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Influence Factors on the Degree of Soil Plugging for Open-Ended Piles

A A A Jeong, Sang-Seom
U Ko, Jun-Young
Abstract

This paper presents the investigation of the major influence factors on the degree of soil plugging for open-ended
piles based on the Coupled Eulerian-Lagrangian (CEL) numerical technique. The main objective of this study was to
investigate the effect of soil plugging on the response of piles in various conditions. Through comparison of the results
of field load tests, the CEL methodology was found to be in good agreement with the general trend observed by in
situ measurement. Additionally, the parametric studies were performed by controlling the soil conditions, soil elastic
moduli, end-bearing conditions and multi layers. It was found that the degree of soil plugging for sand layers was greater
than that of clay layers. Also, the degree of soil plugging increased with an increase in both the soil stiffness and length
of pile embedded in the bearing layer.
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Fig. 1. Component of bearing capacity of open-ended pile, and
force equilibrium of forces in soil plug element (Yamahara,
1964)

Soil plug
Active convex arches

Passive convex arches

Fig. 2. Arching mechanism of soil plug for open-ended piles
(Paikowsky, 1990)

H 8o QIsto] AT, passive concave arches+—=
o B Sl AeolA Telo] Ho] Aejxom
2 44 gelom Qs YR of Yo o} $

o] M}, ol ke Z7kel welo] Ant

(Paikowsky, 1990).

St E A W2 i E Ao A
SIS Ao ohujeh W Alghiia] dRe] s
ol s o daEE Aol 54 othKo and
Jeong, 2015; Paikowsky, 1990). o] &%t 7}d Ko<}t
Jeong(2015)0] Th& 4] (29} o] THHE o] e} A

Ywnbgelo] Whashe ol ulw Agisiac.

spr— L 2

-7 (@)

oJ7|A], SPI= soil plugging index, Z,&= I E Zo],
L, YRl o] IS dolol,

E3] Ko(2015)= AAE A S(coefficient of earth
pressure at rest, Ko)S ©]-83}0] UFHulEE-S AH45}H
e Aekstat ol Hd elHel i nke
& A S B2 LHToﬂ WA 4

ZAo] dadoz Brl=slt}l ufeka H Ao
ol

3. Coupled Eulerian-Lagrangian(CEL)2 0| &¢}
CHEdS Ax[5HAL

Coupled Eulerian-Lagrangian(CEL) 7|¥-2 Lagrangian
Sl 9 Bulerian S|40] 488 77F 4.8
o®, 7% vjamg sHke gl vale) ol 3
S0l WAYSHA b= A3de] AtHKim and Jeong, 2014
Qiu et al,, 2011; Ko et al., 2015). ZL X9tz Hoko|
HE CEL 719 olga ohalg s-Aa4jol gt
7} ghare] WA Yk Sal 71, A% 5o AR 7
Aol Zagt s PAT 71=(Kim and Jeong, 2014), A
Ale W X2 Slj4(Jeong et al., 2014; Jeong et al., 2015),
WO Ao wE AF E4(Ko et al., 2015; Ko et
al, 2016), B'd =%1 A] 9P HH 44 £Al(Lee, 2016)
5 chope Bolold A 8w gtk

2 Aol 8 sliA] 2=l ABAQUS/EXPLICIT
(2013)F o]&stxl o, si4 7]¥> ABAQUSOA A]
213}= Coupled Eulerian-Lagrangian(CEL) 7|2 &

ahsich.

ulerian #}3E7, W52 Lagrangian
= @%_5}31211], 34 F Y2 Fig. 3(a)} 2ol
Aol B440] o)E|7] gk 7kl void layers) S1E

NS0 HAS D HSERIA}

@1

& 29

Ar



Void layer i

N

Plane view

2L

IE
774

JSAIIIIrEEIIes
SRRINRNRNNAN
BRAMARRRRRN

RRRERRRRRRRRRRRY

777

e
s

777777
e

T
S
SRRIRRRRRRY

JHIIIIEIEEIITELITETET LA A ITETEIETd
RN

7

ALITIET TS

Rnn
RN

=

T T T T T

JATIEITIEETEIITELEEPTS

TASs eI es s EITIIIPs
RN

RN
RRTRRNREY

NN

§
N
N
§
5
8
§
SRS
3

S

8

\
\

i
TR

R i
NN
RRTIRRRRRRRRRR

5
3
5
N
N
N
™
S
£
3
5
§

R
NS

f
AN

(a) Soil domain

Fig. 3. Geometry and finite element mesh for soil domain and pile
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Table 1. Geometries of the test piles

& Hollie ARE, B HXavtel tigt 93

c Outer pile Inner pile Length
ase
Diameter (mm) Thickness (mm) Diameter (mm) Thickness (mm) (m)
Case 1 508.0 9 406.4 9 8.6
Case 2 711.2 7 609.6 9 1.4
Case 3 914.4 8 812.8 8 15.5
Table 2. Input parameters (Kwangyang site)
Type Model ~ (kN/m®) E (MPa) ¢ (deg) ¢ (kPa) Poisson’s ratio, v
Pile L.E.x 75 210,000 - - 0.2
Sand M.C.* 17.6 13.5 32 0 0.3
L.E.* is Linear—elastic model, M.C.* is Mohr—Coulomb model
Table 3. Validation of numerical model
Type Pile length Pile diameter PLR Lis (m) SPI (%)
(m) (mm) CEL Measured CEL Measured CEL Measured
Case 1 8.6 508.0 0.52 0.44 1.80 1.30 40.0 34.4
Case 2 11.4 711.2 0.75 0.76 1.94 2.00 22.6 23.1
Case 3 15.5 914.4 0.90 0.85 1.84 2.30 13.1 17.4




Table 4. Input parameters for the parametric studies

Parameter Case Type Ex (MPa) Eg* (MPa) ¢ (deg) ¢ (kPa) Poisson’s ratio, v
Sand1 Loose sand 12.5 - 26.0 - 0.30
Sand2 Medium sand 22.5 - 34.0 - 0.30
Sand3 Dense sand 32.5 - 39.5 - 0.30

Sand/Clay

Clay1 Soft clay 9.0 - 0 18.0 0.30
Clay2 Medium clay 18.0 - 0 36.0 0.30
Clay3 Stiff clay 36.0 - 0 72.0 0.30
S1 S1 10.0 - 32.0 - 0.30
Soil elastic S2 S2 15.0 - 32.0 - 0.30
modulus S3 S3 20.0 - 32.0 - 0.30
S4 S4 25.0 - 32.0 - 0.30
Floating Floating pile 22.5 - 32.0 - 0.30
End—bearing 0Om 0 m Embedded 22.5 32.5 32.0 - 0.30
condition 1.5 m 1.5 m Embedded 22.5 32.5 32.0 - 0.30
30m 3.0 m Embedded 22.5 32.5 32.0 - 0.30
Loose sand 12.5 - 26.0 - 0.30
Multi layer S(li:;SE;G Medium sand 22.5 - 34.0 - 0.30
Dense sand 32.5 - 39.5 - 0.30

*

is obtained from a equation as
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Fig. 4. Ko with varying soil conditions
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Fig. 8. Parametric studies for different soil profiles
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