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Understanding the load transfer mechanism can support engineers having more economical design of geosynthetic reinforced piled embankments. This study aims to investigate the load transfer mechanisms by two different numerical methods including the Discrete Element Method (DEM) and the Finite Difference Method (FDM). The DEM model adopts (a) discrete particles to simulate the micro-structure of the granular materials and (b) coupled discrete element -finite element method (DEM-FEM) to capture the interaction between granular materials and geotextiles. On the other hand, the FDM model uses an advanced constitutive soil model considering the hardening and softening behaviour of the granular materials. The numerical results show that the geotextiles can only contribute to the vertical loading resistance in cases where the soils between piles are soft enough. In terms of design, an optimum value of the geotextile tensile stiffness can be found considering the load, the soft soil stiffness and the thickness of the embankment. Both the DEM and the FDM show that a high geotextile tensile stifness is not required since an extra stiffness will slightly contribute to the efficiency of the geosynthetic reinforced piled embankments. Nevertheless, both models are useful to optimize the design of geosynthetic reinforced piled embankments.

INTRODUCTION

Embankment constructions on soft soils are challenging due to potential significant settlements. Geosynthetic reinforced piled embankments are efficient to reduce soft soil settlements and the construction time compared to other soft soil improvements. To be able to do an economical design of geosynthetic reinforced piled embankments, it is required to understand the load transfer mechanisms of granular materials. However, these mechanisms are complex.

Several analytical solutions were developed in former studies to quantify the reinforcement efficacy (proportion of the embankment loading onto piles) including frictional models (Terzaghi, 1943), fixed-arch models [START_REF] Carlsson | Reinforced soil,principles for calculation[END_REF][START_REF] Chevalier | Prediction of load transfers in granular layers used in rigid inclusions technique -experimental and discrete element method analysis[END_REF] or equilibrium models [START_REF] Gourc | Reinforcement by membrane effect: Application to Embankments on Soil Liable to Subsidence[END_REF][START_REF] Briancon | Design of geosynthetic-reinforced platforms spanning localized sinkholes[END_REF][START_REF] Huckert | Load transfer mechanisms in geotextile-reinforced embankments overlying voids: Experimental and analytical approaches[END_REF] with different interpretations of the stress distribution on the granular embankment including the Hewlett and Randolph model (1988), Zaeske model (Zarske, 2001) or Van Eekelen model (2013;[START_REF] Briancon | Monitoring and numerical investigation of rigid inclusions reinforced industrial building[END_REF].

To investigate these complex soil mechanisms, numerical models are suitable. Continuum models such as the Finite Difference Method (FDM) [START_REF] Jenck | Two-dimensional physical and numerical modeling of a piled support earth platform over soft soil[END_REF][START_REF] Nunez | Analyses of a pile supported embankment over soft clay: Full-scale experiment, analytical and numerical approaches[END_REF]Tran, et al., 2019;[START_REF] Briancon | Monitoring and numerical investigation of rigid inclusions reinforced industrial building[END_REF] or Finite Element Method (FEM) [START_REF] Hassen | Multiphase constitutive model for the design of piled embankment. Comparision with three.dimensional numerical simulations[END_REF][START_REF] Okyay | Use of lime and cement treated soils as pile supported load transfer platform[END_REF]Villard, et al., 1999) are commonly used to explore the load transfer mechanisms. The continuum models are more accessible for engineering practice and permit to easily do a full-scale simulation of geosynthetic reinforced piled embankments.

However, continuum approaches rely on soil constitutive models to capture the soil mechanical properties of the granular materials. On the other hand, Discrete Element Method (DEM) can naturally capture the complex mechanical properties of granular materials. Although often limited to academic works, DEM is also well adapted to investigate the load transfer mechanisms [START_REF] Chevalier | DEM numerical analysis of load transfers in granular soil layer[END_REF][START_REF] Chevalier | Experimental and discrete element modeling studies of the trapdoor problem: Influence of the macro-mechanical frictional parameters[END_REF][START_REF] Rui | Evolution of soil arching; 2D DEM simulations[END_REF].

Although both continuum models and DEM models are extensively used to investigate the load transfer mechanisms in geosynthetic piled embankments, the major differences between the numerical performance of these models are not often presented. This research aims to investigate the load transfer mechanism using both the DEM and FDM models. By using adequate micro-parameters and assemblies of particles of various shapes, the DEM can naturally capture the density dependence, pressure dependence and the shear strength degradation.

These parameters play a crucial role in the load transfer evolution. In FDM, the soil behaviour is restored by using a constitutive model able to simulate the soil hardening and softening. For the DEM model, to better capture the interaction between the granular material and geotextile, a coupled DEM-FEM model (Le [START_REF] Hello | Embankments reinforced by piles and geosynthetics -Numerical and experimental studies dealing with the transfer of load in the soil embankment[END_REF]Villard, et al., 2009) was developed in which the granular materials (particles in DEM) interact with geotextiles (finite elements which can only sustain tensile forces). In this study, three types of soil are considered including low, medium and dense granular materials. To allow the comparison between the two numerical models, the macro-parameters of the continuum model were calibrated using triaxial test results in order to reproduce the DEM ones. The numerical results reveal the insight of the load transfer mechanism and highlight the advantages and limitations of both numerical models.

NUMERICAL MODEL OF REINFORCED PILED EMBANKMENT

Geometry of the numerical model

The continuum model (FDM) is performed using the software FLAC3D (2011). The geosynthetic reinforced piled embankments in both FDM and DEM models include (1) piles and pile caps installed into the soft soil, (2) the granular embankment and (3) the geotextiles. We focus on investigating the load transfer mechanism in the embankment, therefore, the soft soil and the piles (0.6m diameter) are modelled by an elastic model with a distance between piles of 3m (s=3m). Due to the symmetry, only a quarter of the geosynthetic reinforced piled embankment is modelled (see Figure 1). The height of the embankment is variable for the parametric studies. To optimize the time of numerical calculation, the soft soil thickness was only 1m in the FDM model while elastic springs were used in the DEM model. The DEM and FDM models are respectively shown in Figure 2 and Figure 3. 

DEM parameters for the granular materials

To investigate the influence of the granular materials porosity on the load transfer mechanism, three different types of soils materials are considered, denoted as loose granular (L), medium granular (M) and dense granular soils (D) (see the parameters in Table 1). [START_REF] Kozicki | Discrete simulations of a traixial compression test for sand[END_REF] showed that clustering particles (overlapped clumped spheres) can mimic realistic grain shapes and replicate the mechanical behaviours of granular materials. In this study, the angularity (distance between centroid of two clumped spheres) is taken as 0.8D (where D is the diameter of a single sphere) with the diameter of the spheres distributed from 0.01m to 0.04m. The DEM particles can move freely in all directions (3 degrees of freedom in translation) and in rotations (3 degrees of freedom in rotation). The DEM model was validated with experimental results [START_REF] Salot | Influence of relative density on granular materials behavior: DEM simulations of triaxial tests[END_REF]. They succeeded to replicate the real behaviour of granular materials considering triaxial tests. They showed that the influence of DEM particle in macroscopic behavior is slight if the number of particles is higher than 8000. Moreover, [START_REF] Sibille | Quantitative prediction of discrete element models on complex loading paths[END_REF] showed that DEM, calibrated on the base of triaxial results, can well reproduce the numerical behavior of granular material under complex load paths such as geosynthetics piled embankment. Therefore, we performed series of triaxial tests with the DEM micro parameters under three different confining pressures (10kPa, 20kPa and 30kPa). The triaxial test sample (8000 particles) is generated using the radius expansion with decrease of friction process (Chareyre and Villard, 2005). To calibrate the macro-parameter from microparameter, we applied the Mohr Coulomb circle method to obtain the peak and critical state friction angle from the triaxial test. The pressure dependent parameter m, is obtained in the graph log(E) -log(σ p ⁄ ) ( see Figure 4) where E is the initial Young modulus, σ is the confining pressure in a triaxial test and p = 100 kPa is the reference pressure. Table 2 gives the values of the macro-parameters deduced from the DEM triaxial tests. The static equilibrium of the DEM simulations is reached when the ratio between the unbalance forces and the sum of contact forces is less than 0.001. (the unbalanced force is, due to dynamic effects, the difference between the load applied and the load transmitted)

The DEM geosynthetics piled embankment model was validated with the full-scale experiment (Le [START_REF] Hello | Embankments reinforced by piles and geosynthetics -Numerical and experimental studies dealing with the transfer of load in the soil embankment[END_REF][START_REF] Huckert | Load transfer mechanisms in geotextile-reinforced embankments overlying voids: Experimental and analytical approaches[END_REF][START_REF] Chalak | Coupled numerical and experimental analyses of load transfer mechanisms in granular-reinforced platform overlying cavities[END_REF]. It is not necessary to consider a numerical particles size equal to the experimental one. Indeed, based on the validated DEM model, a sufficient number of particles was selected to replicate the mechanical behavior of granular materials. In the present study, the number of particles increase proportionally with the embankment height which is respectively equal to 0.75m, 1.5m, 2.25m and 3m. It corresponds to 16000, 32000, 48000 and 64000 clumps. The number of particles by unit of volume remains the same in all simulations. (Tran, et al., 2019).

Table 3. Macro-parameters for the FDM model 

Soft soil and pile constitutive models

In the FDM model, the stiffness of the soft soil and piles are represented by an elastic model with an elastic modulus (Edef) and a Poisson's ratio (v). Similarly in the DEM model, the piles and soft soil layers were modeled by using elastic springs with an oedometric modulus (Eoed).

Because of the different types of definition, the elastic modulus and the oedometric modulus are correlated by using Poisson's ratio by:

E = E β (1) β = 1 - 2v 1 -v (2) 
For the sensitivity analysis, differents values of the oedometric modulus were considered (from 0.05 MPa to 1 MPa). [START_REF] Han | Numerical analysis of geosynthetic-Reinforced and Pile-Supported Earth Platforms over Soft Soil[END_REF] showed that if the pile stiffness is 1000 times higher than the soft soil one, the pile stiffness will not have an effect on the settlement and on the load transfer. Therefore, the oedometric modulus was fixed to 2000 MPa to eliminate the pile stiffness effect.

Geotextiles in the DEM model: coupling between FEM (geotextiles) x DEM (granular materials)

In the DEM model, geotextiles are modelled by triple-node triangular elements (Villard & Giraud, 1998) jointed together to form a plane continuous sheet. The geosynthetic model was validated in simple cases (Villard & Giraud, 1998) and by comparison with experimental results of laboratory tests and full-scale experiments [START_REF] Gourc | Reinforcement by membrane effect: Application to Embankments on Soil Liable to Subsidence[END_REF][START_REF] Gourc | Reinforcement by membrane effect: Application to Embankments on Soil Liable to Subsidence[END_REF].

For each triple-node finite element, the nodal forces are calculated from the nodal displacements as follows:

F = K u ! + F (3) 
where: F are forces acting on the nodes; K the elementary matrix of rigidity, F the corrective vector force resulting from the large displacement formulation and u ! the nodal displacements. The elementary matrix of rigidity permits to considers of the fibrous nature of the geotextile as for example the reinforcement yarns (no isotropic linear elastic material). In this paper, two perpendicular fibre directions were considered to mimic the nature of the geotextiles used in piled reinforced embankments. In the coupled DEM-FEM model, the geotextile can shear on pile but is tied to the boundary limit due to symmetry. Therefore, the friction angle between geotextile and the pile is equal to 31.5 o and it allows horizontal relative displacements between piles and the geosynthetic sheet. It is thus possible to model large displacements and stretching of geosynthetic without any flexional resistance. The interaction between the particles of the granular embankment and the finite elements of the geotextile is respectively controlled by the normal and tangent forces F # and F $ . The contact laws are defined as follow:

F # = k #% U # (4) d(F $ ) dU $ = k $% with |F $ | ≤ |F # |tg(δ) (5) 
where k #% and k $% are the interface normal and tangential stiffnesses respectively and δ the interface friction angle. U # and U $ are respectively the normal overlap and the tangential relative displacement between two elements. In FLAC3D, the geotextile is modelled by an isotropic linear elastic material with E is the Young's modulus and t is the thickness of the geotextile. A Poisson's ratio equal to 0.3, similar to the studies of [START_REF] Han | Numerical analysis of geosynthetic-Reinforced and Pile-Supported Earth Platforms over Soft Soil[END_REF], [START_REF] Liu | Performance of a Geogrid-Reinforced and Pile-Supported Highway Embankment over Soft Clay: Case Study[END_REF], (Tano, et al., 2016;Tano, et al., 2017;[START_REF] Girout | Numerical analysis of a geosyntheticreinforced piled load transferplatformeValidation on centrifuge test[END_REF] The mechanical behavior of the FDM geotextile elements was calibrated based on the DEM model which was validated with analytical equations and full-scale experiments [START_REF] Gourc | Reinforcement by membrane effect: Application to Embankments on Soil Liable to Subsidence[END_REF][START_REF] Gourc | Reinforcement by membrane effect: Application to Embankments on Soil Liable to Subsidence[END_REF]. In the FDM model, the thickness of the liner is fixed at 0.01m and Young's modulus was varied to match with the deflection of geotextile in the DEM model. The calibration shows that Young's modulus of geotextile elements (liner and geogrid elements) are linearly proportionally to the geotextile tensile stiffness in the DEM model (see Table 4). Commonly, it is expected that the multiplication of Young's modulus E and geotextile thickness t is equal to the geotextile tensile stiffness J. However, values of 0.6

x E x t = J were found to be the more appropriate in the FDM model to obtain results in good agreement with the DEM ones as presented in the next section.

Table 4. Numerical calibration of geotextile in DEM and FDM model

Comparison of the geotextile between DEM and FDM models

In both DEM and FDM models, the geotextile tensile stiffness is the same in both directions.

The deflections of the geotextiles are compared for a simple case (only an uniform vertical stress was applied to the geotextiles). To calibrate the geotextile properties between the DEM and the FDM models, a sensitivity analysis was performed.

First, the geotextile tensile stiffness is fixed to 3000kN/m and the vertical forces are varied.

Both the deflections of the liner and the geogrid elements match well with the DEM results

(see Figure 8). However, the tensile strain in the FDM models are slightly higher than the DEM model (See Figure 9) due to a singularity in the corner of the pile in the FDM model (Tran, et al., 2019). The small difference of tensile strain of geotextile between the 'liner' and the 'geogrid' elements may be due to the small bending resistance of the 'liner' element. For the same deflection, the 'geogrid' element has only the tensile resistance while the 'liner' element has both tensile and bending resistance. Therefore, the tensile strain of the 'liner' element is slightly higher. Secondly, we study the influence of the geotextile tensile stiffness in 

NUMERICAL RESULTS

To investigate the load transfer mechanisms, a sensitivity analysis is performed. The microparameters are given in Table 2 for the DEM model and the macro-parameters are given in Table 3 for the FDM model. The comparison between the DEM model and the FDM model will be concentrated on the efficacy changes and the vertical displacements of the geotextiles.

In this study, the efficacy E is defined as the proportion of the embankment weight carried by the pile caps as follows:

E = P s γh 4 100% ( 6 
)
where P is the forces transmitted to the pile cap, s denotes the pile centers spacing, γ denotes the unit weight of embankment materials, and hm denotes the embankment height. To quantify a dimensionless vertical displacement rate, we defined the shearing ratio, denoted as ds, as the ratio between the maximum vertical displacement of the embankment (ys max) and the embankment height as follows:

d 6 = y 6 489 h 4 (7 
)

Effect of the porosity state of materials

The porosity represents the initial state of the materials. We consider three different types of granular materials (loos, medium, dense) in this study. Figure 13 and Figure 14 show the effect of the porosity on the maximum efficacy in the DEM and the FDM simulations. The soft soil stiffness is varied to get the maximum value of the efficacy obtained at the end of the numerical simulations. . The notations n34, n38 and n41 refer to the numerical simulations of dense, medium, and loose granular materials without geosynthetic reinforcement. The notation n34/J3000, n38/J3000 and n41/J3000 refers to dense, medium and loose granular materials respectively but reinforced by geotextiles (tensile stiffness of 3000kN/m). We showed that maximum efficacy is higher for denser materials (see Figure 13 and Figure 14). This confirms that materials with a higher shear resistance exhibit a higher efficacy embankment. Without geotextiles, the maximum efficacy increases with the increase of the embankment height. In contrast with geotextiles of 3000kN/m, the maximum efficacy is lower for higher embank-ment. It means that when the embankment height is low (no significant load transfer within the granular soil layer), the major of the load is transferred to the pile caps through the geotextiles and negligible load is transferred to the soft soil. However, for higher embankment, a part of the loading is partially transferred to the soft soil. Hence, the proportion of the load onto piles (efficacy) reduces in the range from 70% to 90% for different granular materials.

Regarding the shearing ratio, without geotextiles, both the DEM and FDM predict shearing ratio from 0.1 to 0.2 in order to reach the maximum efficacy (see Figure 15). In contrast, with the geotextiles, the value of the shearing ratio reduces with the increase of the embankment height (see Figure 16). Furthermore, the FDM model predicts higher shearing ratio than the DEM model. Overall, the DEM and the FDM models predict a similar trend of efficacy change for the considered soil porosity variation and embankment heights. Although the shearing ratio at maximum efficacy is similar between loose and dense granular materials, the efficacy of the dense granular is much higher than the loose granular materials.

This could be explained through the force chains distribution in the DEM model. In the dense granular materials, the force chain directions act to towards the pile caps (see Figure 17) while in the loose granular materials, the force chain directions are more fluctuated (see Figure 18). 

Effect of the embankment height and soft soil stiffness

Four embankment heights are considered (0.75 m, 1.5 m, 2.25 m, and 3 m) and for subsoil stiffness ranging from 0 to 1MPa. The numerical results for two different materials n34 (dense granular material with porosity of 0.34) and n40 (loose granular material with porosity of 0.4) are presented in this section.

Dense granular materials (n34)

For dense granular materials, the peak friction angle φ : is equal to 46 o for the FDM models corresponding to porosity of 0.34 in the DEM models. The notations H0.75m, H1.5m, H2.25m and H3.0m denotes different embankment heights including 0.75m, 1.5m, 2.25m and 3m respectively. Without geotextiles, the efficacy is significantly reduced for low soft soil stiffness values for both models (see Figure 19 and Figure 20). In these cases, the load is transferred to the soft soil leading to significant settlements. In contrast, with the geotextiles, the efficacy is significantly high even for very soft soils (see Figure 21 and Figure 22). This demonstrated that geotextiles play an important role to transfer the load onto the piles instead of onto the soft soils. In both cases with and without geotextiles, the DEM and FDM models predict in a similar way that higher embankments will induce a higher efficacy in both the DEM and FDM models. To highlight the role of geotextiles, the efficacy ratio is then calculated as:

E 8$% = E ;< === E ;<= (8) 
The efficacy ratio indicates the efficiency of the geosynthetic reinforcement in the piled embankment system. In the DEM model (see Figure 23), when the soft soil stiffness is higher than 0.2MPa, the efficacy ratio is close to 1. It means that the geotextiles do not contribute to the vertical loading resistance because settlements of the soft soil are too small to induce tensile forces of the geotextiles. However, when the soft soil stiffness is lower than 0.2MPa, the efficacy ratio increases significantly. Similarly, in the FDM model (see Figure 24), high values of the efficacy ratio are observed for the soft soil stiffness lower than 0.2MPa. In contrast, while the DEM model predicts an efficacy ratio being approximately 1 for high soft soil stiffnesses, the FDM model shows different results (efficacy ratio higher than one).

This discrepancy is investigated for loose granular materials in the next section.

Regarding the surface settlement, the DEM model (see Figure 25) predicts slightly higher than the FDM model (see Figure 26). Overall, both models show higher surface settlements with the increase of the embankment height and the decrease of the soft soil stiffness. 

Loose granular materials (n41)

For loose granular materials, the peak friction angle φ : is equal to 34 o for the FDM models corresponding to the porosity of 0.41 in the DEM models. There is a discrepancy between the DEM and FDM models (see Figure 27 and Figure 28). While there is a slight reduction of the efficacy in the low soft soil stiffness (as obtained for dense granular material) in the DEM model, there is no efficacy decline in the FDM model. The granular materials can dilate or densify under shearing in the DEM model and it results of soil densification. Therefore, the DEM granular materials gradually exhibit the softening behaviour leading to the reduction of the efficacy. In contrast, for the FDM model, the materials depend on the constitutive soil model which does not considers the variation of the porosity, then, no efficacy reduction is obtained. Similar values of efficacy ratio for the loose and the dense granular materials are obtained (see Figure 31 and Figure 32). In the DEM model, the efficacy ratio is approximately one while in the FDM model, the efficacy ratio ranged from 1 to 2 for high soft soil stiffnesses. In both dense and loose granular materials, the difference of the efficacy ratio between the DEM and FDM model may be due to the difference of the geotextile mechanical model. Regarding the surface settlement, the DEM model (see Figure 25) predicts slightly higher than the FDM model (see Figure 26). Overall, both models show higher surface settlements with the increase of the embankment height and the decrease of the soft soil stiffness.

In the DEM model, the geotextiles are modelled as finite element membranes able to capture the membrane effects for large displacements. The geotextiles are only involved tensile forces due to the vertical loading when their deflection is large. Therefore, a small geotextile deflec-tion induced negligible efficacy ratio changes. In contrast, a small geotextile deflection can induce a small vertical loading resistance which may stem from the bending resistance of the 'liner' element in the FDM model, leading to the increase of the efficacy ratio. Regarding the surface settlement, both DEM and FDM model (see Figure 33 and Figure 34) show higher surface settlements of the loose material with the increase of the embankment height and the decrease of the soft soil stiffness in a similar way to the dense material. Furthermore, the settlement of the loose material is higher than the dense material in the same loading condition.

Because the DEM model can capture the evolution of the porosity, there are higher settlements of the DEM model than the FDM model. 

Effect of the geotextile tensile stiffness and element type in the FDM model

To investigate the influence of the geotextile tensile stiffness, we performed simulations with different geotextile tensile stiffness (0 to 6000kN/m) for the loose and dense granular materials. Because the geotextiles are efficient when the soft soil is lower than 0.2kPa, the soft soil stiffness is fixed to 0.1MPa in all simulations to mobilize maximum efficiency of the geotextiles. The FDM elements (liner or geogrid element) used to simulate the geotextile are compared with each other.

Dense granular materials (n34)

Both DEM and FDM models predict a quite similar trend for dense granular materials (see 7), for different geotextile tensile stiffnesses. In both models, increasing the geotextile tensile stiffness induce a higher efficacy and a lower geotextile deflection. In the DEM model, the efficacy increases linearly with the decrease of the shearing ratio in the same way regardless all studied embankment heights. A similar trend was observed for the 'geogrid' element in the FDM model. In contrast, for the 'liner' element in the FDM model, the efficacy increases exponentially with the increase of the shearing ratio. The increase of the efficacy may be due to the extra bending resistance of the 'liner' element in the FDM model apart from the tension resistance of the geosynthetics elements.

Loose granular materials (n41)

Apart from the dense granular materials, the influence of the geotextile tensile stiffness on the transfer mechanisms of loose granular materials is also investigated. Figure 41-37 show the influence of the geotextile tensile stiffness for different embankment heights. A similar trend in the relation between the efficacy and the geotextile tensile stiffness is observed for the loose and the dense granular materials. The efficacy increases dramatically when the geotextile tensile stiffness rises until 1000kN/m and then gradually increases for geotextile tensile stiffnesses higher than 1000 kN/m. The relation between the efficacy and the shearing ratio is also similar between the loose and dense granular materials.

There is a linear increase of the efficacy with the decrease of the shearing ratio in the DEM model in Figure 44 (relative similar inclination between dense and loose materials) and for the 'geogrid' element in the FDM model (see Figure 45). In contrast, there is an exponential increase of the efficacy with the decrease of the shearing ration for the 'liner' element in the FDM model (see Figure 46). This observation demonstrated that the influence trend of the geotextile tensile stiffness is independent of the porosity state of the granular materials. The differences between the liner and geogrid elements in the FDM model may stem from the mechanical model of the geotextile. As mentioned previously, in a high tensile stiffnesses, the 'liner' elements transferstransfer more load to the piles due to the bending resistance under large deformation while the 'geogrid' elements and finite elements in the DEM model do not have bending resistance. Overall, the sensitivity analysis can contribute to determine the efficiency zone of the use of geotextiles (see Figure 47). In the cases study, it was demonstrated that the soil between piles should be soft enough (lower than 0.2MPa) to mobilize the vertical loading resistance of the geotextiles. This is a valuable information for engineers to design the piled embankment economically. 
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  the deflection. Both the DEM and the FDM models show a good agreement in terms of the geotextile's deflection for different tensile stiffness with a surcharge of 1000 kN/m². (see Figure 10, Figure 11 and Figure 12). In the following section, we compared only the 'liner' element in the FDM model with the DEM model to highlight the influence of the bending resistance in the numerical results of the continuum model.
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Table 1 . Micro-parameters in the DEM model for granular materials Figure 4. Calibration of the pressure dependent parameter m Table 2. Interpretation of the macro-parameters from the DEM triaxial tests

 1 

	Constitutive parameters for the granular material
	While the DEM model can capture mechanical properties of the granular materials (soil hard-
	ening, shear strength degradation (softening), critical state, pressure dependent) by using a

  [START_REF] Pham | 3D modeling of geosynthetic-reinforced pilesupported embankment under cyclic loading[END_REF] is considered. For comparison, two types of elements('liner' and 'geogrid' elements) are compared in this study. Both elements are used to model the geotextiles. They contain a soil-structure interface on both sides. The main difference is that the liner element has both bending and tensile resistance while the geogrid element has only tensile resistance. The model is performed in the large strain formulation in the FLAC3D.

Table 1 . Micro-parameters in the DEM model for granular materials

 1 

	Samples	Numerical Porosity	Kn (MN/m 2 )	kn/kt	φ
	Loose (L)	0.41	10	1	40 o
	Medium (M)	0.38	10	1	40 o
	Dense (D)	0.34	10	1	40 o

Table 2 . Interpretation of macro-parameters from the DEM model

 2 

	Sample	φ (degrees)	φ (degrees)	m
	Loose (L)	34 o	26 o	0.36
	Medium (M)	40 o	26 o	0.36
	Dense (D)	46 o	26 o	0.36

Table 3 . Macro-parameters in the FDM model

 3 

	Sam-ple (MN/m 2 ) (	)	υ m	φ (degree)	φ (degree)	β	φ (de-gree)	eo	Volumetric weight (kg/m 3 )
	Loose 100	100 0.20.36 34 o	26 o	0.9 0.12 250 o 0.7	1470
	Me-dium	120	100 0.20.36 40 o	26 o	0.9 0.12 250 o 0.61	1550
	Dense 160	100 0.20.36 46 o	26 o	0.9 0.12 250 o 0.51	1650
		Reference Young's modulus	φcs	Critical state friction angle
		Reference mean stress			Failure ratio constant
	υ Poisson's ratio			β	Calibration factor	
	m Stress dependence constant	h φ	Softening friction angle
	φp Peak friction angle		eo	Initial void ratio	

Table 4 . Numerical calibration of geotextile in discrete and continuum model

 4 

	DEM		FDM
	J (kN/m)	thickness t (m)	Young's modulus E(MN/m 2 )
	50	0.01	8.33
	100	0.01	16.66
	200	0.01	33.33
	500	0.01	83.33
	1000	0.01	166.66
	2000	0.01	333.33
	3000	0.01	500
	4000	0.01	666.66
	6000	0.01	1000

 Tano, B. F. G. et al., 2016. Numerical modeling of the nonlinear mechanical behavior of multilayer geosynthetic system for piggyback landfill expansions. Geotextiles and Geomembranes, Volume 44, pp. 782-798. Tano, B. F. G. et al., 2017