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Abstract The use of continuous geosynthetic inclusions is involved in traditional
soil reinforcing techniques such as geotextiles or geogrids, which are strong in tensile
resistance. They protect the environment and promote a stronger planet by conserving
energy and the earth’s resources through the production of durable and sustainable
structures. In the present investigation, a numerical analysis is performed to under-
stand the behavior of a square footing resting on geogrid reinforced soil. The numer-
ical simulations were carried out using a three-dimensional FEM software, PLAXIS
3D. The numerical model was systematically validatedwith the results obtained from
experimental studies. The effect of various factors such as embedment depth of first
layer, spacing between consecutive layers and the multi-layers of the reinforcing
elements are studied. It is observed that, four numbers of geogrid elements give the
maximum bearing capacity ratio of 3.51 for an optimum depth of first layer and the
spacing of 0.25B.
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1 Introduction

Unexpected bearing failures result in settlement have become a common issue under
shallow foundations in recent times. It is not an economical approach to improve the
soil strength by increasing the dimensionof the footing. Inclusions of different sorts of
materialsmixedwith soil have been used for thousands of years to strengthen the soil.
Geosynthetic is an alternative and economical solution to improve performance by
reinforcing the soil.Modern soil reinforcing techniques involve the use of continuous
geosynthetic inclusions, such as geotextiles or geogrids, which are strong in tensile
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resistance (Abdi et al. 2009; Akpinar and Kutuk-Sert 2013; Harikumar et al. 2016;
Hasan and Samadhiya 2018; Hatami and Bathurst 2006; Hegde and Sitharam 2017;
Hotti et al. 2014; Kazi et al. 2015; Madhavi 2014; Madhavi and Vidya 2007). It is an
innovative technique to solve difficult problems economically and expediently. The
acceptance of geosynthetics in reinforced soil construction has been triggered by a
number of factors, including aesthetics, reliability, simple construction techniques,
good seismic performance, and the ability to tolerate large deformations without
structural distress.

Most of the studies were conducted by employing field observations alone, and
without much connection with numerical modeling. In the present investigation, an
attempt has been made to evaluate the behavior of a square footing resting on 2D
geogrids reinforced soil by performing numerical analysis. In designing complex
structures, the numerical modeling would be helpful and are powerful tools that
have been used to study the behavior of various structures under variety of loading
conditions. It is advantageous in situations where the prototype structures are too big
to be tested in laboratory.

Finite element method is the technique behind the software PLAXIS 3D. It is
a powerful tool for the approximate solution of differential equations describing
different physical processes. The study also investigates the influence of different
parameters on bearing capacity of 3D geogrids reinforced sand beds.

2 Methodology

The experimental results reported by Makkar et al. (2016) have been used in the
present study to validate the numericalmodel. They conducted laboratory scaled plate
load test on geogrid reinforced sand bed using a steel tank of 750mm× 750mm size.
In the numerical analysis, only a quarter portion of the test tank was modelled using
symmetry to reduce the computational effort. In order to simulate the behaviour of
soil, Mohr–Coulomb model was used. The square footing was modelled as a square
plate of 25 mm thickness. The geogrid reinforcement used in the study was drawn
in AutoCAD 3D and imported into PLAXIS 3D as shown in Fig. 1(all dimensions
are in mm). The imported drawing has been modelled using the geogrid structural
element available in the software. To carry out a finite element analysis using the
PLAXIS 3D programme, the user has to create a three-dimensional geometry model
composed of points, lines, surfaces, volumes, and other components. Geometry and
mesh generated in PLAXIS 3D are shown in Figs. 2 and 3. The properties ofmaterials
used in the numerical analysis are given in Table 1.

Mohr–Coulomb model is selected for the analysis of soil and linear elastic model
for geogrids.

A uniformly distributed pressure was applied on the top of the plate in the vertical
direction to simulate the load on model footing and the corresponding settlements
were found out. The displacement along bottom boundary was restrained both in
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Fig. 1 AutoCAD drawing
of geogrid

Fig. 2 Geometry

horizontal andvertical directions. The side boundarywas restrainedonly in horizontal
direction, such that displacements are allowed in vertical direction.

3 Results and Discussion

The numerical results were validated with the experimental results reported by
Makkar et al. (2016). The effect of various parameters on the bearing capacity of
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Fig. 3 Finite element mesh

Table 1 Input parameters Parameters Value

Soil

Unsaturated unit weight, Uunsat 14.9 kN/m3

Saturated unit weight, Usat 17 kN/m3

Young’s modulus, E 3600 kPa

Poisson’s ratio 0.3

Cohesion, c 1 kPa

Angle of internal friction, ϕ 40.4°

Dilatancy angle, ψ 00

Model footing

Thickness, d 0.025 m

Size of plate 0.150 m × 0.150 m

Unit weight, U 78.5 kN/m3

Young’s modulus, E 2 × 106 kPa

Poisson’s ratio 0.3

Geogrid

Stiffness 250 kN/m

Aperture size 0.03 m × 0.03 m

Rib thickness 0.001 m

Rib width 0.01 m
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Table 2 Variation of BCR
with various u/B ratio

u/B Bearing capacity ratio (BCR)

0.1 1.41

0.25 1.90

0.5 1.44

0.75 1.32

reinforced soil has been studied by conducting parametric study. Those are explained
in the following section.

3.1 Optimum Depth of Top Layer of Geogrid (U)

To find the optimum depth of first layer of geogrid (u) from the base of the footing,
it was placed at u/B ratios of 0.1, 0.25, 0.5, and 0.75, where B is the width of
the footing. To quantitatively express the improvement in bearing capacity, a non-
dimensional parameter bearing capacity ratio (BCR) is used. It is defined as the ratio
of bearing pressure of reinforced soil at a given settlement (qr) to the bearing pressure
of unreinforced soil at the same settlement (qur). Table 2 shows the BCR values for
different u/B ratios.

It can be seen that the bearing capacity of reinforced soil increases up to a u/B ratio
of 0.25, and thereafter it decreases. It means that sufficient overburden pressure is
required above the reinforcement to mobilize maximum interfacial resistance, which
is attained at a depthof 0.25 [2].With further increase in u/B ratio, the bearing capacity
reduces due to excessive settlement. With single-layer geogrid reinforcement at a
depth of 0.25B, the BCR is 1.9. Therefore, the optimum depth of first layer of
geogrid is taken as 0.25B from the base of the footing.

3.2 Spacing Between Consecutive Layers (B)

For the case of multi-layer reinforcement, geogrid elements are placed at b/B ratios
of 0.1, 0.25, 0.5, and 0.75 by keeping the first layer at optimum depth in order to
find the optimum spacing between the consecutive layers. From the BCR versus
b/B graph given by Fig. 4, it can be seen that the bearing capacity of reinforced soil
increases up to a u/B ratio of 0.25, and thereafter it decreases. A sufficient overburden
pressure is required between each layer of geogrids to mobilize maximum interfacial
resistance. And in this particular case optimum value of spacing was obtained as
0.25B, thereafter it starts to settle down other than offering the frictional resistance.

Figure 5 corresponds to the displacement distribution from PLAXIS 3D for the
second geogrid layer placed at an optimum spacing (Fig. 6).
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Fig. 4 Variation of BCR
with spacing between layers
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Fig. 5 Displacement
distribution for b/B = 0.25

3.3 Number of Layers

From the graph shown in Fig. 7, it is clear that the bearing capacity of reinforced
soil is increased with increase in the number of layers, as the reinforcement helps to
spread the load to deeper soil layers where overburden pressure and confinement are
higher.
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Fig. 6 Position of geogrids with respect to number of layers

Fig. 7 Variation of BCR
with number of layers
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4 Validation

Validation of the experimental study on the behavior of geogrid reinforced sand bed
by Makkar et al. (2016) is done by the results from above numerical analysis. Effect
of multi-parameters is studied with the PLAXIS 3D software and is systematically
validated. A good match between the experimental and numerical results could be
seen. The percentage deviation of results of the numerical analysis from that of the
experimental study is within the allowable limit. The validation results are shown by
the graphs as follows (Figs. 8, 9 and 10):
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Fig. 8 Variation of bearing
pressure with different u/B
ratios
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Fig. 9 Variation of BCR
with different values of h/B
ratios

5 Conclusion

Numerical analysis was carried out to study the bearing capacity of model square
footing resting on geogrid reinforced sand bed. The effect of depth to the first layer
of reinforcement, spacing between two consecutive layers and the number of layers
on the bearing capacity was investigated. Based on the results obtained from the
numerical analysis by PLAXIS 3D, the major conclusions drawn are:

1. The geogrid reinforced soil performs better than unreinforced soil.
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Fig. 10 Variation of BCR
with different values of
number of layers

2. Frictional resistance at the interface of the sand and reinforcement which would
have prevented the soil mass from shearing under vertically applied loads.
Further, the soil might have resulted in getting confinedwithin the cell and conse-
quent mobilization of passive resistance mechanism to some extent (though no
rigid connection exists between the geogrid elements). Strength improvement is
heavily dependent on position of reinforcement within the sand bed.

3. The optimum depth of the first layer of reinforcement was obtained as 0.25 times
the width of the footing. With the provision of a single layer of reinforcement,
the bearing capacity ratio of conventional geogrid increased to 1.9.

4. The optimum spacing between two consecutive layers was obtained, when two
layers were placed at a spacing of 0.25B.

5. The bearing capacity of reinforced soil is increased with increase in the number
of layers, as the reinforcement helps to spread the load to deeper soil layers
where overburden pressure and confinement are higher. In the present study, the
optimum number of layers was obtained as four with conventional geogrids.

6. Four numbers of geogrid elements give the maximum bearing capacity ratio of
3.51 for an optimum depth of first layer and the spacing of 0.25B.
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