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Slime forms at the bottom of boreholes under the effect of groundwater. The larger the
borehole, the more the slime. The demand for large-diameter cast-in-place (CIP) piles has
increased as the number of large structures has increased. Excessive slime management can
delay construction. However, the effect of slime on the engineering characteristics of large-
diameter CIP piles is not understood. In this study, the strength of slime—concrete mixtures was
investigated by varying the volume ratio of slime. Field-scale testing was performed to evaluate
the behavior of the large-diameter CIP pile using bidirectional load testing. A numerical
analysis was performed to assess the compressibility of the slime under the self-weight of the
pile. The results revealed that the general levels of slime at the bottom of the borehole had an
insignificant influence on the engineering characteristics of the large-diameter CIP pile
because the slime is susceptible to being mixed with poured concrete and compressed by the

Bi-directional load test

Numerical analysis self-weight of the pile.

1. Introduction

The construction of megastructures, such as high-rise buildings,
long-span bridges, and large tunnels, has recently increased owing to
urban densification and the development of advanced structural
materials (Poulos, 2016). Accordingly, the demand for larger
foundation systems that can tolerate higher overburden stresses
has also increased (Bang et al., 2016). A cast-in-place (CIP) pile
is a deep foundation system that can implement a pile with a
large diameter (e.g., approximately 2,000 mm) and a deep
embedment length (e.g., more than 50 m); thus, it has been
widely used for the foundations of large structures (Gao et al.,
2017). To implement the CIP pile, a borehole is first made using
an auger up to the target depth. If necessary, a casing or drilled
fluid is used (Bowles, 1996). Meshed reinforcing bars are inserted
into the boreholes. Concrete is poured by using a tremie pipe and
hopper to prevent concrete segregation. This CIP pile is classified as
a small-, medium-, or large-diameter pile depending on the pile
diameter. In addition, the Benoto, earth drill, and reverse circulation
drill methods are classified according to their drilling types
(Prakash and Sharma, 1990).

When a construction site is under the groundwater level,
slime is easily generated at the bottom of the borehole for the
CIP pile (Schmertmann et al., 1998). Slime is debris consisting
of soil particles, rocks, and water that is induced during the
boring process. The type of slime depends on the ground —
sandy slime, clayey slime, etc. The existence of slime causes the
degradation of concrete quality. The interfacial bonding between
the pile surface and the borehole decreases. Finally, the capacity
of the pile is impaired (Lam et al., 2014; Lee et al., 2017).

Slime exhibits different behaviors for bored and CIP piles.
For the bored pile system, a precast concrete pile is mounted
onto the slime. The slime beneath the precast concrete pile may
be compressed by the pile and exist at the bottom of the borehole.
However, for the CIP pile, slime is mixed with concrete because of
the falling energy during the pouring of concrete. Sometimes, a
lifting cap (or plunger) is installed in a hopper or tremie pipe
before pouring the concrete. The collected concrete stopped by
the lifting cap has a higher kinetic energy, so that a stronger
impact is applied to slime at the bottom of the borehole resulting
in better removal of slime.

Slime can be identified using several approaches, such as a
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visual approach, using penetration resistance, and nondestructive
approaches. Using the penetration resistance of slime, a weighted
pendulum method is widely employed to identify the presence of
slime. A weighted pendulum is lowered into a borehole until the
tension of the line connected to the weighted pendulum changes.
The weighted pendulum method is likely to depend on the user
and operator because the detection of the tension change is
manually captured in practice. Ding et al. (2015) and Moghaddam et
al. (2018) used a cone-penetrating system to improve the level of
slime detection. Chun et al. (2014) and Hong et al. (2020) used
an electrical resistivity probe in a borehole with slime and showed
that electrical resistivity makes it possible to distinguish the
thickness of slime. A visual approach utilizes a special camera
called a “shaft inspection device” (SID). The SID is lowered into
a borehole, and the presence of slime is identified based on
visual observation (Ho, 1982). The SID also has uncertainty in
defining slime because the identification is based on changes in
the image or turbidity. One example of a nondestructive method
is the use of ultrasonic data (called an “ultrasonic drilling monitor
system”) immediately before boring and immediately before
pouring concrete (Chen et al., 2008). However, if slime is rapidly
generated during boring and deposition, the accuracy of slime
quantification using ultrasonic waves decreases.

Slime can be resolved by direct removal (e.g., hammer grab,
mechanical pumping, etc.), blowing removal (air lifting or air
blowing), etc. Slime can be indirectly removed by replacing
slime with concrete with a falling impact when a hopper and
plunger are used. In this case, the slime is mixed with concrete or
overflows to the top of the borehole. The slime with rock debris
is easy to remove, but clayey and colloidal slime is not. The
slime floating in groundwater settles over time. The American
Association of State Highway and Transportation Officials
recommends maintaining slime at less than 76.2 mm (AASHTO,
2017). However, owing to the uncertainty of slime quantification
for removal, the thickness of slime is generally maintained at less
than 10% of the pile diameter in practice (based on personal
communications with the construction industry). Excessive slime
management may slow construction. Research are needed to
understand the effect of slime on the engineering properties of
deep foundations.

Jun et al. (2009) reported that most slime consists of soil and
water, and they evaluated the settling characteristics of an
artificial slime (sand:silt:clay = 1:1:1). The sedimentation of the
slime was initiated 15 min after mixing, and 95.5% of the final
settlement was observed 2 h after mixing. Chun et al. (2014)
used electrical resistivity to measure slime. Slime was removed
using mechanical pumping, but a new slime was created and
eventually remained at the bottom of the borehole. There has
been some research regarding the quantification of slime, as
mentioned previously; however, few studies have been reported
in which the effect of slime on the engineering characteristics of
piles, especially large-diameter CIP piles, was evaluated.

In this study, the effect of slime on the engineering characteristics
of a large-diameter CIP pile was analyzed. The strength of in situ

slime—concrete mixtures with a diameter of 100 mm and height
of 200 mm was evaluated with respect to uniaxial compression
testing. Field testing for large-diameter CIP piles with a diameter
of 2,000 mm and length of 63 — 66 m was conducted using
bidirectional load testing in the presence of slime, and the
behaviors were evaluated. Numerical analyses were performed
to examine the compressibility of slime with varying slime thickness
(10% — 25% of the pile diameter) under pile weight.

2. Materials and Methods
2.1 Laboratory Testing

2.1.1 Concrete

When concrete is poured into a borehole, slime at the bottom of
the borehole is prone to mixing with the concrete. Therefore, the
change in the strength of the slime—concrete mixtures was evaluated
by varying the volume ratio of slime. Ready-mixed concrete (KS
F 4009) was used. The ready-mixed concrete was a Type 1
Portland cement with 25-mm coarse aggregates and a 500-mm
slump. Fly ash was used as an additive (20%). The nominal
strength of the ready-mixed concrete was 35 MPa.

2.1.2 Slime

In situ slime was collected from the sites for field testing and
used for laboratory testing. Two representative slimes were collected:
sandy and clayey slimes from two different sites (Fig. 1). Basic
geotechnical index tests were conducted, and the properties are
summarized in Table 1. Because of the difficulty of consistent
sample collection under groundwater, the slime was naturally
drained for 24 h at room temperature before measurement and
use. The sandy slime had a natural water content (w,) of 11%,
while that of the clayey slime was 29.1%. The specific gravity of
the two slimes was 2.6 and 2.7 for the sandy and clayey slimes,
respectively (ASTM D854-14, 2014). The sandy slime is nonplastic,
while the clayey slime has a liquid limit (w;) of 42.4% and a
plastic limit (wp) of 21.2% (i.e., plasticity index PI = 21.2%)

(b)
Fig. 1. Slimes Collected from Field: (a) Sandy Slime, (b) Clayey Slime

Table 1. Geotechnical Index of Collected Slimes

Type w, [%] G, w;, [%] wp [%] USCS
Sandy slime 11.0 2.6 NP NP SM
Clayey slime 29.1 2.7 424 21.2 CL
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(ASTM D4318-17el, 2017). The slimes were classified as silty
sand (SM) and clay with low plasticity (CL) based on a unified
soil classification system (USCS) (ASTM D2487-17el, 2017).
Herein, the slimes classified as SM and CL are called “sandy
slime” and “clayey slime,” respectively.

2.1.3 Uniaxial Compression Testing on Slime—Concrete
Mixtures

In practice, slime is usually submerged, so a submerged condition
might be suitable for laboratory testing. In this case, slime and
concrete are prone to segregation during sample preparation and
settlement, making proper evaluation of the mixtures difficult.
However, the segregation issue might occur with slow and small
concrete pouring. The field testing conducted in this study used a
tremie pipe and hopper to induce sufficient kinetic energy during
falling to avoid the concrete segregation issue. Therefore, following
same mechanism of the field testing, pre-mixed slime-concrete
mixtures were used in the laboratory testing. A specimen mold
measuring 100 mm in diameter and 200 mm in height was used.
Slime was mixed with concrete using a mixer at volume ratios
(slime volume over concrete volume, denoted as V/V) of 0%,
5%, 10%, 15%, and 20%, which are the thicknesses of 0%, 10%,
20%, 30%, and 40%, respectively, compared with the mold
diameter. Sandy slime and clayey slime of 110.5 and 77 g,
respectively, were required for the volume ratio of 5%. The
specimen mold was removed after three days, and the specimen
was cured under submerged conditions. After 28-day curing, the
specimens were naturally dried, and the top and bottom of the
specimen were polished. Uniaxial compression testing was
conducted, and the results were analyzed. All specimens were
triplicated.

2.2 Field Testing

2.2.1 Test Site

The test site was located in Songdo, Incheon, South Korea. The
site consisted of marine sediments and landfills based on a
geological map provided by the Korea Institute of Geoscience
and Mineral Resources (KIGAM). The bedrock was granite and
partially gneiss. Site investigations were implemented at three
test sites, denoted as Tests A, B, and C, and the soil profile is
shown in Fig. 2. The stratification of the sites was generally
landfills (silty sand with gravel) at E.L. of approximately 5 to 15 m,
dredged fills (silty sand, silty clay, and sandy silty) at E.L. of
approximately -4 to 5 m, marine sediments (clayey and sandy
layers) at E.L. of approximately -30 to -4 m, highly weathered
rock at E.L. of approximately -30 to -45 m, and moderately
weathered rock below E.L. of approximately -45 m. The
groundwater table existed at E.L. of approximately 6.25 to 8.1 m.

2.2.2 Test Piles and Bidirectional Load Testing

Three test piles were implemented at sites A, B, and C. The
diameter of the pile was 2,000 mm, and the lengths were 66, 66,
and 63 m for Tests A, B, and C, respectively. The ready-mixed
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concrete used in the laboratory testing was employed. The slime
at the bottom of the borehole was measured using a weighted
pendulum. Measuring the thickness of the slime included a
certain level of uncertainty because of the groundwater and great
depth; however, approximately 300, 250, and 250 mm of slime
were estimated for Tests A, B, and C, respectively, which correspond
to 15%, 12.5%, and 12.5% of the pile diameter. The test site had
the same clayey slime as in Table 1.

Bidirectional load testing was performed to evaluate the
behavior of the large-diameter CIP pile. When the meshed
reinforcing bar was prepared, a bidirectional load cell was
attached to the meshed reinforcing bar 7 m above the bottom of
the borehole. Strain gauges were attached to the bar. The sensor
cables were protected through a sounding pipe attached to the
meshed bar. The equipped bar was inserted into the borehole,
and the ready-mixed concrete was poured. After 28-day curing,
bidirectional load testing was performed (ASTM D8169M-18,
2018). Loading was applied using a hydraulic pump, and the
induced displacement was recorded. Four loading cycles were
applied as the rapid loading tests. The maximum load was 52.5
MN. A single cycle consisted of loading and unloading. The first
cycle was 0, 6.6, 13.1, 6.6, and 0 MN. The second applied 0, 6.6,
13.1,19.7,26.3, 13.1, and 0 MN. The third cycle induced 0, 6.6,
13.1, 19.7, 26.3, 32.8, 39.4, 26.3, 13.1, and 0 MN. The fourth
cycle consisted of 0, 6.6, 13.1, 19.7, 26.3, 32.8, 39.4,45.9, 52.5,
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Fig. 3. Modeling of CIP Pile and Slime

39.4,26.3, 13.1, and 0 MN. The displacement was measured 10
min after reaching the target load, and the maximum load of each
cycle was maintained for 20 min. An equivalent load—displacement
curve was derived with respect to bidirectional load testing
results.

2.3 Numerical Analysis

Numerical analyses were performed to evaluate the behavior of
the slime under the weight of the CIP pile (Fig. 3). Commercial
software, MIDAS/GTS NX, was used. The total dimensions of
the model were 25 x 25 x 100 m (width x length % height) to
avoid boundary effect (Bowles, 1996). The borehole was located
at the center of the model box, with a 2-m diameter and 66-m
height. At the bottom of the borehole, slime was modeled with
different thicknesses from 200 to 500 mm in increments of 50
mm. The field testing used a casing to maintain the borehole;
therefore, the borehole in the modeling had boundary conditions
that were horizontally fixed and vertically free. No vertical load
was induced by the superstructure until curing was completed.
Thus, only the self-weight of the concrete pile was applied to the
slime at the bottom of the borehole. Assuming the unit weight of
the CIP pile was 24 kN/m’, a uniform load of 1,584 kPa (e.g.,
24 kN/m® x 66 m) was applied to the slime. The bed soil and slime
were assumed, based on the site investigations, to be weathered
rock and very soft clay. The input properties were obtained from
the literature (Das, 2015). Note that the values from the literature
are not the ones measured underwater; therefore, the selection of
the properties would show a conservative estimation to evaluate
the compressibility of the modeled soils. The Mohr—Coulomb

model (i.e., elastic and perfectly plastic model) was employed
for the bed soil and slime.

3. Results

3.1 Uniaxial Compressive Strength of Slime—Concrete
Mixtures

The results of the uniaxial compressive strength (UCS) of the
slime—concrete mixtures are shown in Fig. 4. Pure concrete
showed an average UCS of 38.3 MPa (37.6, 37.4, and 39.8 MPa)
after 28-day curing. The UCS of 38.3 MPa is 9% higher than the
nominal UCS of 35 MPa. The UCS was unchanged for a slime
volume ratio of 5% — 38.2 and 38.0 MPa for the sandy slime and
clayey slime mixtures, respectively. However, the UCS decreased
for both the slime—concrete mixtures as the volume ratio of slime
increased by more than 5%. For clayey slime—concrete mixtures,
the UCS linearly decreased as the volume ratio of slime increased up
to 20% V/V with a UCS of 29.0 MPa. The sandy slime—concrete
mixtures showed a similar tendency to that of the clayey slime—
concrete mixtures up to 15%. However, at a slime volume ratio
of 20%, a higher decrease in UCS was observed (34.6 to 29 MPa
from 15% to 20%) than in clayey slime—concrete mixtures (34.3
to 32.90 MPa from 15% to 20%). This implies that the lower
water content of the sandy slime (w, = 11%) reduced the final
water/cement ratio of the specimen and eventually lowered the
level of the pozzolanic reaction compared with the clayey slime
(w, =29.1%). However, slime is usually submerged in practice,
so the variability of the UCS might be slightly different from that
shown in Fig. 4. Overall, both sandy slime and clayey slime
decreased the strength of the slime—concrete mixtures as the
volume ratio of slime increased. Within a 10% volume ratio of
slime, the UCS of the slime—concrete mixtures was 94% — 95%
of the UCS of pure concrete.

3.2 Field Testing
3.2.1 Load Transfer along Piles
Figure 5 shows the transferred loads under an applied load of

52.5 MN during the bidirectional load testing. A distance of 0 m
indicates the location of the load cell. Because the load cell was
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Fig. 5. Transferred Loads along Test Piles at the Applied Load of 52.5 MN

positioned 7 m above the bottom of the borehole, there was a
distance of 7 m below the position of the load cell. There was a
distance of 59 m for the 66-m pile (Tests A and B) and 56 m for
the 63-m pile (Test C) from the load cell. The strain gauges were
distributed along 40-m lengths from the end of the pile. The
locations of the strain gauges were identical for all the test piles.
Fig. 5 indicates that 52.5 MN was applied at the load cell. The
closer the distance to the load cell, the higher the transferred
load. At an upward distance of 2 m, approximately 30 MN was
transferred. The loads were attenuated as the distance from the
load cell increased. The transferred load at an upward distance of
36 m was 2 MN. Based on the soil profile, a zone of weathered
rock started at a distance from the load cell of approximately
15 m, and the transferred loads showed an inflection curve at a
distance of approximately 15 m.

The downwardly transferred loads exhibited a roughly linear
attenuation from the load cell. The transferred loads were
approximately 20 — 30 MN at a downward distance of -4 m, and
approximately 14 MN was observed at the end of the pile. The
strain gauge at a -7-m distance for Test C malfunctioned during
testing. The trends of the load transfer along the piles were
similar to those of Tests A and B. The loads for Test C were
lower than those for Tests A and B; however, based on the
general trends of all tests, Tests A, B, and C showed similar
behaviors. Therefore, it is concluded that the repeatability of the
tests is guaranteed.

3.2.2 Bidirectional Load Testing Results

The results of the bidirectional load tests for Tests A, B, and C
are plotted in Fig. 6. Because the reference of the displacement is
0, a positive or upward displacement indicates the displacement
induced by the loads transferred to the pile skin. A negative or
downward displacement indicates the displacement caused by
the loads transferred primarily to the pile tip and partially to the
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Fig. 6. Results of Bi-directional Load Tests: (a) Test A, (b) Test B, (c) Test C
(The upper displacement represents a displacement caused by
the load at the pile skin, while the lower displacement is a
displacement induced by the load at the pile tip.)

pile skin of 7 m. The displacements increased during the loading
and unloading of four loading cycles, and plastic deformations
were accumulated. For Test A (Fig. 6(a)), the upward displacement
showed a maximum displacement of 8.56 mm at 52.5 MN of the
fourth loading cycle, and a plastic deformation of 4.57 mm was
observed after the completion of the test. The downward
displacement was higher than the upward displacement. A
displacement of 17.05 mm (i.e., -17.05 mm) was induced at an
applied load of 52.5 MN, and 12.89 mm plastic deformation
remained after completion. The observations indicate that the
displacement was induced by the loads to the pile tip rather than
the pile skin because of the presence of slime at the bottom of the
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borehole. Tests B (Fig. 6(b)) and C (Fig. 6(c)) were similar to
those of Test A (Fig. 6(a)). The displacements of Test B at 52.5
MN were 8.73 and -14.53 mm (Fig. 6(b)), while Test C had 5.17-
and -19.49-mm displacements.

The slimes measured before implementing the CIP pile were
300, 250, and 250 mm for Tests A, B, and C, respectively.
Considering the effect of groundwater and the uncertainty of the
quantification by the weighted pendulum, it can be concluded
that the levels of the existing slimes were similar for each
borehole. Thus, the range of 5.17 — 8.73-mm upward displacements
and the range of 17.05 — 19.49-mm downward displacements
can be regarded as analogous. Under testing conditions in which
the slimes were as much as 12.5% — 15% of the pile diameter, a
total displacement of 75% was induced from the zone of the pile
tip because of the presence of the slime at the bottom of the
borehole. The general behavior of the pile can be analyzed by
means of the following equivalent load—displacement relationship.

3.2.3 Equivalent Load-Displacement Curve from
Bidirectional Load Testing Results

Based on the results in Fig. 6, the equivalent load—displacement
curves are plotted in Fig. 7. The curves were drawn following the
approach presented by Schmertmann et al. (1998). The pile was
assumed to be rigid. For a certain level of displacement, the
corresponding loads at the upward and downward sides were
selected and summed. The summed load represents the equivalent
load at the pile head, inducing the designated displacement.
Once several equivalent loads were calculated with the selected
displacements, the equivalent load—displacement curve was
obtained. In this test, there was a limitation in drawing the curve
because the downward displacement was three times higher than
the upward displacement under the same applied load. In this
case, a lower displacement is extrapolated to further displacement
(Schmertmann et al., 1998). The upward displacements were
extrapolated assuming that no ultimate strength occurred. However,
the extrapolation was made up to 15 mm to avoid an excessive
prediction.

As shown in Fig. 7, Tests A and B were almost linear and
identical within the applied load of 160 MN. The CIP piles of
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Fig. 7. Equivalent Load-Displacement Curve from Bi-directional Load
Testing Results

Tests A and B seemed to exhibit elastic behavior within the
given loading conditions. Considering the measured slimes of
approximately 300 and 250 mm for Tests A and B, respectively,
the behaviors of the two CIP piles showed an insignificant
difference. The slimes of 250 and 300 mm were 12.5% and 15%
of the pile diameter, respectively. Assuming that the slime is
mixed with concrete, the 12.5% — 15% slime could be compared
with the laboratory testing results for a volume ratio of slime of
6.25% —7.5% (Fig. 4). The UCS for 5% V/V slime was similar to
that of 0% V/V slime and thereafter decreased. In the large-
diameter CIP pile, the presence of slimes as much as 12.5% —
15% the thickness of the pile diameter would have had an
insignificant influence on the pile behavior.

Test C showed a nonlinear behavior compared with Tests A
and B. Test C showed a higher resistance up to the equivalent
load of 150 MN and merged with Tests A and B at 160 MN with
approximately 15-mm displacements. The upward and downward
displacements at 52.5 MN for Test C were 5.17 and -19.49 mm,
respectively (Fig. 6(c)), which are lower and higher, respectively,
than those of Tests A (8.56 and -17.05 mm) and B (8.73 and
-14.53 mm). This observation can be attributed to the spatial
variability of the test sites; however, the general load—displacement
relationships could be deemed to be insignificantly different
within the given range.

The absence of a control pile (i.e., a CIP pile with no slime) is
a limitation in this field testing for comparison. However, a
perfectly clean bottom without slime in the borehole was unavailable
in practice because of the presence of groundwater and floating
particles in the borehole. Nonetheless, despite the presence of
slimes as much as 12.5% — 15% the thickness of the pile
diameter, the large-diameter CIP piles behaved elastically. A low
level of slime is susceptible to mixing with poured concrete. The
strength of the slime—concrete mixtures is not significantly
different from that of pure concrete in the case of approximately
10% V/V slime. Therefore, it can be concluded that the levels of
slimes existing at the bottom of the borehole (12.5% — 15% the
thickness of the pile diameter) do not have a critical impact on
the behavior of the large-diameter CIP pile.

3.3 Numerical Analysis

The results of the numerical analyses are summarized in Table 2,
and an example of the numerical analyses is shown in Fig. 8. The
thickness of the slime varied from 200 to 500 mm, corresponding to
10% — 25% of the pile diameter. The results indicate the
compressibility of the slime at the bottom of the borehole under
the self-weight of the pile. When the self-weight of the pile was
1,584 kPa, the entire zone of the slime was removed from the
original for slime thicknesses of 200 — 450 mm. For instance, for

Table 2. Input Parameters for Modeling

Parameters 7% [KN/m*] ¢ [kPa] ?[°] E[MPa] v
Bed soil 20 30 33 750 0.3
Slime 14 15 0 2 0.3
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Fig. 8. Half Space of the Modeling with the Deformation under Self-
weight of the Pile (The maximum displacement occurs at the
center of the borehole.)

Table 3. Numerical Analysis Results

Slime thickness [mm] Total deformation [mm)]

200 249
250 297
300 346
350 390
400 428
450 460
500 487

a slime thickness of 200 mm (10% of the pile diameter), the total
deformation was 249 mm. Most deformation was attributed to
slime, in addition to a partial deformation of the bed soil. The
compressed slime spread spherically to the bed soil (Fig. 8). The
deformation took place beyond the original zone of the slime
until the slime thickness was 450 mm. When the slime thickness
was 500 mm (25% of the pile diameter), the total deformation
was 487 mm. The deformation of the slime was approximately
485 mm, while the bed soil was compressed by approximately
2 mm (-1.88 mm, as shown in Fig. 8). The results suggest that
most of the slimes used in this analysis were compressed and
spread to the surrounding soil under the self-weight of the pile.

The mechanism of the CIP pile on the slime is different from
that of the bored pile. The slime of the bored pile is compressed.
The slime in the CIP pile was mixed or overflowed. Laboratory
testing showed that the slime—concrete mixture with 10% V7V slime
was insensitive to the strength. The numerical analysis revealed that
most slime of as much as 25% the pile diameter was compressed
owing to the pile weight. Therefore, it is concluded that the problem
of slime for the large-diameter pile can be resolved by either mixing
with concrete or being compressed by the self-weight of the pile
when slime is within a manageable range.

4. Conclusions

This study investigated the effect of slime on the engineering
properties of a large-diameter CIP pile. The strength of the slime—
concrete mixtures was evaluated by assuming that the slime was
mixed with poured concrete. Field testing was conducted to
examine the behavior of large-diameter CIP piles in the presence
of slime at the bottom of the borehole. The compressibility of the
slime under the self-weight of the pile was evaluated with a
numerical analysis. The results are summarized as follows.

1. The strength of the slime—concrete mixtures showed an
insignificant difference from that of pure concrete when the
volume ratio of slime was 5%. Slime—concrete mixtures
had a strength greater than the nominal strength of concrete
up to 10% V/V slime. In general, the strength of the slime—
concrete mixtures decreased as the volume ratio of slime
increased.

2. Large-diameter CIP piles elastically behaved despite the
presence of clayey slime of 12.5% — 15% the pile diameter.
The estimated slime might be mixed with poured concrete
and can be negligible. This observation supports the guideline
that slime should be less than 76.2 mm or 10% of the pile
diameter.

3. Numerical analyses showed that most slimes of large-
diameter piles are compressed under the self-weight of the
pile for slime up to 25% of the pile diameter.

4. Overall, the general level of slime existing at the bottom of
boreholes (~15% the pile diameter) causes an insignificant
influence on the engineering characteristics of either a CIP
or a bored pile. Therefore, excessive maintenance to eliminate
the slime at the bottom of boreholes would be unnecessitated.
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