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Abstract 
In environmental engineering because of the special structure of the CEP pile, the factors influencing the 
failure state and bearing capacity of the soils surrounding the pile are more complex ecologically. The 
moisture content of the soil-layer embedded the bearing plate will have a great influence on the resistance to 
compression of the CEP pile, and it needs to be further studied in ecological terms. Through the 
environmental engineering model test of undisturbed soil, the article studies the effect of different moisture 
content of soil on the compressive properties of the CEP pile, and through the finite element analysis by 
ANSYS software, the results of test regarding resource recovery are verified, and improve the calculation 
formula of the bearing capacity of the CEP pile. Through the study of this paper, it will be provided that an 
ecological basis for the design of the CEP pile, which contributes to the promotion of the technology, and 
further expands the social benefits and environmental benefits of the CEP pile. 
Keywords: environmental engineering, compressive failure, the concrete expanded-plate pile(the CEP pile), 
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INTRODUCTION 
The CEP pile is a new type of pile in environment, 

which is based on ordinary straight pile, and the disk-
like cavity is formed at the appropriate position of the 
pile body through the squeeze, swirling or drilling 
expansion equipment, and then under the concrete is 
poured to form (Qian and Zhai 2015). It will be greatly 
improved that the compressive strength, uplift strength 
and anti overturning performance of the pile, because of 
the existence of pile body bearing plate-expanded (Qian 
et al. 2014). Because of its special ecological and 
economic benefit, the CEP pile is accepted by people 
more and more. 

Compared with the continuous improvement of the 
pile forming technology, the ecological theory of the 
CEP pile is relatively backward, and there are many 
problems in the experimental study (Liu et al. 2013). 
First of all, in the early experimental study on the CEP 
pile, the whole pile model is embedded completely in 
the environmental soil layer, the characteristics bearing 
force of the CEP pile studied by the record of the 
displacement and the stress. During the environmental 
engineering test, the pile body is all wrapped by soil, and 
the failure behavior of the soil during the test process 
could not be observed, which affected the study on the 
bearing characteristics of the CEP pile (Qian et al. 

2010). Secondly, when the existing test about the CEP 
pile is carried out, the soil surrounding the pile is filled 
by stratified compaction, which is different from the the 
performance of real soil. So this test approach seriously 
damages the original performance of the soil, and there 
are many questions are brought to analyze the force 
performance of the CEP pile (Wang et al. 2013). On the 
other hand, the ecological and abroad research on the 
CEP pile is mainly focused on the characteristics of pile 
itself, such as: plate space, plate slope angle, plate 
quantity, and so on, while it is neglected that the 
influence of the characteristics of the soil layer 
embedded the bearing plate on the bearing capacity of 
the CEP pile. 

Aiming at the above problems, it is provided that a 
small model test method of undisturbed soil for the 
effect of moisture content of soil on the performance of 
the CEP pile in this paper, that is the half-section pile is 
used in this experiment, during the test, the test devices 
self-made is applied, the pile is close to the inside of the 
glass, and the ecological damage of the soil can be seen 
clearly (Park et al. 2017). The soil which is used in the 
experiment is undisturbed soil in ecosystem, and the 
original characteristic of the soil is guaranteed to the 
maximum extent, so that the test is more close to the 
actual. In this paper, it is studied that the effect of 
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moisture content of soil on the performance of the CEP 
pile. At the same time, combined with ANSYS 
simulation analysis, the results of model test of 
undisturbed soil are compared and validated by, to 
further improve the theoretical research achievements 
on the CEP pile, provide theoretical knowledge for the 
application of the CEP pile, so as to guide the 
environmental engineering practice more directly. 

THE STUDY OF TEST WITH UNDISTURBED 
SOIL 

The Production of Test Devices 
The CEP pile model is made into steel pile 

according to a certain proportion (Wang and Gong 
2015). According to the existing achievements, the 
influence of the compressive pile on the soil 
surrounding the pile is about 3 to 4 times of the 
cantilever length of the bearing plate, and the size of the 
model pile is made with 1:25 scale. The pile as example 
is named by No.9, the size of model pile is shown in 
Table 1, the practical picture of the model pile is shown 
in Fig. 1 (for test model with different moisture content 
of soil, the different number of “•” is used for 
distinguish each other). 

The design of the device for getting soil is shown in 
Fig. 2, and it mainly consists of two parts: concave steel 
plate and flat steel plate (Qian and Xu 2014). Both the 
bottom portion of concave steel plate and flat plate are 
cut in a wedge shape so that the device for getting soil is 
pressed into the soil easily. The device for getting soil is 
not only used for soil extraction, but also for testing. 
During the test, the flat steel plate is removed, and the 
CEP pile model is pressed into the undisturbed soil 

body taken from site. The glass plate is attached and 
fixed with a fixing clamp. The reason why the glass plate 
had to be installed is that, during the test, the actual 
damage situation needs to be observed, which is flat 
steel can not do. According to the test requirement, the 
size of the device for getting soil is 400×200×320mm, 
the number is four. 

Test Procedure 
The preparation and procedures of test include the 

following three main steps: 

First, the test model with the undisturbed soil is 
made, in the model test, the silty clay layer with better 
bearing capacity is chosen as the soil-layer where the 
bearing plate-expanded is embedded. According to the 
report of geotechnical engineering surveys (Eryigit and 
Ulu 2014), the appropriate site is selected for taking soil 
by the device for getting soil self-made. 

Secondly, the CEP pile is pressed into the soil 
(Slavchev et al. 2015). In the test of the bearing CEP pile 
model, it is necessary to expand the pile up soil 5mm to 
7mm, in order to ensure the displacement of the top of 

Table 1. The parameter of bearing pile model (Note: The 30 mm applied to the top of the pile length is the length 
of the high outburst layer to facilitate the test loading) 

 
Main pile 

diameter（mm） 
Plate diameter 

(mm) 
Plate height 

(mm) Slope angure Plate length 
(mm) Quantity of plate 

Actual parameter 500 1500 750 31° 3750 4 
model parameter 20 60 30 31° 150+30 4 

 

 

Fig. 1. The bearing pile model (Note: The different numbers of points on the pile model represent the difference 
in moisture content of the soil where the pile is located. The more points, the lower the moisture content) 

 
Fig. 2. The device for getting soil 
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pile under compression, avoid the soil at the deck of the 
pile is not damaged before the bearing pile has been 
pressed in the soil. It is shown in Fig. 3. 

Finally, the test loading and data collection: The data 
collection is mainly composed of four parts: the vertical 
displacement of the CEP pile, the vertical bearing 
capacity of CEP pile, the failure photos of the soil 
surrounding the pile, the determination of moisture 
content of soil. 

The Analysis of the Load-displacement Data 
In the test, the relation between pile number and 

moisture content and the mark of pile in the test is 
shown in Table 2. Based on the test data, the 
displacement-load curve comparison curve of model 
pile No. 1, 2, 3, 4 are obtained and shown in Fig. 4. 

From the load-displacement curve comparison of 
the pile No.1, 2, 3, 4, it can be seen that the 
displacement of four curves are all increasing with the 
increasing of load. The difference is that, due to the 
different moisture content, the load change gradient of 
the CEP pile with different displacement is different. 

The vertical bearing capacity of pile No.1 (moisture 
content 26%) and pile No.2 (moisture content 22.2%) 
is small, the ultimate bearing capacity of pile No.1 is 
0.679KN, and the ultimate bearing capacity of pile No.2 
is 0.81KN, and the trend between the two curve is 
similar. Compared with pile No.1 and pile No.2, the 
bearing capacity of pile No.3 (moisture content 20.5%) 
is larger, with the test process carried out, the bearing 
capacity of pile No.3 is slower, and finally reaches the 
ultimate bearing capacity of the pile. 

Compared with piles No.1, 2 and 3, the change of 
pile No.4 (moisture content 17%) is obvious, not only 
the initial bearing capacity is high, but also the gradient 
of bearing capacity changes very high in the process of 
experiment. Bearing capacity is 1.71KN, which greatly 
improves the ultimate bearing capacity, compared with 
pile No.1 with the ultimate bearing capacity is 
0.679KN, the pile No.2 is 0.81KN, and the pile No.3 is 
1.049KN. Therefore, the following conclusions can be 
drawn up from the above data and analysis results: in 
the actual engineering, the bearing capacity of the CEP 
pile should be multiplied by a coefficient. 

To compare the pictures on the failure behavior of 
soil, the following is the picture of the pile model with 
different moisture content, including the picture before 
failure and after failure, as shown in Fig. 5-Fig. 8. 

Through comparing picture before test and after 
test, it can be known that the composition of bearing 
capacity of pile under compression is the side friction of 
pile, the bearing of plate and the bearing of pile end, but 
is not the simple superimposition. Because it can be 
seen from the figure, at the edge of plate, the range of 
soil compressed expands outside, which will withdrawal 
to the side of pile when the soil compressed come to 
failure, the soil destructed appears as heart-shape. So, 
the traditional calculating method of resistance of plate 
is unreasonable, the bearing capacity of plate should be 
calculate by sliding line theory, which is more follow 
the practical and more accuracy. The results from the 
test complies with the results of theory calculation. 

 
Fig. 3. To press into the CEP pile 

Table 2. The relation between pile and moisture 
content 

Pile No. No.1 No.2 No.3 No.4 
Moisture 
content 26% 22.2% 20.5% 17% 

The mark of 
pile 9+”•” 9+”••” 9+”•••” 9+”••••” 

 

 

 
Y-load (KN)  X-displacement (mm) 

Fig. 4. The displacement-load curve comparison chart 
of 1#, 2#, 3#, 4# model pile 
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Analysis of the Failure Process of Soil with 
Different Moisture Content 

The key point of this test is the failure behavior of 
soil when the work together with pile and soil. Taking 
the compressive pile with the highest moisture content 
of soil as an example, the failure behavior of the soil at 
the top of plate, the soil under the plate and the soil 
surrounding the pile is observed as shown in Fig. 9. 

It can be clearly seen from Fig. 9 that the whole 
process from loading to the complete destruction of soil 

in the test. The model of soil with maximum moisture 
content is taken as an example. The whole test can be 
divided into three stages as follows: 

The first stage: in the initial stage of loading, the 
vertical displacement of the pile is small, the soil under 
plate is compacted. With the gradual increasing of the 
load, the soil upper the plate begin to separate with the 

 
Fig. 5. No.9+”•”pile 

 
Fig. 6. No.9+”••”pile 

 
Fig. 7. No.9+”•••”pile 

 
Fig. 8. No.9+”••••”pile 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 9. The whole process of soil damage of 1# pile 
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top surface of plate, and the empty area develops at the 
top of plate, while the region of soil compacted under 
plate is enlarged gradually. Due to the action of vertical 
compression, shear failure occurs in the soil of the end 
of plate, and the small crack is formed. With the 
continuous increasing of the load, the empty area upper 
plate is larger, so the side friction of pile and soil is little, 
which has significant action in the formula for 
calculating the bearing capacity of the CEP pile.  

The second stage: in this stage, with the increasing 
of vertical load, the shear stress of the soil at the end of 
the plate increasing, soil crack expansion, it is worth 
noting that the soil crack is not linear expansion, but the 
soil began to extend down with the increase of load. As 
the test continues, the soil at the top of the plate begins 
to separate from the upper plate, and gradually increases 
in the area of the plate. This part of the empty area is 
very important in the calculation formula of the bearing 
capacity of single CEP pile. Because it is the empty area, 
the CEP pile are not affected by soil vertical friction 
force, and the friction resistance corresponding to the 
length of the scope of this part of the length should be 
removed in the calculation of the bearing capacity of 
single CEP pile. As the test progresses, the soil 
underneath the plate becomes denser and denser, which 
can be seen by the shape of the watermark squeezed out 
of the soil pasted on the glass panel. As the test 
proceeded further, the soil began to appear the sliding 
failure, and the slip line developed 90 degrees to the 
underneath edge of the pile. 

The third stage: As the experiment continues, the 
empty area at the top of plate becomes larger and larger, 
the slip line of the soil under the plate becomes more 
and more obvious, and the recovery state appears. Half-
section pile continues to be loaded, the vertical 
displacement is more and more obvious, while the 

vertical force of the pile body changes by a small margin, 
which indicates that the destruction of the soil around 
the pile, half-section pile reaches its ultimate bearing 
capacity and test ends. 

THE SIMULATING ANALYSIS BY ANSYS 
FINITE ELEMENT FOR THE CEP PILE 

Because this section belongs to the theoretical 
analysis of the CEP pile, many unfavorable objective 
conditions have been overcome. Therefore, in order to 
analyze the effect of moisture content of soil on the 
performance of the CEP pile, the performance of the 
CEP pile with 15%, 19%, 21% and 25% moisture 
content is studied in this section, as shown in Table 3. 

The vertical displacement of a fixed point of the 
model Z1-Z8 is extracted from the ANSYS post 
processor after each load of 50KN, and the curve of the 
vertical displacement along with the load is drawn as 
shown in Fig. 10. 

As shown in Fig. 10, the curve gradient of model Z8 
is the largest and the curve gradient of model Z1 is the 
smallest, as the test progresses, the trend of model Z1-
Z5 is almost the same, but the curve gradient of model 
Z6-Z8 is more and more big, and the corresponding 
vertical displacement is more and more. Therefore, it 
can be concluded that when the moisture content of soil 
is less than 20.5%. The bearing capacity of the pile under 
compression should be multiplied by a relatively 
coefficient more than 1, when the bearing capacity is 
estimated in practical engineering. When the moisture 
content is above 22.2%, it should be multiplied by a 
relatively coefficient less than 1. 

COMPARATIVE ANALYSIS OF MODEL TEST 
AND SIMULATION ANALYSIS 

Taking the CEP pile with moisture content of soil is 
17% as an example, the changing trend of displacement-

Table 3. The relation between pile and moisture content 
Pile name Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 

Moisture content 15% 17% 19% 20.5% 21% 22.2% 25% 26% 
 

 
X- Load (KN)    Y-Displacement (mm) 

Fig. 10. The load- displacement curve of the model with different moisture content 
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load curve in the test and simulation analysis is listed, in 
which the No. 4 compression test pile corresponds to 
the No. 2 compression simulation pile, as shown in Fig. 
11. Comparing the load-displacement curves of test and 
simulation analysis, it can be seen that the displacement 
of the pile No.4 at compression test increases with the 
load increasing, and the curve is convex. The change 
trend of two curve is similar, that is, the displacement 
of the pile No.2 at compression simulation analysis is 
also increased with the increasing of load, and the curve 
of the pile is also convex. Through the study, the reason 
why the displacement-load curve of the test pile and the 
simulated pile is changed into a convex line type, which 
is initially thought to be due to the bearing plate bears 
most of the load, and in this process, the vertical 
displacement of the pile is relatively small4. The 
difference is that the points inside the displacement-
load curve obtained by the model test are discrete, 
which is due to the non ideal state caused by model test, 
and can not be avoided. Both the test and the simulation 
studies agree with each other. 

MODIFICATION OF CALCULATION 
FORMULA OF THE SINGLE CEP PILE 

The calculation model of the single pile under 
vertical compression has been obtained as follow: 

 𝐹𝐹𝐶𝐶 = 𝐹𝐹𝐸𝐸𝐸𝐸 + 𝐹𝐹𝐸𝐸𝐸𝐸 + 𝐹𝐹𝑆𝑆𝐸𝐸 (1) 

(Note: 𝐶𝐶: Compression; 𝐸𝐸𝐸𝐸: the end of pile; 𝐸𝐸: plate 
of pile; 𝑆𝑆𝐸𝐸: the side of pile)  

In the case of different moisture content of soil, the 
ultimate bearing capacity of single pile obtained by 
simulation analysis and the ultimate bearing capacity of 

single pile obtained by calculating formula are shown in 
Table 4. 

It can be seen from Table 4, due to different 
moisture content of soil, there will be a big difference 
between the ultimate bearing capacity of the single CEP 
pile obtained by calculating formula and obtained by 
simulation analysis under compression, and there is a 
certain ratio between the two, the coefficient 𝜆𝜆 is taken 
as the theoretical formula the amplification or reduction 
coefficient. 

CONCLUSION 
Through the small environmental engineering 

model test of undisturbed soil, it can be obtained that 
when the moisture content soil is less than 20.5%, the 
compressive bearing capacity of the CEP pile is larger, 
so when the bearing capacity of the CEP pile is 
estimated in the actual environmental engineering 
prediction, it should be multiplied by a relatively 
coefficient more than 1. When the moisture content of 
the soil layer is more than 22.2%, the compressive 
bearing capacity of the CEP pile is smaller, while the 
bearing capacity of the CEP pile is estimated in the 
actual engineering prediction, it should be multiplied by 
a relatively coefficient less than 1. 

Meanwhile comparing the results of the 
environmental engineering model test and simulation 
analysis, the failure of soil surrounding the pile is 
basically same, with the load increasing, the degree of 
compaction of the soil under the plate is also increasing 
ecologically. Finally, the compacted soil under the plate 
are inclined downwards along the plate of pile and with 
a “heart-shaped” distribution, and the failure of soil 

   
Y-load(KN)  X-displacement(mm)                          Y-load(KN)  X-displacement(mm) 

(a) No.4 test pile                                               (b) No.2 simulation pile 
Fig. 11. The load-displacement curve of the test pile and simulation pile. 

Table 4. The ultimate bearing capacity of different pile model 
Pile No. Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 

Simulated ultimate bearing capacity 
(KN) 1600 1600 1300 1100 900 800 600 500 

Calculated ultimate bearing capacity 
(KN) 1073 987 1011 840 698 949 874 831 

𝜆𝜆 1.57 1.62 1.28 1.31 1.29 0.84 0.69 0.6 
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surrounding the pile is also proved that the resistance of 
the end of plate, which is calculated by the line slip 
theory, is more consistent with the actual situation. 

When the moisture content of soil is less than 17%, 
the proportion coefficient is close to 1.6, when more 
than 19% and less than 21%, it is close to 1.3,when more 
than 21% and less than 25%, it is about 0.8, when more 
than 25%, the proportion coefficient is the smallest and 
about 0.6. 

The results above are ecologically reliable basis for 
the design and resource recovery of the CEP pile, which 
contributes to the promotion of the technology, and 
further expands the social benefits and environmental 
benefits of the CEP pile. 
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