.60 4.09 
This study (K = 1.0) 30 13587.00 197.40 

 
CONCLUSION 
 
In this study, half-cross section tests on sand and clay-filled geotextile tubes were conducted to 
quantitatively obtain the soil pressure and tension force during filling and dewatering. Results 
showed that the magnitude of the load at the bottom of the tube, which comes from the compressive 
lateral force of the soil, is smaller than the tension force at the top of the tube. The results also 
show that the soil pressure and tension force have a significant relationship. As the soil pressure 
increases, the magnitude of the load increases. The tension forces obtained from the experiments 
were then analyzed and equations which consider the coefficient of lateral pressure (K) were 
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proposed. Results of the analysis showed that the equations proposed in this study is in good 
agreement with the measured data. 
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