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Abstract. Permeable concrete, characterized by continuous porosity, offers excellent properties 

such as breathability, water permeability, sound absorption, water purification, and 

environmental enhancement. This paper comprehensively reviews previous research on 

permeable concrete, encompassing studies on mix design, workability, mechanical properties, 

drainage performance, sound absorption, and durability. It also discusses improvement measures 

and application prospects. Research indicates that the performance of permeable concrete is 

influenced by factors such as mix design, material composition, and construction techniques. 

Optimizing mix design, modifying material composition, and enhancing workability and 

mechanical properties can further improve the performance of permeable concrete. Permeable 

concrete shows broad application prospects in road engineering, landscaping, and environmental 

engineering, but further research and standardization are needed to support its widespread 

adoption. 

Keywords: Permeable concrete, mix design, mechanical properties, drainage performance, 

sound absorption, durability. 

1.  Introduction 

Compared to conventional concrete, permeable concrete possesses numerous outstanding properties 

such as breathability, water permeability, sound absorption, water purification, improvement of surface 

soil environments, mitigation of surface runoff, and alleviation of urban heat island effects. Due to these 

excellent characteristics, permeable concrete has garnered significant attention within the context of 

sustainable development and ecological balance [1]. Developed countries like Europe, the United States, 

Japan, and South Korea began researching and developing permeable concrete over 50 years ago, and it 

has since been widely applied in various fields such as road engineering, landscaping, and environmental 

engineering, yielding positive societal, environmental, and ecological outcomes [2]. Research on 

permeable concrete in China started relatively late, but since 1995, numerous domestic research teams 

have achieved significant advancements in this area. In practical engineering applications, permeable 

concrete has been successfully employed in projects such as the Beijing Olympic Park and the Shanghai 

World Expo Park, showcasing its excellent permeability and visual effects. However, research and 

application of permeable concrete still face various challenges, including technological maturity, 

Proceedings of  the 2nd International  Conference on Functional  Materials  and Civil  Engineering 
DOI:  10.54254/2755-2721/89/20241060 

© 2024 The Authors.  This  is  an open access article  distributed under the terms of  the Creative Commons Attribution License 4.0 
(https://creativecommons.org/licenses/by/4.0/).  

113 



 

 

standardization issues, and fundamental theoretical aspects [3]. Therefore, further research into 

permeable concrete is not only necessary but also a future trend in research development. 

2.  Factors Influencing Basic Properties of Permeable Concrete 

2.1.  Aggregate 

Numerous researchers have conducted extensive work on the mix design and experimental research of 

permeable concrete using orthogonal experimental methods. The main research content and 

achievements are as follows: Analyzing the mix design methods of permeable concrete, comparing 

different mix design methods, and providing examples of basic mix design using volumetric methods. 

Orthogonal experimental methods were employed for the mix design of permeable concrete, analyzing 

and comparing the results of each test group. The study discussed the primary and secondary factors 

affecting the compressive strength and permeability of permeable concrete, and identified the optimal 

mix design. Compressive strength, porosity, and permeability coefficient of permeable concrete were 

determined. Methods to improve the strength of permeable concrete while achieving basic permeability 

were studied, discussing the effects of sand ratio and molding methods on its performance. Relationships 

between porosity and permeability coefficient, porosity and compressive strength, and permeability 

coefficient and compressive strength of permeable concrete were researched, providing fitting 

relationships, and conducting multivariate linear regression analysis on various experimental factors [4]. 

Finding suitable material compositions for high-performance permeable concrete mix design can 

fundamentally improve its mechanical properties. Based on the viewpoint that concrete is a biphasic 

material, rheological tests were conducted to understand the rheological properties of the matrix, 

followed by uniformly adding aggregate fillers to explore the composition and properties of the resulting 

permeable concrete [5]. 

2.2.  Workability 

Workability significantly influences the cost and quality of permeable concrete, serving as a key factor 

in determining the difficulty of construction operations and engineering quality. Therefore, good 

workability is essential for freshly mixed permeable concrete. To ensure good workability of permeable 

concrete, it is crucial to master appropriate mix proportions and select suitable raw materials, admixtures, 

and additives [6]. Moreover, mixing, pouring, compaction, and curing during construction also 

significantly affect workability and require strict control to ensure the quality of permeable concrete. 

Through detailed exploration and optimization of these aspects, we can enhance the workability of 

permeable concrete, reduce construction difficulty and costs, and improve engineering quality [7]. 

Additionally, the durability of the designed concrete should not be too low, as frost resistance is a critical 

factor determining the service life of concrete in cold regions [8]. 

Yang Lixiang and other scholars compared the effects of different water-to-binder ratios and the 

amount of admixture on the fluidity of cementitious material slurry, exploring the coupling effect 

between slurry fluidity and the mass ratio of medium sand to slurry on the thickness variation of recycled 

coarse aggregate-coated mortar. In the study, mathematical models were established to relate the fluidity 

of cementitious material slurry with the amount of admixture, the thickness of recycled coarse 

aggregate-coated mortar with slurry fluidity, and the mass ratio of medium sand to slurry. These models 

were then applied to the mix design of pervious concrete [9]. 

2.3.  Mechanical Properties 

Due to the unique porous structure of permeable concrete, the bonding area between cement paste and 

aggregates, as well as the contact points between aggregates, are reduced compared to conventional 

concrete (CC). This generally leads to a significant reduction in strength of permeable concrete. Studies 

have shown that the main factors influencing the strength of permeable concrete include concrete 

porosity, water-cement ratio (w/cm), paste characteristics, coarse aggregate particle size, and volume 

content [10]. To optimize the mechanical properties of permeable concrete, researchers both 
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domestically and internationally have conducted extensive specialized research. One method used to 

simulate the mechanical behavior of permeable concrete is a stochastic modeling approach based on a 

new extension of the lattice discrete particle model. Selected digital images of internal mesostructures 

obtained from physical specimens are used to investigate material characteristics and generate 

statistically representative descriptions of pore networks. This process estimates statistical 

characteristics of mesostructures and utilizes spatially correlated random field samples to numerically 

reproduce the distribution of large connected pores in materials [11]. 

Permeable concrete is manufactured by adding paste that is insufficient to fill the voids in the 

aggregates, thereby creating drainage channels within the concrete. However, aggregate expansion 

increases the void volume in aggregates after adding paste, which has been overlooked in previous 

studies. Furthermore, the impact of unfilled voids on the performance of permeable concrete remains 

unclear. In this study, researchers investigated the flowability and adhesion of paste, aggregate 

expansion, and the effects of paste properties, aggregate expansion, water film thickness (WFT), and 

paste film thickness (PFT) on the permeability and strength of permeable concrete. The results indicate 

that paste properties, aggregate expansion, WFT, and PFT play a primary role in the design of permeable 

concrete and are therefore critical factors to consider [12]. 

2.4.  Drainage Performance 

Tan Yan utilized two-dimensional scanning and image recognition technology to study the pore 

structure of specimens at different depths. Using fine particles with a diameter of 0-0.6 mm such as 

stone powder particles, cement mortar particles, and soil particles as blocking materials, the specimens 

were blocked in batches, and the water permeability loss was recorded. Finally, three methods—cleaning 

with water, vacuum suction, and high-pressure water jet—were used to conduct water permeability 

recovery tests on the specimens to simulate their use under periodic cleaning and maintenance conditions. 

The research findings indicate: 

(1) The porosity at a depth of 20 mm in permeable concrete is approximately 10% higher than that 

at depths of 40 mm, 60 mm, and 80 mm. 

(2) Each additional 10 g of blocking material results in a water permeability loss of 30%-50%, with 

the most severe water permeability loss caused by the initial blocking. 

(3) Under the influence of the same blocking material, different permeable specimens exhibit similar 

variations in water permeability coefficient during the blocking process, and this pattern can be used to 

predict the blocking time of specimens with higher water permeability coefficients. 

(4) For blockages caused by stone powder particles and cement mortar particles, the high-pressure 

water jet washing method shows the best effectiveness, increasing the water recovery rate by 22.7%. 

(5) For blockages caused by soil particles, vacuum suction is not advisable, and cleaning with water 

achieves the same recovery effect as the high-pressure water jet [13]. 

2.5.  Sound Absorption and Noise Reduction Performance 

Porous concrete has advantages in noise reduction. When sound waves propagate through pores, 

deformation and attenuation occur, thereby reducing noise. Further research indicates that porous 

concrete with larger porosity exhibits higher sound absorption coefficients. Within the porosity range of 

15% to 30%, porous concrete provides good noise reduction performance. Moreover, pore size 

significantly affects noise reduction behavior, with an optimal pore size existing for noise reduction. 

Increasing the tortuosity of porous concrete enhances sound energy absorption through internal friction, 

thus reducing noise. The maximum sound absorption coefficient shows a linear relationship with pore 

connectivity. Furthermore, an increase in pore connectivity leads to an increase in maximum sound 

absorption [14]. 

3.  Construction Techniques 

Advanced construction techniques can reduce construction time and materials, improve construction 

quality, minimize environmental impact, enhance structural durability and lifespan, and lower overall 
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construction costs [15]. Compaction is a fundamental step in the production of permeable concrete, 

affecting its mechanical and hydraulic performance. Mikami evaluated its influence on porosity, 

mechanical strength, and permeability. Increasing compaction energy proportionally reduces porosity. 

It was observed that compressive strength increased from 17% to 36%. However, permeability decreases 

proportionally, dropping by 0.2 to 0.4 cm/s. Three-layer compaction results in a more uniform vertical 

distribution of porosity compared to two-layer compaction. While aggregate/cement ratio is the most 

significant parameter, compaction energy should also be considered in the mix design of permeable 

concrete. Although increasing compaction energy can enhance mechanical strength, excessive 

compaction can cause aggregate fracture, reducing both mechanical and hydraulic performance [16]. 

There exists a relationship model among porosity, consistency, and compaction time for permeable 

concrete. Chilmon’s research found that compaction time and material composition significantly 

influence porosity and all other performance aspects of permeable concrete within assumed variable 

ranges [17]. Permeable mixes prepared with recycled coarse aggregates achieve similar compressive 

strength and higher porosity. River sand coarse aggregates exhibit better abrasion resistance, while 

coarse limestone aggregates perform better in drying shrinkage [18]. By optimizing pore structure and 

improving mix design, the strength and permeability of permeable concrete can be enhanced. Results 

indicate that although overall porosity decreases by 5% after optimizing pore structure, the porosity of 

large and medium pores changes minimally, while that of small pores decreases significantly, ultimately 

increasing the average pore size. Adding steel slag not only reduces small pore size but also increases 

compressive strength [19]. 

Over time, permeable concrete loses its permeability due to clogging. Silva RG da evaluated the 

effectiveness of periodic cleaning using blowers, demonstrating that periodic cleaning with blowers is 

effective. There were no significant statistical differences in permeability between monthly and weekly 

cleaning. Therefore, monthly maintenance is most suitable for maintaining the efficiency of permeable 

pavements over time [20]. 

4.  Improvement Measures 

In pursuit of higher performance, many scholars have explored various new types of permeable concrete. 

Wang Cen’s research results indicate that the addition of recycled aggregates significantly affects the 

mechanical properties of permeable concrete. When the proportion of recycled aggregates does not 

exceed 50%, the splitting tensile strength, flexural strength, compressive strength, and uniaxial tensile 

strength of permeable concrete decrease by approximately 30%. When the proportion of recycled 

aggregates exceeds 50%, the mechanical parameters of permeable concrete noticeably decline. However, 

using 50% recycled aggregates meets specifications for compressive strength, splitting tensile strength, 

flexural strength, and uniaxial tensile strength [21]. 

Zhao Jing’s SEM analysis found significant pores in permeable concrete without epoxy resin. When 

epoxy resin content reaches 3% (by mass fraction), there are virtually no visible pore cracks, and the 

fracture surface appears smoother. This indicates that adding an appropriate amount of epoxy resin can 

significantly improve the microstructure of permeable concrete, enhancing the bonding between 

hydration products and thereby improving its mechanical properties [22]. 

Fiber-modified recycled aggregate permeable concrete shows potential in addressing urban flooding, 

heat island effects, and noise issues. Chen Shoukai, in his research, improved the base mix ratio by 

incorporating different fiber materials (short-cut basalt fiber, short-cut carbon fiber, and polypropylene 

fiber), preparing 16 mix samples, and evaluating their compressive strength, flexural strength, porosity, 

and permeability coefficient. The study results demonstrate that fiber incorporation effectively enhances 

the compressive strength, flexural strength, and tensile-compressive ratio of recycled aggregate 

permeable concrete, with better improvement observed in flexural strength than in compressive strength 

[23]. Xin Zhipeng and other scholars found that fly ash significantly enhances the later-stage strength 

of recycled aggregate permeable concrete. With increasing fly ash content, the mechanical performance 

and freeze-thaw resistance of permeable concrete improve, while its permeability decreases. However, 

excessive fly ash reduces the permeability of recycled permeable concrete to a large extent [24]. 
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Regarding aggregates, researchers used the simplex centroid design method to optimize the ternary 

cementitious system composed of cement, fly ash, and silica fume to obtain a high-performance 

cementitious matrix. They then analyzed the effects of high-performance cementitious matrix and 

recycled aggregate mass fractions (0%, 30%, and 50%) on the mechanical properties and durability of 

permeable concrete. Experimental results show that using high-performance cementitious materials 

significantly enhances the compressive strength and freeze-thaw durability of recycled aggregate 

permeable concrete, while meeting permeability requirements [25][26]. 

To address the issue of high elastic modulus and low freeze-thaw resistance in ordinary permeable 

concrete, Yan Chaoqun proposed using modified waste rubber to enhance the performance of permeable 

concrete. Compared to ordinary permeable concrete, although material costs slightly increase, modified 

waste rubber permeable concrete exhibits superior performance in terms of service life, durability, and 

comfort, thereby offering better economic benefits [27]. Kanghao Tan utilized biochar (BC) as a partial 

replacement for cement added to permeable concrete, reducing cement usage while improving the 

concrete’s moisture and heat characteristics. This strategy also helps increase concrete strength and 

water absorption and improves cooling performance through evaporative cooling, while also reducing 

CO2 emissions to some extent [28]. The use of pumice powder typically reduces the initial strength of 

concrete; however, using 10-25% pumice can increase mechanical strength after 90 days [29]. 

5.  Application Prospects 

Due to its environmental benefits, permeable concrete is increasingly used in various infrastructures, 

including road surfaces and overlays in areas experiencing heavy traffic and cold weather conditions. 

These expanded applications require permeable concrete to exhibit excellent strength and durability [30]. 

Traditional concrete road surfaces are impermeable with very poor drainage performance. Material 

selection directly affects the drainage performance of road construction, thereby influencing urban 

residents’ commuting experiences. To enhance road surface drainage, construction units need to 

thoroughly consider road materials. Permeable concrete, with its porous nature, ease of construction, 

lightweight properties, and excellent permeability, shows greater potential and advantages compared to 

traditional concrete materials. In urban water cycling, permeable concrete can play a crucial role, leading 

to its increasingly widespread application [31][32][33]. Applying permeable concrete in road design 

effectively resolves drainage issues and mitigates urban flooding. Additionally, permeable concrete 

contributes to reducing urban heat island effects, decreasing stormwater runoff pollution, and enhancing 

groundwater recharge [34]. 

Existing pedestrian walkways on bridges often suffer from inadequate drainage and water pooling 

issues. Using permeable concrete can effectively mitigate these issues by allowing excess water to drain 

through its internal pores [35]. In the construction of modern gardens, permeable concrete maximizes 

the utilization of rainwater resources, creating favorable conditions for ecological conservation in 

modern garden environments and effectively alleviating pressure on garden drainage systems [36]. 

Permeable concrete has potential in soil conservation; low-alkalinity vegetation permeable concrete, 

combined with a grid beam structure system, effectively enhances stability and strength between 

vegetation and underlying soil. Innovatively reducing concrete alkalinity by adding a specially designed 

admixture to cement slurry can improve plant adaptability [37]. 

Permeable Paving Systems (PPS) represent an alternative technology suitable for simultaneously 

mitigating urban flooding and urban heat islands (UHI). Permeable concrete serves as the core material 

for this paving system [38]. It efficiently replenishes groundwater resources by directly draining 

rainwater from natural ground surfaces that cannot infiltrate underground directly or indirectly, thereby 

reducing water resource issues caused by sharp declines in groundwater levels in urban areas. Moreover, 

it more efficiently reduces harmful additives such as oil compounds on urban surfaces, thereby 

protecting urban groundwater resources more reasonably, maintaining stable ecological water volumes, 

and effectively mitigating urban heat island effects [39]. 
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Shabalala evaluated the water quality of acid mine drainage (AMD) treated with permeable concrete 

(PERVC) technology through batch experiments. The study proposed an innovative application of 

PERVC as a permeable reactive barrier liner in evaporation ponds [40]. 

6.  Conclusion 

Due to its unique properties, permeable concrete has experienced rapid development in developed 

countries such as Europe, America, Japan, and Korea. However, research on permeable concrete in 

China started relatively late, and its theoretical research and application still require improvement, with 

many mechanisms yet to be clarified. Future research should focus on the following aspects: 

(1) Systematically study the microstructure and macrostructure of permeable concrete materials to 

further explain their performance and physical-mechanical properties, enhancing compressive strength, 

flexural strength, and durability. 

(2) Analyze the reasons for the decline in permeability function of permeable concrete and its 

influencing factors, research corresponding solutions, and assess their feasibility. 

(3) Conduct field experiments to evaluate the ecological and environmental indicators of permeable 

concrete, such as air permeability, water permeability, sound absorption and noise reduction, and water 

purification, promoting its application in the field of ecological and environmental protection. 

(4) Develop relevant specifications and standards covering the mix design, construction, maintenance, 

and management of permeable concrete to promote its nationwide application. 

Through in-depth research and improvement in these areas, we can advance the research and 

application of permeable concrete in China, accelerate its widespread use nationwide, and ultimately 

improve urban ecological environments, enhance livability, and optimize water resource management 

systems. 
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