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Abstract: The civil engineering infrastructure such as roads and railways require
embankments to maintain the designed gradient all along its alignment and also
for flood protection. These embankments pass over different types of natural
ground and when they pass over soft clay beds, several challenges are to be ad-
dressed in terms of lower bearing capacity, excessive settlements and the lateral
deformations. When the unconfined compressive strength of clay bed is less than
or equal to 5 kPa, the traditional techniques such as stone columns, pre-loading
with strip drains and other modification techniques are considered to be time-
consuming and uneconomical for a project. In such cases, piles are being adopted
to support the embankment to keep in pace with the project duration. However,
the soft soil between the piles remains weak and the load transfer is to be facili-
tated by using a basal reinforcement at the top of piles. The basal reinforcement
enables the system to develop the necessary arching action, so that the load trans-
fer takes place to the piles. In order to understand the load transfer mechanisms,
several investigators have been working using numerical techniques. The present
work is an attempt to study the influence of pile spacing, basal reinforcement
stiffness and its tensile strength in mobilizing the optimum soil - arching in order
to facilitate the load spreading from the embankment to the piled clay bed using
plaxis -3D. The input parameters were kept as the cohesion of soft clay bed and
pile material properties such as the modulus of elasticity (E) and Poisson’s ratio
(W). The pile spacing, reinforcement stiffness and its tensile strength were kept
as variables.

Keywords: Soft clay, basal reinforcement; piled embankment; soil arching.
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1 Introduction

Soft clays are found mostly all along the coast line of our country, including some other
countries like Malaysia, Singapore, eastern Canada, Australia, Scandinavia, Alaska, Ja-
pan and Zealand [1]. These soft clays have a very low bearing capacity and settlement
problems associated with the stability of structures [3]. Nowadays as the population is
growing rapidly worldwide, there is a need for infrastructure development according to
the requirements. As a part of infrastructure development, while constructing embank-
ments for roads or railways, we may encounter the soft clay deposits which cannot be
avoided due to inevitable project alignment. Deformations, excessive settlements, and
stability issues are the common concerns when building roads, railways and other en-
gineering projects on soft soils [2]. Suitable ground improvement techniques such as
preloading, stone columns, electroosmosis and deep mixing were developed in order to
overcome these problems to a greater extent [6]. However, these techniques cannot be
used for all soft clay conditions and for different projects alike. The choice of the tech-
nigue depends on the in-situ strength of the clay bed and the project duration [4]. Under
constrained project duration, most of the ground improvement techniques are not via-
ble, for which, currently, deep mixing and piled support systems have been evolved.
The traditional ground improvement technigues cannot be used when the undrained
shear strength of soft clay bed is in the range of 5-10 kPa (7).

One of the latest developments in the construction of high embankments over soft soil
beds is the use of geosynthetic basal reinforcement along with piles in which the load
transfer from the embankment to piles takes place by geosynthetic basal reinforcement
through arching action. Different researchers have proposed different soil arching mod-
els like Hewlett and Randolph model, Zaeske model and concentric arches model [5,
6,7 & 8]. Several studies have been carried out based on these techniques using a tra-
ditional square group of pile arrangements with parametric variation such as pile mod-
ulus, embankment height and spacing of piles.

Previous research works have been concentrated on studying the effects of only square
and triangular pile group arrangements [9, 10, 12 &13] with basal reinforcement to
improve the load carrying capacity of soft soil beds. Moreover, many researchers have
been working using uniaxial geogrid and its performance on piled embankments using
3D numerical techniques by continuum modelling. In the present work, an attempt is
made to study the load transfer mechanisms in pile-supported embankments by opti-
mizing the spacing of piles in rectangular pattern using bi-axial geogrid as basal rein-
forcement over the piles and the results are compared with the previous findings.

11 Material parameters

The analysis was carried out using the available PLAXIS 3D. The properties of soft
clay are used as input parameters and these parameters are shown in Tables 1and 2.
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Table 1. Parameters of subsoil and embankment material [11]

Subsoil Pile material | Embankment
Property Units (soft soil) (Concrete) (granular fill)
Unit weight, ¥ kN/m?3 18 25 17
¢ of soil kN/m? 5 NA 1
¢ of soil
Degrees 10 NA 45
Modulus of Elasticity, E kN/m? 500 25*E6 80000
Poisson’s ratio, NA 0.15 0.2 0.2
Table 2. Parameters of geogrid material used [11]
Properties Units XMD Values MD Values
Aperture dimen- mm 33 25
sions
Tensile strength at
206 Strain kN/m 4.1 4.1
Minimum rib thick- mm 0.76 0.76
ness
Tensile strength at
506 Strain kN/m 8.5 8.5
Ultimate tensile KN/m 124 124
strength

Note: In machine direction (MD).
Direction perpendicular to the machine direction (XMD).

2

Methodology

As stated pervious, an embankment of 6 m height passing over soft clay bed was ana-
lysed for its stability using numerical method. Pile foundation coupled with geogrid-
basal reinforcement is used below the embankment. The analysis was carried out in the
following steps.

1.
2.
3.

The sub-stratum is considered as 12 m thick soft clay bed followed by stiff soil.
Entry of input parameters for embankment material, geogrid and subsoil.
Numerical modelling of basal reinforced piled embankment in plaxis- 3D. The
pile spacing in square, triangular and also in rectangular pattern with L/B ratio of
1.2 are studied. The pile diameter of 0.30 m is kept constant for all the patterns.
The L/B ratio of 1.2 is tried based on the suggestions made by Meena et al. (2020)
to investigate the rectangular pattern also in addition to the traditional square/tri-

angular patterns.
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5. Boundary conditions for analysing the geosynthetic reinforcement mechanism in
be tween embankment and pile foundation. The displacement in all the directions
were restricted at the bottom boundary at the Z=0 plane.). Roller supports were
used on the vertical boundaries, restricting horizontal movement. No boundary
conditions are considered at the top of the embankment.

6. Load transfer patterns between embankment and foundation system by parametric
variation under static condition.

In this analysis, a piled embankment reinforced with geosynthetic material is modeled
in plaxis-3D and analyzed for different parametric variations. The model is shown in
Fig. 1.

Fig. 1. Plaxis model showing the piled embankment

3 Results and discussion

3.1 Influence of Geogrid tensile strength and anchorage length on SAR

Fig. 2. presents the influence of geogrid tensile strength and its anchorage length on the
Soil arching Ratio (SAR). It can be seen from this figure that the SAR decreases with
increasing tensile strength and the corresponding increase in its anchorage length. The
targeted SAR (The ratio of subsoil stress and the stress applied from embankment) of
0.2 (Meena et al) could be achieved for the tensile strength of 1200 kN/m with the
corresponding anchorage length of 4.5 m. The SAR depends on the membrane effect
of basal reinforcement which in turn depends on its tensile strength. Moreover, the
length of basal reinforcement beyond the design length causes self - anchorage of the
system, whereby, it will be subjected to stretching rather than slipping mechanism that
causes reduction in soil - arching ratio.
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Fig. 2. Variation of SAR with geogrid anchorage length

Soil arching ratio

3.2 Influence of Pile spacing and geogrid tensile strength on SAR

The influence of pile spacing and the tensile strength of basal reinforcement on the SAR
is shown in fig 3. It can be observed from this figure that the SAR decreases with in-
creasing pile spacing for a given tensile strength of basal reinforcement. The targeted
value of SAR (0.20) could be obtained for the pile spacing of 5D for tensile strength of
1200 kN/m. From this, it can be understood that the basal reinforcement placed over
the piles could mobilize its membrane effect between the piles optimally for 5D spacing
of piles.

1 2 3 4 5 6 7 8 9 10

0.15 ' : : : ' ' ' ' '
0.17 - Pile spacing (m) === T=700 Kn/m
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0.19 ~f—T=800kN/m
2021 -
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o
$0.29 - @ T=1200kN/m
031 - ———T=1400 kN/m
033 -
0.35 -

Fig. 3. Variation of SAR with Pile spacing
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3.3 Influence of Pattern of piles on SAR

As stated previously, the rectangular pattern of piles was investigated instead of square
or triangular patterns in the present work. The relative influence of these patterns on
SAR is shown in fig. 4. It can be seen from this figure that the rectangular pattern
(L/D= 1.2) of piles is found to be effective compared to the conventional square or
triangular pattern of piles. This could be due to the change of loading pattern towards
2 - dimensional condition.

0.4

0.35

PILE ARRANGEMENT

SOIL ARCHING RATIO

=—#—Rectangular pattern

Square pattern

Triangular pattern

0.15
2 2.5 3 3.5 4 4.5 5 5.5 6
HEIGHT OF EMBANKMENT(M)

Fig. 4. Variation of Height of Embankment height vs Soil Arching Ratio
3.4 Influence of no of cyclic loading on settlement.

The influence of simulated cyclic loading on settlement of embankment and pile head
is shown in Fig. 5. The piled embankment with basal reinforcement under cyclic load-
ing has shown a settlement of 10 mm over 2000 cycles and stabilized. The pile head
has shown a settlement of 2 mm under cyclic loading up to about 500 cycles and stabi-
lized. These settlements indicate the promising performance of the piled embankment
with basal reinforcement over soft clays.

12 4
== At pile head

10 1
g 8 At crest of embankment
Es-
5
g 4
2
5 /
n

0 ¥ T T T T T 1

0 500 1000 1500 2000 2500 3000
Number of cycles

Fig. 5. Variation of settlement with number of cycles
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4

Conclusions

The following conclusions are drawn based on the analytical investigation carried out
in the present work.

7.

For a given soft ground condition, there exists an optimum value of tensile
strength for the basal reinforcement in order to obtain the optimum pile spacing
to support the embankments. For the soil condition simulated in the present work,
the optimum tensile strength of geogrid for basal reinforcement is found to be
1200 kN/m that resulted in optimum pile spacing of 5D for targeted soil arching
ratio of 0.20. Further increase in tensile strength does not increase the soil arching
ratio.

For soil properties simulated in this analysis, the anchorage length required to
mobilize the tensile strength of geogrid is found to be about 4.5 m.

The pile basal reinforcement system has resulted in a settlement of 2 mm at the
pile head which indicates the promising performance of the proposed system to
construct embankments over soft clay beds. As the pile tips are resting on
stiff/hard stratum, the total settlement is also negligible.

10. The pile spacing in rectangular pattern with L/B ratio of 1.2 is found to be more

beneficial compared to the traditional triangular or square pattern of piles.

From this study, it is understood that optimizing the tensile strength of basal reinforce-
ment is more beneficial compared to the costly piling process at closer spacing, espe-
cially for supporting the area loads such as embankments.

5
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