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ABSTRACT: In this study, the performances of the sand piles in Istanbul's Bağcılar and Zeytinburnu districts has been analyzed 

using Finite Element Method (FEM). Single and group (triple) piles with various length/diameter ratios (L/D) were placed in the 

water-saturated soft clay soil. Sand piles were modeled in various L/D ratios (10, 5.71, and 8.57). The distance between the piles 

was chosen as 2 meters and the group effect was also investigated. A uniformly distributed load of 162 kN/m2 is placed on the 

ground. In addition, the soil was modeled with the Soft-Soil soil model, the hardening soil model for the infill part, and the sand 

piles with the Mohr-Coulomb soil model. According to the results , the settlement of the soil decreases by 52.8% for a single pile 

with an L/D ratio of 8.57. However, the best L/D ratio for triple piles was found to be 5.71. In this case, the settlement decreases 

by 52.8% compared to the pileless situation. Finally it was concluded that the model with the L/D ratio of 8.57 reduced settlement 

in the best and the most efficient way. 
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I. INTRODUCTION 

Clayey soils tend to settle excessively due to their low- 

strength and high compressibility. Therefore, it leads to 

stability problems. Sand piles are one of the methods used to 

reduce settlement in soft clay soils, increase bearing 

capacity and accelerate the consolidation process of clayey 

soils. This study was carried out to analyze the behavior of 

sand piles placed in a saturated clay bed under load. 

Analyzes were done using the finite element analysis 

method Plaxis Version 8-2D. 

In the literature, there are studies conducted by placing sand 

piles in clayey soil, using finite element analysis methods 

and small scale experiments. Samadhıya,N et.al. [1], 

investigated the load settlement behavior for a single sand 

pile in CL class clayey soil. The tests were conducted to 

investigate the load settlement behavior of the clayey soil 

individually and the behavior of the piles placed in the soil. 

In Rajbut et.al [2] study, Distance/ Diameter (S/D) ratios (2-

2.5-3) and Length/Diameter (L/D) ratios (3-5-7) were 

selected, one of the 7 pile groups was selected as a centeral 

pile and the L/D and S/D ratios were studies. In this paper, 

laboratory model tests were applied. Finally, it was observed 

that the bearing capacity increases as the distance between 

the piles decrease. 

Hasan and Samadhiya [3], conducted experimental model 

tests to investigate the behavior of piles under short-term 

loading in order to increase the load bearing capacity and 

reduce settlements in soft clay soils. 

Hasan and Samadhiya [4], Study conducted experiments to 

examine the swelling effect of the sandy piles As a result of 

laboratory experiments, load settlement behavior was 

obtained for sand piles. In the results of working It was 

found that the bearing capacity increased when the entire 

floor area was loaded. Obtained test results were compared 

with numerical analysis results. 

Galil et.al. [5]  investigated the behavior of a raft foundation 

resting on clayey soil reinforced with sand piles under long-

term loading. According to the results of the three-

dimensional finite element analysis, it was observed that the 

sand piles were used to strengthen the clayey soil under the 

raft foundation and the bearing capacity, so settlement and 

bending moment of the raft foundation wa improved 

considerably. 

 In the study of Naseer et. al. [6], the effects of sand piles 

placed on clayey soils modeled on a small scale were 

investigated by experimental studies. In the research, the 

effects of sand piles with different L/D ratios on the ground 

and the shear strength of the piles were investigated. The 

results show that the maximum strength is at L/D=4 and as 

the L/D ratio increases, the loading capacity decreases due 

to soil swelling.The purpose of Safin [7], in his 2020's study, 

is to evaluate the deformation of a group of sand piles under 

load in a saturated clayey soil. This study was carried out 

using computational methods to examine the interactions of 

a group of sand piles with the clayey soil in the free state 

without calculating their working together. As a result of the 

study, despite the improvement of the deformation 

properties of sand piles in water-saturated soil, the 

deformation reaches large values with precipitation. This is 

because deformation occurs before the sand piles are added. 
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II. MATERIAL AND METHOD 

A. Geotechnical Evaluation 

In the study, a saturated clayey soilisplaced in two layers. 

The soil is classified as CL (low plasticity clay) according to 

USCS classification system. Soil input data were obtained 

from geotechnical report of Istanbul Province, Zeytinburnu 

District. Embankment layer is comprised of Garvelly soil, 

the data obtained from the geotechnical report of Istanbul 

Province, Bağcılar District. In Figure 1, the soil profile used 

for the calculations is shown. 

 

 

 

 

 

 

 

Figure 1:Soil Profile 

The permability coefficient 10-2 cm/sec (86.4 m/day) was 

chosen for the embankment layer [8]. The material 

properties for the clay layer are shown in Table 1. The input 

parameters used in this study are given in Table 2.  

Table 1: Soil parameters used in PLAXIS 

Table 2: Input parameters used in PLAXIS 

The sand used in this study is classified as SP (poorly- 

graded sand).According to USCS, the sand particles are 

finer than 4.75mm sieve[2].In this study, dry unit weight for 

sand as selected as 15.5 kN/m3[6], modulus of elasticity; 

80000 kN/m2 [9], cohesion; 1.96 kN/m2 [10], and 

permability coefficient was selected as 8.64 m/day [8]. 

Parameters for sand piles are given in Table 3. The sand 

piles were modeled as drained with the Mohr Cloumb 

Model. In this study study, a single pile and a triple group 

piles were selected and loaded with a uniformly distributed 

load of 162 kN/m2. 

Table 3: Sand pile parameters used in the modelling. 

Definition sand pile 

 Model Mohr Cloumb Model 

Drainage Condition Undrained 

Dry unit weight (kN/m3) 15.5 

Saturated unit 

weight(kN/m3) 

18.0 

Cohesion c (kN/m2) 1.96 

Modulus of elasticity E 

(kN/m2) 

80000 

Poisson's ratio  ν 0.3 

Effective internal friction 

angle (Degree) 

30 

Expansion angle  ψ 1 

Permability(m/day) 8.64 

 

In research, the distance between the sand piles is usually 

expressed with “S”, while the diameter of the sand pile is 

expressed with “D”. Likewise, L/D is the (length/diameter) 

ratio for the sand pile. In this study, three different models 

were being analyzed as it is shown in Table 4. 

 

Table 4: Properties of sand pile 

Model Height  

(cm) 

Diameter 

(cm) 

L/D 

(Length/ 

Diamete

r) 

 

Distance  

S(m) 

Model 

1 

800 80 10 S=2    

Model 

2 

300 35 8,57 S=2   

Model 

3 

400 70 5,71 S=2    

 

B. Finite Element Method 

Finite element method is a numerical method used in 

solving engineering problems. In addition to the fact that the 

method started to be used in the 1950s, it is also used in the 

fields of medicine and dentistry apart from engineering 

fields[11].For the soil modeled with the soft-soil soil 

modelin finite element model, the possible deformations on 

the single pile and group piles are shown in Figure 2. 

Definition Embankment 

Soil Model Hardening- Soil Model 

Drainage Condition Undrained 

Unit volume weight  (kN/m3) 15.00 

Permability(m/day) 86.4 

 E50 (kN/m2) 9806.65 

 Eoed(kN/m2) 9806.65 

 Eur(kN/m2) 29419.95 

Poisson's ratio,ν 0.41 

 Effective internal friction 

angle (Degree) 

20 

Cohesion, c (kN/m2)   4.9 

Expansion angle, ψ 0 

Definition Low plasticity clay (CL) 

Soil Model Soft- Soil Model 

Drainage Condition Undrained 

Dry unit weight 

(kN/m3) 

15.99 

Saturated unit 

weight(kN/m3) 

18.39 

Modulus of elasticity, E 

(kN/m2) 

16960 

Permability  (m/day) 39.19104×10-6 

Poisson's ratio  ν 0.30 

Effective internal 

friction angle (Degree) 

8.43 

Cohesion, c (kN/m2)  51 

Compression index, λ̃ 0.066385869 

Swelling index  κ̃ 0.013277173 
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Figure 2: Vertical deformation values in PLAXIS -2D 

 

1. Material models 

a. Hardening Soil Model 

The hardening soil model is a model used to simulate the 

behavior of soft and hard soils. In the hardening soil model, 

the stiffness of the soil is modeled using three different 

stiffnesses. In this modeling, E50, triaxial loading stiffness, 

Eur, triaxial unloading stiffness and Eoed are used as 

oedometer loading stiffness input parameters. It is a 

hardening model that is not affected by the softening caused 

by the expansion of the ground. It is also an isotropic 

hardening model [12]. 

b. Soft- Soil Model 

This soil model is a soil model designed for primary 

compaction of clayey soils in normal consolidation. This 

soil model should be used especially where compaction is 

important [12]. 

c. Mohr-Coulomb Zemin Model 

It is a model used to perform a quick and simpler analysis of 

any soil problem. Good results can be obtained when soil 

data is good, but different models can be used for further 

analysis [12]. 

2. Nodes 

In the finite element method, while calculating the clusters 

by dividing the clusters into triangular elements, the 15-node 

element is shown by 15 nodes, a 6-node element is shown 

by 6 nodes, and adjacent elements are connected with 

common nodes. In the calculation phase, the displacements 

at the nodes are calculated. In the study, the element was 

chosen as 15 nodes during the creation of the mesh [12]. 

 

III. RESULTS  

Settlements in the selected soil was analyzedand the 

performance of sandy pile within the scope of the 

geotechnical report was investigated and the following 

results were obtained. 

1) ) When the soil is under uniform load without piles, the 

settlement is 75.69×10-3 mm. In case of single pile, 

settlement is 43.29×10-3mm for L/D:10 and 42.8% decrease 

was observed compared to the case without piles. For 

L/D:8.57, it is 35.68×10-3mm, and there is a 52.8% decrease 

in settlement compared to the pileless condition. For 

L/D:5.71, it is 37.11×10-3mm, with a reduction of up to 

50.9% in settlement compared to the pileless situation. 

2) In the case of triple group piles, the settlement is 

46.41×10-3mm for L/D:10 and 38.6% decrease was observed 

compared to the case without piles. For L/D:8.57, it is 

36.90×10-3mm and 51.2% reduction was observed compared 

to the pileless condition. The settlement is obtained as 

35.66×10-3mm for L/D:5.71 and decreased by 52.8% 

compared to the pileless condition. 

3) As a result of the comparison, the optimum L/D ratio of 

the single pile is 8.57 and the best L/D ratio for the group 

piles is is 5.71. Also, the amount of settlement for both cases 

is very close to each other. The results are summarized in 

Table 5.

 

Table 5: PLAXIS-2D Analysis Results 

 

 

 

 

 

 

LOW PLASTIC CLAY(CL) 

SITUATION PILELESS 

SINGLE PILE TRIPLE PILE 

Length/Diameter (L/D) Length/Diameter (L/D) 

10 8.57 5.71 10 8.57 5.71 

EFFECTIVE MEAN STRESES 

(kN/m2) -158.88 -149.04 -146.83 -148.4 -153.31 -146.05 -147.58 

VERTICAL DISPLACEMENTS (m) 75.69×10-3 43.29×10-3 35.68×10-3 37.11×10-3 46.41x10-3 36.90×10-3 35,66×10-3 

SHEAR STRAIN S(%) 385.17×10-3 2.48 2.93 2.21 2.34 4.21 2.06 

TOTAL STRESES (kN/m2) -525.29 -525.08 -525,35 -525.4 -525.01 -525.36 -525.29 

DEFORMED MESH (m) 75.69×10-3 43.73×10-3 36,.17×10-3 37.78×10-3 47.04×10-3 38,25×10-3 36.42x10-3 
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