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Abstract 
 

The growing demand for sustainable and eco-friendly materials in geotechnical engineering has spurred interest in 

natural fiber geogrids as alternatives to synthetic counterparts. This review examines the suitability of natural fibers 

such as coir, jute, sisal and bamboo in geogrid applications, highlighting their mechanical properties, 

environmental benefits and performance in soil reinforcement. Studies demonstrate that coir fibers, with high 

lignin content, offer exceptional durability and resistance to degradation while jute fibers provide superior tensile 

strength due to their cellulose-rich composition. Sisal fibers when blended with coir or treated with polymers, 

enhance soil cohesion and reduce shrinkage. Bamboo, with its rapid growth and high specific strength, shows 

promise in replacing traditional geosynthetics, particularly in 3D reinforcement systems. Although natural fibers 

present clear benefits, challenges such as inconsistent material properties and long-term degradation require further 

study. Progress in treatment methods and hybrid blending is helping improve their reliability and effectiveness. 

These geogrids not only support circular economy principles but also deliver affordable solutions for erosion 

control, slope stabilization, and infrastructure in developing areas. This paper emphasizes the role of natural fibers 

in geogrid technology and encourages their expanded adoption to promote sustainable geotechnical practices. 
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1 Introduction 

 

A core objective in geotechnical engineering is to overcome soil's inherent weakness and environmental 

vulnerability through stabilization. This is commonly achieved using advanced reinforcement methods, most 

notably geo-reinforcement. The primary function of geo-reinforcement is to provide mechanical improvement to 

soil strength, a requirement specifically engineered for the construction of resilient geo-structures. (N. Kumar et 

al., 2022). Common methods include mechanical stabilization—such as soil nailing and the use of geosynthetics 

like polymer-based geogrids (e.g., PVC, PE)—which improve stability for applications including retaining walls, 

foundations, and slopes. Prefabricated vertical drains (PVDs) and geogrids are widely used to accelerate 

consolidation and reinforce soil, respectively (Nguyen & Indraratna, 2023). Although traditional synthetic 

geogrids effectively improve shear strength, bearing capacity, and erosion control, their dependence on non-

renewable resources raises serious environmental concerns. These include significant carbon emissions, resource 

depletion, and persistent microplastic pollution due to slow decomposition. In response, interest has grown in 

sustainable alternatives such as natural fibers—including coir, jute, sisal, and bamboo—driven by urbanization 

and climate challenges (Nguyen & Indraratna, 2023) , (Al-Hassnawi et al., 2024). These materials offer advantages 

in biodegradability, low embodied energy, cost efficiency, and alignment with circular economy principles.  This 

review aims to evaluate the potential of natural fibers (coir, jute, sisal, and bamboo) in geogrid applications, 

examining their mechanical properties (e.g., high lignin for durability in coir, cellulose-rich tensile strength in 

jute), performance in soil reinforcement, environmental benefits, and challenges like property variability and 

degradation. The scope encompasses innovations in treatments and hybrids, case studies in slope stabilization and 

erosion control, and recommendations for broader adoption to promote sustainable geotechnical practices.  
 

2 Literature Review: 

 

2.1 Mechanism of Fiber Reinforcement  
 

Natural fibers enhance soil stability by acting as reinforcement. As illustrated in Figure 1, when fibers are 

incorporated into soil, they create a composite material that improves shear strength and tensile resistance. In this 
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composite system, the fibers alter the soil structure, allowing external loads to be distributed through both the soil 

matrix and the interconnected fiber network. 

 
 

Figure 1. Improvement mechanism of fiber-reinforced soils: (a) fiber–soil particle interaction and (b) 

contribution of fibers to soil tensile resistance (Nguyen & Indraratna, 2023). 

 

2.2 Review of Natural Fibers for Geogrids 

 

The growing environmental degradation stemming from the overexploitation of non-renewable resources and 

increasing pollution has spurred significant interest in the use of natural fibers for soil improvement in recent years. 

Drawn from plant stems, leaves, and husks, natural fibers offer a low-cost and sustainable alternative to 

conventional construction materials. They are widely available across many developing regions, yet their potential 

in geotechnical engineering remains underutilized (AK Apurva, N Sankar, 2020), (Pooja Upadhyay, 2017),  

(“Recent Developments in Ground Improvement Techniques,” 1986). The following section highlights several 

commonly available natural fibers and their effectiveness in improving soil bearing capacity when used in geogrid 

applications. 
 

2.2.1 Jute: 

Jute fiber is collected from the stem of the jute plant, widely grown across South Asia (India, Bangladesh, China, 

Thailand). It is rich in cellulose and has a good tensile strength and stiffness. It is also an agricultural byproduct 

which makes it a cost-effective option for stabilization. 
 

Research into jute fiber-based geogrids confirms their effectiveness in improving key soil properties. Multiple 

studies report significant gains in the California Bearing Ratio (CBR) when jute reinforcement is incorporated into 

soil. For instance, uncoated and bitumen-coated jute geogrids have been shown to increase the CBR of cohesive 

soils by as much as 289%. (C. R. Kumar et al., 2020), (N, 2018). Coated jute geogrids further improve long-term 

performance, enhancing shear strength, stiffness, and rupture load by 80% after 28 days. Similarly, recent work by 

Serin & Gönül (2023) demonstrated that jute geogrids increase bearing strength by 40–49% compared to 

unreinforced soil—even outperforming bitumen-coated and basalt geogrid alternatives. (Serin & Gönül, 2023) 
 

Notably, some studies suggest that the reinforcement mechanism is influenced by the form of incorporation. For 

instance, one investigation (Narayan et al., 2025)  demonstrated that randomly distributed short jute fibres provided 

greater CBR improvement than oriented geogrids in clay soils, indicating more effective immediate interlocking 

and matric strengthening through fiber-soil interaction 
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Figure 2 : (a) Jute geogrid (Serin & Gönül, 2023) (b)Bamboo grid and (c) Coir fiber grid (Narayan et al., 2025) 

 

2.2.2 Coir 

Coir is a natural, biodegradable fiber characterized by a high composition of cellulose and lignin. It is extracted 

from the mesocarp (husk) of mature coconuts (Cocos nucifera) and represents a cost-effective, readily accessible, 

and eco-friendly material for geotechnical applications. (Kolathayar et al., 2020) found that coir geocells and 

geogrids effectively enhance the bearing capacity of weak subgrade soils. The study notes that the long-term 

durability of coir is influenced by soil type, environmental conditions, pH, and microbial activity; however, these 

limitations can be mitigated through surface treatments. The study by Narayan et al. (2025) found that adding about 

1% coir increased cohesion and reduced deformation relative to untreated soil. Although bamboo performed 

slightly better at the same dosage, the study still found coir geogrids to meaningfully enhance overall stability. 

adding about 1% coir increased cohesion and reduced deformation relative to untreated soil. Although bamboo 

performed slightly better at the same dosage, the study still found coir geogrids to meaningfully enhance overall 

stability. (Narayan et al., 2025) 

 
2.2.3 Bamboo 

Bamboo has long been used as a low-cost, practical reinforcement for rural roads and budget-constrained 

foundations (Ahirwar & Mandal, 2021). Bamboo fibers exhibit high tensile strength, flexibility, and strong 

adhesion to clay particles, which improves soil cohesion, shear strength, and resistance to deformation. They also 

help regulate moisture fluctuations and limit soil expansion. These properties make bamboo a viable and 

economical option for reinforcing clayey soils (Narayan et al., 2025). Prasad et al. evaluated the performance of 

sub-base layers reinforced with various materials, including bitumen-coated bamboo mesh/grids, waste tire rubber, 

and plastic waste. Their study on Bitumen-coated bamboo mesh showed good reinforcement but  comparatively 

lower performance than geogrid and bitumen-coated chicken mesh (Dr. D.S.V. Prasad, 2012).  

 

The geometry of bamboo reinforcement significantly influences its effectiveness. Research by (Ahirwar & Mandal, 

2021) using model plate load tests demonstrated that a tridirectionally bamboo grid (TBG) increased bearing 

pressure by 372% and reduced settlement by 84%. A bidirectional grid (BBG) also performed well, increasing 

bearing capacity by 278% and reducing settlement by 73%. In applications involving industrial waste materials,  

(Ravindran et al., 2019)found that bamboo geocells combined with a basal bamboo geogrid improved the 

performance of fly ash sub-bases, reducing cyclic deformation by 44% and permanent deformation by 35% 

compared to unreinforced sections. 
 

2.2.4 Sisal: 

Sisal fiber, obtained from sisal plant, is known for its high strength and durability. It is widely used as a reinforcing 

material, improving the compressive strength, tensile strength, and modulus of elasticity of construction materials 

such as adobe bricks. Reported tensile strength values range from 100–600 MPa, while comparative studies show 

variation based on origin about 347 MPa for fibers from Kenya and China, and 400–700 MPa for fibers from India  

(Dr. D.S.V. Prasad, 2012). In the case of sisal fiber, studies have shown that its inclusion as distributed 

reinforcement can enhance the strength of soil. However, when it comes to using sisal fiber specifically in the form 

of geogrids, very limited research has been conducted. 
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2.3 Comparative Analysis and Treatment Methods  

 

Studies have shown that increasing coir fiber content reduces the maximum dry density of the soil mixture, while 

simultaneously increasing the optimum moisture content (Himanshu, 2017). A summary of the properties and 

applications of coir fibers in soil reinforcement is presented in Table 1. 
 

Table 1. Summary of research performed on widely-used coir fibers to reinforce soil (ANGGRAINI, n.d.) 
 

D  

(mm) 

SG 

(g/cm3) 

E 

(GPa) 

UTS 

(MPa) 

Length 

(mm) 

Optimize 

fiber 

percentage 

Fiber Special 

Property 

Soil 

Types  

Conclusion Reference 

0.1-0.39 - - - 15-25 1-5% Reduces 
Immediate 

Settlement 

Clay Increases 
strength and 

stiffness of soil 

(Babu & 
Vasudevan, 

2007) 

0.1-0.2 1.15- 1.33 4-5 250 10-50 1% Low tenacity 

but high 
elongation 

Expansiv

e 
soil 

Fibers decrees 

the MDD of the 
soil  

(Sivakumar 

Babu et al., 
2008) 

0.20- 0.25 0.71 - - 20-30 0.5% High tensile 

capacity 

Clay Reduces the 

settlement and 
improves the 

bearing capacity 

(Banerjee, 

2002) 

*D: Diameter;  SG: Specific Gravity;  E: Young’s Modulus; UTS: Ultimate Tensile Strength 

 

Jute fibers have high cellulose content (61–71%), and shows tensile strengths of 250–860 MPa which is ideal for 

soil reinforcement applications (N. Kumar et al., 2022). Study found that the UCS value of plain soil sample 

increases from 1.0107 to 1.34 kg/cm2 on inclusion of Jute from .25 to 1% (P. Kumar & Mir, 2019).  

 

 
 

Figure. 3 Variation in unconfined compressive strength with jute fiber content (P. Kumar & Mir, 2019) 
 

Similarly, sisal fiber reinforcement has demonstrated significant improvement in soil strength. For lean clay in 

Ethiopia, optimum performance was obtained at 1.5% fiber content and 15 mm length, where the California 

Bearing Ratio (CBR) increased by approximately 290% and UCS by 124% compared with untreated soil 

(Mohammed, 2022). Triaxial tests further confirm that sisal fiber improves deviator stress and cohesion in silty 

clay, with optimum results at 10 mm fiber length (~20% increase). Fiber length and dosage also influence fracture 

mechanisms, shifting between crack and surface shear failure (Wu et al., 2014). While the effectiveness of sisal 

fiber as distributed reinforcement is evident, research on its application in geogrid form remains scarce.  

 

Bamboo fiber has also been shown to enhance soil properties. Its inclusion increases both unsoaked and soaked 

CBR values, with optimum improvement at 1.2% content. Fiber length and diameter significantly influence 

strength gain, making bamboo a cost-effective, biodegradable, and eco-friendly substitute for synthetic stabilizers 

(Brahmachary & Rokonuzzaman, 2018). In another study, shear strength enhancement of up to 4% was found with 

bamboo fibers of 20–30 mm length. (Devi, 2016). 
 

 

3 Evaluating Feasibility and Performance 
 

The use of natural fiber geogrids, particularly jute, highlights their potential in enhancing soil stability while 

advancing environmental sustainability. Their role in erosion control, slope stabilization, and infrastructure 
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development underscores both their mechanical benefits and ecological advantages, though durability challenges 

remain. 

 
Figure 4. Production process of woven coir geotextiles (Peng & Li, 2025) 

 

Coir geogrids, derived from coconut husks, offer high tensile strength and lignin content, making them effective 

in reducing settlement in soft, cohesive soils common to Bangladesh’s flood-prone regions. Their water retention 

capacity aids in erosion control along riverbanks such as the Brahmaputra, though protective coatings are required 

to mitigate degradation under monsoonal conditions(León et al., 2025). Sisal fibers, extracted from Agave sisalana, 

demonstrate strong tensile strength and cohesion, significantly improving shear resistance in cohesive and sandy 

soils (Prabakar & Sridhar, 2002). Especially in silty clays, their interlocking mechanism improves soil integrity 

(Wu et al., 2014). However, long-term performance is limited by microbial activity and moisture-induced 

biodegradation, necessitating treatments like enzyme-induced carbonate precipitation (Almajed et al., 2018). 

Notwithstanding these limitations, sisal is still a low-carbon, renewable substitute that supports the ideas of the 

circular economy. 
 

The superior specific strength and flexibility of bamboo fibers, which come from quickly renewable culms, 

improve load distribution and shear strength in slopes and subgrades (Jaibin et al., 2025). Because of their resilience 

and inherent interlocking, bamboo geogrids have demonstrated better performance in silty clays. They are a 

sustainable alternative to synthetics due to their quick growth, low energy costs, and environmental advantages; 

however, their varying fiber quality and vulnerability to water absorption call for hybrid designs or protective 

treatments, especially in humid or seismic areas. 
 

4 Conclusion 

 

This review shows that natural fibers provide efficient and long-lasting soil reinforcement in geogrids. Each fiber 

offers unique benefits such as bamboo is superior in flexibility and load distribution whereas sisal in cohesiveness, 

coir in durability and jute in tensile strength. They also lessen their impact on the environment by supporting local 

economies, having low embodied energy and being biodegradable. These natural alternatives can be widely 

adopted but first resolving innate issues with bio-degradation, property variability, and long-term performance in 

harsh environments is necessary.  

Hence, practical implementation should concentrate on appropriate applications like slope stabilization, erosion 

control, and rural road construction in order to maximize these advantages, in order to develop region-specific 

data, field trials and long-term performance monitoring should be carried out. Future research must make eco-

friendly treatment techniques, hybrid designs, and site-specific durability modeling a priority for making natural 

fiber geogrids to be widely adopted as sustainable solutions in geotechnical engineering. Future research should 

prioritize eco-friendly treatments, hybrid designs, and durability modeling tailored to local conditions. These steps 

will help solidify the role of natural fiber geogrids as sustainable, widely adopted solutions in geotechnical 

engineering. 
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