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A B S T R A C T  
 

 

The need for practical and economical solutions to increase the stability of embankments and reduce 

their settlement is a significant issues in geotechnical engineering. An effective approach to improve the 
overall performance of embankment systems is using structural elements such as piles. In recent years 

the use of helical piles has gained consideration due to their proper performance under compressive and 

tensile loads, quick and easy installation, and elimination of concreting problems. This study investigates 
the performance of embankments supported by helical piles through a 3D numerical study using the 

Abaqus software. The validation was performed according to the experimental and field data provided 

by other researchers. Then, 3D numerical models were developed to investigate the effects of pile caps, 
the ratio of helix diameter to shaft diameter, the number of helices, and the optimum spacing of helices. 

The finite element modeling results indicated that increasing the number of helices and changing their 

spacing had no significant impact on controlling the settlement. It was also found that the load transfer 
mechanism parameters had a direct relationship with the helix dimensions and shaft diameter. Adding 

helices to piles increased their bearing capacity, improving parameters of the load transfer mechanism, 

such that the arching in a pile with three helices decreased by 40% compared to the one with one helix. 
The results also revealed that on average, 80% of the load imposed on a pile was sustained by the shaft, 

and helices had a smaller effect on the settlement of pile-supported embankments. 

doi: 10.5829/ije.2024.37.04a.03 
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1. INTRODUCTION 
 

The design and construction of road or railway 

embankments are not possible on problematic soils, such 

as soft soils, due to excessive total and differential 

settlements, low bearing capacity, high lateral 

displacement, and slope instability (1). As a rapid and 

economical solution, pile-supported embankments have 

been employed instead of traditional improvement 

methods of soft soils over recent years (2, 3). Studies 

have investigated different types of piles to be used in 

pile-supported embankments. Cast-in-place concrete 

piles (4, 5), precast concrete piles (6-8), prestressed 

concrete piles (9), steel piles (10, 11), deep mixed 

columns (12-14), stone columns (15, 16), sand-ash-

gravel mixed columns (4, 17), and high-strength piles 

(18, 19) are some examples. Ahmed et al. (20)conducted 

a parametric study to simulate pile foundation and 

investigate its performance in soft clay. It was found that 

the performance of piled raft foundations on soft soils is 

significantly affected by the piles' spacing. When the 

ratio S/D exceeds 10, piles have little or no effect on the 

ultimate bearing capacity. 

Liu et al. (21) conducted a study on different types of 

piles (rigid, rigid-flexible, flexible) in a pile embankment 

system. The results showed that the model test with rigid 

piles had the least settlement, while the model test with 

flexible piles experienced the largest settlement. 

However, it was found that using pile effectively reduced 

embankment settlement. 

All types of conventional piles have specific issues 

such as construction problems, damaging the 

environment, and incurring large costs that make them 

deficient in some civil engineering projects.  

A helical pile is a deep steel foundation system, 

consisting of one or more helices connected to a central 

shaft. The easy and rapid installation, recyclability and 

reusability, elimination of concreting issues, and low 

noises during installation are some merits of these piles, 

resulting in the widespread use of large-scale helical piles 

in industrial and building projects (22). The use of helical 

piles in pile-supported embankments is an alternative, 

whose performance evaluation requires further studies. 

The shaft diameter of a large-scale helical pile varies 

between 73 mm and 965 mm, and the diameter of the 

helices connected to it ranges from 152 to 1219 mm. 

Some references consider the ratio of helix diameter to 

shaft diameter between 2 and 3 (23-25). Most of the 

previous researches on helical piles have focused on the 

situation in which the piles are under direct loading, and 

by examining their geometric parameters, settlement 

performance and axial force distribution in the pile depth 

have been investigated and the results indicate that for 

cohesive soils, increasing the number of helices with the 

optimal distance of 1.5 times the diameter of the helix, by 

creating cylindrical shear, enhances pile’s performance 

(26-28). The research on the behavior of helical piles in 

pile-supported embankments is limited, and further 

studies are required.  
Based on an analysis of the technical literature, 

embankments are now being constructed using 

improvement techniques for unsuitable soils. Among 

these techniques, the use of piles has proven to be more 

effective than the others. Numerous numerical, 

experimental, and field investigations have been 

conducted using various types of piles. Therefore, the 

objective of this research is to investigate the 

performance of helical piles in pile-supprted 

embankment systems. In the present study, at first, a 3D 

finite element model of embankments supported by 

helical piles was verified using experimental and field 

data. Then, a parametric numerical study was performed 

to investigate the pile geometry including shaft diameter, 

number of helices, and width of pile cap. 

 
1. 2. Load Transfer Mechanism            The main factor 

governing the load transfer mechanism in pile-supported 

embankments is the difference between the stiffness of 

soil and piles and the mobilized shear strength of soil. As 

a result, the stress caused by the weight of embankment 

layers is transferred from the soft soil to the piles. 

Terzaghi (29) named this load transfer mechanism, the 

“arching effect”. The arching mechanism is evaluated 

using the definitions of “arching ratio” and “efficiency”. 

The arching ratio is defined as follows (30). 

(1) 
( )

=
+

sSAR
H q




 

In which σs is the stress imposed on the soil around the 

pile, γ is the embankment unit weight, H is the 

embankment height, and q is the uniform surcharge 

imposed on the embankment crest. The SAR ranges 

between zero and one. SAR = 0 indicates that the whole 

load caused by the embankment weight is transferred to 

the piles, and the arching has occurred thoroughly. On the 

other hand, SAR = 1 shows that no load has been 

transferred to piles. The efficiency parameter indicates 

the ratio of the load carried by piles to the load caused by 

the embankment weight and surcharge (31). 

(2) 2 ( )
=

+

Q
E

s H q
 

where Q equals the total forces imposed on a single pile 

and s is the spacing of piles. E = 0 indicates that no 

arching has happened, while E = 100% shows the 

occurrence of full arching. 

Many parametric studies have been conducted on the 

load transfer mechanism in pile-supported embankments. 

Through field study and numerical studies, Hello and 

Villard (32) showed that increasing the pile cap width 

improved the efficiency of piles and reduced their 
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settlement. Investigating the impact of the length of 

floating piles on the degree of arching, Bhasi and 

Rajagopal (33) stated that the pile length can influence 

the degree of arching. Through 2D and 3D modeling of a 

pile-supported embankment, Ariyarathne and 

Liyanapathirana (34) studied the  positive effect of 

increasing pile diameter and decreasing pile spacing on 

the increase in efficiency and reduction in the arching 

ratio. Conducting a parametric study, Meena et al. (35) 

showed that the elastic modulus of pile and embankment 

and the internal friction angle of embankment material 

play a vital role in the arching mechanism. Pham and 

Dias (36) present an extensive parametric study using 

three-dimensional numerical calculations for pile-

supported embankments. The results indicated that the 

pile embankment system shows a good performance in 

reducing the embankment settlement. The results also 

suggested that the soil cohesion strengthens the arching 

effect, and increases the loading efficiency. 

 

 

2. NUMERICAL MODELING 
 
Figure 1 depicts a helical pile-supported embankment 

considered for the numerical modeling. The embankment 

with a height of 6 m, a crest length of 7.5m, and a lateral 

slope of 1:1.5 was modeled on a uniform clay layer with 

a depth of 30m. The steel helical piles were assumed with 

cylindrical sections, and the load-bearing helices were 

modeled as ideal disks. The effect of pile installation in 

the soil was ignored. In all models, the length of piles is 

12m and helix diameter is fixed to 1m. In the parametric 

study, variables such as the dimensions of the cap width, 

shaft diameter, and the number of helices were 

considered in the modeling.  During each modeling case, 

only one parameter was changed at a time, while keeping 

the other parameters at the baseline case values. The 

parameters and their values used in this study are 

summarized in Table 1. The baseline model values are 

presented in bold numbers.  The mesh type and geometry 

for all the models were kept identical to eliminate the 

meshing size effects on the results. The meshing size was 

chosen to be adequately fine immediately near the piles, 

as well as in the contact surface between the embankment 

and the soft soil, and started to grow gradually with the 

distance from the edge of the embankment. Figure 1 

depicts a sample meshing for the developed numerical 

model. Figure 2 demonstrates the geometry of the 

modeled helical pile, in which Dh and Ds denote the helix 

diameter and pile shaft diameter, respectively.  
Regarding the boundary conditions, the 

displacements in the bottom boundary of the model were 

considered zero in three directions (Ux = Uy = Uz = 0). 

Moreover, the displacements of the model were 

considered zero on two sides of the model along the x-

axis and on two sides of the model on the y-axis (Ux = 

Uy = 0). To model the soil and pile, 25800 eight-node 

elements with reduced integration (C3D8R) were used . 

The embankment material was considered to be 

coarse-grained, and the foundation soil layer was 

assumed to consist of uniform soft clay with weak 

geotechnical properties. Moreover, since the soft clay 

was considered to be fully drained, the drained 

parameters were used. Table 2 lists the properties of the 

materials used in the numerical modeling. The helical 

pile and the pile cap were modeled in the linear elastic 

mode using steel and concrete materials, respectively. To 

model the behavior of granular embankment and soft clay 

medium, the Mohr-Coulomb constitutive model has been 

used, which gives a precise prediction of the soil behavior 

(37). The soil-pile behavior at their interface was defined 

using the friction model of Coulomb and type Penalty, in 

which the relative displacement equals zero until the 

shear stress reaches a critical value. Sliding occurs when 

the shear stress exceeds the shear strength. The 

coefficient of friction was assumed to be equal to 0.7 (38, 

39). 

 

 

 
Figure 1. Schematics of the 3D model meshing 

 

 

 

TABLE 1. Parameters values used for the parametric study 

Values Parameter Description 

250- 500-667 Shaft diameter (mm) 

Helical pile 

12 Depth of pile (m) 

1000 Helix diameter (mm) 

1-2-3 Number of helices 

10 Thickness of the shaft (mm) 

25 Thickness of the helix (mm) 

1-1.5-2.25-3 Vertical distance between 

helices (m) 

2 Pile spacing (m) 

0-1-1.25-1.5 Width of cap (m) 
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(a) (b) 

Figure 2. a) Geometry of the single-helix pile, b) Cross 

section of the helical pile 

 

 
TABLE 2. Summary of the material properties used in the finite 

element modeling 

ψ 

(degree) 
ϕ' 

(degree) 
'C

(kPa) ν E 

(MPa) 
γ 

(kN/m3) Material 

0 30 5 0.3 60 20 Embakme

nt 

0 22 8 0.3 10 18.4 Soft clay 

- - - 0.2 210000 78.5 Pile 

- - - 0.15 35000 24 Cap 
γ = Unit weight, E = Young’s modules, ν = Poisson’s ratio, C = 

Effective cohesion, ϕ' = Effective friction angle, ψ = Dilation angle 

 

 

3. VALIDATION 
 

To validate the modeling, two studies were chosen. As 

the first case, the field study of TJ pile-supported 

embankment in China by Chen et al. (40) gives a precise 

description of the construction site, instrumentation, and 

embankment construction procedure. The cross-section 

of the instrumented embankment and soil profile is 

shown in Figure 3. The soil profile consists of a clayey 

soil of approximately 3m thickness underlain by a soft 

silty clay with a thickness of about 17m, with high water 

content, low permeability, and low shear strength, 

overlying the third layer, which is pebble. The 

groundwater level is at a depth of 0.5m. Figure 4 (a, b) 

shows a comparison between the settlement values 

measured in the field and the results of the numerical 

modeling at the soil surface and the pile cap. 

Comparisons of the stress at the soil surface and the pile 

cap are shown in Figure 5 (a, b), respectively. 

The second study is based on the laboratory data in 

actual dimensions, related to the loading of a helical pile 

for the validation of numerical modeling. The helical pile 

modeling was validated using the data reported by 

Elsherbiny and El nagger (28) under compressive 

loading. Pile PA-1  tested in soft soil (located in northern 

Alberta, Canada) was chosen for the validation. The 

helical pile at test site A had a cylindrical shaft with one 

helix affixed to  it. Figure 6 shows the load-displacement 

curves of the helical pile for both FE modeling and field 

test data. The comparison of the results of full-scale 

compressive loading at site A with the numerical results 

in Figure 6 indicates that validation was accurately 

modeled because the load-displacement response of the 

numerical model is in good agreement with that of the 

full–scale test.  

Table 3 provides the chosen parameters of the piled 

embankment and the helical pile validation and Table 4 

summarizes the piles properties. 
 

 

 
Figure 3. Cross-section of the test embankment of TJ 

Highway (Section G1) 

 

 

 
(a) 

 
(b) 

Figure 4. Measurements versus computed FE results: (a) 

settlement of the surface soil ; (b) settlement of the pile cap 
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(a) 

 
(b) 

Figure 5. Measurements versus computed FE results: (a) 

Vertical stress of the surface soil; (b) Vertical stress of the pile 

cap 

 
Figure 6. The displacement vs. load curves of the validation 

numerical model compared with the field compression test PA-

1 

 
 

4. RESULTS AND DISCUSSION 
 
4. 1. Effect of the Size of Pile Caps           Four modes 

were developed to study the effect of the presence of a 

cap and its dimensions and evaluate its performance in 

helical pile-supported embankments. Figure 7 evaluates 

the load transfer mechanism with efficiency and arching 

ratio parameters for different sizes of the pile caps. 

According to the results, the presence of caps and the rise 

in their size enhanced the load transfer mechanism in 

helical pile-supported embankments such that the pile  

 
 

TABLE 3. Summary of the parameters used for model validation 
Piled embankment (data from Chen et al. [41]) 

e0 ϕ' (degree) 'C (kPa) ν E (MPa) γ (kN/m3) Material 

- 32 0 0.30 15 21 Embankment 

0.818 21 0 0.35 6.5 19.3 ML 

1.286 24 0 0.30 2.4 16.7 CL 

- 30 0 0.27 40 19.9 GM 

- - - 0.15 35000 24.5 Pile and Cap 

Soil parameters (data from Elsherbiny and El Naggar . [29]) 

- ψ (degree) ϕ' (degree) ν E (MPa) γ (kN/m3) Depth (m) 

- 10 24 0.3 50 20 0-5 

- 10 21 0.3 50 20 5-9 

γ = Unit weight, E = Young’s modules, ν = Poisson’s ratio, C = Effective cohesion, ϕ′ = Effective friction Angle, ψ = Dilation Angle, e0 = Void ratio 

 

 
TABLE 4. Pile parameters used in validation models 

Piled embankment (Chen et al. (40)) Helical pile (Elsherbiny and El Naggar (28)) Parameter 
400 273 Shaft diameter (mm) 
20 5.5 Length of pile (m) 
- 610 Helix diameter (mm) 
- 1 Number of helix 
- 9.3 Thickness of the shaft (mm) 
- 20 Thickness of the helix (mm) 
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Figure 7. The load transfer mechanism for different a/Ds 

ratios of helical pile cap (a= cap width, Ds= shaft diameter) 

 

 

cap efficiency and arching ratio improved to 88% and 

69%, respectively, for a cap with a width of 1.5m 

compared to the mode with no cap. 

As shown in Figure 7, the rise in the pile cap 

dimensions improved the load transfer mechanism in 

pile-supported embankments, resulting in the greater 

participation of the piles in sustaining the ultimate load 

of the embankment. Figure 8 depicts the axial force 

distribution along embedment depth for a helical pile 

with one helix connected to the pile shaft (the closest pile 

to the center of the embankment). Increasing the cap 

width enhanced the bearing capacity of the pile shaft and 

due to the higher load-bearing of the shaft, the load-

bearing contribution of the helix connected to the shaft 

decreased. The load-bearing share of the helix, being 

23.3% of the total load-bearing when no cap was used, 

reduced to 14.1% when a cap with a width of 1.5m was 

used (Table 5). Figure 9 indicates that the load-bearing 

contribution of the helix connected to the helical pile 
 

 

 
Figure 8. The axial load distribution along the embedment 

depth of piles for different a/Ds ratios of helical pile cap (a= 

cap width, Ds= shaft diameter) 

TABLE 5. The load-bearing contribution of the helix and pile 

shaft for different ratios of cap width to helical pile shaft 

diameter, a/Ds. 
Portion of helix 

(%) 
Portion of pile 

shaft (%) 
Width Cap Ratio 

(a/Ds) 

23.3 76.7 0 

17.7 82.3 2 

16.6 83.4 2.5 

14.1 85.9 3 

 

 

 
Figure 9. The load-bearing capacity of the helices connected 

to the pile shaft for different ratios of helical pile cap (a= cap 

width, Ds= shaft diameter) 

 

 

shaft has increased with the reduction in the cap 

dimensions. 

Besides enhancing the load-transfer mechanism in 

helical pile-supported embankments, adding caps to piles 

has reduced the vertical settlements of the embankment 

constructed on the soft soil. Figure 10 depicts the vertical 

displacement contours of the granular embankment, at 

the depth of 6 m of the embankment. The use of a cap 

with a width of 1 m reduced the vertical settlement of the 

embankment by 9.7% compared to the model with no cap 

on the pile. By increasing the cap width to 1.25m and 

1.5m, the settlement reduced to 3.6% and 4%, 

respectively. 
 

4. 2. Effect of the Wing Ratio            The wing ratio is 

defined as the ratio of the helix diameter to the shaft 

diameter. In this parametric study, the fixed value of 1 m 

was considered for the helix diameter, while the pile shaft 

diameter varied. Figure 10 illustrates the variations in the 

efficiency and arching ratio against the shaft diameter. As 

shown in Figure 11, increasing the wing ratio decreases 

the load-bearing area and parameters of the load transfer 

mechanism. For example, increasing the wing ratio from 

2 to 4 results in the growth of the arching ratio by 24% 

but reversely reduces the pile efficiency by 6.2%. On the 

other hand, by decreasing the wing ratio, the load-bearing 

area of the pile has increased, resulting in greater loads 

imposed on piles and improving the load transfer 

mechanisms. Reducing the wing ratio from 2 to 1.5 has 
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(b) (a) 

  
(d) (c) 

Figure 10. The vertical deformation contours of the granular embankment for different dimensions of the helical pile cap. a) without 

the cap, b) cap width = 1m, c) cap width = 1.25m, and d) cap width = 1.5m 
 

 

 
Figure 11. The load transfer mechanism for different wing 

ratios of the helical pile (Dh = helix diameter, Ds = shaft 

diameter) 
 

 

decreased the arching ratio by 24% while increasing the 

pile efficiency by 2.4%. The variations of axial load 

distribution along the embedment depth of the pile 

against wing ratio are plotted in Figure 12. With the 

reduction in the wing ratio (rise in the pile shaft 

diameter), the load-bearing area of the pile shaft has 

increased, causing to a higher axial force distribution 

along the pile length. Table 6 lists the load-bearing share 

of the pile shaft and helix. Based on the results presented 

in Figure 13, as the wing ratio decreases, the load-bearing 

area of the helix becomes smaller, leading to lower 

contribution against the imposed loads and less bearing 

capacity of the helix. 

 
Figure. 12. The axial load distribution along the embedment 

depth of piles for different wing ratios of the helical pile (Dh 

= helix diameter, Ds = shaft diameter) 

 
 

 
TABLE 6. The load-bearing contribution of the helix and pile 

shaft for different wing ratios of helical pile  
Portion of helix 

(%) 
Portion of pile shaft 

(%) 
Wing Ratio 

(Dh/Ds) 

14.4 85.6 1.5 

16.3 83.7 2 

19.5 80.5 4 
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Figure 13. The load-bearing capacity of the helices 

connected to the pile shaft for different wing ratios of the 

helical pile 

 

 

Figure 14 depicts the vertical displacement contours 

of the granular embankment against the wing ratio. The 

rise in the wing ratio means the reduction in shaft 

diameter, causing to reduction in soil-pile shaft 

resistance, and consequently, resulting in the rise in the 

vertical displacements of the embankment, as can be seen 

in Figure 14. Vertical displacement has decreased by 

6.6% and 8.1% with a reduction in the wing ratio from 2 

to 1.5 and from 4 to 2, respectively.   
 

4. 3. Effect of the Spacing Ratio            This section 

discusses effects of the the spacing between helices 

connected to a helical pile shaft, which is specified as the 

spacing ratio and defined as the ratio of the vertical 

distance between helices in the same pile to helix 

diameter. The 2- and 3-helix piles were modeled with 

spacing ratios of 1.5, 2.25, and 3. Figure 15 demonstrates 

the arching ratio and pile efficiency for different values 

of the spacing ratio. The results indicate that when the 

distance between the helices is 1.5 times the diameter of 

the helix, the helical pile shows cylindrical failure 

behavior, and the soil enclosed between the helices helps 

to improve the frictional resistance of the pile, so in this 

case, the maximum load is transferred to the piles as well 

as the load transfer mechanism increases. At the spacing 

ratio of 1.5, the 3-helix pile has reduced the arching ratio  

 

 

   
 (c) (b) (a) 

Figure 14. The vertical deformation contours of the granular embankment for different wing ratios of the helical pile; a) wing ratio 

= 1.5, b) wing ratio = 2, and c) wing ratio = 4 
 

 

 
Figure 15. The load transfer mechanism for the different 

spacing ratios of the helical pile (Sh = vertical distance 

between helices , Dh=helix diameter) 

by 30% compared to the 2-helix one, while its efficiency 

has not changed. Figure 15 demonstrates the total load-

bearing capacities of the helices at different spacing 

ratios for the 2- and 3-helix piles. The reduction in the 

spacing ratio of the helices is leading to higher bearing 

capacity. Moreover, in the 3-helix pile, the total bearing 

capacity of the helices was higher than that of the 2-helix 

pile due to the helices’ greater contribution to the total 

load-bearing. Figure 16 shows the load-bearing capacity 

of the helices connected to the pile shaft for different 

spacing ratios of the helical pile. 

The vertical settlement of the embankment does not 

vary significantly with the increase in the number of 

helices or changes in their spacing ratio. Figure 17 shows 

the vertical displacement contours of the granular 

embankment for the 3-helix pile at different spacing 

ratios. Similar to the 3-helix pile, the 2-helix pile shows 
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Figure 16. The load-bearing capacity of the helices 

connected to the pile shaft for different spacing ratios of the 

helical pile 

 

no differences in vertical displacement at different 

spacing ratios. Accordingly, it can be concluded that 

adding helices to a helical pile does not remarkably affect 

the vertical displacements of a granular embankment. 

Table 7 lists the load-bearing contributions of the helices 

and pile shaft. According to the results, adding the third 

helix has reduced the load bearing of the upper helix and 

pile shaft. With increasing the spacing ratio of the helices, 

the pile had a separate load-bearing behavior resulting in 

a greater load-bearing contribution of the pile shaft. It can 

be concluded that regarding engineering uses and 

installation of helical piles, adding more than one helix to 

the pile shaft is not reasonable and does not significantly 

influence the vertical settlement of the pile-supported 

embankments. Thus, it is recommended to use helical 

piles with one helix connected to the shaft. 

 

  

 

(b) (a) 

  
(d) (c) 

Figure 17. The vertical deformation contours of the granular embankment for different spacing ratios of the 3-helix piles. a) spacing 

ratio = 1, b) spacing ratio = 1.5, c) spacing ratio = 2.25, and d) spacing ratio = 3 
 

 
TABLE 7. The load-bearing contribution of each helix and pile shaft for different spacing ratios of helical pile 

Portion of Top helix 

(%) 

Portion of Middle 

helix (%) 
Portion of bottom 

helix (%) 
The portion of the 

pile shaft (%) 
Spacing ratio 

(Sh/Dh) 
No. Helix 

9.6 - 13.2 77.2 1 

2 
5.9 - 13.1 81.1 1.5 

3.6 - 13.3 83.1 2.25 

3.1 - 12.8 84.1 3 

4.2 9.2 12.7 73.9 1 

3 
1.5 6.1 12.8 79.6 1.5 

0.8 6.5 11.9 80.8 2.25 

1 1.6 14 83.4 3 
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5. LIMITATIONS 
 

(i) The current study deals with the use of cohesive-

frictional materials possessing high frictional strength 

and coarse-grained soil for embankment fill which can 

largely remain in a relatively dry state. Therefore, the 

consolidation settlements are ignored in this study. 

However, consolidation can be a significant issue when 

dealing with saturated soft soils. 

(ii) Considering the complexity of the problem 

investigated in this study and the difficulties in 

accurately determining the parameters for advanced soil 

models, the linearly elastic-perfectly plastic soil model 

with the Mohr-Coulomb strength criterion considering 

the dilation angle was used in this study. 

(iii) The helix is idealized as a planner cylindrical disk.  

Therefore, modeling of the pile and surrounding soil can 

take advantage of the axisymmetric condition. 

 
 
6. CONCLUSIONS 
 
In the current study, the factors effective in the 

performance of helical pile-supported embankments 

were investigated in soft soils through FE modeling 

using ABAQUS software. The numerical models were 

validated using the field measurements on pile-

supported embankments and helical pile loading in real 

dimensions. Afterward, a parametric study was 

performed to investigate the performance of helical pile-

supported embankments. The following results are 

concluded based on the current study: 

1. The results of the numerical modeling revealed that 

the performance of the helical piles in the pile-supported 

embankments depends on the cap dimensions. The 

vertical settlements could be reduced with the increase 

in the cap dimensions, and the load transfer mechanism 

could be improved due to the lower pressure on the soft 

soil surface and higher load distribution along the pile 

length. As a result, the load-bearing of the helices was 

decreased, and the pile shaft had a greater contribution 

to the load imposed on the pile. 

2. The soil-pile interface showed a rise with the increase 

in the helical pile diameter, which led to the improved 

performance of the system and reduced settlements. Due 

to the greater contribution of the pile with the rise in the 

shaft diameter, the load transfer mechanism was 

improved. The evaluation of the load-bearing capacity 

of the pile revealed that with the rise in the pile diameter, 

the load-bearing capacity of the helices decreased, and a 

remarkable improvement occurred in the frictional 

capacity of the pile. 

3. Evaluation of the results regarding the number and 

spacing of helices showed that adding helices can be 

ignored when controlling the vertical settlement of 

granular embankments is a concern.  Also, cylindrical 

shear failure occurred when the spacing of the helices 

was 1.5 times the helix diameter, which increased the 

pile bearing capacity and improved the load transfer 

mechanism.  The pile with three helices connected to the 

shaft had a better performance than the one with two 

helices. Moreover, adding helices to the helical pile and 

reducing the spacing of the helices could cause a 

reduction in the load-bearing contribution of the pile 

shaft, and increase the load-bearing contribution of the 

helices. 

4. The major load of the pile throughout the modeling 

was carried by the pile shaft, while the contribution of 

the helices to the ultimate load bearing was almost 20%, 

on average. Therefore, the design of helical piles for 

pile-supported embankments should focus on the pile 

shaft. Therefore, piles with more than 1 helix are not 

recommended in terms of pile installation and economic 

conditions. 
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Persian Abstract 

 چکیده 
ها، مانند شمع   یاسازه   یهااست. امروزه استفاده از المان  ی ضرور  زهایخاکر  ی و تفاضل  یکل  یهاو کاهش نشست   یداریپا  شیافزا  یبرا  ی و اقتصاد  یعمل  یهاحلراه   یجستجو برا

عملکرد مناسب تحت بار    لیبه دل  مارپیچ  یهااز شمع  ستفادها  ریاخ  یها. در سالشوندی در نظر گرفته م  یزیخاکر  ستمیس  کی  یحل مؤثر در بهبود عملکرد کلراه  کیبه عنوان  

های هدف در این مقاله بررسی و شناخت رفتار خاکریزهای متکی بر شمع   .مورد توجه قرار گرفته است  یزیرو آسان شمع و حذف مشکلات بتن  ع ینصب سر  ،یو کشش  یفشار

های میدانی و آزمایشگاهی گزارش  توجه به گزارشسنجی باافزار آباکوس توسعه داده شد. صحتبعدی با استفاده از نرمهمین منظور یک مطالعه عددی سهمارپیچ است که به

ها ها و فاصله بهینه بین پره بررسی اثرات کلاهک شمع، نسبت قطر پره به قطر شفت، تعداد پرهمنظور بعدی بههای عددی سهشده توسط دیگر محققان انجام شد و در ادامه مدل

ها تاثیری بر میزان کنترل نشست نخواهد داشت. همچنین پارامترهای مکانیزم انتقال بار با افزایش ابعاد ها و تغییر فاصله بین آندهد افزایش پرهتوسعه داده شد. نتایج نشان می 

شود پارامترهای مکانیزم انتقال بار بهبود دهد که در نتیجه باعث میکلاهک و قطر شفت شمع ارتباط مستقیم دارد. اضافه کردن پره به شمع ظرفیت باربری شمع را افزایش می

درصد سهم بار   80دهد به طور میانگین  نتایج نشان می  یابد. همچنینپره کاهش می  1درصد نسبت با شمعی با    40پره نسبت قوس زدگی تا    3طوریکه در شمع مارپیچ با  یابد، به

 کند و پره تاثیری کمتری بر عملکرد خاکریزهای متکی بر شمع خواهد داشت. وارد بر شمع را شفت تحمل می 
 
 

 


