Quarterly Scientific Journal of Technical and Vocational University

Autumn 2022, Vol. 19, No. 3, p. 461-476

Journal homepage: https://karafan.tvu.ac.ir/?lang=en TVU

o 1:10.48301/KSSA.2021.275662.1411

E-ISSN: 2538-4430

DPEN Pt
%% Original Research ISSN: 2382-9796

The Effect of Geo-Grid Plates on Vertical Displacement
and Shearing Force on Foundation Using Finite Element
Method and Two Dimensional PLAXIS Software

Hamed Yousefil"", Seyed Morteza Marandi?

1PhD Student, Department of Civil Engineering, Faculty of Engineering, Shahid Bahonar University,

Kerman, Iran.

2 Professor, Department of Civil Engineering, Faculty of Engineering, Shahid Bahonar University,

Kerman, Iran.

ARTICLE INFO

ABSTRACT

Received: 03.03.2021
Revised: 07.06.2021
Accepted: 09.01.2021

Keyword:

Loose clays

Geo-grid
Two-dimensional analysis
Soil improvement

*Corresponding Author:
Hamed Yousefi

Email:
hamed.yousefi@eng.uk.ac.ir

Geo-synthetics are made from polymers used to stabilize and
improve soil behaviors. Nowadays, geo-grids are widely used in
geotechnical engineering applications. In the present study, a
surface foundation located on three different soil layers under a
uniform load was modeled and analyzed using finite element
method under specified acceleration. The intermediate soil profile
consisted of loose clay reinforced using two types of geo-grids
with different distances. The results showed that by increasing
vertical distance between the geo-grid layers, the vertical
displacement, axial force, shear force and flexural anchor applied
to the foundation also increased. Furthermore, in the case of geo-
grid layer positioned at a depth of 5m or more, the shear force and
flexural moment increased with a steeper slope in comparison
with other cases.
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EXTENDED ABSTRACT

Introduction

Clay soils must be modified or improved in civil projects. Many methods exist to improve
this type of soil, one of which is the use of geogrid layers. In the past, soil improvement was
mostly done with coarse grain materials as filler. However, in recent decades, all kinds of
geosynthetics, including geotextiles, geocells, and geogrids, have been used to strengthen
the soil in many construction projects, and the strengthening of the soil by geosynthetics
helps to increase the stability against the overall damage of the embankment and
foundation soil. In many countries of the world and in most construction projects, the
provision of suitable materials for improving the environment is a major problem, because
either suitable materials are not available, or if they are available, they must be transported
a long distance to the work site which is costly. Soil modification with geogrid is a very
suitable option for most modification projects due to its economic advantages, such as
eliminating the costs of moving and replacing the surrounding soil and the low cost of its
implementation, as well as its high reliability, simple implementation method, and the
ability to adapt to different environmental conditions. It contributes to soil improvement.

Methodology

In the present study, a surface foundation located on three different soil layers under a
uniform load was modelled and analysed using finite element method under specified
acceleration. The intermediate soil profile consisted ofloose clay reinforced using two types
of geogrids with different distances. Tables 1, 2, and 3 show the materials used in modelling
and Table 4 shows the modelling program.

Table 1. Soils parameters.

Soil Name Loosly Clay Hardening Clay Hardening Sand  Units
Model Mohr-Coulomb  Mohr-Coulomb Mohr-Coulomb

Type Drained Drained Drained -
yunsat 12 17 17 kN/m3
ysat 17 19 21 kN/m3
Eref 3000 12000 120000 kN/m2
v 0.2 0.4 0.3
c 10 70 1 kN/m2
2 10 25 33 °
Rinter 0.5 0.5 0.7
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Table 2. Geogrids parameters.

Geogrid Mesh Size Materials  Type Nominal Tensile Mass per unit
Name (mm) P Strength(kN/m) area (g/m?2)
GG1 20x20 Polyester ~ Woven 35 220
GG2 40x40 Polyester ~ Woven 55 300

Table 3. Geocomposites parameters.

Opening Size
Geocomposite M.eSh . e Nominal Tensile Ma_ss per
Name Size Materials of the Strength(kN/m) unit area
(mm) Nonwoven gt (g/m2)
Basetrac Duo
PET 30 B15 25x25 PET vs PP 120 30 300
Basetrac Duo-C
PET 30 B15 25x25 PET vs PP 100 30 350
Basetrac Duo-C
PP 30 B15 25x25 PP 100 30 420

Much research has been carried out on the appropriate length of the geogrid layer (b), the
distance of the first geogrid layer from the foundation (u), the vertical distance of the geogrid
layers from each other (h) and the final depth reinforced with the geogrid layers (d) for soil
reinforcement of sand and clay. In Figure (1), all the aforementioned variables in this paragraph
are shown. The value of d can be obtained from equation (1).

d=u+(N-2)h M

7m

Figure 1. View of modelling in this research.

Results and discussion

In this section, to verify the results obtained, some of the results are compared with the
findings of Kumar Jain and his colleagues. Kumar Jain and his colleagues (2020) used geogrid
plates of 31x31 mm sized springs and stone columns to reinforce the soft soil under the
foundation of a building in an area called Kathmandu. For numerical modelling, 12.5-meter-long
foundation bearing a uniform load of 150 kPa was considered. These researchers reached the
conclusion that the use of geogrid plates in addition to stone columns was a very suitable solution
to reduce settlements and increase the bearing capacity. Then, the vertical displacement diagram
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was calculated and drawn along the length of the foundation. In the present study, the length of
the foundation was 6 meters and under a uniform load of 90 kilopascals, which was reinforced by
the geogrid layers of the soil below it. In the graph below (Figure 2), the vertical displacement
value obtained from the present study was compared with the vertical displacement value of
Kumar Jain and colleagues’ study. According to the presented graph, the results obtained in both
studies were close to each other and acceptable.

Distance from the beginning of the foundation(m)

0 2 1 6 8 10 12 14

Vertical Displacement (m)

—#— Geogrid+Stone column - 150Kpa —®— 6 Layer Geogrid - 90 Kpa

Figure 2.

Conclusion

The main purpose of this study was to investigate the behaviour of surface foundations based
on 3 different soil layers. The middle layer consisted of loose clay soil and was reinforced by
several layers of geogrid. For this reason, 25 software models were designed and analysed; the
models were designed without geogrid layers and with geogrid layers. The findings of theses
analyses are stated below:

1-

2-

3-

It was observed that as the distance between geogrid layers increased, the amount of
vertical movement of the foundation gradually increased and vice versa.

In general, as the distance between geogrid layers increased, the amount of axial force
on the footing increased with a greater slope.

By increasing the distance between the geogrid layers, the amount of shear force on the
footing became linear from the geogrid layer with a depth of 5 meters and increased
with a large slope compared to the other investigated modes.

By increasing the distance between the layers of the geogrid, the curve indicating the
bending anchor on the footing gradually turned into a straight line with a high slope,
compared to the other studied modes, and continued its upward trend.

It was also observed that the use of geogrid layer GG1 or GG2 did not have much effect
on the analysis results.
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