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Abstract 
 

Jute Geotextile (JGT), which is a natural, biodegradable, and ecological material, used in various sustainable 

engineering applications such as erosion control, slope stabilization in hilly areas, and soil reinforcement. JGTs 

strong hydrophilic property, caused by its high cellulose (65.2%) and hemicellulose (22.2%) components, drives 

its efficiency in such projects. The test method for determining the water absorption capacity of JGT isn’t 

standardized in Bangladesh. An apparatus-assisted and easy to conduct method for quantifying the water 

absorption capacity of JGT is introduced in this research. The suggested test procedure allows almost all of the 

surface water to be removed from the JGT by gravity until equilibrium condition is attained. Three samples of 

300 mm × 300 mm with weights of 570 GSM, 627 GSM, and 724 GSM were soaked for 24 hours. The samples 

were then drained to remove surface water by gravity, and the water was collected using a specific apparatus until 

an equilibrium condition was reached. The 570 GSM sample showed the highest water absorption capacity of 

238.8% of its dry weight. This study also estimated the water retention by JGT on a 1V:3H slope, which was 

found to be 6 litres of water per square meter. 
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1 Introduction 

 

Geotextiles have been introduced in versatile geotechnical engineering projects for many purposes, for example, 

separation, filtration, drainage, reinforcement, and erosion control. These are broadly categorized into two types: 

synthetic and natural fibre-based. Synthetic geotextiles, which are non-biodegradable, typically consisted of 

polymeric materials, such as polypropylene, polyethylene, and polyester. These polymeric materials exhibit high 

durability and uniform mechanical properties. But their non-biodegradable nature arises significant environmental 

concerns, especially in temporary applications where long-term material persistence is not required. On the other 

hand, jute geotextiles (JGTs), which is included among the natural fibre-based geotextiles, have gained attention 

from the engineers due to their ecological soundness, availability and cost-effectiveness. These beneficial 

characteristics have endorsed engineers to consider JGT as sustainable alternatives to the synthetic options. Now, 

JGTs have been extensively used in developing countries like Bangladesh, where jute is produced in a 

considerable amount.  

 

Jute fibres are mainly composed of cellulose (65.2 %), hemicellulose (22.2 %), and lignin (12.5 %). The richness 

of hydroxyl (-OH) groups in cellulose engender intense hydrophilic attribute to the fibre, enabling significant 

amount of water absorption capacity through the hydrogen bonding. While this property enhances performance 

in filtration, moisture retention, and erosion control, it also contributes to mechanical degradation over time due 

to prolonged exposure to moisture (Mishra, 2000).  

 

In Bangladesh, field experiments have been conducted across diverse soil conditions and the results have verified 

the efficacy of JGTs in rural road constructions. Field CBR tests after utilizing JGT, have showed that the strength 

of soil increases from 3.0 % to 19.3 % in Keraniganj, Bangladesh and 2.4% to 10.4% in Brahmanbaria, 

Bangladesh, over 16 months. Overall, subgrade strength improved by 50 % to 543% which indicates the potential 

of JGTs to reduce pavement thickness in rural road design (Khan et al., 2014). Furthermore, open-mesh type JGTs 

have shown eminent performance in slope stabilization, particularly in hilly terrains that are prone to erosion. 

During rainy seasons, raindrops drive out soil particles through the bombardment effect. These loosened soil 

particles are eventually washed downhill by surface runoff, leading to severe soil loss. To address this issue, in 

April 2013, 700 gsm open-mesh JGTs were installed at three silty clay hill slope sites along the Alikadam–Thanchi 

road in Bandarban, Bangladesh followed by the sowing of local ‘Gyama’ seeds prior. During the wet season, soil 
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erosion was successfully prevented by JGT.  A dense vegetative cover emerged, featuring root depths of up to 

2.43 m and plant heights of 3.96 m, within one year. Short-term stabilization was achieved through the 

combination of root reinforcement by plant and canopy coverage , showing the efficacy of JGTs in slope 

management until vegetation attains maturity (Islam et al., 2014). JGTs absorb three to four times their dry weight 

in water due to their hydrophilic properties. Consequently, it helps in reducing surface runoff by almost 35% and 

eventually leads to a reduction in soil displacement and an enhancement of infiltration. Field investigations in 

Bangladesh and India indicated a reduction of up to 95% in slope erosion which suggest that JGTs function as 

protective barriers during monsoon seasons (Khan & Binoy, 2012). 

 

Jute exhibits a rough texture that enhances both the frictional interaction with soil and water absorption. Wet jute 

expands and can achieve moisture levels over 300% (Ingold, 2013). Despite the importance of this beneficial 

hydrophilic property, a few standard methods of testing currently exist for assessing the water absorption capacity 

of JGT. JGT retains two types of water: surface water and absorbed water. Surface water, which helps 

insignificantly to soil erosion control, adheres to the exterior of the jute and drains rapidly. The water absorbed 

by jute fibers, which is crucial for preventing topsoil erosion, necessitates considerably more time to evaporate. 

The principal problem in assessing the absorption capacity was distinguishing between surface water and absorbed 

water. A method was established to solve the problem by developing a gravity-driven equipment containing a 

modified sieve mechanism and an accurate balance. Ongoing weight monitoring facilitated the identification of 

an equilibrium point, signifying the result of surface water drainage and enabled absorption measurement.(Sakib 

et al., 2016). Moreover,Shorter fibers (5 mm) of JGT exhibit lower water absorption compared to longer fibers. 

(Saaidia et al., 2023). 

 

The IS 15868-4:2008 defines a testing method to determine the water absorption capacity of natural fibers and 

geotextiles. In this method, after a 24-hour soaking period, a geotextile specimen is allowed to drip-drain 

horizontally for 10 ± 0.1 minutes. Following to drip-draining, the moist specimen is weighed to determine its 

absorption capacity with respect to its dry weight. It is to be noted that limiting the dripping time to suggested 10 

± 0.1 minutes may not always ensure an equilibrium condition. The present study aims to develop an easy-to-use 

apparatus and determine absorption capacity on the basis of the equilibrium condition.  

 

2 Methodology 

 

2.1 Sample selection  

Bangladesh Jute Mills Corporation in Bangladesh provided three different JGT sample types for this investigation, 

such as 627 GSM (fabric), 724 GSM (fabric), and 570 GSM (open mesh). Without affecting the sample, surface 

water was measured and separated using the surface water separation technique. The soaking period was increased 

from 24 to 72 hours before the experiment to ensure that the heavier JGT specimens were fully saturated. 
 

2.2 Experimental setup 

The apparatus was developed just for estimating how much water jute may absorb in a controlled lab condition. 

The frame consists of bent steel pipes to ensure sure its resilience. It is about 4 feet high and 2 feet wide on each 

side. A round bowl about 12 inches wide is in the middle of the frame and holds almost all the water. A #4 sieve 

(4.75 mm opening) is put in the bowl to hold the jute bundles and keep any loose fibers or threads from getting 

into the lower part. A vertical steel rod hangs from the top of the frame, allowing the jute specimens hang freely 

in the water so they can soak evenly. A conical funnel is placed underneath the bowl to catch the water that has 

drained out. The water then flows into a small container that is placed directly below the tip of the funnel.  To 

reduce evaporation and maintain a consistent testing environment, the entire setup is enclosed within a transparent 

acrylic chamber, as shown in Figure 1. This protective casing helps to maintain stable environmental conditions 

and ensures the precision and repeatability of the absorption test results. 
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Figure 1: 3D schematic view of the apparatus 

 

2.3 Data collection procedure 

It used scissors to carefully cut Jute Geotextile (JGT) samples of 300 mm × 300 mm. The specimens were initially 

weighed at room temperature (25 ± 1 °C) in a controlled laboratory environment. Then, each piece was immersed 

in a 12-inch bowl of water and allowed to remain there for 24 hours to ensure thorough saturation of the fibers. 

After soaking, the samples were suspended vertically from a rod to facilitate the natural drainage of surface water. 

A funnel collected the dropping water and directed it into a small bowl placed above a digital scale. This setup 

made it easy to keep track of the drained water without any issue. The funnel made sure of regular flow of the 

dripping water, and the bowl made sure of accurate reading. The observations continued until the weight of the 

drained water accumulating one the bowl became constant, which showed that equilibrium had been reached. 

Then the final weights of the samples were taken. Then the water absorption capacity of specimen measured by 

following equation- 

 

Absorption Capacity = (
Final Weight−Initial Weight

Initial Weight
) × 100%                       (1)      

 

       
                           (a)                                                       (b)                                                            (c)  

 

Figure 2: Data collection procedure for 570 GSM sample. (a) Initial dry weight, (b) reading until equilibrium 

condition, and (c) final weight. 

 

3 Results and Discussion 

 

Figure 3a – 3c show the variation of the weight of surface water loss with time. The readings were taken at variable 

intervals: at 1 min (1 - 10 min), 2 min (10 - 30 min), 10 min (30 - 60 min), and 15 min (60 - 120 min) following 

a 24-hour soaking period for three jute geotextile samples: 627 GSM, 724 GSM, and 570 GSM (open mesh). 

Figure 3a illustrates that all three specimens of 627 GSM exhibited rapid water drainage within the first 10 minutes 

due to gravitational pull-on surface water. At 1 minute, specimens 1, 2, and 3 lost 16.2 gm, 15.2 gm, and 15.8 gm 

of water, respectively. After 5 minutes, the surface water weight on the bowl rose sharply to 24.1 gm, 24.5 gm, 

and 23.7 gm, continuing to increase to 25.5 gm, 26.8 gm, and 27.2 gm by 10 minutes. Between 10 and 30 minutes, 
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the rate of water loss slowed down considerably, indicating that most of the free surface water had drained, and 

the remaining moisture was mostly absorbed within the fibre.  

 

After 30 minutes of draining, specimens 1, 2, and 3 lost 25.9 gm, 27.5 gm, and 28 gm of water from their surfaces, 

respectively. After 60 minutes, the quantities changed only a little, to 26.1 gm, 27.5 gm, and 28.1 gm. This showed 

that the samples had reached an equilibrium point. Specimen 3 drained out the most water among the three, while 

specimen 2 drained out a moderate amount. After that, the weights of the specimens were measured. By using 

Equation 1, the water absorption capacity was measured. The water absorption capacity of the 627 GSM jute 

geotextile specimens ranged from 119.6% to 126.1%, with an average of 122.5%. This means the samples 

absorbed water roughly equal to 1.2 times of their own air-dry weight. 

 

The 724 GSM jute geotextile samples lost about 21.1 to 22.4 grams of water in the first minute, as shown in Figure 

3b. After the first 10 minutes, specimens 1, 2, and 3 had surface water weights of 26.8 gm, 29.7 gm, and 29.3 gm, 

respectively. After this, the rate at which water was lost decreased significantly. After 30 minutes, the weights 

stabilized at 27.5 gm, 30 gm, and 29.4 gm. The readings remain almost constant for 120 minutes, suggesting that 

the samples attained an equilibrium state. By measuring the weight of wet specimen and using Equation 1, water 

absorption capacity of 724 GSM was calculated. The 724 GSM jute fabric can absorb approximately 1.23 times 

its own air-dry weight, exhibiting its superior moisture-retention capacity. 

 

Figure 3c shows surface water loss over 120 minutes for three 570 GSM JGT specimens. Initial loss at 1 minute 

was 90.0 gm, 60.1 gm, and 73.4 gm. By 10 minutes, readings from the weight machine rose to 126.8 gm, 100.8 gm, 

and 108.5 gm, indicating rapid early loss. After 30 minutes, weights stabilized at 136.5 gm, 107.1 gm, and 

116.7 gm. Final values at 120 minutes were 141.7 gm, 113.6 gm, and 117.6 gm.Absorption capacity ranged from 

190.7 % to 238.8 % of dry weight confirming that 570 gsm JGT can retain nearly 2.4 times its own air-dry weight 

in water. 

 

 
(a) 

 

 
(b) 
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(c) 

 

Figure 3: Collected water versus time for (a) 627 GSM sample, (b) 724 GSM sample, and (c) 570 GSM sample. 

 

3.1 Water retention capacity estimation of the JGT Sample 

3.1.1 Determining the storage capacity of jute geotextile 

The water retention capacity of the JGTs sample was evaluated to estimate its potential contribution to moisture 

retention on slope surfaces. To accomplish this, a conceptual model of a slope system was considered. A slope 

with a 1V:3H gradient was assumed for the analysis, covered with a 570 GSM (open mesh) JGTs sample. Using 

basic geometric principles and incorporating the absorbed water values obtained through experimental testing in 

this study, the water storage capacity of the JGTs on the model slope was calculated as shown in Figure 4 (A 

Manual on Use  of Jute Geotextiles in Civil Engineering., 2008). 

 

 
 

Figure 4: Storage capacity of jute geotextiles (A Manual on Use  of Jute Geotextiles in Civil Engineering., 2008) 

3.1.2 Surface water storage estimation based on slope geometry 

It has been shown that the average thread diameter (D) of the 570 GSM open-mesh jute geotextile (JGT) was 

about 6 mm. Considering a slope with a gradient of 1V:3H (slope angle β = 18.43°), the projected length of each 

thread (L) along the slope surface was determined proportionally to the slope gradient. Assuming cylindrical 

thread geometry and a unit slope width (1 m).  

 
VThread = L × D × 1 m3  (2) 

 

The volume of water stored along each longitudinal thread per square meter is V(Thread) 0.108 L/m2. The surface 

water stored capacity (V(surface)) was estimated based on the volume enclosed along the longitudinal threads. With 

an average of 45 threads per square meter. 

 
VSurface  =  VThread  ×  Average number of threads per square meter  (3)  

 

The total surface water storage capacity was calculated to be approximately 4.86 L/m². 
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3.1.3 Absorbed water capacity of JGT 

The average absorption capacity of the 570 GSM JGT was found to be 220%.  

Hence the weight of absorbed water, W(absorbed) was 1.25 L/m2  

 

3.1.4 Total water storage capacity 

Combining both surface and absorbed water: 

 
VTotal =  VSurface  +  VAbsorbed (4) 

 

This indicated that the 570 GSM JGT sample could store approximately 6.114 L of water per square meter. 

 

4 Concluding Remarks 

 

This apparatus and testing methodology are suitable for determining the absorption capacity of jute geotextiles. 

Following a 24-hour soaking period at a controlled temperature, the specimens are monitored for water loss over 

a total duration of 120 minutes. The weight of water lost from each specimen is recorded at defined intervals: at 

1 minute from 0 to 10 minutes, every 2 minutes from 10 to 30 minutes, every 10 minutes from 30 to 60 minutes, 

and every 15 minutes from 60 to 120 minutes. The 627 GSM (fabric) sample stabilized at nearly 15 minutes, the 

724 GSM (fabric) sample at nearly 20 minutes, and the 570 GSM (open mesh) sample at nearly 60 minutes. The 

results suggest that the majority of free surface water drains rapidly, however remaining water needs time to attain 

an equilibrium condition. A 60-minute drip-drain time frame was used to allow all specimens and GSM to attain 

near-equilibrium water content. The 570 GSM samples required slightly longer time to achieve full stabilization; 

however, 60 minutes remained a dependable and standard duration for analysis. Because of its reliability and 

practical applicability, this method could be recommended for standardization by BSTI. It is also strongly 

suggested that a drip-drain duration of 60 minutes be applied for all variants of JGT. 
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