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(a) Materials  

 Geosynthetics are mostly made from plastic-based materials (polymers) derived 

from hydrocarbons. Sometimes, materials like fiberglass, rubber, or natural fibers are 

also used. These materials are popular in civil engineering fields such as transportation, 

geotechnical, environmental, and hydraulic engineering. The most commonly used 

polymers for geosynthetics (Koerner 2005) include: 

1. High-Density Polyethylene (HDPE) 

2. Linear Low-Density Polyethylene (LLDPE) 

3. Polypropylene (PP) 

4. Polyvinyl Chloride (PVC) 

5. Polyester (PET) 

6. Expanded Polystyrene (EPS) 

7. Chlorosulphonated Polyethylene (CSPE) 

8. Ethylene Propylene Diene Monomer (EPDM  a thermoset rubber) 

(b) Functions of Geosynthetics  

Geosynthetics serves five major engineering functions: 

1. Separation: Keeps different soil layers from mixing. For example, a geotextile 

between soft subgrade and ballast in a railway track keeps them separate. 

2. Reinforcement: Strengthens the soil by providing tensile resistance, such as 

using geogrids beneath embankments or retaining walls. 
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3. Filtration: Allows water to pass through while holding back soil particles. For 

instance, geotextiles are used around drainage layers instead of sand filters. 

4. Drainage: Helps remove excess water from soil, like geonets behind retaining 

walls or in dams. 

5. Containment: Acts as a barrier to prevent fluid or gas movement. 

Geomembranes in landfills or water canals serve this role. 

These functions make geosynthetics both efficient (long-lasting and low maintenance) 

and cost-effective compared to traditional methods. 

(c) Types of Geosynthetics 

There are several types of geosynthetics, each designed for specific applications, 

as shown in Fig. 2.11: 

1. Geotextiles: Fabric-like materials made of synthetic fibers (mainly 

polypropylene). They can filter, drain, separate, and reinforce. 

2. Geogrids: Grid-like materials with large openings. Used only for 

reinforcement of weak soils or waste materials. HDPE is common in one-

direction grids PP in two-direction grids. 

3. Geonets: Net-shaped materials used for drainage. Made from polyethylene, they 

transport fluids within soil layers. 

4. Geomembranes: Waterproof sheets used for containment. Commonly made 

from PE or PP, used in lining reservoirs, canals, and landfills. 
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5. Geosynthetic Clay Liners (GCLs): Prefabricated layers of bentonite clay 

placed between geotextiles or geomembranes to improve containment. Often 

used under geomembranes in landfills. 

6. Geofoam: Lightweight blocks made from expanded polymers (like EPS). Used 

as lightweight fill-in embankments or to reduce loads on weak soils. 

  

  Geotextiles     Geogrids 

  

  Geonets     Geomembranes 
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 Cengiz and Güler (2018) investigated the seismic and post-seismic behavior of 

geosynthetic encased granular columns and ordinary granular columns through 1-g 

shake table tests. It was observed that columns with higher stiffness geotextile exhibited 

uniform distribution while columns with lower stiffness geotextile experienced 

localized bulging. A linear relationship was observed between seismic energy input and 

strain in the reinforcement. 

 Yoo and Abbas (2019) performed vertical cyclic loading tests on the soft clay 

improved with encased granular columns to simulate traffic or train-induced stresses. It 

was found that geosynthetic encasement significantly reduces settlement, cyclic 

degradation, and excess pore water pressure compared to ordinary granular columns; 

greater benefits were reported under cyclic loadings than static loading. A higher stress 

concentration ratio was reported under static loading compared to cyclic loading 

conditions. 
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 Aqoub et al. (2020) studied the behavior of shallow reinforced and reinforced 

piled embankments of varying heights under static and multi-stage cyclic loading 

conditions through laboratory experiments. It was found that soil arching improves with 

an increase in the height of the embankment under static loading stages, but it weakens 

initially under cyclic loading, and then it recovers with an increase in the number of 

cycles. The provision of multiple enforcement layers enhances the loading capacity of 

the piles, reduces settlement, and stabilizes soil arching. However, the improvement 

diminishes with the increase in the height of the embankment. It was observed that more 

than 50% of the settlement occurs during the first cyclic loading stage. 

 Gao et al. (2021) studied the behavior of geosynthetic encased stone columns 

under cyclic loading in soft soil foundations. A scaled model test setup (1:40) was used 

to represent an encased granular column with a diameter of 800mm. Model tests were 

conducted to examine the effect of parameters such as the length-to-diameter ratio 

strength of the wrapping material on the performance of reinforced soil foundations. 

Cyclic loading was applied using a sinusoidal load form with 1 Hz frequency and 1500 

number of load cycles. The use of encased granular columns enhances the stress ratio 

in the columns, with more load being transferred to the granular columns as the l/d ratio 

and the stiffness of the geosynthetic material increase. 

 Ashour et al. (2022) performed laboratory tests to study the behavior of granular 

columns in soft clay under cyclic loading. The crushed basalt was used to form the 

granular columns. Tests were conducted under static loading and cyclic loading 

conditions by varying cyclic stress ratios and frequencies. The cyclic loading 

amplitudes were determined based on cyclic stress ratios (CSR), which is the ratio of 

cyclic deviatoric stress to static deviatoric stress at failure. CSR values of 0.6, 0.7, and 
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0.8 were used to represent dynamic stresses of 50, 60, and 70 kPa, respectively, which 

typically relate to bearing pressures in railway subgrades. It was found that unreinforced 

soil showed larger strains at lower frequencies, whereas reinforced soil exhibited stable 

behavior across the frequencies from 0.5 Hz to 3 Hz. 

 Shahu et al. (2023) studied the cyclic and monotonic behavior of floating and 

end-bearing columns installed in very soft clay beds to improve transportation 

infrastructure. Scaled laboratory experiments were conducted to simulate highway and 

railway traffic conditions. The study reported that cyclic loading-induced settlement 

were 4-11 times greater than monotonic loading under the same stress level. Granular 

columns improved ground exhibited stable deformation behavior within the first 100 

cycles of loading under the stress amplitude of 7.5 to 18.7 kPa. 

 Xu et al. (2024) investigated the performance of pile-supported low 

embankments under cyclic traffic loading. The height of the model test embankment 

represented a typical 2m high low embankment in the field. Cyclic traffic loading was 

applied in three stages with amplitude of 10 kPa, 20 kPa, and 40 kPa, with each stage 

consisting of 10,000 cycles applied at 1 Hz frequency. Geosynthetic reinforcement of 

the columns reduced the cumulative settlement by 24.5 % and improved the loading 

capacity of the embankment. 
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