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Various issues have been encountered in the removal work of existing piles, such as existing piles being left in the
ground, the subsidence of the surrounding ground and the deterioration of the ground environment when reusing
the site. However, there are no regulations for the filling material to be injected into the draw holes that form after
the removal of existing piles or for the removal work itself. In this study, therefore, in order to evaluate the effect
of the insertion by rotation of the casing onto an existing pile as part of the work to remove existing piles, the
effect of the stress loaded onto an existing pile when the casing is inserted into the ground using moving-particle
semi-implicit–computer-aided engineering and the mechanism of its occurrence are clarified. As a result, it is found
that the inner diameter of the casing used, the value of the plastic viscosity of the drilling fluid and the mechanism
by which the stress is loaded onto an existing pile can be evaluated such that the destruction of the existing piles
can be avoided.
Notation
D outer diameter
d distance to loaded stress
d inner diameter
F magnitude of loaded stress
g gravity vector
Ip second polar moment of area
n unit vector in the direction perpendicular to the surface
P pressure
R square of the distance to a certain small area
T torsional moment (torque)
u velocity vector
v kinematic viscosity coefficient
d delta function for surface tension acting on the surface
k curvature
r density of the fluid
s surface tension coefficient
tmax maximum torsional stress
t torsional stress

Introduction
In recent years, the deterioration of architectural and civil engineering
structures constructed during the period of high economic growth,
from 1954 to 1970, has progressed remarkably in Japan. This has
become a serious issue for the construction industry. Moreover, due
to the Great East Japan earthquake of 2011 and considering the
earthquakes that are expected to occur in the future directly under the
Tokyo metropolitan area and in the Nankai Trough, disaster
prevention awareness among the general public will continue to
increase. Furthermore, the number of users of architectural and civil
engineering structures will continue to decrease due to the declining
population and the changing needs of the times. As a result, the
number of projects related to the dismantling and rebuilding of
structures has been increasing.

Most cities in Japan and South-east Asia are located on soft
ground; thus, the construction methods chosen for most structures
involve the use of pile foundations. Therefore, when dismantling
and removing existing structures, the piles existing in the ground
must be securely removed so that they will not interfere with the
newly built pile foundations and/or the retaining walls of the new
structures, and the draw holes that form after their removal must be
properly filled. If this is not done, the presence of these existing
piles will adversely affect the construction period and the quality of
the newly installed piles, such as the placing and retaining work
(see Figure 1). The existing piles that remain after the dismantling
and removal of existing structures are treated as industrial waste
unless their utility is recognised, and the existence of these piles
often causes complications in land sale transactions.

One of the reasons why existing piles remain in the ground is
that it is not easy to remove the piles completely because they may
break during the process of pulling them out, as shown in Figure 2
(Inazumi et al., 2017; Kuwahara and Inazumi, 2019). Pile removal
work generally involves a tubular machine, called a ‘casing’, used
to drill holes around existing piles. During the drilling work, the
deposits around an existing pile and the drilling fluid rotate together
with the casing, but the existing pile does not rotate because it is
fixed to the supporting layer (see Figure 3) (Kuwahara et al., 2019).
As a result, torsional stress is loaded onto the existing pile. The pile
may break due to the large torsional stress. However, this theory is
based on the experience of engineers, and it is not known at present
how much torsional stress is actually loaded onto a pile or how
much stress is required to break an existing pile. In addition, a great
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deal of time is needed to conduct an on-site survey (Kuwahara
et al., 2019).

In this study, therefore, a moving-particle semi-implicit–computer-
aided engineering (MPS-CAE) analysis is performed to evaluate
the mechanism of the stress loaded onto an existing pile when a
steel casing is inserted into the ground. More specifically, to
verify the mechanism of stress generation, there are three points
of view: (a) when the type of existing pile is changed, (b) when
the viscosity of the drilling fluid between the existing pile and the
casing is changed and (c) when the interval width between the
casing and the existing pile is changed.

Outline of removal methods for existing piles

Current status of existing piles
The main types of existing piles are concrete piles and steel
pipe (SP) piles. In addition, the methods usually adopted for
26
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driving the piles are hammering and rotary embedding
(Inazumi et al., 2020a, 2021; Kuwahara et al., 2020). When an
existing pile is removed, it is often under an undesirable
condition, as shown in Figure 4, such as the arrangement of the
existing piles is different from the drawing, the existing piles are
not even, an existing pile has broken in the ground, the joint
sections of an existing pile are bad and an existing pile was
unexpectedly placed at an incline. In the future, it will become
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Figure 1. Cases of negative impact on ground due to defects in removal of existing piles
(a) (b)

Figure 2. Existing pile that broke in the process of removing it:
(a) full view of removal work; (b) state of broken existing pile
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Figure 3. Assumed mechanism of torsional stress loaded onto an
existing pile
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more and more necessary to remove existing piles buried under
various conditions safely and securely.

Methods for removal of existing piles
The construction procedure using a wire rope, which among all
others is a general method for removing existing piles, is shown in
Figure 5 and described in the following (Kuwahara et al., 2019).

(a) The steel casing is set so that the centre of the casing is
aligned with the core of the existing pile.

(b) While discharging the drilling fluid (water or bentonite water),
the casing is inserted by rotation.

(c) After completing the insertion of the casing by rotation down
to the specified depth, the casing is pulled up, a wire rope is
inserted into the tip of the casing and the rope attached to the
tip of the casing is set in the existing pile.

(d) The filling material is injected into the draw hole while the
existing pile is being pulled up. (If the existing pile is heavy,
it should be lifted with multiple heavy equipment and the top
of the pile is cut off to decrease the weight.)

However, this removal method has some shortcomings, as
shown in Figure 6. Firstly, when piles are buried under the
undesirable conditions shown in Figure 4, it is difficult to
remove them reliably with this method. Next, when injecting
the filling material into a draw hole, it is not possible to fill in
the very deepest part of the hole because the filling material
 http://ftp.nowpublishers.com/jgere/article-pdf/8/1/25/2544386/jgere_20
is injected from the surface of the ground, and thus, voids
form easily in the ground. Finally, when pulling up the pile, the
wire is pulled up vertically, so there is a risk that the wire will
not be able to withstand the stress or that the pile may break
in the middle.

As a removal method devised to overcome the aforementioned
issues that are sometimes encountered with the general removal
method, there is a removal method in which the tip of the pile is
chucked and pulled out. The construction procedure for this
method is shown in Figure 7 and described in the following
(Kuwahara et al., 2019; Inazumi et al., 2020b, 2020c).

(a) Using a backhoe, the ground is excavated until the top end of
the existing pile is exposed.

(b) The steel casing is set so as to enclose the top end of the
existing pile.

(c) The ground is excavated by the rotating casing, and the
drilling fluid is discharged from the tip of the casing.

(d) The chuck claws are projected inwards from the casing at the
lower end of the existing pile.

(e) With the existing pile enclosed by the casing, the pile is
pulled up while the casing is rotating and the filling material
is being injected from the tip of the casing.

In this removal method, because the entire length of the existing
pile is pulled up in the state of being enclosed by the casing, it is
(a) (b) (c)

(e) (f)(d) (g)

Figure 4. Buried status of an existing pile: (a) snapped; (b) broken; (c) joint offset; (d) joint unbonded; (e) oblique pile; (f) pile spacing is
narrow; (g) hypertrophy of cement milk
27
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possible to pull out the existing pile reliably even under
undesirable conditions. Moreover, because no wire rope is used,
there is no risk of the existing pile being dropped or the heavy
machinery overturning due to breakage.
28
 from http://ftp.nowpublishers.com/jgere/article-pdf/8/1/25/2544386/jger
Torsion of an existing pile due to insertion of the casing
by rotation in methods for removal of existing piles
It is thought that existing piles may break because the drilling fluid in
the casing is circulated by the insertion of the casing by rotation and
the torsional stress is loaded onto the existing piles (see Figure 3). In
principle, when drilling with a casing in a removal method that uses
a wire or chucking and the casing does not reach the tip of the
existing pile, the existing pile does not separate from the ground but
remains fixed to the supporting layers. In other words, the existing
pile itself does not rotate. Only the drilling fluid rotates, such that
torsional stress is loaded onto the existing pile. As the casing is
gradually inserted by rotation, the stress generated by the insertion of
the rotating casing in the pile direction is loaded through the drilling
fluid. At the same time, the circulating volume of the drilling fluid
with the casing increases, so the stress loaded onto the existing pile
increases. It is thought that an existing pile will often not be able to
withstand the stress and will break.

CAE with MPS method

Computer-aided engineering
CAE is an alternative technology for large-scale experiments,
conducted in a room or in situ, using prototypes that have been
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Figure 5. Construction procedure for the method of removing an existing pile using a wire rope
(a) (b) (c)

Loading
of
sediment 

Air gap
and soft
part 

Figure 6. Problems with the method of removing an existing pile
using a wire rope: (a) leaving the broken pile underground;
(b) incomplete injection; (c) sling rail wire breaks
e_20_00042.pdf by guest on 17 June 2026



Geotechnical Research
Volume 8 Issue 1

Evaluation of effect of insertion of casing
by rotation on existing piles
Inazumi, Tanaka, Komaki and Kuwahara

Downloaded from
created in a study as part of a development process of
‘manufacturing’. In other words, ‘CAE’ is a general term for
technology that simulates and analyses prototypes on a computer
formed by computer-aided design (CAD) and so on, considering the
site conditions (Chang, 2014; Inazumi et al., 2020c; Pan et al.,
2016). At the same time, CAE may refer to computer-aided
engineering work or its tools for prior examination, design,
manufacturing and process design of construction methods and
products. In the field of geotechnical engineering, CAE can be used
to visualise the inside of the ground and the stress loaded on the
inside of the ground and to understand experiments that would
normally require huge costs and/or phenomena that would be
difficult to reproduce. In addition, by performing appropriate post-
processing, it is possible to communicate with other people in a
visually easy-to-understand manner.

Particle method and MPS method
With the remarkable development of computer technology in
recent years, a method of analysis called the particle method (PM)
has been developed. Here, the finite-element method (FEM) and
the difference method (DM) comprise the grid method, in which
the space is divided into grids and a physical quantity is assigned
to each grid as a variable for calculation (Yang et al., 2020).
Unlike the FEM and DM, the PM does not use grids, but instead
discretises the continuum as particles that move with each
physical quantity at each calculation point in a Lagrangian
manner. Thus far, Inazumi et al. (2018) used the distinct-element
method (DEM) to calculate the amount of movement of each
particle by expressing the interacting stress between particles
using the spring constant, damping constant, friction coefficient
and so on. The DEM was also applied to the reproduction and
performance evaluation of removal methods for existing piles
(Inazumi et al., 2018). In this study, the authors apply the MPS
method (Hattori, 2015; Shakibaeini and Jin, 2012; Tanaka et al.,
2018) to analyse the behaviour of fluid particles according to the
equation of motion for fluids. The governing equations for the
 http://ftp.nowpublishers.com/jgere/article-pdf/8/1/25/2544386/jgere_20
incompressible flow used in the analysis are the mass
conservation law, Equation 1, and the momentum conservation
law, Equation 2, considering surface tension.

Dr
Dt

¼ 0
1.

Du

Dt
¼ −

1

r
∇P þ n∇2u þ g þ 1

r
skdn

2.

where r is the density of the fluid, u is the velocity vector, P is
the pressure, v is the kinematic viscosity coefficient, g is the
gravity vector, s is the surface tension coefficient, k is the
curvature, d is the delta function for the surface tension acting on
the surface and n is the unit vector in the direction perpendicular
to the surface.

In the MPS method, each differential operator (slope, divergence and
Laplacian) of the governing equation, shown in Equation 2, is
discretised by a weighting function (Hattori, 2015; Shakibaeini and
Jin, 2012; Tanaka et al., 2018). The weighting function depends on
the interparticle distance and the influence radius (2.1–4.1 times the
interparticle distance) in each particle interaction model.

In this study, therefore, an MPS-CAE analysis is performed to
evaluate the mechanism of the stress loaded onto an existing pile
when the steel casing is inserted into the ground.

Setting target in MPS-CAE analysis

Setting parameters
Drilling fluid
The drilling fluid to be analysed in this study was assumed to be a
Bingham fluid, so it was necessary to set the corresponding
parameters. In terms of the density and the yield value of the
Setting casing
to axis centre
of pile 

Drilling with
drilling fluid 

Axis
centre
of pile 

Chucking

Figure 7. Construction procedure for the removal method by chucking the tip of the existing pile
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drilling fluid, the parameter values for the critical strain ratio of
the flow of the drilling fluid and the contact angle between the
drilling fluid and the casing were determined from the papers by
Inazumi et al. (2020b, 2020c). Regarding the plastic viscosity of
the drilling fluid, the value of small viscosity was adopted, as
shown in the papers by Inazumi et al. (2020b, 2020c), and the
parameters for medium viscosity and large viscosity were
assumed based on the value of small viscosity. The parameters for
the drilling fluid used in the MPS-CAE analysis are summarised
in Table 1.

Casing
The material for the casing was assumed to be steel in this study,
and thus it was necessary to set the material parameters and
velocities for the insertion of the casing by rotation before
executing the MPS-CAE analysis. The material parameters for
steel were assumed by referring to the publications by Inazumi
et al. (2020c), Nakamura and Nakamura (2000) and Rahman and
Chilingarian (1995). The values for the velocities of the insertion
of the casing by rotation were adopted from the paper by Inazumi
et al. (2020c). The material parameters for the casing and the
velocities of the insertion of the casing by rotation are shown in
Table 2.

Existing piles
The shapes of the existing piles and the casing were simplified
and created using three-dimensional CAD in this study. For the
existing piles, two types of prefabricated concrete (PC) piles and
two types of SP piles with different pile diameters were created.
The pile diameter of the first type of PC pile was set to 0.6 m,
which is the same size as that of the pulled-out existing piles at
the on-site location reported by Inazumi et al. (2020c), while the
pile diameter of the second type of PC pile was set at 0.3 m –

namely, half the size of the first type. The SP piles had shapes
regulated by a Japanese Industrial Standard (JIS) (JIS A 5525)
(JSA, 2019) – that is, the nominal diameters of the SP pile were
assumed to be 0.6 and 0.3 m. The lengths of the PC piles and the
SP piles were all assumed to be 16 m regardless of the difference
in pile diameter. Based on the removal method and the cylindrical
30
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casing used at a certain on-site location, the diameters of the
casing were assumed such that the interval widths between
the casing and the existing piles were 0.1 and 0.3 m. Table 3
shows the specifications of the PC piles, the SP piles and the
casings assumed in the MPS-CAE analysis.

Setting cross-section
In the on-site removal work of existing piles, the space enclosed
inside the casing and its surroundings are filled with drilling fluid
because the casing is inserted by rotation while discharging drilling
fluid from the tip of the casing. However, it is difficult to reproduce
drilling holes with the MPS-CAE analysis while discharging
drilling fluid from the tip of the casing, so the MPS-CAE analysis
was performed from the state of being previously filled with
drilling fluid. If the pile length of 16m is filled with particles
(calculation points), assumed as the drilling fluid, the number of
particles will increase and the MPS-CAE analysis will take a long
time. At least the existing pile length of 0.5–0.6 m should be filled
with drilling fluid particles in the MPS-CAE analysis. Therefore,
MPS-CAE was carried out as shown in Figures 8 and 9 in which
the casing was inserted by rotation at a velocity of 0.5 m/min for
1 min in two cases: first, the case of the interval width between the
casing and the existing pile being 0.1 m (i.e. when the interval
space was filled with 8480 particles) and second, the case of the
interval width between the casing and the existing pile being 0.3m
(i.e. when the interval space was filled with 36 000 particles). The
particle size of the drilling fluid was set to 0.03m. Regarding the
distance of 0.03 m between particles, three particles were able to
pass even when the interval width between the casing and the
existing pile was 0.1 m, which was the smallest width.

The authors evaluated the effect of the insertion of the casing in
the ground by rotation on the existing piles from the three
viewpoints of the stress loaded onto the existing piles, the rate of
Table 1. Material parameters for the drilling fluid used in MPS-CAE analysis
Density: kg/m3
 Plastic viscosity: Pa s
 Yield value: Pa
e_20_00042.pdf by gu
Flow limit strain: 1/s
est on 17 June 2026
Contact angle: °
Drilling fluid
 1200
 1
 10
 1.00 × 104
 50

Drilling fluid
 1200
 100
 10
 1.00 × 104
 50

Drilling fluid
 1200
 1000
 10
 1.00 × 104
 50
Table 2. Material parameters and velocities of insertion of casing
by rotation used in MPS-CAE analysis
Young’s
modulus:
N/mm2
Poisson’s
ratio
Rotational
velocity:

rpm
Insertion
velocity:
m/min
Casing
 2.05 × 105
 0
 15
 0.50
rpm, revolutions per min
Table 3. Various sizes of existing piles and casings used in MPS-
CAE analysis
Length:
m

Outer
diameter: m
Inner
diameter:

m

Nominal
diameter: m
Existing
PC pile
16.0
 0.60
 —
 0.6

0.30
 —
 0.3
Existing
SP pile
16.0
 0.60
 0.58
 0.6

0.32
 0.30
 0.3
Casing
 18.2
 0.88
 0.80
 —
1.28
 1.20
 —
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stress propagating from the casing to the existing piles and the
safety factor against the breakage of the existing piles.

Estimation method for stress loaded onto an existing
pile in MPS-CAE analysis
In the calculation of the stress loaded onto an existing pile, it is
assumed in the MPS-CAE analysis that 0.5 m of the pile head is
exposed from the surface of the ground, as shown in Figure 10,
and that the casing is inserted by rotation for 1 min. Therefore, the
position of the stress loaded onto an existing pile is 1.0 m from
the existing pile head.
 http://ftp.nowpublishers.com/jgere/article-pdf/8/1/25/2544386/jgere_20
The stress loaded onto an existing pile (F) is obtained by adding
the pressure term, the viscosity term, the surface tension term
and the external force term and calculating them as the sum of the
neighbouring particles, as indicated in the following equation:

F
*¼ −

X
i
mi −

1

r
∇Pi þ m∇2 ui

* þ ∇∅i þ aϵxt, i
��!� �

3.

In the case of torsion, the torsional moment is called torque (T). It
is expressed as the following equation:

T ¼ Fd

24.

where F is the magnitude of the loaded stress and d is the
distance to the loaded stress.

In the case of an existing PC pile, the second polar moment of the
area (Ip) is obtained by multiplying the square of the distance to a
certain small area (r) by the area of the small area and differentiating
it over the entire cross-section (see the following equation).
0.5 m

1.5 m
Insertion of 0.5 m

Casing

Existing
pile 

Drilling
fluid 

After 1 minStart insertion

(Status on MPS-CAE)

Figure 8. Overview of setting target in MPS-CAE analysis
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Interval
width

Existing
pile 

Drilling fluid

Figure 9. Top view of setting target in MPS-CAE analysis
0.5 m

0.5 m

Casing

Existing pile

Stress
loading

Ground

Drilling 
fluid

Figure 10. Assumptions in estimation of the stress loaded onto an
existing pile in MPS-CAE analysis
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Ip ¼ E
d=2

0

r2 2prdrð Þ ¼ 2pE
d=2

0

r3dr ¼ 2p
r4

4

� �d=2
0

¼ pd4

32
5.

In the case of an existing SP pile, d is represented as D4 − d4, and
therefore, the following equation is obtained:

Ip ¼ p
32

D4 − d4
� �

6.

where D is the outer diameter and d is the inner diameter.

Using Equations 3–6, the torsional stress (t) and the maximum
torsional stress (tmax) are given by the following equations:

PC pile :  t ¼ Td

Ip
 tmax ¼ Td

2Ip7.
32
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SP pile :  t ¼ TD

Ip
 tmax ¼ TD

2Ip8.

It is confirmed whether the allowable shear stress of an existing
pile can resist the torsional stress generated by the insertion of the
casing in the ground by rotation (Nishino, 1987; Nixon and
McRoberts, 1976). In this study, the allowable shear stress value
is assumed as 0.875 N/mm2 for existing PC piles and as
90.45 N/mm2 for existing SP piles, referring to the publications
by Nishino (1987) and Nixon and McRoberts (1976).

Impact on existing piles due to insertion of
the casing by rotation

Rate of stress propagation from the casing to
existing piles
Figures 11 and 12 present the phenomenon of the stress loaded
onto existing PC piles and existing SP piles, respectively, with a
pile diameter of 0.6 m when the casing is inserted by rotation for
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(a)

Interval width between casing and
existing PC pile: 0.1 m

Plastic viscosity of drilling fluid: 1000 Pa s

Interval width between casing and
existing PC pile: 0.1 m

Plastic viscosity of drilling fluid: 1 Pa s

Interval width between casing and
existing PC pile: 0.1 m

Plastic viscosity of drilling fluid: 100 Pa s
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existing PC pile: 0.3 m

Plastic viscosity of drilling fluid: 1000 Pa s
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Plastic viscosity of drilling fluid: 1 Pa s

Interval width between casing and
existing PC pile: 0.3 m

Plastic viscosity of drilling fluid: 100 Pa s

(b)
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(d)
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Figure 11. Stress loaded onto an existing PC pile when the casing is inserted by rotation: (a) Case_PC_0.6_0.1_1;
(b) Case_PC_0.6_0.1_100; (c) Case_PC_0.6_0.1_1000; (d) Case_PC_0.6_0.3_1; (e) Case_PC_0.6_0.3_100; (f) Case_PC_0.6_0.3_1000
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60 s. The figures show time t on the horizontal axis and stress F
on the vertical axis, and the percentage is a numerical value
representing how much stress is propagated to an existing pile
from the value of the stress loaded onto the inside of the casing
after 60 s. Considering Figures 11(a)–11(c) and 12(a)–12(c), for
the existing PC piles and the existing SP piles, respectively, the
magnitude of stress tends to increase proportionally as the value
of the plastic viscosity of the drilling fluid increases. However, the
propagation rate of the stress from the casing to the existing pile
increases as the plastic viscosity of the drilling fluid decreases.
This is because the drilling fluid itself has no viscous stress and
has almost the same rheological characteristics as water, so the
stress from the casing is considered to be propagated quickly.
Comparing Figures 11(a)–11(c) and 12(a)–12(c), it is seen that
lower values for the plastic viscosity of the drilling fluid are
accompanied by greater stress propagation rates, but a smaller
effect of the stress on the existing pile. However, higher values
for the plastic viscosity of the drilling fluid are accompanied
 http://ftp.nowpublishers.com/jgere/article-pdf/8/1/25/2544386/jgere_20
by smaller stress propagation rates from the casing, but a
larger effect of the stress on the existing pile. Besides, in
Figures 11(a)–11(c) and 12(a)–12(c), the interval width between
the casing and the existing pile is approximately 0.1 m, but 100%
of the stress generated from the casing does not become loaded
onto the existing pile. Considering cases in which the plastic
viscosities of the drilling fluid are the same, the stress propagation
when the interval width between the casing and the existing pile
is 0.3 m (see Figures 11(d)–11(f) and 12(d)–12(f)) is smaller than
when the interval width is 0.1 m (see Figures 11(a)–11(c) and
12(a)–12(c)): about 50% or less.

Up to now, engineers have thought that ‘the greater the amount of
drilling fluid in the interval between the casing and an existing
pile, the greater the stress applied to the existing pile, which may
lead to the destruction of the existing pile’. In this analysis, the
stress applied to the inside of the casing also increases as the
amount of drilling fluid increases. However, because of the effect
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On casing

(a)

Interval width between casing and
existing SP pile: 0.1 m

Plastic viscosity of drilling fluid: 1000 Pa s

Interval width between casing and
existing SP pile: 0.1 m

Plastic viscosity of drilling fluid: 1 Pa s

Interval width between casing and
existing SP pile: 0.1 m

Plastic viscosity of drilling fluid: 100 Pa s

Interval width between casing and
existing SP pile: 0.3 m

Plastic viscosity of drilling fluid: 1000 Pa s

Interval width between casing and
existing SP pile: 0.3 m

Plastic viscosity of drilling fluid: 1 Pa s

Interval width between casing and
existing SP pile: 0.3 m

Plastic viscosity of drilling fluid: 100 Pa s

(b)

(c)

(d)

(e)

(f)

Stress propagation
rate = 72.6%

Stress propagation
 rate = 67.0%

Stress propagation
rate = 63.5%

Stress propagation
rate = 26.0%

Stress propagation
rate = 29.2%

Stress propagation
rate = 34.2%

On existing SP pile

On casing

On existing SP pile

On casing

On existing SP pile

On casing

On existing SP pile

On casing

On existing SP pile

On casing

On existing SP pile

Figure 12. Stress loaded onto an existing SP pile when the casing is inserted by rotation: (a) Case_SP_0.6_0.1_1;
(b) Case_SP_0.6_0.1_100; (c) Case_SP_0.6_0.1_1000; (d) Case_SP_0.6_0.3_1; (e) Case_SP_0.6_0.3_100; (f) Case_SP_0.6_0.3_1000
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of the interval width on the stress reaching the existing pile, it is
considered that the stress becomes smaller when the stress reaches
the existing pile.

Evaluation of the maximum stress loaded onto
existing piles
Method for estimating the maximum stress loaded onto
existing piles
The stress loaded on the inside of the casing is approximately
constant over time, as shown in Figures 11 and 12. This tendency
is considered to continue until the casing has been completely
installed by rotation during the removal of an existing pile.
Therefore, the amount of change in stress is calculated for 30–60 s
in each case in Figures 11 and 12, and the calculated amount of
change in stress is added up to the position where the maximum
torsional stress is loaded onto the existing pile.
34
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Evaluation of the maximum stress loaded onto existing
piles
Tables 4 and 5 show the safety factors at the locations where the
maximum torsional stress is loaded onto existing piles. The safety
factors correspond to the value obtained by dividing the
maximum torsional stress loading onto existing piles by the
allowable shear stress of the existing piles. As the diameter of
each pile is 0.3 m and the number of particles is the same, the
torsional stress loaded on the existing pile is assumed to be the
same because the interval width between the casing and
the existing pile is the same as that of the existing pile. Based on
the safety factor in each case (see Tables 5 and 6), the stress
loaded onto an existing pile is approximately two to three
times different between the interval width of 0.1 and 0.3 m for
both the existing PC and the existing SP piles. When the safety
factors are compared for different pile diameters, the safety factor
Table 4. Safety factor against torsional stress loaded onto existing PC piles
Case_PC_0.6_0.1_1
 Case_PC_0.6_0.3_1
 Case_PC_0.6_0.1_100
e_2
Case_PC_0.6_0.3_100
0_00042.pdf by guest
Case_PC_0.6_0.1_1000
 on 17 June 2026
Case_PC_0.6_0.3_1000
PC pile
diameter: m
0.6
 0.6
 0.6
 0.6
 0.6
 0.6
Interval width: m
 0.1
 0.3
 0.1
 0.3
 0.1
 0.3

Torsional stress:
N/mm2
4.83 × 10−3
 2.26 × 10−3
 1.03 × 10−1
 5.09 × 10−2
 9.41 × 10−1
 4.19 × 10−1
Torsional angle: °
 5.14 × 10−4
 2.41 × 10−4
 1.10 × 10−2
 5.42 × 10−3
 1.00 × 10−1
 4.46 × 10−2
Safety factor
 0.006
 0.003
 0.118
 0.058
 1.075
 0.479
Case_PC_0.3_0.1_1
 Case_PC_0.3_0.3_1
 Case_PC_0.3_0.1_100
 Case_PC_0.3_0.3_100
 Case_PC_0.3_0.1_1000
 Case_PC_0.3_0.3_1000
PC pile
diameter: m
0.3
 0.3
 0.3
 0.3
 0.3
 0.3
Interval width: m
 0.1
 0.3
 0.1
 0.3
 0.1
 0.3

Torsional stress:
N/mm2
1.93 × 10−2
 9.05 × 10−3
 4.13 × 10−1
 2.03 × 10−1
 3.76 × 100
 1.68 × 100
Torsional angle: °
 4.12 × 10−3
 1.93 × 10−3
 9.80 × 10−2
 4.33 × 10−2
 8.01 × 10−1
 3.57 × 10−1
Safety factor
 0.022
 0.010
 0.472
 0.232
 4.301
 1.914
Table 5. Safety factor against torsional stress loaded onto existing SP piles
Case_SP_0.6_0.1_1
 Case_SP_0.6_0.3_1
 Case_SP_0.6_0.1_100
 Case_SP_0.6_0.3_100
 Case_SP_0.6_0.1_1000
 Case_SP_0.6_0.3_1000
SP pile
diameter: m
0.6
 0.6
 0.6
 0.6
 0.6
 0.6
Interval width: m
 0.1
 0.3
 0.1
 0.3
 0.1
 0.3

Torsional stress:
N/mm2
4.92 × 10−2
 2.04 × 10−2
 8.94 × 10−1
 3.62 × 10−1
 8.20 × 100
 3.55 × 100
Torsional angle: °
 9.31 × 10−4
 3.86 × 10−4
 1.69 × 10−2
 6.85 × 10−3
 1.55 × 10−1
 6.71 × 10−2
Safety factor
 0.001
 0.000
 0.010
 0.004
 0.091
 0.039
Case_SP_0.3_0.1_1
 Case_SP_0.3_0.3_1
 Case_SP_0.3_0.1_100
 Case_SP_0.3_0.3_100
 Case_SP_0.3_0.1_1000
 Case_SP_0.3_0.3_1000
SP pile
diameter: m
0.3
 0.3
 0.3
 0.3
 0.3
 0.3
Interval width: m
 0.1
 0.3
 0.1
 0.3
 0.1
 0.3

Torsional stress:
N/mm2
1.28 × 10−1
 5.31 × 10−2
 2.33 × 100
 9.42 × 10−1
 2.14 × 101
 9.23 × 100
Torsional angle: °
 4.57 × 10−3
 1.90 × 10−3
 8.31 × 10−2
 3.36 × 10−2
 7.62 × 10−1
 3.30 × 10−1
Safety factor
 0.001
 0.001
 0.026
 0.01
 0.236
 0.102
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changes approximately four times, the torsional angle changes
approximately five times and the amount of change tends to
increase as the plastic viscosity of the drilling fluid increases.

Mechanism of stress loaded onto existing piles by
inserting the casing in the ground by rotation
The classification of the stress loaded onto existing piles is shown
in Tables 6 and 7. In the MPS-CAE analysis, stress loading is
defined as the sum of the viscosity term, pressure term, surface
tension term and external stress term. From Tables 6 and 7, the
viscosity term and pressure term are the stresses that are mainly
loaded onto existing piles. As a mechanism of the stress loaded
onto the existing piles at an on-site location, it is thought that
when the casing is inserted into the ground by rotation, pressure
 http://ftp.nowpublishers.com/jgere/article-pdf/8/1/25/2544386/jgere_20
from the drilling fluid is generated in the direction of the existing
pile, and the insertion of the casing by rotation causes frictional
stress at the boundary between the existing pile and the drilling
fluid and generates torsional stress (see Figure 13). When
summarised comprehensively, based on Tables 6 and 7, in the
case of both existing PC pile and SP pile, when the value of
the plastic viscosity of the drilling fluid is 1000 Pa s or less and
the casing diameter is 0.1 m larger than the existing pile, an
existing pile with a diameter of less than 30 cm is unlikely to
break due to the insertion of the casing by rotation.

Conclusions
This study used MPS-CAE analysis to evaluate the effect of the
stress loaded onto existing piles due to the insertion of a steel
Table 6. Classification of stress loaded onto existing PC piles
Interval
width: m
Viscosity term:
N/mm2
Pressure term:
N/mm2
_00042
Surface tension:
N/mm2
.pdf by guest on 17 
External force term:
N/mm2
June 2026
Stress loading:
N/mm2
Case_PC_0.6_0.1_1
 0.1
 5.57 × 101
 3.83 × 100
 0.00 × 100
 0.00 × 100
 5.95 × 101
Case_PC_0.3_0.1_1
Case_PC_0.6_0.3_1
 0.3
 3.67 × 101
 3.02 × 100
 0.00 × 100
 0.00 × 100
 3.97 × 101
Case_PC_0.3_0.3_1
Case_PC_0.6_0.1_100
 0.1
 1.16 × 103
 2.46 × 101
 0.00 × 100
 0.00 × 100
 1.19 × 103
Case_PC_0.3_0.1_100
Case_PC_0.6_0.3_100
 0.3
 9.09 × 102
 3.26 × 101
 0.00 × 100
 0.00 × 100
 9.41 × 102
Case_PC_0.3_0.3_100
Case_PC_0.6_0.1_1000
 0.1
 1.03 × 104
 1.20 × 102
 0.00 × 100
 0.00 × 100
 1.04 × 104
Case_PC_0.3_0.1_1000
Case_PC_0.6_0.3_1000
 0.3
 5.54 × 103
 1.59 × 102
 0.00 × 100
 0.00 × 100
 5.69 × 103
Case_PC_0.3_0.3_1000
Table 7. Classification of stress loaded onto existing SP piles
Interval
width: m
Viscosity term:
N/mm2
Pressure term:
N/mm2
Surface tension:
N/mm2
External force term:
N/mm2
Stress loading:
N/mm2
Case_SP_0.6_0.1_1
 0.1
 4.26 × 101
 2.91 × 101
 0.00 × 100
 0.00 × 100
 7.17 × 101
Case_SP_0.3_0.1_1
Case_SP_0.6_0.3_1
 0.3
 2.29 × 101
 1.74 × 101
 0.00 × 100
 0.00 × 100
 4.03 × 101
Case_SP_0.3_0.3_1
Case_SP_0.6_0.1_100
 0.1
 1.10 × 103
 5.72 × 101
 0.00 × 100
 0.00 × 100
 1.15 × 103
Case_SP_0.3_0.1_100
Case_SP_0.6_0.3_100
 0.3
 5.27 × 102
 8.06 × 101
 0.00 × 100
 0.00 × 100
 6.07 × 102
Case_SP_0.3_0.3_100
Case_SP_0.6_0.1_1000
 0.1
 1.04 × 104
 4.00 × 102
 0.00 × 100
 0.00 × 100
 1.08 × 104
Case_SP_0.3_0.1_1000
Case_SP_0.6_0.3_1000
 0.3
 5.53 × 103
 4.68 × 101
 0.00 × 100
 0.00 × 100
 5.57 × 103
Case_SP_0.3_0.3_1000
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casing by rotation into the ground and to elucidate the generation
mechanism in the removal work, which is an issue at on-site
locations.

The results obtained from the analysis are summarised as follows.

■ Up to now, engineers have thought that ‘the greater the amount
of drilling fluid in the interval between the casing and an existing
pile, the greater the stress applied to the existing pile, which may
lead to the destruction of the existing pile’. In this analysis, the
stress applied to the inside of the casing is also seen to increase
as the amount of drilling fluid increases. However, because of the
effect of the interval width on the stress reaching the existing
pile, it is thought that the stress becomes smaller when the stress
reaches the existing pile.

■ As a mechanism of the stress loaded onto an existing pile at
an on-site location, it is considered that when the casing is
inserted into the ground by rotation, pressure of the drilling
fluid is generated in the direction of the existing pile, and the
insertion of the casing by rotation causes frictional stress at
the boundary between the existing pile and the drilling fluid
and generates torsional stress.

■ In the case of both existing PC pile and SP pile, when the
value of the plastic viscosity of the drilling fluid is 1000 Pa s
or less and the casing diameter is 0.1 m larger than the
existing pile, an existing pile with a diameter of less than
30 cm is unlikely to break due to the insertion of the casing
by rotation.

As future work, it will be necessary to use on-site data for the
value of the plastic viscosity of the drilling fluid and to evaluate
the stress loaded onto existing piles when the insertion and
36
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rotation velocities of the casing are changed. In addition,
standards must be set to prevent existing piles from being
destroyed during the removal work.
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