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Abstract. Soil-cement column combined with geogrid on top or Geogrid Reinforced Pile
Supported (GRPS) is used to construct the structures on soft ground. Because of its high
tensile capacity, the geogrid is spread on the top of the soil-cement column to form a soft
transmission layer, increasing the capacity transferred to the columns, reducing a part of the
load transmitted to the soft soil between the columns. The numerical analysis results of the
GRPS with a high strength geogrid showed four major factors affecting transmission the
efficacy of the column (Esf) and the tensile force of the geogrid including effective vertical
load (ov’); the ratio of the distance between the columns and the column’s diameter (s/D); the
ratio of the elastic modulus of the soil-cement column to the deformation modulus of soil
(Ec/Es); the tensile stiffness of the geogrid (J). The efficacy of the column (Esf) increases
rapidly with an increase in effective vertical load (ov’) from 0.23 to 0.44. In contrast, the
transmission efficiency (Ef) decreases from 0.60 to 0.37 when s/D increased. When the ratio
Ec/Es > 150 and J > 8000 kN/m, the tensile force of the geogrid tends not to change much.

Keywords: soil cement-column, Geogrid-reinforced, efficient of load transmission numerical
model.
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1. INTRODUCTION

Geosynthetic-reinforced and pile-supported (GRPS) embankment have been successfully
used in soft soil treatment [1]. The reinforced earth platform includes one or more layers of
geogrid (geosynthetic) at the base of the embankment and on top columns. With this method,
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the weight of the embankment and the surcharge are largely transferred onto the columns so
that the soft soil between the columns carry less load and the embankment settlement is
reduced [2].

Soil arching and membrane effect are identified as the key load transfer mechanisms.
Soil arching develops above the geogrid-reinforced fill platform when differential settlement
occurs between columns and the surrounding soil. Meanwhile, the membrane effect is
expressed through the tensile force of the geogrid.

Many studies consider the mechanisms of load transfer of a GRPS system to be a
combination of soil arching, tensioned membrane or stiffened platform effects, and the
relative stiffness effects between the piles and the soil. However, the behavior of GRPS
embankment systems is not yet fully understood, especially when the geosynthetic
reinforcement layer is the high strength geogrid. A numerical study was conducted to
investigate the stress distributions and the transfer behavior of the high strength geogrid-
reinforced embankments on soil-cement columns.

2. EVALUATION PARAMETERS OF THE LOAD TRANSFER MECHANISM OF
GRPS EMBANKMENTS

In the working of the soil-cement column combined with geogrid, the efficacy of the
column is the basic parameter to evaluate the effectiveness of the soil arching [3], [4]. It can
be expressed as:

P
s’y.H

= 1)

Where P is the total load carried by column (kN), v is the unit weight of the embankment
fill material (kN/m®), H is the embankment height (m) and s is the spacing between columns

(m).

The tensile force T of the geogrid is an evaluation parameter of the membrane effect in
the GRPS system [5]-[7]. The tensile force T is determined as follows:

T=J.e (kN/m) (2)
Where J is the stiffness of the geogrid (kN/m); ¢ - the strain of the geogrid.
3. NUMERICAL MODELING AND ANALYSIS

Embankment geometry and GRPS-reinforced ground for the benchmark case are shown
in Fig.1. Due to symmetry, only half of the embankment was modeled to save computation
time. The commercial FE package PLAXIS 3D was used for the FE modeling. The model
shown in Fig.1 consists of 28105 nodes and 21650 elements. The thickness of the model is
6m to contains two rows of columns in the x-direction.
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Figure. 1. Dimensions and boundary conditions in the numerical model.

As seen in this figure, a 13 m wide embankment having side slope 1V: 2H is constructed
on 20 m soft clay underlying by a rigid layer. The number of soil-cement columns is 14 (two
rows) and the diameter of the soil-cement column for all analyses was kept 1.0 m. The
boundary effect was investigated to extend the right boundary successively up to 57 m from
the toe of the embankment. It was found that it would be sufficient to eliminate the boundary
effect if the boundary was set at 57 m from the toe. The bottom boundary is fixed in both
horizontal and vertical directions and two side boundaries are fixed in the horizontal direction
but free in the vertical direction.

For simplicity, the following elements were modeled as linearly elastic-perfectly plastic
materials using the Mohr-Coulomb failure criteria: the soil-cement column, the soft soil, the
firm soil, and the embankment fill [1], [5], [8]. This case study demonstrates that the
numerical method with a simple linear-elastic perfectly plastic model can predict the efficacy
of the column and the tensile stiffness of the geogrid within a geogrid-reinforced
embankment over soil-cement columns reasonably well [1],[9].

Geogrid elements were used to model the geogrid layer. The interface between the soil,
the geogrid and the columns were assumed to be fully bonded for simplicity purposes. The
elastic modulus of soil-cement columns should be 100qu [4], [10], [11] (where qu is
unconfined compression strength). The construction process was simulated by adding the
embankment fill in successive layers of 1.0 m height. The material properties used in the
numerical analysis are tabulated in Table 1.

Table 1. Material Properties used in the Numerical Analysis Material.

E (MPa) v v (KN/m?3) ¢’ (kN/m?) o (°)
Sand fill 10 0.3 18.5 0 35
Soft soil 1 0.35 18.0 8.5 7
DCM 150 0.3 18.5 750 0
Geogrid J =8000 kN/m.
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Note: E= elastic modulus, v = Poisson’s ratio, Y = unit weight, ¢’ = effective cohesion,
o=effective friction angle, J = tensile stiffness of geogrid.

To investigate the stress behavior of the GRPS embankments, four major influencing
factors were considered: (1) including effective vertical load (ranging from 18.5 kPa to 105
kPa); (2) the ratio of the distance between the columns and the column’s diameter (s/D = 2.0,
2.5, 3.0, 3.5); (3) the ratio of the elastic modulus of the soil-cement column to the
deformation modulus of soil (E¢/Es = 50, 100, 150, 200, 250); (4) the tensile stiffness of the
geogrid (J = 2000 kN/m, 4000 kN/m, 6000 kN/m, 8000 kN/m and 10000 kN/m).

Influence of the effective vertical load

Fig.2 presents the influence of the effective vertical load on the efficacy of the column
and the tensile force of the geogrid. It is shown that the efficacy of the column increases with
the growth of the effective vertical load. Besides, the vertical load is the main factor that
increases the tensile force of the geogrid.
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Figure 2. Influence of the effective vertical load.

Influence of the spacing of the columns

It is shown from Fig.3 that the efficacy of the column decreases with an increase in the
spacing of the columns. Meanwhile, the tensile force of the geogrid is larger when the
distance between the columns is greater. This is because due to with increasing s/D,
increasing differential settlement between columns and soft soil, generally increases the
degree of arching (transferring more embankment load to columns) and the tensile force of
the geogrid. However, that increase is not sufficient to reverse the lowering of efficiency
coefficient of columns with increasing s. But until the ratio s/D > 3, the tensile force tends to
be constant due to which stable soil arching was formed.
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Figure 3. Influence of the ratio of the distance between the columns and the column’s diameter.

Influence of the ratio of the elastic modulus of the column to the deformation modulus
of soil
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Figure 4. Influence of the ratio of the elastic modulus of the soil-cement column to the deformation
modulus of soil.

Fig.4 presents the influence of the ratio of the elastic modulus of the soil-cement column
to the deformation modulus of soil on the efficacy of the column. It is shown that the stress
on the columns increases with the growth of the elastic modulus of the column. This is
because due to the geogrid reinforcement, columns were stiff enough as compared to
surrounding soft clay due to which stable soil arching was formed, the change of the ratio of
the elastic modulus does not appear to have an influence on the tensile force of the geogrid.
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Influence of the Tensile Stiffness of the geogrid

Fig. 5 presents the influence of the tensile stiffness of the geogrid on the tensile force of
the geogrid. It is shown from Fig.5 that with increasing J, maximum tension developed in the
geogrid increases because developed tension is Je (where e is the strain developed within the
geogrid). Besides, increasing J, it will reduce the vertical stress in the soil above the geogrid,
decreases the efficacy of the column. This is called the membrane action of the geogrid.
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Figure 5. Influence of the tensile stiffness of the geogrid.

4. DISCUSSION

Two main factors affect the transmission efficiency to the columns (Es): the effective
vertical load (ov’) and ratio of the spacing of the columns and the column’s diameter (s/D).
The efficacy of the column increases rapidly with an increase in effective vertical load from
0.23 to 0.44. In contrast, the efficacy decreases from 0.60 to 0.37 when s/D increased.

Fig. 2 to Fig. 5 show that the tensile force of the geogrid T in the analyzed cases
increases with increasing the effective vertical load, ratio s/D, and the tensile stiffness of the
geogrid J. When the ratio E¢//Es > 150 and J > 8000 kN/m, the tensile force of the geogrid

tends not to change much.

5. CONCLUSIONS

The result of this 3D numerical study demonstrates that the inclusion of geogrid in earth
platforms can enhance the stress transfer from the soil to the columns. Analytical data
indicated that two main factors affect the transmission efficiency to the columns: the effective
vertical load and ratio of the spacing of the columns and the column’s diameter.

In addition, an increase in the following factors will increase the tensile force of the
geogrid including the effective vertical load, ratio s/D, and the tensile stiffness of the geogrid.
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