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Abstract: The use of screw piles has grown up rapidly, yet their varied configurations and behavior 

in different soils remain key research areas. This study examines the performance of Toe-wing 

(Tsubasa) and Spiral screw piles with similar tip areas under similar ground conditions, focusing on 

how helix position (Wp) and tip embedment depth (Ed) affect the ultimate pile capacity. In the case 

of fixed helix/toe-wing position with increasing pile tip depth, Spiral screw piles exhibited higher 

load-carrying resistance than toe-wing piles at relative densities of 55%, 80%, and 90%. Moreover, 

load-carrying resistance increased as the position of the helix/toe-wing increased (Wp > 0). For a fixed 

pile tip depth (Ed) and varying helix/toe-wing positions, spiral screw piles showed higher resistance 

than toe-wing piles when Wp < 90mm. Moreover, the resistance decreased as the helix moved away 

(Wp/Dh > 0), and the pile tip acted independently when Wp/Dh > 1.38. Whereas, for toe-wing piles, 

ultimate pile capacity increased as the toe-wing moved away from the tip up to Wp/Dh = 2.15, then 

decreased, to reflect the independent behavior of the toe-wing and pile tip. Empirical equations are 

presented to convert installation effort and ultimate capacity from one type to another. 

Keywords: Toe-wing Screw Pile; Spiral Screw Pile; Ultimate Pile Capacity; Installation Effort; Helix 

Position Effects; Pile load tests; Embedment depth of pile tip; Relative Density 

 

1. Introduction 

Screw piles and Tsubasa piles are widely acknowledged for their sustainability and 

environmentally friendly properties, making them a reliable and efficient choice for a broad range of 

deep foundation applications. These innovative foundation systems align with the growing demand 

for sustainable construction practices, offering versatility and adaptability across diverse 

geotechnical conditions. 

Deep foundations are essential for transferring building loads to deeper, more stable soil layers 

or rock strata, especially when surface soil lacks sufficient bearing capacity. These foundations 

provide stability and support for bridges, high-rise buildings, and industrial complexes. Among 

various deep foundation systems, screw piles have emerged as one of the most popular and effective 

solutions. Known for their ease of installation, adaptability to different soil types, and load-bearing 

capacity, screw piles are widely used in both construction and infrastructure projects. 

Screw piles are typically constructed from high-strength steel and consist of either an open or 

closed-end pipe with a helix welded at the pipe’s end (single helix). Saleem et al. [1] investigated the 

effect of pile end shape (flat, conical, cutting-edge) on installation effort and ultimate pile capacity 

without considering the helix plates. Cutting-edge shaft requires less installation effort (load and 

torque) than the other two shapes. It is also common to have piles with multiple helices (multi-helix) 

and piles featuring a continuous helical wing attached around a pipe shaft (continuous helix). These 

variations offer flexibility in design and application, making helical piles suitable for various ground 

conditions and load requirements [2]. Screw piles are commonly used for large structures in Japan 

and other Asian countries. These piles can have shaft diameters of up to 1,600 mm and helix-to-shaft 
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ratios of up to 2.5. They are widely employed as foundation systems for bridges, buildings, and other 

infrastructure to resist seismic loads and support various civil engineering projects. Their ability to 

withstand dynamic forces makes them particularly valuable in earthquake-prone regions [3]. Screw 

piles offer the advantage of increased vertical bearing capacity due to the resistance provided by the 

wing portion. Various wing shapes have been developed and studied, with research focused on 

evaluating their impact on vertical bearing capacity. These advancements enhance the performance 

and versatility of screw piles in different soil conditions and applications. 

The effects of wing position and shape on the vertical bearing capacity of various types of screw 

piles used in Japan have been investigated, and the relationship between vertical load and 

displacement at the pile tip was presented based on the results of numerous load tests. These findings 

provide valuable insights into optimizing screw pile design for improved performance [4,5]. Ho et 

al. [6] indicated that in the case of a single helix screw pile (without considering pile installation 

effect), the central shaft and helix behaved independently if dh/Dh ≥ 1.5 (dh is helix position from pile 

shaft tip as Dh is helix diameter). Screw-shaft piles demonstrate excellent performance, offering 

significantly greater bearing capacity than driven or bored shafts [7]. The addition of large blades 

significantly enhances the compressive and tensile capacities of screw piles, improving load-bearing 

efficiency, and increasing Young’s modulus of the surrounding soil enhances the bearing capacity 

and reduces settlement [8]. The previous test results show that the single helical pile has the highest 

bearing capacity and efficiency when the pitch is 0.02 times the blade’s buried depth, the blade 

diameter is 2.5 times the pile diameter, the multi-blade spacing is more than twice the blade diameter, 

and the number of blades is less than or equal to three. However, compared to the straight pile, the 

vertical bearing capacity of the single-inclined helical pile did not improve significantly [9]. 

Based on [10], for screw piles, the load carried by the central shaft beneath the helix increases as 

the helix diameter increases. This suggests that larger helix diameters lead to a more inward 

concentration of load distribution toward the central shaft. In a comparison between screw piles and 

straight-shaft piles with the same shaft diameter (Ds), the study found that the load on the shaft below 

the helix equals the tip load of the straight pile when the helix diameter is approximately 4.15 times 

the shaft diameter. These findings are based on tests conducted in dense, fine sand. 

As screw piles are installed through a pressing and rotating process, the properties of the sandy 

soil at the pile-soil interface have been observed to change. According to [11], particle size distribution 

near the pile may change during installation, reducing the interface friction angle at large 

deformations. Both soil conditions and the geometric characteristics of the pile influence installation 

torque. It increases with higher sand density and greater installation depth [12,13]. The stresses in 

sandy soil vary spatially relative to the pile tip location; stress measurements by [14] showed that the 

stresses developed during installation were directly correlated with local qc values, and normalizing 

by qc reduced the impact of variations in the test setup. Numerical simulations of pile installation by 

[15] were compared with experimental results from centrifuge tests. Both results indicated a 

significant increase in effective vertical stress below the pile base and changes in porosity near the 

pile shaft. However, some differences were observed between the numerical and experimental 

results. Depending on the grain size characteristics of the sandy soil, in-situ soil density, pile spacing, 

and pile diameter, the installation process can result in noticeable compaction and an increase in 

lateral stress [16]. Malik et al. [17,18] investigated that the installation of a screw pile changes the state 

of the ground around the pile, and this change is related to the initial density of the ground and 

advancement ratio. This study presented empirical equations for this change to capture ultimate 

bearing capacity and installation effort. 

The study conducted by [19] developed a FEM-SPH numerical model to simulate the installation 

of screw piles and analyze the resulting soil deformations. By comparing field installation tests, FEM-

SPH simulations, and traditional FEM results, the study demonstrated that the FEM-SPH method 

offers superior accuracy and efficiency for handling large soil deformations during pile installation. 

The findings revealed that pile parameters, particularly spiral pitch and diameter, significantly 

influence installation torque, soil stress, and soil pressure. Two failure mechanisms were identified: 
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heave failure in shallow soils (HFM), affected only by pile diameter, and cylindrical shear failure in 

deeper soils (CSFM), influenced by pile diameter and spiral pitch. It is well established that loose, 

clean, granular sandy soils tend to contract during the installation of displacement piles [20]. Notably, 

when piles are installed in loose sand, compaction can extend up to 3.5 to 6 diameters away from the 

pile shaft [21]. Moreover, [22] found that the void ratio decreased by approximately 5% near the lower 

half of driven piles. Unfortunately, few studies have been conducted on the extent and distribution 

of compaction around displacement piles since then. The vertical bearing capacity of screw piles with 

different blade configurations can be determined using Equation 1, based on guidelines from the 

Ministry of Land, Infrastructure, Transport and Tourism of Japan (MLIT). It is observed that the pile 

tip support capacity coefficient α is significantly higher for closed-end shapes compared to open-end 

shapes. Additionally, no substantial differences are noted based on the position or shape of the 

blades. The support capacity for cohesive soil is approximately 1.25 times greater than that for sandy 

soil [23]. 

�� =  ���� + (����� + �����)∅      (1) 

α: Pile tip support capacity coefficient, (β, γ): Frictional resistance coefficients for the pile’s 

surrounding soil in sandy and cohesive soils, respectively, Ap: Effective cross-sectional area of the 

pile tip (m²), N: Average N value within a range of 1 Dw downward and 1 Dw upward from the blade 

(Dw: blade diameter), Ø: Perimeter of the shaft (m), Ns: Average N value of the sandy soil 

surrounding the pile, Ls: Effective length of the pile in contact with sandy soil surrounding it (m), qu: 

Average unconfined compressive strength of the cohesive soil surrounding the pile (kN/m²), Lc: 

Effective length of the pile in contact with cohesive soil surrounding it (m). 

The Tsubasa pile is one of the most used screw pile types in Japan. Its key advantages include 

low noise during installation, minimal vibration, environmental friendliness during construction, 

independence from groundwater levels, recyclability, high execution speed, and economic efficiency 

[24]. The Tsubasa pile is a steel pipe pile equipped with a toe-wing mounted at the leading edge of 

the steel pipe. The wing-shaped component comprises two intersecting semicircular flat steel plates 

with a closed tip [24]. 

In the current literature, only a limited number of studies deal with the behavior of piles with 

toe-wings under different soil conditions and loading scenarios. Furthermore, there are no 

comparative analyses between toe-wing piles and alternative pile types, such as screw piles, to show 

which is better in dense sand in terms of installation effort (pushing load and torque) and ultimate 

bearing capacity. To address this gap, the present study conducts a comprehensive experimental 

investigation aimed at systematically comparing the performance characteristics of toe-wing screw 

piles and spiral screw piles under controlled soil conditions. The study examines the effect of 

helix/toe-wing position relative to the pile tip on ultimate pile capacity and installation effort. 

Additionally, the influence of the embedment depth of the helical plates is also analyzed under 

various relative densities in the experimental facility. This exhaustive approach aims to provide a 

clearer understanding of how these factors interact and contribute to the overall behavior of toe-wing 

and spiral screw piles in cohesionless soil. 

2. Materials and Methods 

2.1. Testing Procedure 

The model ground was prepared with dry Toyoura sand, which has the following properties: 
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Table 1. Properties of test Sand materials. 

Test Materials Specific Gravity D50 Emax Emin 

Dry Toyoura Sand 2.645 0.19 0.973 0.609 

Garnier et al. [25] and Rakotonindriana et al. [26] reported that scale effects on pile tip resistance 

are negligible when the pile tip diameter to D50 ratio exceeds 35. In the present study, the Dh/D50 ratio 

was approximately 342. 

This study used dry Toyoura sand to model the ground; according to the Unified Soil 

Classification System (USCS), the material is classified as fine sand. Two sand layers were used to 

simulate realistic ground conditions loose over dense. For all tests, the upper three layers were 

prepared in a loose state with a relative density of 45%, while the lower seven layers were constructed 

with varying relative densities of very dense (90%), medium dense (80%), and loose (55%), and the 

total height of the sand prepared in the container was 1000 mm. A systematic sand placement and 

compaction method was developed to achieve the required unit weight. The sand was placed and 

compacted in layers, each 100 mm thick, using a steel falling rammer. The compaction process was 

carefully calibrated before testing to ensure reproducibility of the target unit weight. Calibration 

involved adjusting the height of the rammer drop and the number of blows per area to match the 

desired unit weight. This method was refined through multiple trials, ultimately proving effective in 

achieving consistent and accurate compaction for the experimental setup. 

2.2. Model Container 

The container size plays a crucial role in pile load tests, as it significantly impacts the accuracy 

of results by minimizing boundary effects. The current study utilized a large rigid steel container to 

ensure reliable outcomes. The container has an inner diameter of 1000 mm and a height of 1100 mm. 

Previous studies suggest the zone affected by pile loading typically extends 3 to 8 times the pile tip 

diameter [27,28]. Realistic soil-pile interactions can be accurately replicated by ensuring the container 

size falls within this range. This minimizes interference from the container walls and preserves the 

integrity of the test environment. The influence zone below the pile tip should be 3.5 to 5.5 times the 

pile tip diameter [29]. The zone of influence around the pile is 0.9 to 1.4 times the length of the pile 

[30]. Therefore, for an embedded depth of 365 mm, the zone of influence around the pile is expected 

to range from 328 to 511 mm. In this study, the clearance around the pile was 15 times the tip 

diameter. The clearance below the pile tip was 545 mm (8 times the pile tip diameter). 
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Figure 1. Experimental test setup (units in mm). 

2.3. Model Screw Piles with Toe-Wing (Tsubasa Pile) & Spiral Screw Piles 

The specifications of the small-scale spiral screw and toe-wing piles used in this study are 

provided in Table 2. Both types of piles were closed-ended, with similar pile tip areas, as illustrated 

in Figure 2. The spiral screw pile consisted of a central shaft with a single helix mounted near the tip. 

Likewise, the toe-wing screw piles were equipped with smooth, semicircular steel plates (toe-wings) 

attached to the central shaft, simulating actual piles. These toe-wing plates had diameters of 3 times 

the diameter of the steel shaft. 

Table 2. Physical specifications of toe-wing & spiral screw piles. 

�� 

[mm] 

�� 

[mm] 

�� 

[mm] 

�� 

[mm] 

�� 

[degree] 

�� 

[mm] 

�� 

[mm] 

500 (Toe-wing) 21.7 65 3.6 25 0, 50, 90 365, 415, 455 

500 (Spiral) 21.7 65 3.6  0, 50, 90 365, 415, 455 

Notes: LS = Pile shaft length, DS = Pile shaft diameter, Dh = Toe-wing diameter, TW = Toe-wing thickness, IW = 

Toe-wing plates inclination, Wp = Toe-wing position from the pile tip, and Ed=Embedment depth of pile end tip. 
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Figure 2. Model toe-wing and spiral screw piles with varying toe-wing positions from the pile tip. 

3. Results And Discussions 

3.1. Scenario 1 - Fixed Helix/Toe-Wing Position with Increasing Pile Tip Depth From 0 to 90 mm 

The installation of screw piles requires not only the application of torque but also the use of 

downward force, known as crowd, which makes installation much easier [31]. An experimental 

testing program was conducted using two screw pile models with distinct geometries. The study 

investigated how the shape of the screw element, the properties of the sand, and the depth of 

installation influenced the crowed force and torque required for installation. The toe-wing and spiral 

screw piles were installed using a combination of pressing and rotation, applied at the top of the pile 

head with an automatically controlled system that adjusts both the pushing force and rotation rate. 

The pressing rate was set to ensure that with each complete rotation, the pile was inserted into the 

ground by one pitch length of the corresponding helical plates, which was 28 mm/min for the 

corresponding piles. The rotation rate was fixed at one revolution per minute. Moreover, the 

embedment depth of the pile tip (Ed) increased from Wp = 0 mm to Wp = 90 mm, as shown in Figure 

3(a). 

  

(a) (b) 
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(c) (d) 

 

(e) 

Figure 3. Installation load of the spiral screw and toe-wing piles at various positions of helix/toe-wing, Wp (a) 

Model steel container and screw piles, units in mm (b) at relative density, Dr = 90% (b) at relative density, Dr = 

80% (c) at relative density, Dr = 55% (d) Relationship between embedment depth ratio and P (Toe-Wing) / P 

(Spiral) at relative densities of 90%, 80%, and 55%. 

Figures 3(b-d) show the load (P) during the installation of toe-wing and spiral screw piles in 

bearing layers with relative densities of 55%, 80%, and 90%. Overall, toe-wing screw piles require less 

installation load to reach the final embedment depth than spiral screw piles. According to a previous 

study [32], the installation process significantly influences the stress state of the surrounding soil, 

thereby affecting the overall soil-pile interaction. Moreover, the installation load decreased when the 

helix moved away from the pile tip (Wp > 0) for the spiral screw pile, whereas the installation load 

increased when the toe-wing moved away from the pile tip (Wp > 0) for the toe-wing screw pile. The 

installation load requirements at Wp = 50mm and Wp = 90mm are more or less similar for both types 

of piles. This means that when the helix/toe-wing moved away from the pile tip, its contribution 

towards the installation load was identical. The increase in installation load at the final stage is due 

to increased embedment depth (Ed) for both types of piles. Figure 3(e) shows the relationship between 

the maximum installation load ratio of the toe-wing (P toe-wing) over the spiral screw pile (P spiral) 
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and the pile tip embedment depth (Ed) over the helix/toe-wing embedment depth (Ew). Empirical 

equations shown in Figure 3(e) can convert installation load requirements from one pile type to 

another within the provided range of Ed/Ew, i.e., 1.0 to 1.25. 

The installation torque results for spiral and toe-wing piles at relative densities of 55%, 80%, and 

90% are presented in Figure 4(a-c). The test results show that at the beginning stage of pile 

installation, the installation toque increases gradually with a linear trend. As the penetration depth 

increases, the trend shifts to a nonlinear increase, eventually reaching its maximum value [33]. The 

installation torque decreased as the helix/toe-wing moved away from the pile tip (Wp > 0) for both 

types of piles. However, at Wp = 0 (helix/toe-wing at pile tip), less installation torque is needed for 

the toe-wing screw pile than for the spiral screw pile. Moreover, when the helix/toe-wing position is 

greater than zero (Wp > 0), the installation torque requirement for the toe-wing screw pile in dense to 

very dense sand (Dr = 80-90%) is higher than the spiral screw pile. Whereas in loose sand conditions 

(Dr =55%), the toe-wing screw pile shows lesser torque requirements. 

  

(a) (b) 

  

(c) (d) 

Figure 4. Installation torque of the spiral and toe-wing screw piles at various positions of helix/toe-wing, Wp (a) 

Model steel container and screw piles, units in mm (b) at relative density, Dr = 90% (b) at relative density, Dr = 

80% (c) at relative density, Dr = 55% (d) Embedment depth ratio versus ratio of installation torque for spiral and 

toe-wing screw piles at relative densities of 55%, 80%, and 90%. 
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Figure 4(d) shows the relationship between the maximum installation torque ratio of the toe-

wing (T toe-wing) over the spiral screw pile (T spiral) and the pile tip embedment depth (Ed) over the 

helix/toe-wing embedment depth (Ew). Empirical equations shown in Figure 4(d) can convert 

installation torque requirements from one pile type to another within the provided range of Ed/Ew, 

i.e., 1.0 to 1.25. 

Pile load tests were conducted on spiral and toe-wing screw piles with varying helix/toe-wing 

positions (Wp) relative to the pile tip embedment depth (Ed), as can be seen in Figure 5(a). the load-

settlement behavior for both piles, with bearing layer densities of 55%, 80%, and 90%, can be seen in 

Figure 5(b-d). The test results demonstrate that the spiral screw piles showed higher load-carrying 

resistance than the toe-wing screw piles at relative densities of 55%, 80%, and 90%. Moreover, load-

carrying resistance increased as the position of the helix/toe-wing increased (Wp > 0), which is due 

to the increase in pile tip embedment depth (Ed) [34]. At the initial stage of the load-settlement curve, 

the spiral screw pile showed a stiffer response than the toe-wing screw pile, and this indicates that 

the soil-helix contact is better than the soil-toe-wing contact at all considered bearing layer relative 

densities (Dr). 

 

 

(a) (b) 

  

(c) (d) 
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(e) 

Figure 5. The load-settlement response for spiral and toe-wing piles with varying wing plate positions (Wp) is 

presented for different relative densities (a) Schematic illustration of testing setup (b) at a relative density of 90% 

(c) at a relative density of 80% (d) at a relative density of 55% (e) Embedment depth ratio against the ratio 

ultimate pile capacity at various densities. 

Figure 5(e) shows the relationship between the ultimate pile capacity (pile capacity measured at 

settlement equals to 10% of helix/toe-wing diameter, Dh) ratio of the toe-wing (Qu toe-wing) over the 

spiral screw pile (Qu spiral) and the pile tip embedment depth (Ed) over the helix/toe-wing 

embedment depth (Ew). Empirical equations shown in Figure 5(e) can convert the ultimate pile 

capacity of one type of pile to another within the provided range of Ed/Ew, i.e., 1.0 to 1.25. 

3.2. Scenario 2 - Varying Helix/Toe-Wing Position with Constant Pile Tip Depth 

Further experimental tests were conducted to evaluate the effect of helix/toe-wing position, Wp 

(the distance of the helix from the pile tip), on the ultimate pile capacity of screw piles. The model 

ground was prepared with a uniform, dense condition, maintaining a relative density of 80%, as 

illustrated in Figure 6(a). Throughout all the test experiments, the depth of the pile tip remained 

constant while the helix position (Wp) was varied (0 to 220mm). The experimental test cases 

considered in this study are given in Table 3. This approach was implemented to investigate the 

mobilized shear strength contribution of the helix/toe-wing on the ultimate pile capacity of the screw 

piles. Moreover, to examine the effect of helix/toe-wing position on mobilized shear strength, various 

ratios of the helix/toe-wing position to helix/toe-wing diameter (Wp/Dh) were considered, ranging 

from 0 to 3.38. By analyzing different helix/toe-wing positions, the study aimed to determine how 

these ratios influence overall bearing capacity. This approach allows for a deeper understanding of 

how shifting the helix/toe-wing away from the pile tip affects the interaction between the pile and 

the surrounding soil, especially regarding soil confinement and shear mobilization. 
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(a) (b) 

 
 

(c) (d) 

Figure 6. (a) Schematic diagram illustrating the position of the helix/toe-wing relative to the pile tip in the model 

container (b) Load settlement response at various positions of the helix/toe-wing from pile tip (Wp) of screw 

piles at a relative density of 80% (c) Relationship between normalized ultimate pile capacity and Ed/Ew ratio (d) 

Relationship between normalized ultimate pile capacity and helix/toe-wing position to helix diameter ratio. 

Table 3. Test cases of spiral and toe-wing screw piles. 

Screw Pile Type Dh (mm) Wp (mm) Pitch 

(mm) 

Ew (mm) Wp/Dh 

Toe-wing Screw 

Pile 

65 0, 50, 90, 140, 

220 

28 365 0, 0.77, 1.38, 2.15, 3.38 

Spiral Screw Pile 65 0, 50, 90, 140 28 365 0, 0.77, 1.38, 2.15 

The test results, as illustrated in Figure 6(b), showed that overall, spiral screw piles have higher 

load-carrying resistance than toe-wing screw piles when the helix/toe-wing position is less than 

90mm (Wp < 90mm). Moreover, spiral screw pile load-carrying resistance decreased as the helix (Wp 

> 0) moved away from the pile tip [6], whereas toe-wing screw pile load-carrying resistance increased 

as the toe-wing moved away from the pile tip (Wp > 0 to 140mm) then decreased. Figure 6(c) shows 

the relationship between normalized ultimate pile capacity with varying helix/toe-wing positions 

(normalized by ultimate pile capacity of spiral screw pile at Wp = 0) and the embedment depth to 

helix/toe-wing depth ratio (Ed/Ew). This relationship indicated that at Ed/Ew = 1.33, both piles showed 
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similar ultimate pile capacity. Empirical equations shown in Figure 6(c) can convert ultimate pile 

capacity from one pile type to another with varying Ed/Ew ratio (considered in this study) at a relative 

density of 80%. 

Figure 6(d) shows the relationship between normalized ultimate pile capacity with varying 

helix/toe-wing positions (normalized by respective ultimate pile capacity at Wp = 0) and the helix/toe-

wing position to helix diameter ratio (Wp/Dh). This relationship indicated that the ultimate pile 

capacity of the spiral screw pile decreased as the helix moved away from the pile tip due to the 

decrease in helix contribution towards bearing response. This contribution was drastically reduced 

when the Wp/Dh ratio was greater than 1.38, indicating that the helix and central shaft pile tip act 

independently (similar to [6]). Whereas, for the toe-wing screw pile, the ultimate pile capacity 

increased when the toe-wing moved away from the pile tip up to Wp/Dh = 2.15. This increase is due 

to the contribution of the toe-wing as it moves away from the pile tip towards the bearing response, 

which is because the toe-wing loosens the ground more when it is close to the tip. As it moves away, 

it less loosens the ground, increasing pile capacity. However, when Wp/Dh > 2.15, the pile capacity 

drastically decreased because the toe-wing and pile tip act independently rather than as a group. 

4. Conclusions 

This research makes a significant contribution to the understanding of the distinct differences 

between toe-wing and spiral screw piles. This topic has not been extensively explored in previous 

studies. It provides valuable insights into the effects of embedment depth ratio on the ultimate pile 

capacity of both screw piles. Additionally, it offers a deeper understanding of how the position of the 

helix influences both the end-bearing capacity and the installation effort. These findings represent a 

critical advancement in the field of deep foundations, particularly in optimizing the design and 

installation of screw piles. Based on the analyses conducted in this paper, the following conclusions 

can be drawn: 

1. In the case of fixed helix/toe-wing position with increasing pile tip embedment (Scenario 1), the 

toe-wing screw pile showed lesser installation load requirements than the spiral screw pile. As 

the helix distance from the pile tip increased (Wp, 0 to 90mm), the spiral screw pile installation 

requirements decreased, whereas, for the toe-wing screw pile, the behavior was reversed, i.e., 

increased. The installation torque decreased as the helix/toe-wing moved away from the pile 

tip (Wp > 0) for both types of piles. However, at Wp = 0 (helix/toe-wing at pile tip), less 

installation torque is needed for the toe-wing screw pile than for the spiral screw pile. 

Moreover, when the helix/toe-wing position is greater than zero (Wp > 0), the installation 

torque requirement for the toe-wing screw pile in dense to very dense sand (Dr = 80-90%) is 

higher than the spiral screw pile. Whereas in loose sand conditions (Dr =55%), the toe-wing 

screw pile shows lesser torque requirements. Empirical equations presented in Figure 3(e) for 

installation load requirements and Figure 4(d) for installation torque requirements can be used 

to convert the installation load and torque from one type of pile to another within the 

considered range of the Ed/Ew ratio (1.0 to 1.25). 

2. In Scenario 1, the spiral screw piles showed higher load-carrying resistance than the toe-wing 

screw piles at relative densities of 55%, 80%, and 90%. Moreover, load-carrying resistance 

increased as the position of the helix/toe-wing increased (Wp > 0), which is due to the increase 

in pile tip embedment depth (Ed). At the initial stage of the load-settlement curve, the spiral 

screw pile showed a stiffer response than the toe-wing screw pile, and this indicates that the 

soil-helix contact is better than the soil-toe-wing contact at all considered bearing layer relative 

densities (Dr). Empirical equations shown in Figure 5(e) can convert the ultimate pile capacity 

of one type of pile to another within the provided range of Ed/Ew, i.e., 1.0 to 1.25. 

3. In the case of fixed pile tip depth (Ed) with varying helix/toe-wing position (Scenario 2), spiral 

screw piles have higher load-carrying resistance than toe-wing screw piles when the helix/toe-

wing position is less than 90mm (Wp < 90mm). Both piles showed a similar ultimate pile 

capacity at Ed/Ew = 1.33. Moreover, the ultimate pile capacity of the spiral screw pile decreased 
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as the helix moved away from the pile tip due to the decrease in helix contribution towards 

bearing response. This contribution drastically reduced when the Wp/Dh ratio was greater than 

1.38, indicating that the helix and central shaft pile tip act independently. Whereas, for the toe-

wing screw pile, the ultimate pile capacity increased when the toe-wing moved away from the 

pile tip up to Wp/Dh = 2.15. This increase is due to less contribution of the toe-wing as it moves 

away from the pile tip towards the bearing response, which is because the toe-wing loosens the 

ground more when it is close to the tip. As it moves away, it causes less ground loosening, 

increasing pile capacity. However, when Wp/Dh > 2.15, the pile capacity drastically decreased 

because the toe-wing and pile tip act independently rather than as a group. Empirical 

equations presented in Figure 6(c) can convert ultimate pile capacity from one pile type to 

another with varying Ed/Ew ratio (considered in this study) at a relative density of 80%. 
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