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Numerical modeling of unreinforced and reinforced piled
embankments. Part I: Numerical modeling sequence
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ABSTRACT

The numerical modeling is nowadays known as an efficient and cost-effectiveness tool to deal with
geotechnical issues. There have been many numerical studies performed for simulating the behavior of a
piled embankment (unreinforced piled embankment) or geosynthetic reinforced piled supported (GRPS)
embankment (reinforced piled embankment). However, the order for a numerical modeling has not
clearly been shown in the former researches.

In the part I, the unreinforced and reinforced piled embankments and their load transfer mechanisms are
introduced. The numerical modeling procedures are then provided, in which the details of each step are
presented. The results illustrate a flowchart that summarizes the simulating implementation steps.

In the part 11, an application of the presented works for modeling a piled embankment is conducted. The
behavior of a piled embankment is described in terms of load transfer mechanism, and pile and soil
settlements.

Keywords: numerical modeling; piled embankment; geosynthetic reinforced; load transfer; settlements

1. Introduction

The piled embankment involves the rigid inclusions/piles (with or without caps) embedded floatingly
or totally in the compressible soil layers. The piles are typically arranged in the triangular or square
patterns. Next, a granular earth platform (embankment or mattress) is embanked upper. This layer plavs
an important role in the load transfer mechanism, so it is called the load transfer platform (LTP). That
complex system is termed a piled embankment (Fig. 1.a). The case that the earth platform is reinforced by
one or several geosynthetic layers is known as a geosynthetic reinforced pile-supported (GRPS
embankment, as illustrated in Fig. 1.b. The structures such as railway system, road pavement, or
slab/footing are then placed on the top of LTP.

The load transfer mechanism within the embankment of the system is based on the principle of soil
arching. Due to the significant larger stiffness of the pile than the ground and shearing strength of soil, the
shear stress results in an increase in the pressure acting on pile cap and a decrease in the pressure on
foundation soil. Therefore, piles carry the large percentage of total loads (embankment weight, surcharge
or external loadings) (load part A), and the soft soil takes the remaining amount of loading (residual
loading), as drawn in Fig. 2.a. In the case of GRPS embankment, the residual load is divided into two
parts: part B passes through the GR to the piles and part C is applied to the subsoil (Fig. 2.b). Regarding
the load part C, it will be transferred directly to the subsoil and indirectly the piles in terms of the negative
skin friction along the shaft of piles. Due to less load applied to the soft soil, the soft soil and
embankment settlements decrease. The load on pile cap and negative skin friction are transferred along
the pile to deep bearing layers.

Thanks to the simplification in method statement and in design calculation the and given advantages,
piled embankments were increasingly applied for projects of highways, railways, oil tanks, buildings,
retaining walls and wind turbines (Simon and Scholsser 2006).

2. Numerical modeling of piled or GRPS embankments

The numerical simulations have been increasingly used due to some advantages compared to analytical
methods and experimental works, such as cost-effectiveness aspects, reduced calculation time, complex
problem-solving ability, and acceptable accuracy. There are many numerical methods used to solve
geotechnical problems, such as Finite Element Method (FE, FEA or FEM), Finite Differential Method
(FDM), Discrete Element Method (DEM), Boundary Element Method (BEM), and Material Point Method
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