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Abstract- This study delves into the optimization 
of bamboo geogrid properties for enhancing 
sustainable engineering applications, with a keen 
focus on flexible pavement systems. Utilizing a 
Taguchi method-based Design of Experiment 
(DOE) alongside Finite Element Analysis (FEA), 
the investigation examines the influence of key 
parameters—thickness, aperture size, Young's 
modulus, and density—on the mechanical 
performance of bamboo geogrids. Results indicate 
that optimal combinations of these variables 
significantly impact geogrid deflection, 
suggesting that precise adjustments can improve 
load-bearing capacity and reduce pavement 
deformation. Through regression analysis, a 
predictive model for geogrid deflection was 
developed, underscoring the importance of 
specific material properties in determining 
geogrid performance. The results identify an 
optimal combination of these parameters that 
significantly reduces geogrid deflection, thereby 
improving load-bearing capacity and minimizing 
pavement deformation. Specifically, the study 
finds that a higher Young's modulus and specific 
thickness levels substantially contribute to 
enhanced geogrid efficiency, while aperture size 
and density play nuanced roles. The study 
determined that a bamboo geogrid with a 
thickness of 30 mm, aperture size of 25 mm, 
Young's modulus of 30000 MPa, and a specified 
lower density significantly enhances the structural 
stability and effectiveness of soil reinforcement. 
This combination was found to provide the 
optimal balance between load distribution and 
minimal deflection, ensuring the geogrid's 
integrity and performance in pavement 
applications.  

Keywords: Bamboo Geogrid, Taguchi method-
based Design of Experiment, Finite Element 
Analysis. 

INTRODUCTION 

The pressing challenges of the 21st century have 
galvanized the field of civil engineering to pivot 
towards sustainability. Amidst a myriad of 

materials stands bamboo, a material once 
relegated to traditional construction, now 
recognized for its formidable structural qualities 
and ecological advantages. This thesis pivots on a 
central theme: the optimization of bamboo 
geogrid properties for their application in the 
domain of sustainable engineering. The 
ascendancy of bamboo geogrids in reinforcing 
soil and enhancing the stability of infrastructure 
projects is not by chance but by virtue of its 
inherent properties. Bamboo, with its high tensile 
strength, flexibility, and low cost, particularly 
when cultivated and processed with minimal 
environmental impact, presents an unparalleled 
opportunity for sustainable development in civil 
engineering projects. Its utilization directly 
addresses several United Nations Sustainable 
Development Goals, including responsible 
consumption, climate action, and innovation in 
industry and infrastructure.  

Bamboo Geogrids 

Bamboo geogrids are an innovative and eco-
friendly alternative to conventional geosynthetics 
used for soil reinforcement, especially in civil 
engineering and construction. They are made 
from interlaced strips of bamboo, a highly 
sustainable material known for its strength and 
flexibility. Bamboo geogrids offer a cost-effective 
solution for reinforcing soil in various 
applications, including road construction, slope 
stabilization, and erosion control. Their 
biodegradability and compatibility with the 
environment make them a preferred choice for 
projects aiming to reduce carbon footprint and 
promote sustainability.  

OBJECTIVE OF THE STUDY 

a) To Determine the Optimal Aperture Size of 
Geogrids: Investigate how different geogrid 
aperture sizes affect soil reinforcement, load-
bearing capacity, and interaction with soil 
particles, aiming to establish a relationship 
between aperture size and geogrid 
performance. 
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b) To Assess the Impact of Geogrid Thickness: 
Evaluate the influence of varying geogrid 
thicknesses on the mechanical properties of 
reinforced soil, such as tensile strength, 
durability, and resistance to deformation 
under load. 

c) To Analyse Material Property Variations: 
Study the effect of different geogrid materials 
(e.g., polyethylene, polyester, etc.) on the 
effectiveness of soil reinforcement, focusing 
on properties such as elasticity, tensile 
strength, and environmental resistance. 

d) To Examine the Role of Geogrid Orientation: 
Explore how the orientation of geogrids 
(uniaxial, biaxial, triaxial) influences the 
stabilization and reinforcement of soil 
structures, particularly in the context of load 
distribution and soil-geogrid interaction. 
. 

LITERATURE REVIEW 

The literature review summarizes various research 
studies on the application of bamboo in civil 
engineering, specifically its use as a reinforcing 
material. These studies explore bamboo's 
mechanical properties such as tensile strength and 
elasticity, comparing it to conventional materials 
like steel.  

Y. P. Badwe et.al. (2023)In this groundbreaking 
analysis, the stabilizing prowess of geogrids on 
weak pavement subgrades is meticulously 
evaluated, unveiling the latent potential within 
geogrid applications to fortify subgrade stability 
effectively. This research eloquently articulates 
the role of geogrids as a linchpin in extending the 
life span of pavement structures.  

G.H. Oleiwi et al. (2021)This research 
emphasizes the transformative impact of 
integrating geosynthetics into subgrade soil, 
highlighting a significant leap in soil stability and 
load-bearing efficiency. By meticulously 
analyzing various geosynthetic materials and their 
application techniques, Oleiwi and colleagues 
underscore the versatility and adaptability of these 
materials in enhancing the structural integrity and 
longevity of road constructions.  

M. Kaur and S.K. Aggarwal (2020)In their 
comprehensive review, Kaur and Aggarwal delve 
into the nuanced dynamics of sub-grade soil 
reinforcement with geogrid materials. By 
synthesizing findings from a wide array of 
studies, their work presents a cohesive overview 

of the pivotal role geogrids play in bolstering soil 
strength and stability.  

R. Kumar et al. (2020)undertook a 
comprehensive review focused on the integration 
of geosynthetics within the design of flexible 
pavements, highlighting the substantial 
advantages these materials offer in terms of 
improving both the durability and structural 
integrity of pavement systems.  

M. Singh, A. Trivedi, and S. K. Shukla 
(2019)Through an exploratory analysis, this 
research underscores the transformative impact of 
geosynthetic reinforcement on the foundational 
stability of subgrade soil beneath unpaved roads.  

]J. H. Yin, B. Y. Hong, Q. I. Yang, O. M. Feng, 
and T. E. Wong (2019)conducted an empirical 
investigation into the interaction between 
aggregate particle sizes and geogrid aperture 
sizes, utilizing bender element shear wave 
transducers.  

LITERATURE SUMMARY 

The extensive literature on bamboo and 
geogrid applications in civil engineering 
underscores their significant potential in 
enhancing soil stability, pavement performance, 
and environmental sustainability. Studies 
highlight geogrids' role in improving weak 
subgrade stability and extending pavement 
lifespans, suggesting a paradigm shift toward 
more sustainable construction methodologies 

 Geogrids significantly stabilize weak 
pavement subgrades, extending pavement 
lifespan and promoting a shift in stabilization 
methodologies. 

 Integrating geosynthetics into subgrade soil 
enhances soil stability and load-bearing 
efficiency, advancing geotechnical solutions. 

 Geogrids play a pivotal role in reinforcing 
soil strength and stability, fostering durable 
infrastructure. 

 Geosynthetics within flexible pavement 
design offer substantial durability and 
structural integrity improvements. 

 Geosynthetics in unpaved roads reduce 
maintenance costs and improve structural 
integrity, advancing sustainable engineering 
practices. 

 

 



3 
 

METHODOLOGY 

Design of Experiment (DOE) 

The table presents a systematic arrangement of 
design parameters for an L9 orthogonal array as 
part of a Taguchi method-based experiment. This 
setup is crafted to optimize the mechanical 
properties of bamboo geogrids for their use in 
sustainable engineering applications, particularly 
within flexible pavement systems. The 
thicknesses chosen represent a reasonable range 
for geogrids, which can affect both the 
mechanical response of the geogrids under stress 
and their interaction with the soil. Aperture size 
variations are intended to explore the interlock 
mechanism between the geogrid and the soil 
particles, which is essential for the effective 
reinforcement of pavement subgrades.  

Table: Design Parameters for Taguchi L9 
Orthogonal Array in Bamboo Geogrid 

Optimization. 

Levels
Fa

ctors 

Thick
ness 

(mm) 

Apertu
re Size 

(mm) 

Young's 
Modulus 

 (Mpa) 

Dens
ity 

(kg/
m3) 

1 10 25 10000 400 

2 20 50 20000 650 

3 30 75 30000 900 

 

Table Taguchi L9 Orthogonal Array for 
Optimization of Bamboo Geogrid. 

Exper 
iment 

Thickness 
(mm) 

Aperture 
Size  

(mm) 

Young's 
Modulus  

(Mpa) 

Density 
(tonne/ 
mm3) 

L-1 10 25 10000 4*10-10 

L-2 10 50 20000 6.5*10-

10 
L-3 10 75 30000 9*10-10 
L-4 20 25 20000 9*10-10 
L-5 20 50 30000 4*10-10 

L-6 20 75 10000 6.5*10-

10 

L-7 30 25 30000 6.5*10-

10 
L-8 30 50 10000 9*10-10 
L-9 30 75 20000 4*10-10 

 

 

This Taguchi L9 orthogonal array allows for a 
streamlined analysis of multiple factors and their 
interactions by reducing the number of 
experimental runs needed compared to a full 
factorial design. The results from this DOE will 
guide the finite element modelling simulations, 
validating the empirical findings and providing a 
deeper understanding of the in-situ behaviour of 
the bamboo geogrids. The optimal settings 
deduced from this study are expected to inform 
best practices in the design and application of 
bamboo geogrids, promoting their use as a 
sustainable alternative in the field of geotechnical 
engineering. 

Finite Element Analysis (FEA) 

Sketch of pavement in FEM 

The provided schematic illustrates a cross-section 
of a flexible pavement system modelled for FEM 
analysis. This model includes distinct layers: base, 
subbase, and subgrade, each with specified 
dimensions. The base and subbase layers are each 
150 mm thick, while the subgrade is 1250 mm as 
per shown inTable. The loading, applied to the 
loading surface, mimics the stress impact from 
vehicular traffic (Fig. ). 

Table: Dimensions of different layers of flexible 
pavement. 

Layer Length 
(mm) 

Width 
(mm) 

Depth 
(mm) 

Base 3500 3500 150 

Subbase 3500 3500 150 

Subgrade 3500 3500 1250 

Geogrid 3500 3500 (10-30) 

 

The sketch provided offers a representation of the 
Finite Element Model (FEM) used for analysing a 
flexible pavement system integrated with a 
bamboo geogrid layer. The depicted model 
includes a top-down view of the geogrid and a 
cross-sectional view of the flexible pavement 
structure, which comprises three primary layers: 
the base, subbase, and subgrade, with the geogrid 
positioned between the subbase and subgrade 
layers.  
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Fig. Schematic representation of a flexible 

pavement structure for FEM analysis. 

 
Fig. Geogrid orientation for L-1 design FEM model 

The geogrid thickness varies from 10, 20, to 30 
mm, and the aperture sizes change between 25, 
50, to 75 mm. The variation in these dimensions 
is critical to study as it affects the structural 
integrity and performance of the geogrid within 
the pavement system. This load distribution is 
critical in preventing rutting and prolonging the 
pavement's life. FEA is utilized to simulate how 
different geogrid configurations respond to 
loading. Through the analysis, areas of high stress 
or strain within the geogrid can be identified, and 
the designs can be modified to address any 
potential weaknesses.  

Material Properties 

The material properties detailed for the FEM 
analysis include density (ρ), Young's modulus (E), 
and Poisson's ratio (μ) for various components of 
the flexible pavement structure, including the 
base, subbase, subgrade, and the bamboo geogrid 
at different densities. The base layer, with a high 
Young's modulus (E) of 325 N/mm² and a 
Poisson's ratio (μ) of 0.35, is designed to be the 
most rigid component, reflecting its role in 
distributing vehicular loads over the sublayers. Its 
rigidity is crucial to minimize the deformation 
that can lead to pavement distress. The subbase 
layer, though less stiff with a Young's modulus of 

180 N/mm², still provides significant load 
distribution and structural support to the 
overlaying base layer. Its Poisson's ratio is 
identical to the base layer, which indicates similar 
material behaviour under load. The subgrade is 
significantly less rigid than the upper layers, as 
indicated by its lower Young's modulus of 72.5 
N/mm². This is expected since the subgrade 
comprises the natural soil on which the pavement 
structure is constructed, and its stiffness is crucial 
for the overall pavement performance. The 
bamboo geogrid, introduced to enhance the 
interlayer shear strength and improve load 
transfer, has varying properties based on different 
densities. The density variations for the bamboo 
geogrid, which include 4*10-10, 6.5*10-10, and 
9*10-10 tonne/mm³, likely represent different 
levels of material compaction or different bamboo 
material treatments. These densities correspond to 
different Young's moduli, providing insights into 
how the weight-to-stiffness ratio affects the 
geogrid's ability to reinforce the pavement. 

 

Table: Material properties of different 
components. 

Layer 
ρ 

(tonne/mm3) 

E 

(N/mm2) 
μ 

Base  325 0.35

Subbase  180 0.35

Subgrade 1.899*10-9 72.5 0.35

Bamboo 
Geogrid 4*10-10 10000 0.2 

Bamboo 
Geogrid 

6.5*10-10 20000 0.2 

Bamboo 
Geogrid 

9*10-10 30000 0.2 

 

Overall, the selection of these material 
properties for the FEM analysis is pivotal as it 
will significantly influence the accuracy of the 
model's predictions. The differences in 
mechanical properties between the layers and the 
geogrid itself are essential to capture the real-
world behaviour of the pavement system 
accurately. The FEM must account for these 
variations to predict how the bamboo geogrid can 
effectively reduce stresses and strains within the 
pavement, leading to improved performance and 
durability. 
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Loading and boundary conditions 

The Finite Element Analysis (FEA) models 
depicted in the figures showcase the boundary 
conditions and load applications crucial for 
simulating the performance of a flexible 
pavement structure reinforced with a bamboo 
geogrid. The loading is characterized by a single 
axle with dual tires, each tire having dimensions 
of 240 mm by 160 mm, collectively imparting a 
load of 10.2 tonne at the pavement's centre. This 
equates to a contact pressure of 1.04 MPa. The 
sides of the pavement are supported as hinged to 
allow vertical movement (U1=U2=U3=0) as per 
shown inFig. . The model's boundary conditions 
at the pavement's base are defined to prevent any 
translational (U1, U2, U3) or rotational (UR1, UR2, 
UR3) movements, effectively simulating a 
pavement system with a fully fixed foundation 
(U1=U2=U3=UR1=UR2=UR3=0) (Fig. ). This setup 
aims to accurately replicate real-world conditions, 
allowing for an assessment of the pavement's 
structural integrity under typical traffic loading 
scenarios. 

 
Fig. Illustration of the applied loading and 
boundary conditions in the FEM model. 

 
Fig. Base of the pavement with fixed support 

(U1=U2=U3=UR1=UR2=UR3=0). 

The boundary conditions are fundamental to the 
accuracy of the FEA. They need to realistically 
replicate how the pavement system is restrained 
and how it interacts with the loads. The hinged 

sides ensure that the model is not overly 
constrained, which could unrealistically increase 
the system's stiffness. Meanwhile, the fixed 
bottom condition provides a stable base for the 
analysis, ensuring that the deformation and 
stresses within the pavement layers above are a 
result of the applied surface loads and not from 
the subgrade movement. This setup enables the 
study of the geogrid's effectiveness in distributing 
the loads and the resulting impact on the 
pavement's structural integrity. The FEA aims to 
inform design decisions, like the optimal 
thickness and aperture size of the geogrid, to 
enhance the pavement's load-bearing capacity and 
prolong its service life. 

Mesh assignment 

The table presents a detailed breakdown of the 
mesh configuration used in the Finite Element 
Analysis (FEA) for a flexible pavement system 
reinforced with bamboo geogrids across various 
designs (L1 to L9). The mesh details are critical 
as they influence the accuracy and computational 
efficiency of the FEA model. All three structural 
layers of the pavement - the base, subbase, and 
subgrade - have been modelled using C3D8R 
elements, which are linear hexahedral elements 
with reduced integration points. Reduced 
integration helps to prevent "locking," a 
phenomenon that can occur in over-constrained 
elements, while still accurately capturing the 
behaviour of the pavement materials under load. 
The total number of nodes and elements is a 
reflection of the level of detail in the mesh and the 
accuracy of the simulation; the higher the number 
of elements, generally, the more detailed the 
simulation at the cost of increased computational 
effort. The bamboo geogrids for each design are 
modelled using B31 elements, which are linear 
line elements suitable for representing slender 
structures that can withstand axial loads but not 
bending moments. The use of B31 elements for 
geogrids is appropriate given that geogrids 
primarily resist loads through tension, not 
bending.  
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Fig. Meshing of base layer of flexible pavement 

in ABAQUS. 

 

 
Fig. Subbase layer meshing with hexa element. 

 
Fig. Subgrade layer is meshed with 90mm 

element size. 

 
Fig. Detailed meshing of a pavement structure 

using C3D8R hexahedral elements for structural 
FEM analysis. 

The meshed models illustrated in the figures are 
an essential part of setting up an accurate Finite 
Element Analysis (FEA) for studying the 
performance of a flexible pavement system 
reinforced with bamboo geogrids. The mesh 
quality, type, and density directly affect the 
simulation's accuracy, convergence, and 
computational resource requirements. For the 
pavement layers (base, subbase, and subgrade), 
the hexahedral mesh (C3D8R elements) ensures 
that the behavior under the wheel load can be 
simulated with high fidelity, capturing the 
nuances of stress distribution and deformation. 
The uniformity and refinement of the mesh across 
these layers suggest a meticulous convergence 
study, ensuring that the results will be as precise 
as necessary without redundant computational 
expense. 

The mesh configuration described is designed to 
ensure that the FEA model accurately predicts the 
behaviour of the flexible pavement system under 
various loading conditions. By using different 
element types and densities for different layers 
and components, the model can capture the 
complex interactions between the pavement 
materials and the reinforcing geogrids. In 
conclusion, the detailed mesh assignment and the 
use of appropriate element types for each layer of 
the pavement and the geogrids are essential for 
the creation of a reliable and accurate FEA model. 
This approach allows for a nuanced understanding 
of the mechanical response of the reinforced 
pavement system and can inform the design and 
optimization of flexible pavements with bamboo 
geogrid reinforcement. 
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RESULT AND DISCUSSION 

Finite Element Analysis results 

Load v/s deflection Curve 

The graph presents the Load-Deflection behaviour 
of bamboo geogrids across nine different 
experimental designs, L1 through L9. Each curve 
depicts the relationship between applied load and 
the resulting deflection, offering insight into the 
mechanical performance of the geogrids under 
loading conditions. Observing the curves, it is 
evident that all designs display a linear 
relationship between load and deflection up to the 
maximum load applied. This suggests that within 
the tested range, the geogrids behave elastically, 
meaning they are likely to return to their original 
shape upon unloading, which is a desirable trait 
for materials used in flexible pavements. 

The similarity in the slope of the curves indicates 
that the stiffness of the geogrids, as influenced by 
the chosen parameters (thickness, aperture size, 
Young's modulus, and density), is relatively 
consistent across designs. However, there are 
subtle differences in the deflection at maximum 
load for each design. For instance, L4, L5, and L6 
(the middle curves) appear to have a slightly 
lower deflection for the same load when 
compared to L1, L2, and L3. This may imply a 
better performance attributed to the medium 
levels of the factors considered. Designs L7, L8, 
and L9 exhibit a trend towards higher deflection, 
which could be due to the maximum levels of 
thickness and Young's modulus, potentially 
reaching a point where increasing stiffness further 
does not necessarily translate to less deflection 
under load.  

Stress and Strain Generation profiles 

The series of stress generation profiles from L1 to 
L9 designs provide a comprehensive visual 
understanding of how different Taguchi Design of 
Experiments (DOE) parameter combinations 
influence stress distribution within bamboo 
geogrids subjected to load. Each figure 
corresponds to a unique set of experimental 
conditions defined by the levels of thickness, 
aperture size, Young's modulus, and density.  

A desirable geogrid design would exhibit lower 
strains under load to ensure durability and 
longevity of the geogrid within the pavement 
system. In Figures 14 and 15 (L1 and L2 designs), 
the strain is concentrated in the central regions, 
possibly indicating that the combination of 

parameters leads to localized deformation, which 
could be suboptimal in a real-world application. 
In contrast, Figure 17 (L4 design) displays a more 
uniform strain distribution, which could suggest a 
better performance in terms of distributing loads 
more evenly across the geogrid. Figures 18 
through 22 (L5 to L9 designs) continue to display 
varying patterns of strain concentration. L5 and 
L6 show strain patterns with concentrated areas of 
high strain, while L7 exhibits a more uniform 
distribution, indicating different levels of 
effectiveness in load distribution among these 
designs.L8 and L9, however, seem to revert to 
higher strain concentrations, which implies that 
the parameters selected for these designs may not 
be as effective in reducing deformation under 
load. This information can be used to refine the 
design parameters further. Based on these strain 
generation profiles, the designs that lead to more 
uniform strain distributions are likely more 
effective in reinforcing the soil while reducing the 
risk of localized failure. Such designs would be 
critical in applications where the integrity of the 
geogrid and its ability to prevent soil 
displacement are paramount. 

Stress v/s strain curve 

The Stress-Strain graph presented above displays 
the mechanical response of bamboo geogrid 
designs, from L1 to L9, under tensile loading. 
Each curve characterizes how the geogrid deforms 
with increasing stress, a crucial factor for 
understanding the material's behaviour when 
subjected to forces in practical engineering 
applications. A linear trend observed in all curves 
suggests that the geogrids exhibit elastic 
behaviour over the tested range, with the stress 
proportionally increasing with strain. This 
indicates that the geogrids would likely return to 
their original form after the removal of the load 
until the elastic limit is reached. 

Comparing the different designs, it is noticeable 
that some curves are steeper than others. Steeper 
slopes, as seen in designs like L1, L4, and L7, 
represent a higher Young's modulus, suggesting 
that these geogrids are stiffer and less susceptible 
to deformation under the same load levels 
compared to those with flatter slopes like L3, L6, 
and L9If we consider that lower strain at a given 
stress level is preferable, designs that result in 
lower strains at high stresses would be ideal.  
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Stress generation along the length(σxx) 

compressive stress distribution along the length of 
the pavement for nine distinct bamboo geogrid 
configurations as part of a Taguchi method-based 
experiment. The graph shows the magnitude of 
the compressive stress in relation to the distance 
from the starting point along the length of a 
simulated pavement model. 

The stress profiles for all configurations (L1-L9) 
reveal an initial peak in compressive stress, which 
rapidly diminishes as the distance from the load 
application point increases. The initial peaks near 
the load application point represent areas where 
the load is transferred most directly to the 
geogrid, highlighting the importance of geogrid 
strength and stiffness in these regions for the 
effective distribution of loading forces.  

Stress generation along the width(σyy) 

The graph illustrates the distribution of 
compressive stress across the width of the 
pavement for various bamboo geogrid designs 
labelled L1 through L9. The x-axis represents the 
width of the pavement where the measurements 
are taken, while the y-axis denotes the magnitude 
of the compressive stress experienced. From the 
graph, it is noticeable that all designs experience a 
spike in stress at specific points along the width. 
These peaks could represent areas where the 
geogrid and the soil are interacting most intensely, 
possibly at the edges or features within the 
geogrid design.  

Stress generation along the depth(σzz) 

The graph presents the distribution of vertical 
compressive stress as a function of depth for 
different bamboo geogrid configurations (L1 
through L9) as determined by the Taguchi 
experimental design. This kind of stress profile is 
crucial in understanding how the internal structure 
of the pavement responds to loads, particularly 
how well the geogrids work in distributing the 
stresses within the layers of the pavement system. 

Taguchi Experimental Design Results 

The table displays deflection results from FEM 
models L1 to L9, with the parameters set by a 
Taguchi design of experiments that included 
varying levels of thickness, aperture size, Young's 
modulus, and density. The deflection values are 
critical as they indicate the extent to which the 
geogrid will deform under a given load, which is 
directly related to the geogrid's performance in 
reinforcing pavement structures.  

Regression analysis 

The regression analysis led to the formulation of a 
regression equation that predicts the deflection of 
bamboo geogrids based on four independent 
variables: thickness (A), aperture size (B), 
Young's modulus (C), and density (D). The 
coefficients attached to these variables in the 
equation suggest the nature and magnitude of 
their relationship with deflection. 

 

CONCLUSION 

In the light of aforementioned results, following 
conclusion of the study can be drowned: -  

a) The Taguchi method and Finite Element 
Analysis (FEA) provided a systematic 
approach to optimize bamboo geogrid 
properties for sustainable engineering 
applications. 

b) Optimal Geogrid Properties: 
• Thickness and Young's Modulus: Both 

factors were found to have a negative 
relationship with deflection, indicating 
that increases in geogrid thickness and 
stiffness (as represented by Young's 
modulus) contribute to reduced deflection 
and, consequently, better load-bearing 
capacity. 

• Aperture Size: This factor exhibited a 
positive relationship with deflection, 
suggesting that larger aperture sizes could 
lead to increased deflection under load. 
Careful consideration is needed to 
balance soil interlock and flexibility. 

• Density: Density showed a less 
significant impact on deflection within 
the tested range, implying that other 
factors play more critical roles in 
optimizing geogrid performance. 

c) The regression equations developed from the 
study effectively predict bamboo geogrid 
deflection based on thickness, aperture size, 
Young's modulus, and density. These 
equations highlight the significant influence 
of these factors on geogrid performance under 
load. 

d) Based on the regression equation provided, 
the effects of thickness, Young's modulus, 
aperture size, and density on deflection can be 
concluded as follows: 
• Thickness (A): An increase in thickness 

reduces deflection, suggesting that thicker 
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geogrids offer better load distribution and 
structural integrity. 

• Young's Modulus (C): Higher Young's 
modulus values, indicating stiffer 
materials, are associated with reduced 
deflection, emphasizing the importance of 
material stiffness in enhancing pavement 
performance. 

• Aperture Size (B): Larger aperture sizes 
lead to increased deflection, highlighting 
the need for optimizing aperture size to 
achieve the desired balance between soil 
interlock and flexibility. 

• Density (D): The minor coefficient for 
density suggests its impact on deflection 
is less significant than the other factors, 
though it still contributes to the overall 
performance of the geogrids. 

e) The study identified specific levels of 
thickness, aperture size, and Young's modulus 
that minimize geogrid deflection, enhancing 
the geogrid's structural integrity and 
effectiveness in pavement applications.  

 

FUTURE SCOPE OF THE STUDY 

The expanded future scope for the study on 
optimizing bamboo geogrid properties for 
sustainable engineering applications could 
encompass: 

a) Non-linear Behaviour Analysis: Delve deeper 
into the non-linear behaviours of bamboo 
geogrids under various stress conditions, 
aiming to understand their thresholds for 
failure. This exploration could include 
detailed simulations and physical tests to map 
out performance under cyclic loading, sudden 
impact, and prolonged stress to better predict 
lifespan and safety margins. 

b) Durability and Degradation Studies: Conduct 
comprehensive assessments on how 
environmental factors like moisture, 
temperature fluctuations, biological growth, 
and chemical exposures over time affect 
bamboo geogrids. These studies would help in 
developing treatments or modifications to 
enhance resistance against degradation, 
ensuring long-term functionality. 

c) Real-world Application and Field Trials: 
Implement extensive field trials to compare 
laboratory predictions with actual 
performance data of bamboo geogrids in 
diverse environmental conditions and usage 
scenarios. This would validate the 

effectiveness and reliability of bamboo 
geogrids in practical applications, providing 
critical feedback for design refinement. 

d) Composite Material Development: Investigate 
the potential of enhancing bamboo geogrid 
properties through the integration with other 
natural or synthetic fibers. This research could 
focus on creating hybrid materials that 
leverage the best qualities of each component, 
such as increased tensile strength, flexibility, 
or environmental resistance. 

e) Lifecycle Environmental Impact Analysis: 
Conduct a thorough lifecycle analysis of 
bamboo geogrids from production through 
disposal, to quantify their environmental 
impact comprehensively.  

f) Advanced Modelling for Optimization: 
Utilize cutting-edge simulation and modelling 
technologies to further refine the design and 
application methodologies for bamboo 
geogrids. This could involve the use of 
machine learning algorithms to predict 
performance outcomes under a vast array of 
conditions and configurations, streamlining 
the design process for specific use cases. 
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