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Abstract - Geogrid reinforcement has gained traction in 
pavement engineering as a sustainable approach to enhance 
the structural capacity and durability of flexible pavements. 
This study presents an empirical investigation into the 
effects of geogrid types and placement depths on pavement 
performance indicators including California Bearing Ratio 
(CBR), Unconfined Compressive Strength (UCS), Resilient 
Modulus, and rutting resistance. Laboratory tests and a real-
world case study validate the significant mechanical and 
economic benefits of using biaxial and uniaxial geogrids. The 
findings support design adaptations and policy guidelines for 
effective integration of geogrids in road infrastructure. 
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1.INTRODUCTION 

Flexible pavements are essential components of road 
infrastructure but are prone to failures such as rutting and 
fatigue under high traffic loads. To address these issues, 
geogrid reinforcements have been proposed to improve the 
structural integrity and longevity of pavements. This paper 
aims to provide an experimental evaluation of geogrid-
reinforced pavements, comparing different grid types and 
placement strategies. 

Traditional flexible pavements rely heavily on the quality of 
subgrade and base layers. However, with the increase in 
traffic volume and axle loads, the conventional methods have 
shown limitations in withstanding stress over long periods. 

Geosynthetics like geogrids have emerged as a promising 
solution by offering confinement, separation, and 
reinforcement properties. Their role in minimizing 
differential settlement and enhancing modulus of elasticity 
makes them essential for long-term pavement performance. 

There has also been growing concern over rising 
maintenance costs associated with flexible pavements, 
particularly in regions with weak subgrades or seasonal 
rainfall fluctuations. This necessitates durable and cost-
effective reinforcement strategies. 

The present research not only fills the literature gap by 
examining geogrid effects in semi-arid climatic regions but 

also aligns with India’s infrastructure goals under initiatives 
like Bharatmala and PMGSY. 

2. LITERTURE REVIEW 

Extensive research highlights the role of geogrids in 
improving flexible pavement performance through improved 
load distribution and rutting resistance. 

Perkins (2002) found significant rutting reduction with 
geogrid use in base layers. Giroud and Han (2004) presented 
analytical models to quantify geogrid benefits. Field trials by 
Al-Qadi et al. (2008) showed improved distress ratings. 
Koerner (2012) emphasized durability concerns. Dash and 
Hussain (2012) observed improved service life. 

However, most studies lacked integration with Indian 
subgrade conditions, especially expansive clay soils. This 
study addresses such limitations through controlled 
experimental work. 

In addition to the above studies, there has been a growing 
emphasis on evaluating geogrid performance under varying 
climatic conditions. For example, Pokharel (2011) modeled 
stress-strain response under sub-zero temperatures and 
found better load dissipation in reinforced layers. 

Gabr and Hopkins (2000) reported that geogrid inclusion 
resulted in reduced vertical deformation across multiple 
loading cycles. The growing body of evidence supports 
geogrid application, though gaps persist in harmonizing 
design standards globally. 

Recent work by Singh and Jain (2019) on Indian rural roads 
demonstrated that reinforced layers exhibited less cracking 
even under overloaded conditions. Their work showed that 
localized solutions using available materials can yield 
optimal outcomes. 

Zhou et al. (2016) studied the tensile-strain compatibility of 
geogrids with recycled base layers and emphasized its use 
for sustainable construction. These studies collectively 
highlight geogrids’ adaptability and potential for 
customization. 
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3. METHODOLOGY 

Materials used include silty-clay subgrade soil, granular base 
aggregates, and biaxial/uniaxial geogrids. Laboratory tests 
conducted: CBR, UCS, Repeated Load Triaxial Test (RLTT), 
and Wheel Tracking. 

The geogrids were placed at varying depths (25%, 50%, 
75%) to evaluate placement impact. Standard procedures 
(IS, AASHTO, ASTM) were followed for testing. 

Specimens were compacted using Proctor compaction 
energy to maintain uniform density. The CBR molds were 
soaked for 96 hours to simulate monsoon water ingress, 
critical for Indian terrain. 

The granular base consisted of well-graded crushed 
aggregates conforming to MoRTH specifications. The 
geogrids used were polypropylene-based biaxial and high-
density polyethylene-based uniaxial varieties. 

The repeated load triaxial test (RLTT) was conducted with 
LVDTs attached to the mid-section of cylindrical specimens. 
The resilient modulus was calculated using the standard 
formula involving peak stress and recoverable axial strain. 

A total of 54 specimens were tested and results were 
statistically analyzed using ANOVA and t-tests. 

4. RESULT AND DISCUSSION 

CBR values showed up to 60% improvement with biaxial 
geogrid at 50% depth. UCS improved by 43.3% with mid-
depth geogrid. Resilient modulus improved by 45.5%. 

 

Figure 1: CBR comparison chart for base layers with 
different geogrid types and placements 

 

Figure 2: Bar chart comparing UCS values for 
reinforced and unreinforced subgrade 

Wheel tracking showed a 37.3% rut depth reduction. 
Statistical analysis confirmed the significance of these 
improvements (p < 0.05). 

These results validate the mechanical enhancement offered 
by geogrids and match well with literature predictions. 

Statistical validation through ANOVA revealed that geogrid 
type and placement had a significant influence (p < 0.05) on 
mechanical performance. The interaction effects of geogrid 
type and depth placement were particularly noteworthy in 
CBR results. 

The rutting test revealed consistent trends across specimens, 
where biaxial geogrids offered superior performance. The 
reduction in rutting aligns with theory, which attributes this 
to interlocking and lateral confinement effects. 

 

Figure 3: Rut depth vs. number of wheel passes for all 
configurations 

The interaction effect of geogrid type and placement was 
statistically significant, as confirmed by post-hoc Tukey tests. 
The optimal placement depth for biaxial geogrids was 
reaffirmed at 50% from the surface in base layers. Based on 
results, the following depicted performance indices were 
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developed, these can be utilized in mechanistic design to 
adjust layer thickness and material selection when 
incorporating geogrid reinforcement. 

 

Figure 4: Performance Indices for Geogrid 
Reinforcement 

5. Case Study Validation 

A field trial was conducted on the Delhi–Meerut Expressway 
where a geogrid-reinforced section was monitored for 24 
months.  

The observed rutting was reduced by approximately 39% in 
the reinforced section compared to the unreinforced one. 
Crack density was lowered by over 70%, and IRI showed a 
28% improvement.  

Graphical interpretation revealed nonlinear response trends 
in resilient modulus behavior under cyclic loading, 
suggesting strain-hardening in reinforced specimens. This 
effect was absent in unreinforced control samples. 

 

Figure 5: Line graph of rutting depth progression 

Maintenance frequency reduced from 3 to 1 in two years, 
demonstrating the practical viability and cost-effectiveness 
of geogrid usage. 

 

6. Recommendations 

Based on laboratory and field observations, the following 
recommendations are proposed: 

- Biaxial geogrids should be placed at 50% depth in the base 
layer for optimal performance. 

- For directional stress conditions, uniaxial grids can be used. 

- IRC:37 guidelines should incorporate a Modulus 
Improvement Factor (MIF) between 1.4 and 1.6 based on 
subgrade class. 

- Performance indices such as Structural Response Ratio 
(SRR) and Rutting Control Index (RCI) should be considered 
during design. 

- Design guidelines should further explore the role of 
reinforcement in fatigue resistance. Additionally, software 
tools like KENPAVE and IITPAVE should integrate MIF 
factors for geogrid applications. 

7. Conclusions 

 This study confirms the mechanical and economic 
benefits of geogrid reinforcement in flexible 
pavements. 

 Significant improvements were observed in CBR, 
UCS, and rutting resistance across all configurations, 
particularly with biaxial grids at mid-depth 
placements. 

 The field validation corroborated laboratory results, 
and lifecycle cost analysis further justified the use of 
geogrids for durable, low-maintenance pavements. 

 The findings advocate the inclusion of geogrid 
reinforcement in national pavement design codes. 
Future research can explore hybrid geosynthetics 
and performance under wet-dry cyclic loading to 
simulate Indian environmental conditions. 

 The geogrid-reinforced section was also found to be 
more resilient to waterlogging, a frequent issue in 
the Yamuna floodplain zone. Post-construction 
feedback from maintenance contractors indicated 
smoother riding quality and reduced patchwork 
requirements. 

 Geogrids are found to significantly increase the 
resilient modulus, thereby reducing vertical and 
lateral strains that cause rutting and surface failure. 
Their use can be particularly transformative in 
secondary roads where conventional materials 
underperform. 
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