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Analysis of Plugging Effect for Large Diameter Steel Pipe Piles
Considering Driveability (CEL Method)
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Abstract

This paper presents the analysis of plugging effect especially when the large diameter steel pipe pile was installed
by considering driveability (BPM, blow per meter). The Coupled Eulerian-Lagrangian (CEL) technique was used to
simulate the driving of open-ended piles into soil. To consider the driveability, the applied driving energy for each pile
was obtained from the analysis results by using the wave equation. The parametric studies were performed for different
pile diameters, penetration depths of pile, soil elastic modulus and BPM. It was found that the SPI is almost constant
with increasing both the pile diameter and the required driving energy. It is also found that the plugging effect increases
with increasing the pile length, resulting in the increase of lateral earth pressure. Based on this study the apparent

magnitude and distribution of the lateral earth pressure is proposed for inside portion mobilizing soil plug.
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Table 1. Input parameters for the parametric studies
D t L Required Driving Ex [0) C Poisson’s
Parameter | Case (m) (cm) (m) BPM Energy (kN-m) | (MPa) (deg) (kPa) ratio, v
D1 1.5 4 441
D2 2 5 774
D D3 25 6 45 500 1161 225 34 - 0.30
D4 3 7 1655
D5 3.5 8 2189
L1 15 149
L L2 2 5 30 500 589 22.5 34 - 0.30
L3 45 774
Sandf 240 12.5 26
(Loose)
sand Sand2 2 5 45 500 774 22.5 34 - 0.30
(Medium)
Sand3 1736 32.5 39.5
(Dense)
BPM1 200 2003
BPM2 300 1215
BPM 2 5 45 22.5 34 - 0.30
BPM3 400 881
BPM4 500 774
* is obtained from a equation as follows : E=500(N+15) (Bowles, 2002)
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Table 2. Validation of CEL numerical model
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41.2
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20.3
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Table 3. Input parameters of mesh convergence study (Gwangyang site)

Type

Model

M
(kN/m®)

E
(MPa)

Poisson’s
ratio, v

Pile

Linear—Elastic

75.0

210,000

0.2

Sand

Mohr—Coulomb

18.0

13.5

0.3
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Table 4. Result of mesh convergence study

Minimum size D/mesh Number of Computation time Ultimate penetration force,
Case .
of mesh size elements (h) Py (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 0.20 10.0 1,320,084 9 58,250
Step 9
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Table 5. Normalized stress height with varying pile diameters
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