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1. Introduction 
 

The construction of embankments with deep weak soils 

is a widespread challenge and risk. In general, weak ground 

needs to reach the desired settlement or shear strength 

before infrastructure construction (Qin 2020). To reinforce 

soft soil foundations, many methods have been used under 

different conditions (Le 2022, Wang 2022, Peng, 2022). 

Rubber drainage columns can reduce liquefaction more 

effectively than can gravel drainage columns (Bahadori 

2018), but the drainage consolidation method may be a 

time-consuming conventional method. It is difficult for 

PHC (prestressed high-strength concrete) pile design to 

guarantee the quality of pile joints and be economical, and 

the construction of this pile type could greatly disturb the 

surrounding soil. Deep mixing columns can reduce the 

seismic response of foundations (Hasheminezhad 2019), yet 

it is difficult to control the quality of banks in the bottom 

part of deep foundations (Hasheminezhad 2020, Pan 2020). 

Since the middle of the last century, many countries have 

studied the application of pervious concrete. The most 

representative pervious concrete is sand-free concrete, 

which was first proposed by Tamai (1992), and it has been 

used for water purification. With the properties of a high  
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pore ratio and high permeability, scholars have focused on 

pervious concrete because it has not only a high 

permeability but also a high strength and stiffness (Neville, 

1996, Montes 2005, Haselbach 2007, Kayhanian 2012). 

Pervious concrete is a mixture of narrowly graded 

coarse aggregates and cement that forms an interconnected 

macroporous internal matrix and a very porous structure 

(Neithalath 2010, Huang 2010, ACI 2010, Yahia 2014). The 

porosity of pervious concrete usually ranges from 15% to 

35% (ACI. 2006), its compressive strength is between 2.8 

and 28.0 MPa (Malaiskiene 2020, Teja Munaga 2020), and 

its permeability coefficient is usually 2.0-5.4 mm/s (Tennis 

2004). Pavement materials are used for the subsequent 

application and support of pervious concrete (Ghafoori 

1995, Tennis 2004 Qin 2016); they improve the 

environmental conditions for the application of pervious 

concrete to pavement (Schaefer 2006). 

Suleiman (2014) proposed a new ground improvement 

method of pervious concrete piles. Compared with other 

piles, pervious concrete piles can provide a good drainage 

system and have a high shear strength. During the 

consolidation process, the water in the soil seeps through 

the pervious concrete in the radial direction, and the water 

drains from the core hole of the pile in the vertical direction. 

Additionally, pervious concrete can provide a rigid surface 

and a high friction resistance, promoting its application. 

Because of the use of a higher-strength cement, pervious 

concrete piles have more bearing capacity than sand 

drainage columns. Based on these advantages, pervious 

concrete piles have attracted the attention of scholars. Lin 

(2016) demonstrated the load‒displacement response, load 

transfer, and load bearing capacity of pervious concrete 

piles under compressive loading; Cui (2021) revealed the 

corresponding mechanism of porosity reduction and  
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proposed a dynamic clogging model; Ni (2016) proposed a 

stress response trend. Compared with conventional piles, 

pervious concrete piles can accelerate the load response and 

pore water dissipation (Zhang et al. 2017) and provide a 

higher ultimate shear strength (Rashma et al. 2021). These 

results show that this type of pile has the advantages of both 

permeability and strength and can be combined with soil to 

reform a composite foundation. 

The underlying layer of a foundation is essential for 

foundation stability; if the capacity of the underlying layer 

is less than that of the composite foundation, the bearing 

capacity must be checked. Pervious concrete piles have 

been found to be sensitive to the type of underlying layer in 

a composite foundation: for example, a sand layer 

(Bahadori 2015, Bahadori 2018) can provide more bearing 

capacity than a silt layer. On the one hand, the pervious 

concrete pile has high strength and can provide a vertical 

bearing force; on the other hand, the rough surface of the 

pile can provide a large frictional force. To reveal the 

mechanical performance and bearing characteristics of 

pervious concrete piles in different underlying layers, a 

model test method was used to evaluate the mechanical 

response of pervious concrete piles in sandy and silty 

underlying layers. 

 
 

2. Test materials 
 
2.1 Soils and engineering properties 
 

The silty soil was taken from the Dafenggang section of 

the Huaiyan expressway, Yancheng city. This area hosts a 

set of coastal loose deposits that formed during the Miocene  

 

 

 

to middle Pleistocene and is mainly composed of fine-

grained clay and silty clay. The middle part is mainly 

composed of coarse-grained sand layers, and the upper part 

is mainly composed of silty clay. The sandy soil was taken 

from the Nanjing section of the Yangtze River. In this area, 

the upper soil consists of silty clay, fine sand, and silt, 

which formed Holocene alluvial deposits. 

To analyze the engineering properties of the silt and 

sand, laboratory tests were conducted. Fig. 1 shows the 

grain size distributions of the silt and sand. The sand sample 

is fine sand, with a sand particle content of 92.7% and silt 

particle content of 7.3%. The silt includes 14.5% sand 

particles and 8.7% of silt particles. The engineering 

properties are shown in Table 1. 

 
2.2 Pervious concrete 
 

According to previous research, pervious concrete 

consists of only cement and aggregate. Therefore, following 

the suggestions of the Technical Specifications for Pervious 

Concrete Pavements (CJJ/T 135-2009), 3-5 mm aggregates 

and P.O. 52.5 cement (ordinary Portland cement) were used, 

and the cement and aggregate parameters are shown in 

Tables 2 and 3. 

A series of tests were carried out to reveal the 

relationship between the designed porosity and effective 

porosity. The analysis considered the standard deviation and 

average values. As shown in Fig. 2(a), as the designed 

porosity increases, the effective porosity also increases. The 

designed porosities of 30% and 35% have the most similar 

average effective porosities. Thus, 30% and 35% designed 

porosities were selected for further analysis. The 

relationships among the 28-day compressive strength,  

 

Fig. 1 Grain size distribution of the silty soil 

Table 1 Parameters of the soils 

Soil wL (%) wP (%) IP ρn (g/cm3) ρdmax (g/cm3) Gs (g/cm3) c (kPa) φ (°) Es (MPa) 

Silt 32.8 24.4 8.4 1.79 - 2.74 28.5 23.9 8.48 

Sand - - - - 1.429 2.66 3.5 32.6 24.81 
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Table 2 The parameters of the aggregates 

Aggregate size 

(mm) 

Specific gravity Gs 

(g/cm3) 

Density ρ 

(g/cm3) 

porosity 

(%) 

3-5 2.632 1.587 39.7 

 

Table 3 The parameters of the cement 

Compressive strength 

(MPa) 
Setting time (min) 

Specific surface 

(m2/kg) 
3 days 28 days 

Initial 

setting 

Final 

setting 

33.8 58.0 115 184 381 

 

 

 
(a) 

 
(b) 

Fig. 2 Relationship between the designed porosity and 

effective porosity and between the compressive strength 

and permeability 

 

 

designed porosity, and permeability are shown in Fig. 2(b). 

The 28-day compressive strength decreased with the 

designed porosity, but the permeability increased with the 

designed porosity. There is an inversely proportional 

relationship between the 28-day compressive strength and 

permeability. Therefore, considering the permeability and 

strength of pervious concrete, 30% porosity was selected as 

the target porosity. 

Table 4 Mix proportions per cubic meter of the pervious 

concrete 

Target porosity (%) Aggregate (kg/m³) Cement (kg/m³) Water (kg) 

30 1.555 261 78 

 

 
(a) Top view 

 
(b) Side view 

Fig. 3 Model pile 

 

 

According to Technical specification for pervious 

cement concrete pavement (CJJ/T 135-2009), the mix 

proportions of the pervious concrete per unit volume were 

obtained, as shown in Table 4. 

 

2.3 Model pile 
 

The technical code for the composite foundation of a 

pervious pile (DB37/T 5124-2018) recommends that the 

diameter and pile spacing for the composite foundation of 

the pervious pile be 300-500 mm, and Zhang et al. (2017) 

suggested that the pile spacing be three times the pile 

diameter. Therefore, the external diameter of the model was 

70 mm (D), the internal diameter was 20 mm (d), and the 

length was 500 mm (l) (Fig. 3). 
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3. Test facility and processes 
 
3.1 Test facility 
 
To avoid boundary effects, the size of the model box 

was chosen to be 1 m × 1 m × 1.2 m, and the acquisition 

system is shown in Fig. 4(a). Before the test, the pervious 

concrete piles were cured for 28 days under standard 

conditions. Then, the pile was divided into six sections, 

each 100 mm long, except for the top and the end sections 

of the pile, which were only 50 mm long each. Pressure 

sensors were used to measure stress, and strain gauges were 

used to measure strain (see Fig. 4(b)-4(d)). The model box 

was filled with soil, and the underlying layer was either 

silty or sandy soil. 

Eight layers (10 cm each) were used to fill the soil in the 

model box to maintain soil uniformity. When filling the 

sand soil, the water for each layer was added first before the 

sand, which was then compacted to the specified elevation.  

 

Table 5 Parameters for the soil in the test 

Soil ρ (g/cm3) w (%) e Dr Sr (%) 

Silt 1.919 29.5 0.849 2.74 95.2 

Sand 1.968 23.8 0.673 2.66 94.1 

 
 
When a reasonable depth was reached, the model pile was 
placed, and filling continued to the designed height. For the 
silty soil, the silt was dried and crushed; then, the silty soil 
with a water content of 30% was thoroughly mixed to 
achieve good uniformity, reducing the air bubbles in the 
soil. After filling, each layer was allowed to rest for 12 
hours, and the model box was covered with plastic film to 
prevent evaporation. When filling to a height of 80 cm, the 
pile was driven to the designed depth. Afterward, the model 
box was allowed to rest for at least seven days, until the 
excess pore pressure dissipated completely. Then, the soil 
was sampled and tested; the average values of the 
parameters are shown in Table 5. 
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(a) Test facility (b) Sensor arrangement 
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(c) Pervious pile side view 

 
(d) Impervious pile side view 

Fig. 4 Test facility (unit: mm) 
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(a) Underlying layer: silty soil 

 
(b) Underlying layer: sandy soil 

Fig. 5 Pervious concrete piles with different underlying 

layers (unit: mm) 

 
 
3.2 Test processes 
 
Coarse sand with a geotextile is placed on the 

foundation as the cushion, with a thickness of 50 mm (Fig. 

5). According to the Chinese Technical Code GB/T 50783-

2012 for composite foundations, the slow continuous 

loading method was applied as the loading procedure. First, 

5%-10% of the maximum load was used for preloading; 

afterward, the cargo was unloaded, and the formal test 

started. When the settlement slowed and stabilized during 

the trial, the next load stage continued. Due to the higher 

bearing capacity of the sand foundation, the loads applied at 

each step were twice those of the silt foundation. The 

loading termination criterion was the observation of a crack 

on the surface of the composite foundation, and the 

maximum loads for the silt and sand foundations were 4800 

N and 6800 N, respectively. The drainage pipe was set to 

acquire the bearing characteristics when draining the soil 

water, and the maximum pumping rate was 100 ml/min. 

 

 
4. Comparison of the test results for the pervious 
and conventional piles  

 
4.1 Axial force 
 
A comparison of the axial forces in the silt between the 

pervious and impervious pile cases under load levels of  

 
Fig. 6 The axial force results obtained under different loads 

 
 

1200 N, 2800 N, and 4400 N is shown in Fig. 6. The results 

show that at low load levels, there is little difference in the 

axial forces at the tops of the pervious and impervious piles. 

This indicates that in the initial loading stage, the loads 

shared by the piles in the composite foundation are similar. 

However, the amplitude of the axial force attenuation of 

pervious piles along the depth direction of the foundation is 

greater than that of impervious piles, indicating that for 

pervious piles, the lateral friction resistance along the pile 

body is greater than that for impervious piles. As the load 

increases, the increase in axial force at the top of the 

pervious pile is smaller than that at the top of the 

impervious pile. This is because pervious piles are 

permeable, and the bearing capacity of the soil around the 

pile increases rapidly under drainage and consolidation. The 

foundation soil bears a greater load, and the pile bears a 

lesser load, resulting in a smaller increase in the axial force 

on the pile. In the later stage of loading, both the pervious 

and impervious piles experienced varying degrees of 

penetration into the underlying layer. Due to the high lateral 

friction resistance of pervious piles and the high bearing 

capacity of the foundation soil, the penetration of these pile 

into the underlying layer is relatively small, and the piles 

bears more of the loads (Liu 2012, Yu 2020), resulting in 

higher axial forces.  

 
4.2 Pore water pressure dissipation 
 

The curves of the pore water pressure dissipation results 

in the middle of the pervious and impervious concrete piles 

during pile sinking are shown in Fig. 7. During the 

penetration of a pervious concrete pile into the foundation, 

significant excess pore pressure is generated mainly at the 

middle of the pile body (d = 250 mm, depth), which is 1D 

(D =50 mm, diameter) away from the center of the pile, 

while the impact of excess pore pressure at position 2D 

(100 mm) is significantly smaller. The green horizontal line 

in Fig. 7 represents the 1 kPa overpressure line. For position 

1D, the overpressure drops below 1 kPa at approximately 

500 seconds. The dissipation time of the excess pore 

pressure of the pervious piles at position 1D is 

approximately 75% shorter than that of the impervious piles  
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Fig. 7 The excess pore water pressure dissipation 

 

 

at the same position, while the dissipation time of the 

excess pore pressure of the pervious piles at position 2D is 

approximately 50% shorter than that of the impervious 

piles. These results are consistent with those of former 

researchers (Wang 2024, Gong 2022). Therefore, the 

dissipation rate of excess pore pressure in pervious concrete 

piles is significantly faster than that in impervious concrete 

piles. In the radial direction, the excess pore water pressure 

dissipation is positively correlated with distance, which may 

be related to the longer soil drainage path and greater 

compactness of the foundation. 

 

 

5. Comparison of the results obtained for the sandy 
and silty underlying layers 

 

5.1 Load‒settlement response 
 

The bearing capacity of a composite foundation with a 

sandy underlying layer may be very high, and it is difficult 

for this material to reach its ultimate bearing capacity state 

during model test loading. According to the Technical Code 

for Composite Foundation (GB/T 50783-2012), a test can 

be terminated when the load reaches the predetermined 

maximum value. Fig. 8 presents the measured load‒

settlement responses of the different underlying layers. With 

increasing load, the settlement of the silt foundation 

increases in a stepwise manner. The characteristic value of 

the bearing capacity of the foundation with a sandy 

underlying layer can reach 86 kPa. The foundation with a 

silty underlying layer is 58 kPa; the difference in the 

bearing capacity between these two foundations is 28 kPa. 

The bearing capacity of the silt foundation is 33% lower 

than that of the sand foundation. However, with increasing 

soil layer thickness and pile length, soil can provide more 

support and thus increase the bearing capacity of the 

foundation (Zhou et al. 2015). As a result, the difference in 

bearing capacity of pervious concrete piles in different 

underlying layers may decrease. 

Fig. 9 shows the pile‒soil stress ratio for foundations 

with different underlying layers. Compared with that of the 

silty underlying layer, the pile‒soil stress ratio of the sandy  

 
Fig. 8 Load‒settlement responses of foundations with 

different underlying layers 

 

 
Fig. 9 Pile‒soil stress ratios for foundations with different 

underlying layers 

 

 

underlying layer shows a rapid change with time throughout 

the loading process. The maximum values of the pile‒soil 

stress ratio of the pervious piles in the silty and sandy 

underlying layers reach 26 and 27, respectively. These 

results indicate that although the two curve types are 

different, the final pile‒soil stress ratio is almost the same. 

This is because the pile tip is in the underlying layer, and 

the deformation of the pile is small. The load is mainly 

transmitted to the bearing layer through the pile, while the 

load shared with the foundation soil is negligible. 

Therefore, foundation soil consolidation and bearing 

capacity improvement have little impact on the pile‒soil 

stress ratio. The dissipation of pore water can increase 

during consolidation of the sand underlying layer. As a 

result, the drainage path in the sandy underlying layer is 

shorter than that in the silty underlying layer, the 

consolidation is more efficient, and the pile‒soil stress ratio 

is more easily stabilized. Therefore, throughout the loading 

process, the change in the pile‒soil stress ratio of the 

pervious pile in the underlying sandy soil layer is nearly 

zero at each load level, and the change in the pile‒soil stress 

ratio is small in the later stage of loading. 

The variations in the pile‒soil stress ratios (final value) 

with the load in the silty and sandy underlying layer  
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Fig. 10 Changes in the pile‒soil stress ratios with 

increasing load 

 

 

foundations is shown in Fig. 10. When the load is low and 

the underlying layer is the bearing layer, the bearing 

capacity of the pervious concrete pile is high, and the 

settlement of the composite foundation under the load is 

small. In this case, the pile bears more of the stress, and the 

pile‒soil stress ratio is approximately 24, while the pile‒soil 

stress ratio of the foundation in the underlying silty soil 

layer is only approximately 5. With increasing load, the 

pile‒soil stress ratio increases, reaching a maximum value 

of 27. The pile‒soil stress ratio of the pervious concrete pile 

composite foundation with a silty underlying layer is 6. 

After the pile‒soil stress ratio of the sandy underlying layer 

peaks, it decreases gradually. The pile‒soil stress ratio of 

the underlying silty layer increases to 21 and then 

decreases. Due to the small settlement and side friction of 

pervious concrete piles, the load transfer along the 

foundation depth is efficient. With increasing load, the pile 

tip penetrates the underlying layer, the bearing capacity of 

the foundation soil increases rapidly during this process, the 

shared load increases, and the pile‒soil stress ratio 

decreases gradually. 

The results of the pile‒soil stress ratio show that the 

pile‒soil stress ratio of the pervious pile foundation is only 

high in the early stage. With increasing load, the difference 

between the pile‒soil stress ratios of the two underlying 

layers before the penetration of the underlying layer is low. 

Their bearing characteristics are also similar, as discussed 

below. 

 
5.2 Bearing characteristics 
 

The strain distribution of a pile can be obtained with 

strain gauges along the shaft of the pile, and the average 

pile axial force at the measured depth (QZ) in the model 

pervious concrete pile can be calculated as 

zQ E A  (1) 

where E is the elastic modulus of the pile with a porosity of 

30%, GPa; ε is the strain of the pile at the designed section; 

and A is the cross-sectional area of the pile, m2. 

The axial force distribution between different 

underlying layers is shown in Fig. 11. The figure shows the  

 
(a) Underlying layer: silty soil 

 
(b) Underlying layer: sandy soil 

Fig. 11 Distribution of the axial force between different 

underlying layers 

 

 

difference in axial force characteristics between the silty 

and sandy underlying layers. The axial force of the pervious 

concrete pile decreases with increasing depth in the 

foundation with a silty underlying layer. The axial force in 

the sand foundation is uniformly distributed with depth, 

except at the pile tip. The pile can provide more bearing 

capacity with the underlying layer of sandy soil than with 

the underlying layer of silty soil. Therefore, the axial force 

at the pile top is more significant. The maximum axial force 

in the sand can reach 4.7 kN and 1.8 kN greater than the 

maximum axial force in the silt. 

The responses of the axial force under different loads of 

the underlying layers are plotted in Fig. 12. The axial force 

of the pervious concrete pile in the sandy underlying layer 

is greater than that in the underlying silty layer under 

various loads. Under a lower load, the settlement 

deformation of the composite foundation with a silty 

underlying layer is obvious, so the skin friction is 

considerable, and the attenuation of the axial force along the 

depth is more prominent. With increasing load (under 2800 

N and 4400 N), the difference between the axial force of the 

pervious pile in the silty underlying layer and that in the 

sandy underlying layer decreases gradually. This 

phenomenon indicates that the load shared by the pile  
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increased significantly. At the same time, the axial force 

attenuation of the porous concrete pile in the silty 

underlying layer is more evident along the depth direction, 

so its side friction resistance is more remarkable. The 

greater the resistance at the pile end, the more external load 

it bears. The pile experiences significant downward 

penetration deformation, which leads to an increase in the 

additional stress in the underlying soil layer and a decrease 

in the load born by the reinforced soil layer (Han 2023). 

The skin friction of a pile foundation is an essential 

parameter for its design and analysis (Wu et al. 2015). The 

distribution of the skin friction along the shaft of a pile can 

be computed by dividing the difference between two 

consecutive axial forces by the surface area between the 

two strain gauges. 

An element pile mass with side measurements of dz and 

D is shown in Fig. 13. According to the equations of 

equilibrium, the skin friction qs is 

1 d ( )
( )

d
s

Q z
q z

D z
    (2) 

where z is the depth, mm; N is the axial force, kN; and D is 

the diameter of the pile, m. The skin friction (Qs) of  

 

 

 

pervious concrete is related to the displacement of the pile 

and soil. 

If the length of the pervious concrete pile is l (mm), the 

whole skin friction Qs is 

0

1 d ( )

d

l

s

Q z Q
Q

D z dl 
     (3) 

Then, the pile skin friction in each section can be 

calculated with 

1 2
s

Q Q
q

D L





 (4) 

where Q1 and Q2 are the axial forces of the two adjacent 

cross-sections, kN, and ΔL is the length between the two 

cross-sections. 

Fig. 14 presents the distributions of unit skin friction 

along the pile shaft in different underlying layers. The 

results show that the unit skin friction generally increases 

with the applied load. In Fig. 14(a), the pile skin friction is 

mainly concentrated at the pile tip. Because the pile top 

penetrates the cushion layer, the pile top skin friction is 

negative at the initial stage of loading in both the silty and  

 

Fig. 12 Comparison of axial forces under different loads 

 

Fig. 13 Notations for equations of equilibrium 
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(a) Underlying layer: silty soil 

 
(b) Underlying layer: sandy soil 

Fig. 14 Comparison of skin frictions under different 

loads 

 

 

sandy underlying layer foundations. Comparing Fig. 14(a) 

and Fig. 14(b), the pile settlement in the silty underlying 

layer foundation is more significant, and its skin friction 

resistance is also better. Therefore, the pile side friction 

resistance difference in the whole process is positive. 

A comparison of the skin friction characteristics of the 

silty and sandy underlying layer foundations during loading 

is shown in Fig. 15. In Fig. 15(a), the skin friction is mainly 

concentrated at the pile tip (sections 5 and 6), and the skin 

friction of the pile top is negative at the initial stage of 

loading (400-2800 N in section 1). Fig. 15(b) shows that the 

skin friction of the pile in the silty underlying layer is more 

efficient than that in the sand layer during the consolidation 

process because the settlement of the underlying layer of 

silt is more evident than that of the sand layer. Therefore, 

the difference in the pile skin friction is positive during the 

loading process. The contrast of the pile skin friction 

increases with depth in both the silt and the underlying 

layer, so increasing the pile length can significantly increase 

the bearing capacity of the pile with a small tip resistance. 

Under a load of 4400 N, the difference in the pile skin 

friction under the two bearing modes also increases 

gradually along the depth direction except for at the pile top 

(0–50 mm). Therefore, increasing the pile length can 

significantly increase the bearing capacity of the pile. 

 
(a) Skin friction distribution 

 
(b) Difference of skin friction 

Fig. 15 Comparison of skin friction results along pile 

depth 

 

 

The relationship between the pile skin friction and the 

settlement of the composite foundations with silty and 

sandy underlying layers is shown in Fig. 16. The results 

show that the skin friction of section 6 (pile tip) is 

considerably greater than that of the other sections (sections 

1–5). In the early settlement stage, the pile skin friction is 

also more significant than that at different positions. There 

are two reasons for this phenomenon. One reason is that the 

underlying layer is compacted by pile sinking, the soil in 

the pile tip is denser than that in other places; the other 

reason is that the increase in skin friction with the small 

settlement is still primarily due to the soil plugging effect. 

The skin friction of other parts of the pile increases slightly 

because the relative settlement of the pile and soil is small 

(Yang, 2015). Considering the settlement of the composite 

foundation in the last loading process (see Fig. 8), the minor 

increase in skin friction, and the significant compensation, 

this case indicated that the deformation of the composite 

foundation might be caused by the adjustment deformation 

of the cushion when the pile top pierces upward into the 

pillow. 

Fig. 17 shows a comparison of the mean skin frictions 

of the pervious concrete piles under the different loading 

processes. The results indicate that the skin friction of the 

pervious pile increases slowly in the sandy underlying  
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(a) Underlying layer: silty soil 

 
(b) Underlying layer: sandy soil 

Fig. 16 Comparison curves of the distributions of skin 

friction under different loads 

 

 

layer; the greater the axial force (combined with Fig. 8) is, 

the greater the bearing capacity of the pile provided by the 

pile tip. For example, at a load of 4800 N, the skin friction 

is 1.51 kPa in the sandy underlying layer and 5.27 kPa in 

the silt layer. At this load, the skin friction of the silty 

underlying layer is 3.5 times that of the sand layer. 

 
 
6. Discussions 

 
6.1 Comparison of pervious and impervious concrete 

piles 
 
The reinforcement mechanism of the pervious concrete pile 

foundation reinforcement technology has three advantages: 

first, the porous structure allows drainage through the piles; 

second, the rough surface provides more friction along the 

piles; and third, the use of high-strength ordinary Portland 

cement provides a pile bearing capacity sufficient to support 

the vertical load. These characteristics accelerate soil 

consolidation. As shown in Fig. 8, the pervious concrete piles 

have a high compressive strength; driving into the underlying 

layer can provide end resistance. Therefore, the bearing 

capacity of the soil near a pervious concrete pile is improved,  

 
Fig. 17 Comparison of skin frictions under different loads 

 

 
Fig. 18 Schematic of the application of the pervious 

concrete piles 

 

 

and the stiffness of the pile can ensure its share of the upper 

load, so the bearing capacity of the composite foundation can 

be enhanced. Furthermore, a pile body is a continuous porous 

medium; the soil embedded in the pile body can provide 

frictional resistance for the composite foundation in the 

reinforcement process. 

 
6.2 Comparison of different underlying layers 
 
The penetration of a pile into a cushion or underlying layer 

to produce deformation is a necessary condition for the pile 

and soil to bear the load together. The vertical stress of a 

pervious concrete pile Q is 

s pQ Q Q   (5) 

where Qs is the skin friction of the pervious concrete pile and 

Qp is the end resistance of the pervious concrete pile. 

The different responses of the settlement, pile‒soil stress 

ratio, axial force, and skin friction in the different composite 

foundations reveal that the pervious concrete piles in these 

foundations perform differently. The bearing capacity of silt is 

lower than that of sand, and so the silty underlying layer cannot 

provide a sufficient bearing capacity at a high load level. 

Therefore, in the consolidation process, a pervious concrete 

pile settles with the soil, and pore water dissipates through the  
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(a) Underlying layer: silty soil 

 
(b) Underlying layer: sandy soil 

Fig. 19 The mechanical performance of pervious concrete 

piles in different underlying layers 

 

 

pervious concrete pile; thus, the pile deformation cannot 

coordinate with the soil deformation, and the pervious concrete 

pile functions as a floating pile (Fig. 19(a)). However, 

regarding a sandy underlying layer, sandy soil can provide a 

greater bearing capacity than silty soil, the load is transferred 

from the pile to the sand layer, which bears the burden, and the 

pervious concrete pile acts as an end-bearing pile (Fig. 19(b)). 

Even though the mechanical performance of pervious concrete 

piles depends on the underlying layer, the same methods used 

for impervious concrete piles are used to improve the bearing 

capacity of pervious concrete piles. 

 
 
7. Conclusions 
 

The pervious concrete model piles were applied in silty and 

sandy underlying layers to investigate the bearing 

characteristics of the pervious concrete piles in composite 

foundations. As a result, the settlement, pile‒soil stress ratio, 

and skin friction during multistage loading were obtained for 

comparison. The main conclusions were as follows: 

 Pervious concrete piles with porous structures, rough 

surfaces and high-strength, they can provide the same 

strength and drainage path as impervious concrete piles 

while accelerating foundation consolidation and 

increasing the foundation bearing capacity. 

 The bearing capacity of a silty underlying layer foundation 

is 33% lower than that with a sandy underlying layer 

foundation. However, with increasing soil layer thickness 

and pile length, the difference in the bearing capacities of 

pervious concrete piles in different underlying layers may 

decrease. 

 The pile‒soil stress ratio of the sandy underlying layer 

increases rapidly and decreases after it reaches the peak 

value of 27. On the other hand, the pile‒soil stress ratio of 

the silty underlying layer increases gradually and 

decreases after it reaches the maximum value of 26. The 

maximum pile‒soil stress ratios of the two foundation 

types are not different. 

 The maximum axial force of a pervious pile in the sand 

can reach 4.7 kN, which is 1.8 kN greater than the 

ultimate force in the silt. Therefore, the skin friction of the 

pervious pile in silt is nearly 2 kN greater than that in 

sand. These results indicate that the pervious concrete pile 

in the sandy underlying layer can provide more axial force 

than that in the silty underlying layer, and the pervious 

concrete pile in the silty underlying layer can provide 

more skin friction than that in the sandy underlying layer. 

 The performance of pervious concrete piles in the silty 

and sand underlying layer foundations varies, and these 

piles can reinforce foundations in different ways. In an 

underlying layer of silt, which has a bearing capacity 

lower than that of sand, the pile functions as a friction pile. 

In an underlying layer of sand, which has a bearing 

capacity higher than that of silt, the pile functions as an 

end-bearing pile. 
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