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Pervious concrete piles (PCP) have high permeability and strength. During installation by vibrating-
sinking tube construction, liquified soil migrates into PCP, leading to clogging. To study PCP clogging,
model tests and X-ray computed tomography analyses were carried out. The clogging depth, porosity,
and excess pore water pressure dissipation were characterized. The effect of geotextile on PCP anti-
clogging was evaluated. The results show an increase in target porosity and sampling depth significantly
increased the PCP clogging depth. A preliminary model was proposed to evaluate the clogging of PCP. The
results show that clogging can be solved by surrounding PCP with geotextile.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years, the composite foundation technologies as a
widely applied technology can be used to enhance the bearing
capacity of the foundation and to reduce settlement and liquefac-
tion potential of ground [1,2]. The vertical reinforcements of the
composite foundation are divided into a granular pile, flexible pile,
and rigid pile. The granular pile can accelerate the rate of consoli-
dation and reduce the liquefaction potential of sand or silt ground
[3–6]. However, the granular pile has relatively low stiffness and
strength, which is also greatly influenced by the confining pressure
of the surrounding soil [7]. Therefore, when the granular pile is
applied to soft clay, organic, or peat soil, the shallow part of this
pile is prone to expansion failure, and thus the bearing capacity
of the ground has little improvement. While the rigid piles such
as low-grade concrete pile and cement fly-ash grave pile have
overcome the weak bonding problem of granular piles [8–11],
but with poor permeability, resulting in slow consolidation rate
of ground.

Based on the above, an innovative ground improvement
method using pervious concrete pile (PCP) was proposed by Sulei-
man et al [12]. Since pervious concrete (also referred to as porous
concrete) is a mixture of Portland cement, gap graded aggregate,
and water with or without a small amount of fine aggregate, there
is a large number of connective pores within the aggregate skele-
ton. Generally, the porosity of pervious concrete is between 15%
and 45% and has good permeability [13–16]. With the good perme-
ability, the pervious concrete can also provide a certain compres-
sive strength [17–19]. Therefore, PCP has advantages of both
granular pile and rigid pile [20]. The fast drainage capacity can
accelerate excess pore water pressure dissipation, subsoil consoli-
dation, and post-construction settlement of the upper construc-
tion, such as road embankment. However, when installing the
PCP, silty sand or silt liquefaction often occurs. These silts facilitate
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the clogging of PCP by migrating fine soil particles into the fresh
concrete pile. In the literature, the performance of the PCP compos-
ite foundation was studied using instrumented model laboratory
tests [21,22], and the clogging of pervious concrete was studied
using numerical simulations [23,24] and small model laboratory
test [25]. There is no relevant research on PCP clogging caused by
the vibrating-sinking tube method, and no relevant research on
PCP anti-clogging method.

In addition, image processing technology, CT technology, and X-
Ray technique are utilized in the microscopic study of porous
materials. Stereological and morphological methods are used to
extract relevant pore structure features of pervious concretes from
planar images [26,27]. A few studies also analysed the permeabil-
ity performance of pervious concrete using CT and reconstruction
methods. A computational procedure is employed to predict the
permeability of different pervious concrete mixtures from 3D
material structures reconstructed from the original material [28].
Based on X-Ray Technique, Kuang [29] studied the permeable
pavement pore-structure parameters using the modified Kozeny-
Carman model. Chung [30] used X-ray CT images to obtain the spa-
tial distribution of the voids, used low-order probability functions
to reconstruct porous concrete specimens, and simulated the
hydraulic conductivity of reconstructed specimens. Xu [31] studied
the internal structure evolution within asphalt mixtures under
freeze–thaw cycles using X-ray CT images.

To the best of our knowledge, the clogging of PCP due to the
vibrating-sinking tube construction has not been given full atten-
tion yet, although the issue of clogging has been questioned since
PCP was proposed. Therefore, this study focus on the experimental
characterization of PCP clogging caused by soil liquefaction during
the vibrating-sinking tube construction period. Here, a physical
modeling system is developed to study the clogging of PCP under
vibrating-sinking tube construction. Using this new set-up and
CT, a series of laboratory simulation tests are conducted to demon-
Fig. 1. Vibrating-sinking tube construction simulation test system 1. Vibration table; 2.
inlet; 7. Vertical sliding table; 8. Horizontal sliding table; 9. Vertical steel frame; 10. Horiz
Wheel lock; 16. Wheel; 17. An iron hook for securing geotextiles.
strate the effects of vibrating-sinking tube construction on the
clogging of PCP and the anti-clogging performance of geotextile.
2. Model test

2.1. Test system

When the pore of PCP is clogged, the permeability is bound to
decrease. In this study, an installation system of PCP by
vibrating-sinking tube is developed, as shown in Fig. 1. The model-
ing system is divided into a model test box, vibrating-sinking tube
installation equipment, pore water pressure sensor, and data
acquisition equipment. Its functions are as follows: (1) to simulate
the installation process of PCP; (2) to simulate the liquefaction and
migration of fine soil during the installation of the vibrating-
sinking tube; and (3) to continuously record the excess pore water
pressure during and after the installation of PCP.

The length, width, and height of the composite foundation
model test box were 2000 mm, 1000 mm, and 1050 mm respec-
tively. The length, width, and height of the vibrating-sinking tube
simulated construction system was 3600 mm, 2000 mm, and
3300 mm respectively.
2.2. Model test material

2.2.1. Pervious concrete
Pervious concrete mixtures were prepared using ordinary Port-

land cement and coarse aggregates. The aggregates are composed
of limestone rubble with particle sizes ranging from 4.75 mm to
9.5 mm (single-size). The mineralogical composition obtained by
XRD is 93% calcite, 3.7% quartz, and 3.3% dolomite for the lime-
stone. The gradation curve of the aggregate is shown in Fig. 2.
The physical properties of this aggregate are presented in Table 1.
Tube; 3. Model box; 4. Pore water pressure sensor; 5. Concrete pile tip; 6. Feeding
ontal steel frame; 11.Roller; 12. Fairlead; 13. Lift engine; 14. Counterweight iron; 15.



Fig. 2. Gradation curve of aggregate.

Fig. 3. Gradation curve of soil.
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Four target porosities (10%, 15%, 20%, 25%) were designed for the
pervious concrete in this work. And the mix design method was
originally proposed by Cui et al [32]. The mix proportions of pervi-
ous concrete are listed in Table 2. Moreover, it is worth mentioning
that the sulphamate series superplasticizer is chosen to decrease
water usage, thereby ensuring good fluidity of the pervious
concretes.
2.2.2. Soil
The foundation soil comes from the Yellow River Delta in Shan-

dong Province and is low liquid limit silt. The non-clay mineral
content is 85 ~ 90%, mainly including quartz, feldspar, carbonate
mineral, and trace hornblende. The clay mineral content is
10 ~ 15%, mainly illite, montmorillonite, a small amount of kaolin-
ite and chlorite. Notably, illite is about 75% of the total clay miner-
als. The physicochemical properties of the tested silt are shown in
Table 3. According to Hideaki et al [33], the gradation curve of soil
used is in the range of liquefiable soil, as shown in Fig. 3. The coef-
ficient of uniformity Cu is 9.72, and the coefficient of curvature is
1.40, so it is not piping soil.
Table 1
Physical properties of aggregates in pervious concretes.

Size (mm) Apparent density (g/cm3) Stacking densi

4.75–9.5 2.665 1.655

Table 2
Mix proportions of per cubic meter of pervious concrete.

Target
porosity (%)

Cement (kg/m3) Water (kg/m3)

10 417.8 160.4
15 396.3 134.8
20 320.9 109.1
25 245.4 83.4

Table 3
Physicochemical properties of silt tested.

Moisture content(x %) Initial void ratio(e %) Intact density(g�cm3) Liqu

25.5 0.71 1.96 27
2.2.3. Non-woven geotextile
Non-woven geotextile is to arrange the fibers randomly to form

a network structure and then make a plain fabric. The non-woven
geotextile has no directionality in terms of strength, and the mesh
structure formed by the amorphous fiber has flexibility and mobil-
ity, so the mesh is unlikely to clog. The parameters of non-woven
geotextile are presented in Table 4.
3. Test procedure and scheme

3.1. Test cases

As shown in Table 5, Fig. 4, and Fig. 6, eight test cases were pro-
posed: O-1, O-2, O-3, and O-4 are ordinary pervious concrete piles
(O-PCP); and AC-1, AC-2, AC-3, AC-4 are anti-clogging pervious
concrete piles (AC-PCP) based on geotextile. Specifically, four
porosities (10%, 15%, 20%, and 25%) and four sampling depths
(20 cm, 40 cm, 60 cm, and 80 cm) were chosen, respectively. For
each case, three samples were tested to ensure the scientific nature
and accuracy of the test results.

As shown in Table 6 and Fig. 4, to accurately analyse the pore
water pressure of the eight test cases. Three pore water pressure
burial depths (25 cm, 50 cm, and 75 cm) were used. The pore water
ty (g/cm3) Porosity (%) Crushed percentage (%)

37.89 8.6

Aggregate (kg/m3) Superplasticizer dosage (%)

1587.6 0.8

idlimit(xL %) Plasticity limit(xP %) Plasticity index(IP %) pH

20 7 7.4 ~ 8.1



Table 4
Non-woven geotextile parameters.

Thickness(mm) Breaking strength(kN/m) Elongation at break (%) Effective aperture (mm) Hydraulic conductivity(cm/s)

1.7 6.5 30 0.07 ~ 0.2 1.0 ~ 9.9�(10-1 ~ 10-3)

Table 5
Test cases of PCP clogging.

O-PCP
Case

Test
samples

Target
Porosity
P (%)

Sampling depth
H (cm)

AC-PCP
Case

Test
samples

Target
Porosity
P (%)

Sampling depth
H’ (cm)

O-1 A 10 20 AC-1 A 10 20
B 10 40 B 10 40
C 10 60 C 10 60
D 10 80 D 10 80

O-2 A 15 20 AC-2 A 15 20
B 15 40 B 15 40
C 15 60 C 15 60
D 15 80 D 15 80

O-3 A 20 20 AC-3 A 20 20
B 20 40 B 20 40
C 20 60 C 20 60
D 20 80 D 20 80

O-4 A 25 20 AC-4 A 25 20
B 25 40 B 25 40
C 25 60 C 25 60
D 25 80 D 25 80

Fig. 4. Layout diagram of PCP and pore water pressure sensor.

Table 6
Test cases of pore water pressure.

O-PCP
Case

Pore water pressure
sensor

Target
porosity
P (%)

Burial depth
of sensor
h (cm)

AC-PCP
Case

Pore water pressure
sensor

Target
porosity
P (%)

Burial depth
of sensor
h’ (cm)

O-1 1 10 25 AC-1 1 10 25
2 10 50 2 10 50
3 10 75 3 10 75

O-2 1 15 25 AC-2 1 15 25
2 15 50 2 15 50
3 15 75 3 15 75

O-3 1 20 25 AC-3 1 20 25
2 20 50 2 20 50
3 20 75 3 20 75

O-4 1 25 25 AC-4 1 25 25
2 25 50 2 25 50
3 25 75 3 25 75
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pressure sensors were horizontally arranged 100 mm away from
the pile.
3.2. Installation of piles

The vibrating-sinking tube method is used to install PCP, and
the construction process and model piles are shown in Fig. 5. In
the PCP installation process, when the tube tip attains to the
designed depth, the calculated volume of pervious concrete was
poured into the tube through the feeding inlet. Starting the motor,
the tube should be kept vibrating for 10 s. And then the tube is
gradually withdrawn with continuous vibration. The withdrawing
speed was controlled between 2.2 and 2.5 m/min. If sludge is dis-
covered during withdrawal, the withdrawal speed needs to be
adjusted. Here, it should be noted that during the installation of
AC-PCP, the geotextiles should be made into a cylinder shape in
advance and fixed on the outside of the vibrating-sinking tube.
During the installation, the geotextile tube sinks into the soil with
the vibration tube.
3.3. Test procedures

3.3.1. PCP clogging test
Using a model system, industrial CT, and 3D reconstruction, the

clogging tests of PCP are carried out according to the following
procedures:

Step 1: The O-PCP and AC-PCP model piles were obtained
through the model test system. (Fig. 5(b)).

Step 2: The standard sample (size: length � width � height =
60 mm � 35 mm � 40 mm) is obtained by cutting in the radial
direction. To ensure the resolution of the CT scan and meet the
requirements of the CT instrument on the size of the sample, the
model pile needs to be processed. In this test, the most representa-
tive part in the middle of the model pile was selected for the CT
scan. In order to obtain the pore-clogging caused in the radial
Fig. 5. The installation of PCP. (a) Installation of O-PCP; (b) The
direction, samples were cut along the radial direction. The sample
extraction process is shown in Fig. 6.

Step 3: The standard samples were scanned using an Xradia 510
Versa microscope. (Fig. 7).

Step 4: The three-dimensional (3D) reconstruction software is
used for visualization and numerical processing to analyse the
clogging of model piles.

3.3.2. Pore water pressure test
In this study, a miniature pore water pressure sensor with a

small volume and high sensitivity were used. The data acquisition
system uses a high-precision 24-bit A/D converter and a high-
performance ARM processor. It has good measurement accuracy,
good stability, and strong anti-interference ability. The pore water
pressure data were collected in real-time during and after the test.
4. Test results and analyses

4.1. Clogging depth

4.1.1. Calculation of PCP clogging depth
The calculation of the PCP clogging depth is carried out accord-

ing to the following procedures:
Step 1: Multi-section test data was obtained by the CT scan.
Step 2: Threshold segmentation based on multi-section test

data. For this test, the internal structure of pervious concrete is
composed of aggregate, cement, porosity, and clogging the soil.
Because the density of each component is different, the brightness
in the reconstructed image will vary. The higher the density of the
material, the higher the brightness, so the gray value of each com-
ponent will be in a certain range. The threshold segmentation of
the CT image is shown in Fig. 8. The blue represents clogging soil,
red represents aggregate and light blue represents porosity.

Step 3: Calculation of clogging depth based on CT imaging.
Firstly, the 300th, 500th, and 800th slices (Fig. 9(a)) are taken ver-
O-PCP and AC-PCP model piles; (c) Installation of AC-PCP.



Fig. 6. The sample extraction process.

Fig. 7. The X-ray scan set-up.
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tically from the samples (O-4-C case as an example). From Fig. 9(b),
it can be seen that the clogging depth of soil at different positions is
relatively uniform. Then, the 1000th, 900th, and 600th horizontal
slices (Fig. 10(a)) are taken. From Fig. 10(b), it can be seen that with
the increase of depth, the volume of clogging soil in the section
gradually decreases, and the clogging soil disappears in the 600th
slice, so it can be judged that this position is the deepest position
of the clogging soil.

The calculation formula for the clogging depth of the sample, as
indicated in Eq. (1).
D ¼ lx
l
L ð1Þ

where D is the sample clogging depth (mm), lx is the number of
slices corresponding to the sample deepest clogging position, l is
the total number of horizontal slices, L is the sample length (mm).

4.1.2. PCP clogging depth analyses
The variation curves of the D with porosity and sampling depth

are shown in Fig. 11. It is evident that AC-PCP has almost no clog-
ging, and parts of the soil entered to the pile surface due to a small
amount of soil during geotextile installation. O-PCP has different
degrees of clogging under different target porosities. With the
increase in the target porosity and sampling depth, clogging depth
increases nonlinearly. When the target porosity exceeds 15%, the
increase of the clogging depth is obvious. When the target porosity
reaches 25%, the clogging depth reaches 39.78 mm.

4.1.3. Model of PCP clogging depth
We use the ratio of clogging depth to the radius of the pile after

construction to present the normalized PCP clogging depth (NPC),
as indicated in Eq. (2). The variation curves of NPC with porosity
are shown in Fig. 12.

NPC ¼ D
R

ð2Þ

where NPC = normalized PCP clogging depth, D = clogging depth,
R = PCP radius.

It can be seen that all the curves in Fig. 12 demonstrated signif-
icant similarities. Therefore, as shown in Fig. 13, a ratio can be
defined as the NPC divided by the NPC25 to eliminate the effects
of sampling depth H, where the NPC25 is the normalized clogging
depth corresponding to the porosity of 25%. It is shown in Fig. 13
that the variation of NPC/NPC25 is independent of the sampling



Fig. 9. Vertical slice of sample.

Fig. 10. Horizontal slice of sample.

Fig. 11. Variation curves of the D with porosity and sampling depth.

Fig. 8. Threshold segmentation of CT image.
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depth H. Moreover, the variation trend can be well fitted via the
following exponential function, as indicated in Eq. (3).

NPC
NPC25

¼ 0:00963exp P=5:25ð Þ � 0:01526P þ 0:26709ðR2

¼ 0:99Þ ð3Þ
where P is the target porosity and NPC25 is the normalized clogging
depth of the O-PCP when the porosity is 25%.

In Eq. (3), NPC25 is related to sampling depth H, and the varia-
tion trend of NPC25 with sampling depth is demonstrated in
Fig. 14. It can be seen that NPC25 increases linearly with the sam-
pling depth. Using the linear regression analysis, the relationship
between NPC25 and the sampling depth can be established, as indi-
cated in Eq. (4).

NPC25 ¼ 0:00269H þ 0:44167ð20cm � H � 80cmÞðR2 ¼ 0:99Þ ð4Þ
where NPC25 is the normalized clogging depth of O-PCP when the
porosity is 25%; H is the sampling depth and R is the correlation
coefficient.



Fig. 13. Variation curve of the NPC/NPC25 with porosity.

Fig. 14. Variation curve of the NPC25 with sampling depth.

Fig. 12. Variation curves of the NPC with porosity.
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Form Eq. (3) and Eq. (4), a nonlinear model of the normalized
clogging depth can be proposed within the sampling depth range
of 20 cm to 80 cm, as indicated in Eq. (5).

NPC ¼ 0:00963exp P=5:25ð Þ � 0:01526P þ 0:26709ð Þ½ �
� 0:00269H þ 0:44167ð Þ ð5Þ

The Eq. (5) is a uniform model, and it can be seen that the inde-
pendent variables in Eq. (5) include both porosity and sampling
depth. This means that this uniform model can reflect the effects
of porosity and sampling depth on the normalized clogging of
PCP. And as shown in Fig. 15, the fitted values have a high consis-
tency with the measured values.

4.2. PCP porosity

The porosity calculation of AC-PCP and O-PCP before and after
clogging is as follows. Firstly, the overall threshold of the sample
is obtained, and the pores are obtained by threshold segmentation.
Subsequently, the porosity is calculated by the volume fraction cal-
culation module, and the 3D porosity is obtained. However, this
method for the analysis of porosity has little error. In the process
of threshold segmentation, air on both sides of the sample is con-
sidered as pores, leading to a larger porosity computation. To elim-
inate the influence of this factor, we derive an accurate porosity
calculation formula, as indicated in Eq. (6).

Pf ¼ P
0 � Po

0 � Ps
0

1� Po
0 ðaÞPs ¼ Ps

0

1� Po
0 ðbÞPa ¼ Pf þ PsðcÞ ð6Þ

where Pf is the final porosity after clogging, Ps is the ratio of the
clogging soil volume to the pervious concrete volume, Pa (actual ini-
tial porosity) is the ratio of pore volume to pervious concrete vol-
ume, P’ is the ratio of pore volume to the sum of pervious
concrete volume and air volume, P’o is the ratio of air volume to
the sum of pervious concrete and air volume, and P’s is the ratio of
the clogging soil volume to the sum of pervious concrete volume
and air volume.

The final porosity after clogging, actual initial porosity, and tar-
get porosity are indicated in Table 7. The relationship between the
target porosity and the porosity after clogging is shown in Fig. 16.

Fig. 16 shows, almost all the actual initial porosity is slightly
higher than the target porosity, which shows that the PCP mix ratio
design and installation method adopted in this paper are accurate
Fig. 15. The relationship between measured and fitted NPC.



Table 7
Porosity of PCP.

O-PCP Case Target
porosityP (%)

Actual initial
porosityPa (%)

Porosity after
cloggingPf (%)

AC-PCPCase Target
porosityP (%)

Actual initial
porosityPa (%)

Porosity after
cloggingPf (%)

O-1 A 10 11.04 10.53 AC-1 A 10 11.05 11.04
B 10 11.22 10.68 B 10 11.23 11.17
C 10 11.20 10.61 C 10 11.30 11.19
D 10 11.32 10.70 D 10 11.22 11.02

O-2 A 15 15.11 14.45 AC-2 A 15 15.54 15.14
B 15 15.22 14.33 B 15 15.43 15.17
C 15 15.26 14.38 C 15 15.30 15.18
D 15 15.24 14.21 D 15 15.34 15.18

O-3 A 20 19.93 18.33 AC-3 A 20 20.22 19.98
B 20 20.13 18.20 B 20 20.23 20.08
C 20 20.21 17.72 C 20 20.32 19.97
D 20 20.17 17.11 D 20 20.34 20.12

O-4 A 25 24.92 22.83 AC-4 A 25 25.31 24.87
B 25 25.01 21.45 B 25 25.21 25.04
C 25 24.94 20.13 C 25 25.30 24.74
D 25 24.87 18.81 D 25 25.21 25.11

(a) (b)
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Fig. 16. The relationship between the target porosity and the porosity after clogging. (a) O-PCP; (b) AC-PCP.
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and reliable. For the same initial porosity, larger the sampling
depth, smaller the final porosity. When the target porosity exceeds
15%, the clogging effect of soil on pervious concrete is visibly
increased. In contrast, when the target porosity is less than 15%,
the clogging effect of soil on pervious concrete is not very obvious.
The final porosity after clogging of AC-PCP is close to the actual ini-
tial porosity, which proves that the geotextile has a good anti-
clogging effect.

4.3. Excess pore water pressure

The evolution of excess pore water pressure is shown in
Fig. 17. The excess pore water pressure increases with increas-
ing burial depth. With this increase, the effect of O-PCP and AC-
PCP on the dissipation of excess pore water pressure becomes
more obvious. The test data show that excess pore water pres-
sure dissipates faster during 0–20 h. After 20 h, the dissipating
rate of excess pore water pressure slowed significantly. Results
also show that during the fast dissipating phase, there is no sig-
nificant change in the dissipation rate for AC-PCP around which
non-woven geotextile is employed. This is because the geotex-
tile blocks the soil outside the pile, ensuring the drainage path
of the pile.

The relationship between the target porosity and pore water
pressure dissipation time are shown in Fig. 18. It can be seen that
with an increase in the target porosity, the dissipating time of the
excess pore water pressure at each measurement point becomes
shorter. With an increase in burial depth, the dissipating time of
excess pore water pressure at each measurement becomes longer.
When the burial depth is 25 cm and 50 cm, there is little difference
between the AC-PCP and O-PCP for excess pore water pressure dis-
sipation. However, when the burial depth is 75 cm, the dissipating
time for the AC-PCP composite foundation is significantly reduced
compared to O-PCP. This shows that AC-PCP can dissipate higher
excess pore water pressure better and once again prove that the
geotextile plays a positive role in the prevention of clogging. The
PCP length in actual engineering is 10000 ~ 15000 mm while the
model was 1000 mm long. Therefore, in practice, the role of the
AC-PCP in rapidly dissipating excess pore water pressure could
be more significant.



h =25cm
h =50cm
h =75cm
h'=25cm
h'=50cm
h'=75cm

Ex
ce

ss
 p

or
e 

w
at

er
 p

re
ss

ur
e 

( K
Pa

 )

Time ( h )

h =25cm
h =50cm
h =75cm
h'=25cm
h'=50cm
h'=75cm

Ex
ce

ss
 p

or
e 

w
at

er
 p

re
ss

ur
e 

( K
Pa

 )

Time ( h )

h=25cm
h=50cm
h=75cm
h'=25cm
h'=50cm
h'=75cm

Ex
ce

ss
 p

or
e 

w
at

er
 p

re
ss

ur
e 

( K
Pa

 )

Time ( h )

h=25cm
h=50cm
h=75cm
h'=25cm
h'=50cm
h'=75cm

Ex
ce

ss
 p

or
e 

w
at

er
 p

re
ss

ur
e 

( K
Pa

 )

Time ( h )

(a) The target porosity of 10% (b) The target porosity of 15%

(c) The target porosity of 20% (d) The target porosity of 25%

Fig. 17. Evolution of excess pore water pressure. (a) The target porosity of 10%; (b) The target porosity of 15%; (c) The target porosity of 20%; (d) The target porosity of 25%
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5. Discussion

It should be noted that hydraulic conductivity can be influenced
by the porosity, especially the size and distribution of the inter-
communicating voids in the PCP. Generally speaking, the hydraulic
conductivity increases with porosity [13,17]. However, the voids of
pervious concrete are ineffective for seepage because pores have
closed entrance or exit even if the voids are large. The actual initial
porosity (Pa) and final porosity (Pf) after clogging of PCP were
obtained in this study, but these porosities are not intercommuni-
cated porosity. Such porosity would result in a high overestimation
of hydraulic conductivity for the PCP. The 3D intercommunicated
porosity is generally smaller than this porosity, which is proven
by the comparison of numerical and test results [18,24]. The PCP
after clogging is still permeable, and the voids’ size and distribu-
tion of clogging soil and pervious concrete are significantly differ-
ent. Hence coupling permeability of clogging soils and pervious
concrete is more complicated. Further studies on the size and dis-
tribution of the intercommunicating voids of PCP based on CT
imaging are worthwhile.
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6. Conclusion

To study the clogging behavior of PCP caused by the vibrating-
sinking tube method and the new anti-clogging PCP performance
based on geotextiles, a series of experimental and X-ray CT image
analyses were carried out using a physical model system. The fol-
lowing conclusions were drawn:

(1) As the target porosity and sampling depth increase, the
degree of O-PCP clogging nonlinearly increases, and the AC-PCP
has almost no clogging, which proves that the geotextile shows a
good anti-clogging effect. Based on the test results, a preliminary
O-PCP clogging model based on the vibrating-sinking tube method
is proposed. This model is useful to approximately estimate the
clogging depth of O-PCP.

(2) The actual porosity is only slightly higher than the target
porosity, indicating that the PCP mix ratio design method and
vibrating-sinking tube method process used in this study are accu-
rate and reliable. 15% (target porosity) is a critical value, so in prac-
tical engineering, the target porosity design value of O-PCP should
not be greater than 15%.

(3) Both O-PCP and AC-PCP can reduce the excess pore water
pressure in the ground induced by the vibrating-sinking tube
method. However, with an increase in burial depth, the effect of
AC-PCP on excess pore water pressure dissipation becomes more
obvious, which proves the AC-PCP has a stronger ability to dissi-
pate higher excess pore water pressure. Therefore, compared to
O-PCP, AC-PCP can effectively mitigate the liquefaction of soil in
composite foundations for a long time.
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