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ARTICLE INFO ABSTRACT

Weak subgrade soils can adversely affect pavement performance by reducing the load-bearing 
capacity of the foundation and increasing the possibility of deformation under traffic loading. 
This study investigates the use of geogrid reinforcement for improving the California Bearing 
Ratio (CBR) of different subgrade soils. Sixteen soil samples representing highly compressible 
clay, intermediate compressible clay, low compressible clay, and sandy soils were examined. 
Natural and synthetic geogrids, including coir, jute, rubber coir, polyester, biaxial polypropyl-
ene, biaxial geogrid, and HDPE geogrids, were evaluated at different depths within the CBR 
mould. The influence of the optimum moisture content, maximum dry density and liquid 
limit on the reinforced and unreinforced CBR values was also examined. The results show that 
geogrid reinforcement generally improves the CBR of the tested soils, although the extent of 
improvement varies with the soil type, reinforcement material, and placement depth. A place-
ment depth of 0.8h produced considerable improvement for several soil samples. The highest 
CBR value of 12.8% was obtained for sandy soil reinforced with HDPE geogrid at a depth of 
0.8h. The study also indicates that higher maximum dry density is generally associated with 
improved CBR, whereas excessive moisture can reduce soil strength. The findings demon-
strate that selecting the appropriate geogrid and its placement depth can improve subgrade 
performance and may contribute to more economical pavement construction.
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INTRODUCTION

The subgrade forms the foundation of a road or pave-
ment system and supports the layers placed above it, includ-
ing the subbase and base. The subgrade’s the condition has 
a direct influence on the perofcement and service life of the 
pavement. Therefore, the subgrade needs adequate strength, 
bearing capacity, and stability to withstand traffic loads as 

well as changes caused by weather and environmental con-
ditions [1]. Problems in the subgrade can develop because 
of poor compaction, inadequate drainage, weak soil, varia-
tions in moisture content, or excessive moisture [2, 3]. These 
conditions may eventually result in pavement defects such 
as cracking, potholes, and surface erosion [4]. Identifying 
the factors responsible for subgrade failure is therefore 
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important for selecting suitable remedial measures and 
reducing the possibility of similar failures in the future [5]. 
There are several ways to increase the strength and stabil-
ity of the subgrade to avoid failure, namely mechanical sta-
bilization and chemical stabilization [6]. One of the studies 
explains the combination of fly ash and lime that has the 
ability to enhance the mechanical properties of weak soil, 
such as kaolin soil. [7, 8]. Even the by-product of cutting 
and polishing of stone slabs, called rock sludge dust, is used 
in the construction of low-volume roads [9, 10]. One of the 
non-biodegradable materials, like waste plastic sheets, is also 
employed to improve the CBR% of the weak soils [11, 12]. 
The incorporation of Autoclaved aerated concrete powder, a 
lightweight and porous waste material, improved the work-
ability of several clayey soils [13, 14]. However, each of these 
methods is associated with some limitations, such as soil 
compatibility, environmental impact, cost, material availabil-
ity, and equipment transportation [15]. To minimize these 
limitations, an alternative method is adopted and it is geogrid 
reinforcement, which is a highly effective technique used to 
enhance the performance and stability of subgrade layers in 
pavement and road construction [16, 17]. Geogrids are poly-
mer materials consisting of a connected mesh-like structure, 
which reinforces the subgrade soil. To achieve better pave-
ment performance, geogrids are used, as they improve the 
load-carrying capacity of subgrade [18]. Reinforcing the soil 
helps distribute the applied loads over a wider area, reduce 
deformation, and improve the stability and tensile resistance 
of the subgrade [19]. Even geogrids are combined with geo-
textiles to improve the subgrade strength [20], and combining 
the geogrid and polypropylene fibres significantly increases 
the shear strength of expansive subgrades [21]. If the sub-
grade strength is low, then road pavement failure occurs 
[22]. To find the strength of the subgrade soil, the most com-
mon method used is the CBR test. CBR test measures the 
soil’s resistance to penetration under a standard load [23]. 
Achieving a subgrade with a CBR of at least 10 is essential, 

as values below this can cause deformation and deteriora-
tion of the subbase under traffic loads [24]. The stability of 
the subgrade is improved by geogrid reinforcement, which 
increases the CBR value, and they are highly versatile & can 
be easily installed in any weather [25, 26]. The previous stud-
ies that involved the use of geogrid in improving the CBR% 
and shear strength of subgrade soils were limited to only one 
type of soil study, with the placement of geogrid at the opti-
mum position. Previous research has also not explained the 
compatibility of the type of geogrid with the particular soil 
and how the soil properties will affect the CBR%. 

The main objective of the study is to find the compatibil-
ity of various types of geogrids for specific soil types. For this, 
16 soil samples were analysed and classified according to their 
compressibility. The soil samples considered for this study are 
highly compressible clay (CH), Intermediate compressible 
clay (CI), Low compressible clay (CL), Silty sand, and sandy 
soils. Different types of geogrids were used for reinforcing the 
above soil samples. The application of various geogrid types in 
reinforcing the soil samples resulted in an exceptional 498% 
increase in CBR that is observed in the case of sandy soils rein-
forced with HDPE geogrid at a depth of 0.8h, far exceeding 
the 50–200% improvements documented in previous studies. 
These results indicate that geogrid reinforcement can provide 
an effective approach for improving weak subgrade soils. The 
findings may also support the development of more practical 
and economical soil reinforcement methods for future geo-
technical engineering applications. 

The bubble map provided in Figure 1 visualizes the 
contribution of different countries across the globe regard-
ing geogrid reinforcement to enhance subgrade strength 
studies. This map features countries like India, the United 
States, China, Australia, Japan, the United Kingdom, and 
many others. The countries with more research work in the 
present area are represented in large bubbles, and the coun-
tries with smaller bubbles represent that their contributions 
to this study are limited.

Figure 1. Pictorial representation of subgrade strength studies across various countries.
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MATERIALS AND METHODS

Soils
To investigate the engineering behaviour and variation 

of CBR% of various soils, sixteen soil samples designated 
as S1 to S16 from different regions were used for this study. 
The locations of the soil samples that were taken are shown 
in Table 1. Soil properties such as MDD, OMC, and LL were 

determined through laboratory tests. The samples were cat-
egorized based on their LL. LL>50% is classified as highly 
compressible clays (CH), 50%>LL>35% as intermediate 
compressible clays (CI), and LL<35% as low compressible 
clays (CL). The classification and detailed properties are 
presented in Table 2. 

Geogrid Reinforcement
In the present study, two categories of geogrids are used. 

One is natural geogrids, and the other is synthetic geogrids. 
Natural geogrids are bio-based reinforcement materials that 
are made up of organic and biodegradable fibers such as 
coir, jute, etc. Synthetic geogrids are made from polymeric 
materials such as polypropylene, polyester, etc. The features 
and performance of these geogrids are given in Table 3.

To analyse the optimum depth of geogrid placement 
in the CBR mold and to identify the most suitable geogrid 
for reinforcing the particular soil sample, natural, welded, 
and extruded geogrids were utilized to enhance the CBR% 
in the analysis. The geogrids used to reinforce the respec-
tive soils, along with their tensile strength, are presented in 
Table 4.

Sixteen soil samples were considered and distributed 
based on their liquid limit and compressibility. So, the soils 
are divided into highly compressible clays (S1 to S4), inter-
mediate compressible clays (S5 to S10), low compressible 
clays (S11 to S14), and sandy soil (S15 to S16) categories. 
The soil samples are distributed in such a way that every 
geogrid that falls under synthetic and natural materials is 
used in all 4 classified soil samples.

For CH soils with low CBR, high-strength geogrids were 
required, such as polyester (200kN/m) and polypropylene 

Table 2. Classification and properties of different soil samples

S. No. L.L
(%)

P. L
(%)

P. I
(%)

MDD
(g/cc)

OMC
(%)

Classification

S1 105 38 67 1.2 29

CH
S2 83 38 45 1.10 22.5
S3 60 31 29 1.67 18
S4 52.1 33.5 17 1.78 16.6
S5 48.8 43.4 5.35 1.85 13

CI
S6 47.5 27.6 19.8 1.78 14.15
S7 43.2 31.5 11.6 1.66 24.7
S8 41 28 13 1.51 21
S9 40.8 20 20.8 1.8 16
S10 37.3 23.1 14.1 1.87 14.5
S11 34.9 23.4 11.5 1.54 24

CL
S12 32.8 21.1 11.7 2.08 9.8
S13 32.5 20 12.5 1.86 14
S14 28 15 13 1.70 16
S15 - - - 2 11.08 Silty Sand
S16 - - - 1.73 9.52 Sand

Table 1. Locations of the soil samples

Soil Sample Location
S1 Alappuzha District
S2 Lalitpur
S3 Vaddeswaram
S4 Pulivendula
S5 Kovilpatti
S6 Alappuzha District
S7 Ranchi
S8 Narsapur
S9 Coimbatore
S10 Chitrakoot district
S11 Trivandrum
S12 Gulbarga District
S13 Ambala Region
S14 Ludhiana
S15 Tripura
S16 Najaf City
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geogrids. For CI soils with better shear strength, synthetic 
and natural geogrids were used because the soil isn’t too 
weak, and natural geogrids were used to make eco-friendly 
options viable. For CL soils with higher CBR, low-strength 
geogrids were used. Natural geogrids, such as coir geogrids, 
were used to support eco-friendly experimental approaches. 
For sandy soils whose plasticity is low & CBR is high, geog-
rids are required to maintain the structure and load-carry-
ing capacity properly. Geogrids like HDPE and Biaxial were 
used because of their excellent performance in sandy soils.

Geogrid Placement Strategy
In the design of the pavement to evaluate the subgrade soil 

load-carrying capacity, one of the most important tests to be 
performed is the California Bearing Ratio Test (CBR). The soil 
samples were collected and brought to the laboratory for test-
ing. The soil of weight 5 kgs passed through a 4.75mm sieve, 

blended with the optimum water content that is obtained from 
the Standard Proctor test, and the moisture-conditioned soil 
was compacted to a specific density in a standard mold of a 
diameter of 152.4 mm and height of 177.8 mm. The soil was 
compacted into 5 layers; each layer was compacted to a pre-
determined number of blows of 55 with the help of a 4.89kg 
rammer, and the compacted soil was soaked in water for 96 
hours to simulate the worst-case scenarios, such as rainfall and 
flooding. The CBR values of soaked conditions are generally 
lower compared to unsoaked conditions, highlighting the 
enhanced performance achieved through geogrid reinforce-
ment. The geogrids were positioned at four different depths, 
0.8h, 0.6h, 0.4h, and 0.2h in the mould from bottom to top 
as shown in Figure 2. The CBR test was done for both unre-
inforced and reinforced soil samples in soaked conditions by 
following codal provisions [27]. 

Table 3. Comparison of natural and synthetic geogrids based on key features and performance parameters

Feature Natural Geogrids Synthetic Geogrids
Material Coir, jute, rubberized fibres Polypropylene (PP), Polyester (PET), HDPE
Tensile Strength Moderate (≈ 50 kN/m) High (100–200+ kN/m)
Durability Degrades over time, especially in wet soils Long-lasting, resistant to chemical and biological decay
Moisture Sensitivity Absorbs water; can weaken in soaked conditions Water-resistant
Environmental Impact Biodegradable and eco-friendly Non-biodegradable (but durable)
Cost Lower (locally available) Higher (imported or processed materials)
Best Suited For CI and CL soils in low-traffic areas All soil types, including CH and sand

Table 4. Types of geogrids used for different types of soils

Soils Geogrid

Designation used for soils  Soil type Designation used for Geogrids Geogrid type Tensile strength (kN/m)

S1

CH

RCG Rubber Coir 50

S2 PG Polyester 200

S3 BPP Biaxial Polypropylene 100

S4 BG Biaxial 100

S5

CI

BPP Biaxial Polypropylene 100
S6 JG Jute 50
S7 BPP Biaxial Polypropylene 100
S8 PG Polyester 200
S9 PG Polyester 200
S10 BG Biaxial 100
S11

CL

CG Coir 50
S12 BPG Biaxial polyester 200
S13 PG Polyester 200
S14 BPP Biaxial Polypropylene 100
S15 Silty Sand BG Biaxial 100
S16 Sand HDPE High-Density Polyethylene 200
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The CH soil samples S1–S4 were reinforced with vari-
ous welded and extruded geogrids, such as RCG, PG, BPP 
& BG geogrids. The soil samples S5- S10 are CI soils that 
were reinforced with various welded and extruded geog-
rids, such as BPP, PG, BPG &JG geogrids. The soil samples 
S11-S14 are CL soils reinforced with various welded and 
extruded geogrids, such as RCG, PG, BG, & BPP geogrids. 
The last two samples, S15 and S16, were sands that are rein-
forced with BG & HDPE geogrids. 

RESULTS AND DISCUSSION

The results of CBR tests employing different types of 
geogrids positioned at varying depths on various soil sam-
ples are displayed in Table 5. 

Effect of Geogrid Reinforcement at Various Depths on 
CBR%

The results of CBR tests performed on the 16 soil sam-
ples reinforced with various geogrids are shown in Figure 3. 

To understand the influence of geogrid reinforcement 
on CBR% for various soil samples when they are reinforced 
at various depths (0.2h, 0.4h, 0.6h, 0.8h) is shown in Figure 
3. From the graph, it is observed that the highest increase 
in CBR% was observed in sandy soil reinforced with HDPE 
geogrid placed in the S16 soil sample, which was observed 
to increase from 4.12% at 0.2 h depth to 12.8% at 0.8 h 
depth. The reason is that sandy soils do not retain water 
like cohesive soils; hence, they don’t undergo swelling, 
shrinkage, and volume changes. Additionally, sandy soils 
allow better compaction, which leads to higher maximum 

Figure 2. Placement of geogrid at various depths in the CBR mould.

Table 5. CBR% for the soil samples

Types of soils S. No CBR %

Unreinforced case Reinforced case

(Depth of reinforcement from Bottom of CBR mould)

0.2h 0.4h 0.6h 0.8h
CH S1-RCG 3.02 3.94 (30.4%) 4.46 (47.6%) 5.28 (74.8%) 5.73 (89.7%)

S2-PG 0.89 1.01 (13.4%) 1.26 (41.5%) 2.27 (155.0%) -
S3-BPP 2.8 3.0 (7.1%) 5.7 (103.5) 6.9 (146.4%) 8.7 (210.7%)
S4-BG 1.69 1.8 (6.5%) 2.5 (47.9%) 3.91 (131.3%) -

CI S5-BPP 1.38 3.93 (184.7%) 4.68 (239.1%) 4.35 (215.2%) -
S6-JG 3.13 4.02 (28.4%) 5.36 (71.2%) 6.7 (114%) 7.15 (128.4%)
S7-BPP 2.5 2.7 (8%) 3.2 (28%) 5.6 (124%) 9.2 (268%)
S8-PG 2.90 5.15 (77.5%) 5.37 (85.1%) 5.62 (93.7%) 5.96 (105.5%)
S9-PG 1.2 1.6 (33.3%) 2.67 (116.6%) 4.17 (247.5%) -
S10-BG 3.83 3.31 (-13.5%) 4.01 (4.6%) 4.18 (9.13%) 5.23 (36.5%)

CL S11-CG 3.25 1.59 (-51%) 3.99 (22.7%) 6.39 (96.6%) -
S12-BPG 6.8 7 (2.9%) 7.2 (5.8%) 10.2 (50%) 9.5 (39.7%)
S13-PG 3.12 - 3.28 (5.1%) 6.14 (96.7%) 8.17 (161.8%)
S14-BPP 2.9 3.16 (8.96%) 5.8 (96.5%) 7.2 (148.2%) 9.4 (224.1%)

Silty Sand S15-BG 4.65 7.73 (66.2%) 8.02 (72.4%) 8.5 (82.7%) 10.2 (119.3%)
Sand S16-HDPE 2.14 4.12 (92.52%) 6.57 (207%) 9.06 (323.3%) 12.8 (498.1%)
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dry densities and lower porosity. These compacted particles 
provide greater inter-particle friction and shear strength, 
both of which are critical in resisting penetration under 
CBR loading. When reinforced with geogrid like HDPE, 
the strong interlocking between sand particles and geogrid 
apertures further enhances the ability of soil to resist defor-
mation. In CH soils, when the soil sample S3 was reinforced 
with BPP geogrid, there was a significant improvement in 
CBR% % from 3% at 0.2 h depth to 8.7% at 0.8 h depth. 

Using a similar type of geogrid at the same height for one 
of the CI soils, S7, the CBR% improved from 2.7% at 0.2 h 
depth to 9.2% at 0.8h. In the case of CL soils reinforced with 
BPG geogrid for the S12 soil sample, there was the highest 
increase in CBR% from 7% at 0.2 h depth to 10.2% at 0.6 h 
depth. 

The optimum depth of the geogrid was determined 
from the literature study. The top layer placement at 0.8h 
exhibits higher CBR, which is consistent with the findings 
reported in the reference literature [19]. Even though CBR 
at 0.8h is higher, separate trials are done at 0.2h, 0.4h, and 
0.6h because they simulate real-world scenarios, which 
helps the engineers to identify the best reinforcement strat-
egy. This helps to optimize the design of reinforcement in 
a given pavement, ensuring active load transfer, compact 
deformation, and enhanced durability. The improved CBR 
results allow for the reduction in the thickness of the pave-
ment by 30-50%, depending on the traffic loads and design 
standards. This leads to a reduction in the cost of construc-
tion. The CBR test results for the sixteen soil samples, each 
reinforced with different types of geogrids, are summarized 
in the bar graph in Figure 4.

Figure 4 reveals a general trend of increasing CBR with 
penetration depth for most geogrids, indicating enhanced 
load-bearing capacity and improved CBR% under greater 
deformation; this is supported by the prior studies [2, 18]. 
From the figures, it was clear that the highest CBR of 12.8% 
was achieved for S16-HDPE at a depth of 0.8h , a CBR of 
10.2% for S15-BG, and a CBR value of 10.2% for S12-BPG, 
clearly mentioning much reinforcement capabilities. These 

Figure 3. CBR vs. placement of geogrids at various depths.

Figure 4. Comparison of the improvement of CBR for soil types reinforced with geogrids.
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geogrids are mainly composed of HDPE and BG configura-
tions, and they have high tensile strength and active stress 
distribution, making them suitable for stabilizing weak 
subgrades. This result agrees with the findings reported in 
the previous research as cited [17]. In contrast, S2-PG and 
S9-PG recorded the lowest CBR values of 1.01% and 1.6% 
at 0.2 h, respectively, with limited improvement at higher 
depths (e.g., S2-PG at 2.27% for 0.6 h).

Effect of OMC and MDD on CBR%
The California bearing ratio of soil depends upon both 

OMC and MDD. These two important factors determine 

the strength and compaction of the soil, and they have a 
direct impact on CBR value. The influence of OMC and 
MDD on unreinforced and reinforced soil samples is shown 
in Figure 5-9. 

The variation of CBR of soil samples with respect to 
OMC & MDD in unreinforced and reinforced cases is pro-
vided in Figures 4-8. For CL soils with an OMC range of 
9.8% to 24% and MDD between 1.54 g/cc and 2.08 g/cc, 
the CBR% varied from 2.9% to 10.2%. For CI, OMC ranged 
from 13% to 24.7% and MDD from 1.51 g/cc to 1.87 g/cc, 

Figure 5. CBR% vs. OMC and MDD for unreinforced case.
Figure 6. CBR% vs. MDD and OMC for reinforced at 
0.2h depth.

Figure 7. CBR% vs. MDD and OMC for reinforced at 0.4h 
depth.

Figure 8. CBR% vs. MDD and OMC for reinforced at 0.6h 
depth.
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with CBR% ranging from 1.2% to 9.2%. CH soils’ OMC 
varied from 16.6% to 29%, whereas MDD ranged from 1.1 
g/cc to 1.78 g/cc, with CBR values ranging from 0.89% to 
8.7%. Sandy soils’ OMC varied between 9.52% and 11.08%, 
whereas MDD varied between 1.73 g/cc has showed CBR 
variation from 2.14% to 12.8%. 

From the results, it is clear that soil with higher MDD 
achieves a high CBR value, while increasing OMC has 
shown a decrease in CBR value, which relates to the pre-
vious literature proofs [18]. The reason behind this is that, 
when the water content is less than the OMC, the soil will be 
dry and compaction cannot be done effectively. This leads 
to an increase in voids and a reduction in the shear strength 
of the soil, thereby leading to a reduction in CBR value. 
Alternatively, adding water content more than the OMC 
also leads to a decrease in the shear strength of the soil 
because excess water fills the voids and causes a decrease in 
the friction between the soil particles, thereby resulting in a 
decrease in the CBR value. 

The scenario at the OMC is that the soil has enough 
voids filled with water, making the whole mass of soil 
densely packed so that the soil can be compacted effectively 
and achieves maximum dry density, thereby achieving the 
highest shear strength, highest CBR, as well as load-bear-
ing capacity. So, maintaining optimum moisture content 
during compaction of soil is an important parameter to be 
maintained to achieve dense and strong subgrade soil that 
is suitable for road construction as well as for foundation 
works. 

In the case of MDD, it is evident that CBR will increase 
with an increase in MDD value. Generally, as the MDD of 
a soil increases, the CBR value also tends to increase. The 
reason behind achieving a higher MDD is that the soil is 
densely packed, leading to greater resistance to penetration 

of the plunger under a given load. Alternatively, when the 
MDD is less means that the soil is less compactedso that less 
cohesion between the soil particles, leading to a decrease 
in CBR value, thereby reducing the load-carrying capacity 
of the soil. The CBR value is used in pavement design to 
determine the strength of the subgrade and to calculate the 
thickness of the pavement layers. A higher CBR, often asso-
ciated with higher MDD, means that less pavement thick-
ness may be required.

Effect of LL on CBR%
The liquid limit of a soil can affect the CBR, especially 

for clayey soils. Liquid limit is the moisture level at which 
the soil transitions from plastic to liquid form, and it is a 
crucial determinant of the flexibility and behaviour of soil 
in various moisture conditions. The influence of liquid 
limit on CBR is illustrated in Figure 10-14. 

The relationship between the LL and CBR for various 
soil types (CL, CI, CH) at different reinforcement depths is 
illustrated in Figures 9 to 13. For unreinforced soils, as LL 
increases, the CBR value tends to decrease. CH soils with an 
LL greater than 50% achieved a lower CBR value of 3.02%, 
while CL soils with an LL less than 35% showed the highest 
value of CBR of 6.8%, and CI soils with CBR values rang-
ing between 35% and 50% exhibited a CBR value of 3.83%. 
At 0.2 h depth, CL soils displayed a maximum CBR of 7%, 
while CH soils had shown less value of CBR of 1.01%, and 
the CI soils showed a CBR value of 5.15%. With variation 
in geogrid placement at various depths, the CBR value also 
varied for different soil types. At a depth of 0.4h, the CBR 
value of CL soil was 7.2%, while the CBR values of CH and 
CI soils were 1.26% and 5.37%, respectively. At the 0.6h 
depth, CBR values increased to 10.2% for CL soil, 2.27% 
for CH soil, and 6.7% for CI soil. The changes that were 
observed at 0.8h, is that the CBR values were 9.5%, 8.7%, 
and 9.2% for CL, CH, and CI soils, respectively. Among the 

Figure 9. CBR% vs. MDD and OMC for reinforced at 0.8h 
depth.

Figure 10. CBR vs. liquid limit for unreinforced case.
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various depths, 0.8h depth has shown notable improvement 
in the CBR values 

In the case of clayey soils, LL is an important property 
that determines the CBR. From the observations, it was 
clear that soils with LL less than 35% have shown higher 
CBR values, whereas soils with LL greater than 50% has 
showed lesser CBR values. The reason behind this is that 
soils with a high LL undergoes excessive swelling, shrink-
age, and deformation under the application of load, which 
reduces the CBR value. Also, soils with high LL generally 
contain a higher percentage of fine, plastic particles that 
tend to have lower resistance to penetration under loading, 

leading to a decrease in CBR values. Soils with a lower per-
centage of fine particles, such as sandy and gravelly soils, 
show greater strength, load-carrying capacity, and higher 
CBR values. 

This differentiation is very much helpful in the con-
struction of pavements in which subgrade soils containing 
plastic and fine particles require additional measures in 
order to achieve high strength and support traffic loads. 
Depending on the conditions, the measures that can be 
taken include mechanical or chemical stabilization, geog-
rid reinforcement, or an increase in pavement layer thick-
ness. Sandy and silty soils generally require less stabilization 

Figure 11. CBR vs. liquid limit for reinforcement at 0.2h 
depth. Figure 12. CBR vs. liquid limit for reinforcement at 0.4h 

depth.

Figure 13. CBR vs. liquid limit for reinforcement at 0.6h 
depth.

Figure 14. CBR vs. liquid limit for reinforcement at 0.8h 
depth.
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when their measured CBR is sufficiently high, which can 
allow thinner pavement layers to be considered. The rela-
tionship between soil plasticity and CBR is also consistent 
with the supporting studies reported in the literature [1]. 

CONCLUSION

The analysis of the CBR test results on soil samples rein-
forced with various types of geogrids at different depths led 
to the following conclusions:
1.	 The CBR of subgrade soil has been increased signifi-

cantly by the geogrid reinforcement, with a degree of 
improvement depending upon soil type, geogrid type, 
and geogrid placement depth. 

2.	 The optimum depth of geogrid placement was 0.8h, 
where higher CBR values were noted for all soil types. 

3.	 Polyester (PG), Biaxial Polypropylene (BPP), and HDPE 
proved greater performance in improving CBR values 
for CH and CI soils. This conclusion helps highway 
engineers in the proper selection of appropriate geogrid 
material for a particular type of soil. 

4.	 Natural geogrids, such as jute (JG) and coir (CG), 
worked out well in case of CI and CL soils. These nat-
ural geogrids are not effective in the case of CH soils. 
These geogrids are suitable in areas where economical 
and environmentally friendly materials are preferred. 

5.	 CL soils with LL < 35% have shown higher CBR values 
and after reinforcing these soils, there was even a 9% 
increase in their CBR values. 

6.	 Soils with high MDD have shown higher CBR values, 
whereas high OMC showed a reduction in the CBR values.

7.	 The highest CBR of 12.8% was obtained for sandy soil 
reinforced with HDPE geogrid. This was mainly associ-
ated with the good compaction of sandy soil, its low plas-
ticity, and the effective interaction between the soil and 
geogrid. 

Future Scope
Future work should include field tests to check the 

results obtained from the laboratory tests under actual 
traffic and site conditions. Such tests would also help in 
studying the performance of the reinforcement over a 
longer period. FEM can be used to study the behaviour of 
reinforced soil on a larger scale and for conditions that are 
difficult to reproduce in the laboratory. It would also be 
useful to study combinations of geogrids with geotextiles 
or chemical stabilizers for improving weak and expansive 
soils. Investigating the degradation of natural geogrids over 
time will help optimize their use in sustainable infrastruc-
ture design.

ABBREVIATIONS

HDPE	 High-Density Polyethylene
PG	 Polyester Geogrid
BPP	 Biaxial Polypropylene geogrid
BG	 Biaxial Geogrid

BPG	 Biaxial Polyester Geogrid
RCG	 Rubber Coir Geogrid
JG	 Jute Geogrid
CG	 Coir Geogrid
CH	 Highly Compressible Clay
CI	 Intermediate Compressible Clay
CL	 Low Compressible Clay
S	 Soil Sample
OMC	 Optimum Moisture Content
MDD	 Maximum Dry Density
LL	 Liquid Limit
PL	 Plastic Limit
PI	 Plasticity Index
CBR	 California Bearing Ratio
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