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1. Introduction 
 

Recently, there has been an increase in the construction 

of multi-story buildings on relatively soft soil layers due to 

urban population concentration and city expansion. Soil-

structure interaction is also a key factor in offshore 

construction projects like wind farms, harbor terminals, and 

grand offshore bridges. To investigate these geomechanics 

issues, research on soil-structure interaction is widely being 

conducted through numerical studies (Lim et al. 2022, Lim 

et al. 2023, Kim et al. 2023, Jeong et al. 2024, Ko et al. 

2024). In such cases, the supporting bedrock is often deep, 

necessitating pile foundations, and large-diameter piles are 

increasingly used in construction design. Typically, pile 

structures are installed via pile driving with open-ended 

piles. During driving, soil pushed into the open-ended pile 

causes a plugging effect inside the pile. While it is 

commonly assumed that the end of pile is completely 

plugged when the pile is driven into the soil, various studies 

have shown that this assumption significantly differs from 

reality. Many researchers have reported that factors 

affecting the plugging effect include driving energy (Brucy  
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et al. 1991, Jeong et al. 2015, Ko et al. 2016), pile diameter, 

pile length (Beringen et al. 1979, Klos and Tejchman 1981, 

Szechy 1959, Kishida 1967, Matsumoto and Takei 1991), 

and soil condition (Paik and Salgado 2003, Ko et al. 2022).  

In order to analyze the existing plugging effect, many 

field tests and laboratory tests (Brucy et al. 1991, Paik and 

Lee 1993, Paik et al. 2003) have been carried out about the 

bearing capacity of piles. In the case of large diameter piles, 

however, there is difficult to carry out field tests due to 

economic and time problems despite of widely used in 

construction sites. In this study, the plugging effect 

generated after construction was investigated by simulation 

of actual pile construction using CEL (Coupled Eulerian-

Lagrangian) method, one of the large deformational 

numerical methods. The CEL method has been used by 

many researchers to investigate the impact of shaft fracture 

on TBM tunnels, and to analyze the plugging effect on the 

pile. (Qiu et al. 2011, Kim and Jeong 2014, Lee et al. 2017, 

Ko et al. 2016). 

The purpose of this study is to analyze the resistance 

mechanism by soil plugs and develop an inner shaft friction 

equation considering the plugging effect of sandy soil using 

the CEL method. The numerical analysis results were 

compared with field test results for validation. Parameter 

analyses were conducted to investigate the plugging effect 

with different pile diameters, pile lengths, soil conditions, 

and driving energies. Additionally, the lateral earth pressure 

coefficient generated within the soil plug due to the 

plugging effect was analyzed, and the equation for bearing 

resistance force, considering the plugging effect, was 

developed and discussed. 

 
 
 

Analysis on the lateral earth pressure coefficients of soil plugs for large 
diameter driven piles considering plugging effect 

 

Sumin Song1a, Junyoung Ko2b and Hyunsung Lim3 
 

1Department of Civil Engineering, National Taiwan University, Taipei, Taiwan 
2Department of Civil Engineering, Chungnam National University, Daejeon, Republic of Korea 

3Hanwha Ocean, Seoul, Republic of Korea 

 
(Received November 1, 2024, Revised June 12, 2025, Accepted June 25, 2025) 

 
Abstract.  When the installation of large diameter driven pile, the plugging effect is generally caused as the partially plugged 

condition. In this condition, it is a key issue for design because the inner shaft friction between soil plugs caused by plugging 

effect and pile’s inside surface causes additional bearing capacity of driven piles. Thus, this study suggested a new method for 

evaluating the inner shaft friction caused by partially plugged condition. The CEL (Coupled- Eulerian-Lagrangian) method was 

used to simulate the driven pile installation process and proposed the trend of lateral earth pressure coefficient (Kplug) in soil 
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energy was separately calculated in each analysis case. Based on parameter studies, it was shown that the plugging effect 

decreased with increasing the pile diameter, and increased with increasing the pile length, the elastic modulus of soil and the 

driving energy. It was found that the trend of Kplug had almost uniform trends under the different parameters. A simple equation 

for inner shaft friction at the pile inside was proposed by using the proposed Kplug. 
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2. Plugging effect of large diameter open-ended piles 
 

There are three conditions in the plugged condition. A 

fully plugged condition is completely plugged and behaves 

like a closed pile. On the other hand, an unplugged 

condition is fully open and easy to generate soil plugs. 

According to White et al. (2005) and Ko et al. (2016), 

open-ended driven piles have the characteristics as partially 

plugged when the pile is driven into the soil (Fig. 1). The 

open plugged condition or fully plugged condition is very 

easy to calculate the bearing capacity at the pile tip, but a 

partially plugged condition is difficult to design because it 

requires much consideration of several influencing 

conditions such as pile diameter, pile length, and driving 

energy during the pile driving. Especially, the influence 

condition is significantly complicated in the case of a large 

diameter open-ended driven pile. Although many previous 

studies found that it has a sensitive and complicated 

behavior caused by the influence conditions, previous 

studies did not consider appropriate driving energy changes 

with the pile’s physical size and soil condition. 

In other words, taking into account estimating the 

driving energy for each case, the criteria is called BPM, 

which is driveability. In the in-situ field, BPM is determined 

whether a predetermined bearing capacity has been reached 

through the number of a blow per unit length of the pile 

(Blow Per Meter, BPM) at the time of pile driving. If the 

number of strikes per unit penetration is large, economic 

efficiency in terms of time and cost is low and the pile is 

damaged due to unreasonable impact on the pile. In general, 

the concrete pile has the limitation of BPM as 200/m and 

the steel pile has 500/m. If a hammer with a relatively small 

load is used in comparison with the ground and pile, the 

bearing capacity is less than the designed bearing capacity 

because the target penetration depth is not penetrated. 

Therefore, in this study, in order to establish a criterion for 

quantifying driving energy to pile size, driveability (BPM) 

was used for each analysis case. 

When the design of large open-ended driven steel piles, 

conservative design is primarily used up to now because the 

pile tip’s resistance mechanism is complicated and there are 

no clear design criteria. The existing design equation is a 

design technique based on SPT and CPT, the site 

exploration result values are high in general higher strength 

soil. Therefore, the pile tip bearing capacity predicted 

through the design code becomes much larger than the 

actual pile tip bearing capacity. For this reason, the bearing 

capacity of the pile tip can be predicted excessively when a 

large diameter pile is installed in a high degree of soil. 

Therefore, this study developed a pile base bearing capacity 

design method considering the plugging effect by using the 

lateral earth pressure coefficient which is not affected by the 

in-situ results. And the lateral earth pressure coefficient 

(K)can be calculated as 

𝐾 =
𝜎ℎ

𝜎𝑣
 (1) 

where, K is the lateral earth pressure coefficient, 𝜎ℎ is the 

horizontal earth pressure and 𝜎𝑣  is the vertical earth 

pressure. According to Ko and Jeong (2015) and Paikowsky  

 

 

(1990), they suggested that not all of soil plug’s height, only 

certain height of it generates the inner shaft friction as 

following Eq. (2) 

𝑆𝑃𝐼 =
𝐿𝑠𝑡𝑟𝑒𝑠𝑠

𝐿𝑝𝑙𝑢𝑔
× 100(%) (2) 

where, 𝐿𝑠𝑡𝑟𝑒𝑠𝑠 is the height of soil plug which occurs the 

inner shaft friction, 𝐿𝑝𝑙𝑢𝑔  is the total soil plug after pile 

driving. 

 

 

3. Coupled Eulerian-Lagraingian (CEL) analysis 
 

3.1 CEL modeling 
 

The plugging effect can be occurred during pile driving, 

it is essential to simulate driving impact and soil plug 

generation. This study utilized the Coupled Eulerian-

Lagrangian (CEL) method in ABAQUS/Explicit (2013) to 

make modelling of installation process of open-ended 

driven piles. A 3D Finite Element (FE) mesh model is 

illustrated in Fig. 2. Exploiting symmetry in the modelling, 

only a quarter of the domain was used with symmetric 

boundary conditions imposed on two planes to ensure zero 

flow velocity normal to these planes. The base of the FE 

model was constrained to prevent vertical and horizontal 

flow, and radial flows were allowed at the curved face 

representing the far-field boundary. The domain dimensions 

included a width of 10 times the pile diameter (D) and a 

height twice the pile length (L), considering the reflection of 

driving energy. 

 As following to the CEL method, the piles were 

modelled within the Lagrangian domain, while the soil was 

modelled in the Eulerian domain. The soil was divided into 

a double layer: a soil layer and a void layer. This setup  

accounted for the soil being displaced into the empty 

elements (inside the pile) during penetration steps. The soil  

 
Fig. 1 Three conditions of plugging effect after pile 

driving: (a) fully plugged condition, (b) partially 

plugged condition and (c) open plugged condition 
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Fig. 3 Driving load curve of one hammer blow (Goble et 

al. 1980) 

 

 

layer had defined strength and stiffness values, whereas the 

void layer did not. The soil mesh domains used 8-node 

Eulerian brick elements (EC3D8R), and the pile mesh 

domains used 8-node Lagrangian brick elements (C3D8R). 

The interface between the pile and soil was modelled 

using Coulomb’s frictional model, reflecting the general 

contact conditions specified in ABAQUS/Explicit (2013). 

𝜏𝑐 = 𝜇 ∙ 𝑝 (3) 

where, 𝜏𝑐 is the shear force, 𝜇 is the friction coefficient, 𝑝 is 

the contact force. 

The specified initial stress state should align with 

calculations based on the self-weight of the material and the 

geometries involved. Therefore, a geostatic stress condition 

is imposed in a predefined step to account for the soil 

weight. Following this initial step, a load is applied to 

simulate the pile driving process by exerting a driving load 

at the top of the pile. Under the driving load condition, the 

loading time for one hammer blow from the driving 

hammer is illustrated in Fig. 3. These driving loads are 

applied repeatedly until the target penetration depth is 

achieved. The piles were driven with a driving cycle of 0.04 

seconds, as studied by Goble et al. (1980). 

 

3.2 Mesh studies 

 

Table 1 Input parameters of mesh study (Gwangyang site) 

Type Model 
γt  

(kN/m3) 

E  

(MPa) 

ϕ  

(deg) 

Poisson’s 

ratio, ν 

Pile 

(D = 2 m,  

L = 45 m) 

Linear 

elastic 
75 210,000 - 0.2 

Sand 
Mohr-

coulomb 
18 13.5 32 0.3 

 

 

A representative analysis model is as D = 2.0 m and L = 

45 m of driven large diameter condition, it penetrated 

homogeneous sandy soil and the input parameters were 

noted in Table 1. Mesh studies were performed for securing 

the analysis precision and computational time duration 

efficiency. Table 2 summarized the mesh studies’ results. 

According to the mesh size ratio decreased from 15.4 to 

10.0, the mesh density increased from the 10.0 to 15.4. In 

addition, increased the mesh density caused to increase the 

computation time dramatically. 

The stress-penetration depth curves were presented with 

three different mesh density cases in Fig. 4. Although the 

different analysis times were spent with three cases, two 

results (Mesh 12.5 and 15.4) showed similar penetration 

force at the end of step. Therefore, Mesh 12.5 seems to be 

the most efficiency computation mesh size ratio, the mesh 

size 15.4 was chosen to main analysis. 

 

3.3 Driving energy considering driveability (BPM) 
 

According to existing studies, the driving energy has 

been reported that it is significantly important factor for 

plugging effect, so, this study had to calculate uniform 

energy ratio to simulate in-situ installation for all of 

analysis cases. In this study, the BPM (Blow per meter) was 

utilized to control driving energy for each case, GRL-

WEAP program was used in this study to calculate the BPM 

(Pile dynamics Inc., 2010). 

The driveability is calculated based on wave equation 

analysis when the pile was driven into the soil until the 

target soil depth. This study assumed that the BPM 500 is 

the minimum required driving energy when the open-ended 

steel pile is penetrated the soil. 

0

0.2

0.4

0.6

0.8

1

0 0.02 0.04 0.06

D
ri

vi
ng

  
fo

rc
e 

 r
at

io

Time (s)

20% Reduced 

Driving Energy

 
Fig. 2 Geometry and finite element for soil and pile 

modeling 

 

Fig. 4 Results of mesh study 
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Commonly, BPM increased as penetration depth 

increases when the pile is driven into the soil layer. Finally, 

when the pile arrived the target penetration depth, at that 

time BPM is 500. As a result, that the driving energy was 

selected. 

In this analysis, the soil layer is modelled as the 

homogeneous sand, the inter friction angle (ϕ) is varied as 

26, 34 and 39.5°, and the unit weight of soil is fixed to 18 

kN/m3. Driving efficiency was 0.8 recommended by GRL-

WEAP manual (Pile dynamics Inc., 2010). Connections of 

pile were not considered in the pile modelling. One of the 

standard materials of pile, SKK590 was chosen for this 

analysis, and it has the allowed stress of 440 MPa. 

 

3.4 Validation of CEL analysis with field test results 
 

The CEL modelling of this study validated to an in-situ 

test result of the plugging effect (Ko and Jeong 2015). 

Tables 3 and 4 showed the result of validation, it was shown 

that this modelling can simulate the results of field testing 

results relatively. 

 

 

4. Parametric study results and discussions 
 

The cases of parametric study were summarized in Table 

5. A series of the CEL analyses on large open-ended piles 

installed into sandy soils were performed with different  

 

 

Fig. 5 Results of mesh study 

 

 

major influence parameters, the pile diameters (D), the pile 

length (L), the elastic modulus of sand (Es), and required 

driving energy considering driveability, BPM (Ed). 

 

4.1 The behavior of SPI 
 

Analysis results with different pile diameters 

summarized radial stress contours of soil plugs in Fig. 6. 

Radial stress contours of soil plugs were decreased with 

increasing pile diameters. Note that the method for 

calculating SPI by using CEL analysis results illustrated in 

Fig. 5.  

The analysis results of SPI with different input 

parameters were summarized in Fig. 7 based on Figs. 6 and 

5. It was found that the SPI with different pile diameters 

had a constant trend of around 13 % (Figs. 7(a) and 7(b)). 

According to Ko et al. (2016), they showed that SPI tends 

to decrease with increasing pile diameters from 0.5 – 2 m. 

Comparing SPI results with varying pile diameters showed 

different trends in Fig. 8. It is supposed that this difference 

was caused by the driveability used in this study. This study 

considered driveability for each analysis condition to 

change the pile driving energy. So, it means that using 

adequate pile driving energy can generate the constant 

amount of SPI after pile driving. In addition, the SPI 

showed increased trend with increasing the elastic modulus 

of soil (Figs. 7(c) and 7 (d)) shows the decreasing SPI trend 

with increasing BPM.  Here, it means that the increasing 

BPM refers to the decreasing pile driving energies, so this 

trend had similar with previous study result (Ko et al. 

2016). 

Table 2 Results of mesh study 

 
Min. size of 

mesh 
D / mesh size Number of Elements 

Computation Time 

(hr) 

Ultimate penetration force, 

Pu (kN) 

Mesh 15.4 0.13 15.4 4,751,388 148 56,398 

Mesh 12.5 0.16. 12.5 2,527,322 24 56,837 

Mesh 10.0 0.2 10.0 1,320,084 9 58,250 

Table 3 Comparison of plug length with field data and 

numerical simulation 

 Lplug 

 
Measured data 

(Ko and Jeong 2015) 

Previous study 

(Ko et al. 2016) 

This 

study 

TP-1 1.30 1.80 1.82 

TP-2 2.00 1.94 1.99 

TP-3 2.30 1.84 1.85 

Table 4 Validation of SPI with field data and analysis 

results 

 SPI (%) 

 
Measured data 

(Ko and Jeong 2015) 

Previous study 

(Ko et al. 2016) 

This 

study 

TP-1 34.4 40.0 41.2 

TP-2 23.1 22.6 20.3 

TP-3 17.4 13.1 14.3 
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(a) Pile diameters 

 
(b) Pile lengths 

 
(c) Elastic modulus of sand 

 
(d) Driveability (BPM) 

Fig. 7 SPI with varying influence factors 

  

(a) D = 1.5 m (b) D = 2.0 m 

  

(c) D = 2.5 m (d) D = 3.0 m 

 

 

(e) D = 3.5 m  

Fig. 6 Typical radial stress contours with varying pile 

diameters 
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Fig. 8 Comparison of numerical analysis results with 

existing study (Ko et al. 2016) 

 

 
Fig. 9 Normalized height of radial stress in soil plug with 

varying L / D 

 

 

4.2 The height of Lstress 
 

Fig. 9 shows the normalized height 𝐿𝑠𝑡𝑟𝑒𝑠𝑠with varying 

the pile diameter (L / D) under different pile diameter 

conditions. Although the driveability considered in this 

study, the normalized height of 𝐿𝑠𝑡𝑟𝑒𝑠𝑠 decreased with 

increasing of pile diameters. The trend line (Eq. (4)) in Fig. 

9 represents the distribution of 𝐿𝑠𝑡𝑟𝑒𝑠𝑠for piles of various 

diameters, considering driveability. 

𝐿𝑠𝑡𝑟𝑒𝑠𝑠/𝐷𝑖 = 0.12 ∙
𝐿

𝐷
− 0.15  (4) 

 
4.3 The behavior of lateral earth pressure coefficient 

(Kplug) in the soil plug 
 

The distributions of the lateral earth pressure coefficient 

(Kplug) in the soil plug from the pile tip are described in Fig. 

10. It was shown that the K of soil at the bottom of pile tips 

had around 0.5 similar to input K, but the distribution of 

Kplug showed increased until around 2.2 ~ 2.5 then 

decreased to around 1.5 along the distance from pile tips. 

This tendency was caused by the results of radial stress 

contour in soil plugs according to Figs. 5 and 6.  

Fig. 11(a) shows the normalized results with pile depths 

divided by pile diameters, and it was found that combined 

data showed similar trends of Kplug. So, the averaged trend 

curve of Kplug with normalized pile depths was calculated in 

Fig. 11(b) to investigate the trend of distribution. 

 

 
5. Development of inner shaft friction equation for 
considering plugging effects 
 

5.1 Development of inner shaft friction equation for 
large diameter driven piles with plugging effect 

 

In this study, the inner shaft friction equation that occurs 

between the soil plug and the pile was calculated through 

the distribution trend of Kplug calculated through CEL 

analysis. The horizontal earth pressure coefficient was 

selected linearly by dividing each section into five sections 

as shown in Eq. (5). It was assumed that the inner shaft 

friction only works until the 5 Di based on the numerical 

analysis results and Kplug occurs consistently as 1.5 from 2.2 

Di to 5 Di. 

𝐾𝑝𝑙𝑢𝑔 = 0.875𝑥 + 0.4 (0 ≤ 𝑥 ≤ 0.75), 

= 1.875𝑥 + (0.75 ≤ 𝑥 ≤ 1.2), 

= 2.25 (1.2 ≤ 𝑥 ≤ 1.7), 

= −1.5𝑥 + 4.8 (1.7 ≤ 𝑥 ≤ 2.2), 

= 1.5 (2.2 ≤ 𝑥 ≤ 5.0) 

(5) 

Eq. (4) can be changed as shown in Eq. (6), through 

which Kis expression can be derived as Eq. (7). 

𝐿𝑠𝑡𝑟𝑒𝑠𝑠 = 𝐷𝑖(0.12 ∙
𝐿

𝐷
− 0.15)  (6) 

𝐾𝑖𝑠 =
1

𝐿𝑠𝑡𝑟𝑒𝑠𝑠
∫ 𝐾𝑝𝑙𝑢𝑔

𝐿𝑠𝑡𝑟𝑒𝑠𝑠

0

𝑑𝑥 (7) 

where, Kis is calculated Kplug along the inside shaft of piles, 

and x is the normalized distance from the pile tip (𝐿𝑠𝑡𝑟𝑒𝑠𝑠/ 

Di). White et al. (2005) reported that when compacted soil 

plugs rise into pile inside, it occurs inner shaft friction and 

end bearing stress which is called the partially plugging 

effect. 

This proposed equation of inner shaft friction is based 

on the common design methods of shaft friction equation 

(Eq. (8)). This proposed equation is used to predict the 

outside shaft resistance equation (Eqs. (9) and (10)). 

𝑄𝑖𝑠 = ∫ 𝑓𝑖𝑠𝐴𝑖𝑠

𝐿𝑖

0

 (8) 
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Table 5 Overview of the parametric studies lists 

Parameter D (m) L (m) Es* (MPa) ϕ (deg) 
Poisson’s ratio, 

ν 

Required Driving 

energy (kN∙m) 

Driveability 

(BPM) 

Pile diameter 

(D) 

1.5 45 22.5 34 0.3 441 500 

2.0 45 22.5 34 0.3 774 500 

2.5 45 22.5 34 0.3 1,161 500 

3.0 45 22.5 34 0.3 1,655 500 

3.5 45 22.5 34 0.3 2,189 500 

Pile length 

(L) 

2.0 15 22.5 34 0.3 149 500 

2.0 30 22.5 34 0.3 589 500 

2.0 45 22.5 34 0.3 774 500 

Elastic 

modulus of 

Sand (Es) 

2.0 45 12.5 26 0.3 240 500 

2.0 45 22.5 34 0.3 774 500 

2.0 45 32.5 39.5 0.3 1,736 500 

Required 

Driving 

Energy (Ed) 

2.0 45 22.5 34 0.3 774 500 

2.0 45 22.5 43 0.3 881 400 

2.0 45 22.5 343 0.3 1,215 300 

2.0 45 22.5 34 0.3 2,003 200 

* is estimated using the existing previous equation: Es = 500(N+15) (Bowles 2002)  

  
(a) Pile diameters (b) Pile lengths 

  
(c) Elastic modulus of sand (d) Driveability (BPM) 

Fig. 10 The distribution of lateral earth pressure coefficient 
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𝑓𝑖𝑠 = 𝐾𝑝𝑙𝑢𝑔tan𝛿𝜎′𝑣 (9) 

𝐴𝑖𝑠 = 𝜋𝐷𝑖𝐿𝑖 (10) 

𝑄𝑖𝑠 =
1

𝑥
∫ 𝐾𝑑𝑥

𝑥

0

tanδ𝜎′𝑣 ∙ 𝜋𝐷𝑖
2(0.12

𝐿

𝐷
− 0.15) (11) 

𝑄𝑡𝑏 = 𝑄𝑎𝑛𝑛 + 𝑄𝑖𝑠

= 𝑁𝑞𝜎𝑣
′𝐴𝑎𝑛𝑛 +

1

𝑥
∫ 𝐾𝑑𝑥

𝑥

0

tanδ𝜎′𝑣

∙ 𝜋𝐷𝑖
2(0.12

𝐿

𝐷
− 0.15) 

(12) 

where, 𝑄𝑖𝑠 is the shaft friction in pile shaft, δ is the friction 

angle between the soil and piles, 𝜎𝑣
′ is the effective stress of 

soil, L is the pile length, D is the pile diameter, and Di is the 

inner pile diameter.  

Reorganizing Eqs. (8) and (9) using Eq. (6) proposed in 

this study results in Eq. (11).  

Total bearing capacity equation ( 𝑄𝑡𝑏 ) of open-ended 

driven pile is Eq. (12) including bearing capacity of an 

annulus of pile tip and proposed inner shaft friction. The 

bearing capacity of annulus area is based on the KGS 

(2015). 

In this study, the proposed equation of inner shaft 

friction was only used by the lateral earth pressure 

coefficient of soil plug. Since it was hard to predict the unit 

weight of the soil plugs made by the plugging effect and the 

friction coefficient (δ) between the pile and the soil.  

Fig. 13 shows a summarized process of the proposed 

equation of inner shaft friction for large diameter driven 

piles considering plugging effect. This inner shaft friction 

equation is composed with unit inner shaft friction and 

inner shaft friction parts. In the unit shaft friction, the K of 

soil plug is determined by Eq. (7), and inner shaft friction 

area is determined the 𝐿𝑠𝑡𝑟𝑒𝑠𝑠  by Eq. (6). The annulus 

bearing capacity equation is followed the design method of  

 

 
Fig. 12 Proposed the trend of lateral earth pressure 

coefficient 

 

 

Fig. 13 Proposed inner shaft friction equation for large 

diameter driven piles 

  
(a) Combined results (b) Averaged results 

Fig. 11 The analysis of lateral earth pressure coefficients 

64



 

Analysis on the lateral earth pressure coefficients of soil plugs for large diameter driven piles… 

 

 

 

Fig. 14 Proposed inner shaft friction equation for large 

diameter driven piles 

 

 

KGS (2015). Finally, the end bearing capacity is combine 

annuls bearing capacity equation with plugging capacity 

equation. 

 

5.2 Comparison the proposed equation with field test 
results 

 

Fig. 14 shows that the ratio of total end bearing capacity 

to plugging effect bearing capacity with varying pile 

diameters. It is based on the field load test results (Table 6) 

and numerical analysis results of this study. Fig. 14 also 

proposed the trend line of an actual end bearing capacity 

with the plugging effect. It was found that large diameter 

piles had a much lower bearing capacity ratio than small 

and medium diameter piles. It is a reduction in end bearing 

capacity ratio from 40% (D = 0.508 m) to 10% (D = 2.0 m). 

Ratio of plugging effect bearing capacity of this proposed 

curve can be changed dependent on the influencing factors 

i.e., driving energy and soil condition.  
 
 
5. Conclusions 

 

The main purpose of this study is to propose a bearing 

capacity equation based on the results obtained by 

simulating a large diameter open-ended driven pile with 

numerical analysis (CEL method). The results of the CEL 

method were verified and the parametric study was 

conducted. The following conclusions could be drawn from 

the present study: 
• As a result of applying hanger energy to large diameter 
pile considering driveability, it was confirmed that the 
plugging effect is also observed in large diameter piles. 

• The plugging effect was analyzed as the height at which 

Lstress occurred. The height of the soil plug was smaller than 

that of small diameter pile considering the same 

driveability. Also, the longer the pile length, the harder the 

soil condition, and the higher the driving energy, the higher 

the Lstress. 
• The lateral earth pressure coefficient - Lstress graphs 
obtained through the analysis of the influence factors 
showed a constant tendency. The lateral earth pressure 
coefficient distribution of the Lstress was proposed by 
dividing the result of this averaging into 5 sections. This 
graph showed the tendency of the lateral earth pressure 
coefficient to vary depending on the height of the soil plug 
and affects the radial stress of the soil plug. 
• The bearing capacity equation is proposed using the 
lateral earth pressure coefficient distribution and the L / D - 
Lstress distribution. The verification results confirm that the 
measured values are well predicted in the large-diameter 
pile case. 
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