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Abstract

Shallow foundations are commonly used in construction due to their simplicity and cost-effectiveness.
However, their performance can be significantly affected by the type of soil, especially in soft or loose
soil conditions, leading to differential settlement and foundation failure. One promising solution for
enhancing the load-bearing capacity of these foundations is the use of geogrid reinforcement. Geogrids,
which are polymeric materials with a grid-like structure, are commonly used to improve soil stability
by providing additional strength and reducing settlement. This paper reviews the effectiveness of
geogrid reinforcement in improving the load-bearing capacity of shallow foundations. The primary
objective of this research is to assess how geogrid reinforcement enhances the performance of shallow
foundations in various soil types, with particular focus on its impact on settlement reduction, load
distribution, and overall stability. Various laboratory and field studies on the application of geogrids in
foundation engineering are reviewed, highlighting the mechanisms through which geogrids enhance
soil behavior. The findings indicate that geogrid reinforcement significantly improves the load-bearing
capacity of shallow foundations, particularly in weak or cohesive soils. Additionally, the paper
discusses the optimal design parameters for geogrid-reinforced foundations, including geogrid type,
reinforcement length, and depth of installation. The results suggest that careful consideration of these
parameters can lead to cost-effective and sustainable foundation solutions in challenging soil
conditions. The research also emphasizes the need for further studies to refine the design models and to
explore the use of geogrids in more complex geotechnical settings.
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Introduction

Shallow foundations are widely used in construction due to their simplicity and cost-
effectiveness, particularly in cases where deep foundations are not necessary. However, in
areas with weak or compressible soils, shallow foundations may experience excessive
settlement, leading to structural damage and functional impairments. This challenge is
particularly acute in regions with soft clay, silty sands, or expansive soils, where the soil's
low shear strength and high compressibility lead to significant settlement under load M. In
response to this problem, various soil improvement techniques have been proposed, one of
the most promising being the use of geogrid reinforcement.

Shallow foundations are commonly used in construction due to their simplicity and cost-
effectiveness. However, their performance can be affected by soil conditions, especially in
soft or loose soils, leading to differential settlement and foundation failure. Geogrid
reinforcement is one solution for enhancing load-bearing capacity. Geogrids, polymeric
materials with a grid-like structure, improve soil stability by providing strength and reducing
settlement. This paper reviews the effectiveness of geogrid reinforcement in improving
shallow foundation performance, particularly in terms of settlement reduction, load
distribution, and overall stability. The research assesses how geogrid reinforcement impacts
foundation performance across various soil types.

The problem of soil settlement is particularly problematic in areas prone to expansive or
loose soils, where traditional foundation solutions are often ineffective. Previous studies
have shown that the inclusion of geogrids can reduce settlement by up to 50% in some cases,
offering a significant advantage over unreinforced foundations [ ©. However, the
performance of geogrid-reinforced foundations is influenced by several factors, including the
type of geogrid, the depth of reinforcement, and the soil’s characteristics [,
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The objective of this research is to investigate the
effectiveness of geogrid reinforcement in enhancing the
load-bearing capacity of shallow foundations in weak soil
conditions. Specifically, the paper aims to evaluate the
impact of different reinforcement configurations on
foundation performance, with a focus on settlement
reduction and load distribution. The hypothesis is that
geogrid reinforcement can significantly improve the load-
bearing capacity and reduce settlement in shallow
foundations constructed on soft or loose soils, making it a
viable solution for improving foundation performance in
challenging conditions.

Materials and Methods

Materials

Shallow foundations are commonly used in construction due
to their cost-effectiveness, especially where deep
foundations are unnecessary. However, in regions with
weak or compressible soils, shallow foundations can
experience excessive settlement, leading to structural
damage. This issue is prominent in soft clay, silty sands, or
expansive soils, where low shear strength and high
compressibility result in significant settlement under load.
Geogrid reinforcement, a promising solution, has been
widely adopted to improve soil performance.

In this research, various geogrid types were selected based
on their material properties and applicability to shallow
foundation reinforcement. The geogrids used in this
research include woven polyester, high-density polyethylene
(HDPE), and fiberglass. The selected geogrids were sourced
from leading manufacturers and were characterized for
tensile strength, elongation at failure, and aperture size,
which are essential parameters for assessing their
reinforcement properties. The soil used for testing was
collected from a typical soft clay deposit with a liquid limit
of 45%, plasticity index of 22%, and a specific gravity of
2.65. The soil samples were prepared by compacting the
clay at optimum moisture content (OMC) to simulate real-
world conditions. Additional materials for the reinforcement
setup included cement and water, used for preparing small-
scale concrete models for laboratory testing.
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Methods

The experimental setup involved the construction of shallow
foundations with varying reinforcement configurations. The
dimensions of the foundation model were 0.3 m x 0.3 m,
with depths ranging from 0.5 m to 1.0 m, simulating typical
shallow foundation depths. The foundation base was placed
in a geotechnical testing tank filled with compacted soil, and
geogrid reinforcement was placed at varying depths beneath
the foundation to research the influence of reinforcement on
load-bearing capacity and settlement behavior. The load was
applied incrementally, using a hydraulic loading system,
while settlement measurements were recorded using dial
gauges placed at strategic points around the foundation
perimeter. Each configuration was tested under controlled
laboratory conditions, and the effects of reinforcement
depth, type, and soil condition were analyzed.

Statistical analysis was conducted using analysis of variance
(ANOVA) to assess the differences in performance between
various reinforcement configurations and unreinforced
foundations. Regression analysis was also used to determine
the correlation between reinforcement depth and load-
bearing capacity. The results were compared to previous
studies on geogrid-reinforced foundations to evaluate the
effectiveness of the materials used in this research 2341,

Results

The results of this research reveal a significant improvement
in the load-bearing capacity of shallow foundations with
geogrid reinforcement. Table 1 summarizes the load-bearing
capacities of foundations with different reinforcement
configurations compared to unreinforced foundations. The
ANOVA test revealed that the differences in load-bearing
capacity between the reinforced and unreinforced
foundations were statistically significant (p < 0.05).
Specifically, the foundations reinforced with HDPE
geogrids demonstrated the highest increase in load-bearing
capacity, with an average improvement of 40% compared to
unreinforced foundations. Figure 1 shows the relationship
between the reinforcement depth and the load-bearing
capacity of the foundations, with a clear upward trend in
load-bearing capacity as the depth of reinforcement
increases.

Table 1: Load-bearing capacity of foundations with geogrid reinforcement. The HDPE geogrid demonstrated the highest improvement in

capacity
Foundation Type Load-Bearing Capacity (kN) Improvement (%)
Unreinforced Foundation 35 -
Woven Polyester Geogrid 45 28.57
HDPE Geogrid 49 40.00
Fiberglass Geogrid 42 20.00

—e— HDPE Geogrid
1 Woven Polyester Geogrid
—a— Fiberglass Geogrid

Load-Bearing Capacity (kN)

03 0.4 0.5

Reinforcement Depth (m)

07 08 0.9 10

Fig 1: The relationship between reinforcement depth and load-bearing capacity for different types of geogrid reinforcement
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The regression analysis indicated a strong positive
correlation (R2 = 0.87) between the reinforcement depth and
the increase in load-bearing capacity. The optimal
reinforcement depth for all geogrid types was found to be
0.7 m, beyond which further increases in depth showed
diminishing returns in terms of load-bearing capacity
improvement. The results also highlight that, while the
HDPE geogrid consistently provided the highest
performance, the use of woven polyester and fiberglass
geogrids also resulted in substantial improvements in
foundation stability and reduced settlement.

Table 2: Average settlement reduction in foundations with geogrid
reinforcement

Foundation Type Settlement (mm) | Reduction (%)
Unreinforced Foundation 12 -
Woven Polyester Geogrid 8 33.33

HDPE Geogrid 6 50.00

Fiberglass Geogrid 9 25.00

The settlement reduction observed in this research is
consistent with previous research on geogrid-reinforced
foundations. As shown in Table 2, the HDPE geogrid
produced the greatest reduction in settlement, followed by
the woven polyester geogrid. The overall findings suggest
that the inclusion of geogrid reinforcement not only
enhances the load-bearing capacity of shallow foundations
but also significantly reduces settlement, thereby improving
the long-term performance of the foundation under applied
loads.

124

10 4

Settlement (mm)

Unreinforced Woven Polyester Geogrid HDPE Geogrid
Foundation Type

Fiberglass Geogrid

Fig 2: Average Settlement Reduction in Reinforced Foundations

Discussion

The results of this research reveal a significant improvement
in the load-bearing capacity of shallow foundations with
geogrid reinforcement, especially when the reinforcement
depth is optimized. As demonstrated in the findings, the use
of HDPE geogrids provides the highest improvement in
both load-bearing capacity and settlement reduction, which
is consistent with earlier studies that emphasized the role of
geosynthetics in foundation reinforcement. The average
increase in load-bearing capacity for the HDPE geogrid was
approximately 40%, while settlement reduction reached up
to 50%. These improvements can be attributed to the
enhanced shear strength of the soil due to the tensile
reinforcement provided by the geogrid, which effectively
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distributes the applied load across the soil mass. This aligns
with previous research, which highlighted that geogrids
improve soil properties by increasing lateral confinement
and reducing vertical deformation under loading conditions.
Additionally, the research found that reinforcement depth
plays a crucial role in enhancing the performance of shallow
foundations. The regression analysis showed a strong
correlation between increased reinforcement depth and
improved load-bearing capacity. Specifically, a depth of 0.7
m was found to be optimal for all geogrid types, beyond
which further increases in depth provided minimal
additional benefits. This is consistent with the findings of
Tatsuoka et al., who also noted that deeper reinforcement
leads to diminishing returns in terms of load-bearing
capacity improvement. The results also show that while the
HDPE geogrid outperformed the other geogrid types, woven
polyester and fiberglass geogrids still provided significant
benefits in terms of settlement reduction and load-bearing
capacity enhancement. This is consistent with studies
suggesting that geogrids with higher tensile strength and
better soil interlocking properties tend to perform better in
foundation reinforcement applications.

In terms of practical applications, the findings of this
research have important implications for foundation design
in areas with weak or expansive soils. Geogrid
reinforcement offers a cost-effective solution to enhance the
stability of shallow foundations, reducing the need for costly
deep foundation alternatives. However, the choice of
geogrid material and reinforcement depth should be
carefully considered based on soil conditions and the load
requirements of the structure. Future research should
explore the long-term performance of geogrid-reinforced
foundations under varying environmental conditions, such
as moisture fluctuations and seismic loading.

Conclusion

The research highlights the significant benefits of geogrid
reinforcement in improving the load-bearing capacity and
reducing settlement in shallow foundations, particularly in
weak and compressible soils. The results underscore the
importance of selecting the appropriate geogrid material and
reinforcement depth, with HDPE geogrids showing the
highest performance in load-bearing capacity and settlement
reduction. For optimal results, reinforcement depth of
around 0.7 m should be considered, as further increases in
depth provide minimal improvements. The practical
implications of these findings are far-reaching, as they offer
a viable solution for improving the performance of shallow
foundations, particularly in areas with challenging soil
conditions. Implementing geogrid reinforcement not only
ensures better foundation stability but also reduces the
overall construction costs compared to deep foundations.
Furthermore, it minimizes the risks associated with soil
settlement, which can lead to structural damage over time.
For engineers and practitioners, the findings suggest that
geogrid reinforcement should be considered as a first choice
when designing foundations for low-strength soils, as it is a
cost-effective and efficient solution. In addition, careful
selection of geogrid material based on tensile strength and
soil type, coupled with an optimal reinforcement depth, will
result in enhanced performance and long-term durability of
the foundation. It is also recommended to carry out detailed
site-specific geotechnical investigations to determine the
most appropriate reinforcement configuration. For future
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research, more comprehensive research including long-term
monitoring of geogrid-reinforced foundations under varying
environmental conditions is necessary to validate the
findings further.
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