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The performance of recycled permeable concrete is determined by multiple factors such as 
aggregate grading, dosage of cementitious materials, and water cement ratio. Cement, as the core 
cementitious material, directly affects the encapsulation and interfacial bonding strength of the slurry, 
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Preparation of permeable concrete using recycled aggregates from 
construction waste, and analysis of the influence of cement content on the 
permeability characteristics of recycled permeable concrete is given. The 
results show that when the pH value of the sulfuric acid solution is fixed with 
the aggregate gradation, the permeability of concrete decreases linearly with 
the increase of cement content. The reason is that the increase of cement 
content leads to an increase in solid volume and a decrease in porosity; The 
permeability of the sample increases linearly with the increase of corrosion 
time, which is caused by the erosion of gypsum and other substances 
generated by sulfuric acid corrosion by water flow, resulting in enhanced 
pore connectivity. 
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Introduction 

The acceleration of urbanization and the promotion of old city renovation have given rise to 
a huge amount of construction waste, which not only occupies land resources but also easily causes 
environmental problems such as dust pollution and excessive heavy metals in soil. The resource 
utilization of construction waste has become a core issue in solving ecological dilemmas [1-2]. At the 
same time, traditional urban road surfaces generally use dense materials, and the "urban diseases" such 
as urban waterlogging and insufficient groundwater supply caused by blocked rainwater infiltration 
are becoming increasingly prominent. Permeable concrete, with its continuous pore structure, has 
shown unique advantages in rainwater storage and mitigation of heat island effects, and has become a 
key material for building sponge cities. The integration of recycled construction waste aggregates into 
permeable concrete preparation has achieved a dual integration of "waste resource utilization" and 
"functional material research and development", providing new ideas for the construction of ecological 
cities [3-5]. 
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thereby exerting a decisive effect on the pore structure and permeability characteristics of the concrete 
[6-7]. Compared with natural aggregates, recycled aggregates from construction waste have rough and 
porous surfaces, high water absorption rates, and often adhere to old mortar, resulting in more complex 
interface bonding with new cement slurry. Insufficient cement dosage can easily lead to insufficient 
slurry wrapping, resulting in loose aggregates and disrupted pore connectivity; Excessive dosage may 
lead to excessive filling of pores in the slurry, reduce water permeability, and even cause structural 
shrinkage and cracking [8-9]. Therefore, precise regulation of cement content and balancing the 
structural stability and permeability of recycled permeable concrete are the core technical bottlenecks 
for achieving its engineering applications. 

At present, academic research on recycled permeable concrete mainly focuses on the 
influence of aggregate substitution rate, and systematic analysis of cement content, a key variable, is 
still insufficient, especially the lack of in-depth exploration of the interaction mechanism between 
cement dosage and recycled aggregate interface [10]. Clarifying the quantitative impact of cement 
content on core indicators such as permeability coefficient and porosity, and revealing the intrinsic 
relationship between slurry encapsulation state and pore structure evolution, can provide theoretical 
support for optimizing the mix proportion of recycled permeable concrete. Based on this, this article 
uses recycled coarse aggregates from construction waste as the main raw material to systematically 
study the permeability characteristics of recycled permeable concrete under different cement contents. 
The aim is to clarify the regulation mechanism of cement dosage and provide scientific basis for 
promoting the resource utilization of construction waste and the industrial application of functional 
materials in sponge cities. 
Experiment 

The main factors affecting the strength and permeability characteristics of recycled 
permeable concrete from construction waste include aggregate grading, cement content, and water 
cement ratio. Based on the size of the sample mold (cylindrical sample, height 200mm, diameter 
100mm) and Talbot grading theory, the total mass of the sample was determined to be 2600g through 
multiple experiments. There are five particle size ranges for recycled construction waste in this 
experiment, namely 5~7mm, 9~11mm, 12~14mm, 15~17mm, and 18~20mm. The mass distribution of 
the five particle size recycled aggregates at different Talbot indices is shown in Table 1. 

Table 1. Quality of aggregates under different Talbot exponent 

Talbot exponent n 
Mass of particles with different sizes (g) 

5~7mm 9~11mm 12~14mm 15~17mm 18~20mm 

0.2 2085 204
 

118 96 83 

0.4 1679 340 204 176 167 

0.6 1366 428 283 261 245 

0.8 1118 492 344 332 309 

The experimental cement comes from Zhonglian brand 42.5 grade ordinary Portland cement 
produced by Huaihai Zhonglian Cement Co., Ltd., with a water cement ratio of 0.42. Taking into 
account factors such as water cement ratio, aggregate gradation, and cement dosage, a sample 
proportioning scheme has been developed, as shown in Table 2. 

Table 2. Proportioning scheme for recycled permeable concrete samples 
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Talbot exponent n 
Cement content 

(g） 
Water consumption 

(ml) 
Water-cement ratio 

0.2 580
 

230.0 

0.42 

0.4 540 208.1 
0.4 560 220.8 
0.4 580 230.0 
0.4 600 208.1 

0.8 580 230.0 

The water head method used in this experiment is used to measure the permeability of 
recycled permeable concrete. The falling head method refers to the method where the water head 
decreases over time, hence it is called the falling head method or the variable water head method. 
During the experiment, the test head value gradually decreased until it approached zero. The 
permeability of the sample was determined by measuring the pressure drop rate in the casing over 
time. 

In the experiment of measuring the permeability of permeable concrete using the water head 
method, the upper pressure and flow rate of the sample always vary with time t . The measurement 

time [0 ],T  is divided into N  intervals 1[ ] 1 2i it ,t i , , ,N+ = ， , where ( 1) /it i T N= − , 

1 /it iT N+ = . In interval 1[ ]i it ,t + , if the flow rate is denoted as iQ , the upper pressure of the sample 

is denoted as tp , and the lower pressure is denoted as bp . The quality  
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and the seepage velocity is given as:  

A
Qv =                                      (3) 

where H  is the height of the sample, µ  is the dynamic viscosity coefficient, v  is the seepage 

velocity, Q  is the seepage flow rate, and A  is the cross-sectional area of the water passage. 

Results 
Figure 1 shows the effect of cement content on the particle size distribution of aggregates 

and the permeability of permeable concrete samples under different pH values of sulfuric acid solution. 
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It can be observed that an increase in cement content will decrease the permeability of permeable 
concrete. Through experiments, it was found that an increase in cement content generates more 
hydrated calcium silicate and ettringite, which occupy more pores and reduce the permeability of 
permeable concrete. 
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(c) pH=2                               (d) pH=1 

Figure 2. Permeability curves of recycled concrete under different concentrations of sulfuric acid solution 
and particle size distribution of aggregates 

A linear relationship can be used to describe the relationship between the particle size 
distribution of aggregates and the permeability and cement content of permeable concrete under 
different sulfuric acid pH values. The relevant fitting relationship is detailed in Table 3. 

1 2k mα α= +                                 (4) 

In the formula, 1α  and 2α  are experimental parameters that are related to the conditions 
under which the experiment was conducted (such as sulfuric acid concentration, aggregate particle size 
distribution, cement related properties, curing time, etc.). 1α  characterizes the sensitivity of 
permeability of permeable concrete samples to cement content. 

Table 2. Parameters of concrete permeability model under different concentrations of sulfuric acid 
solution and particle size distribution of aggregates 

pH value 
Talbot 

exponent n 
Fitting relationship 

Correlation 
coefficient R 

coefficient of 
determination R2 

1 
0.2 k =−0.0018m+2.1402 0.9713 0.9152 

0.4 k =−0.0022m+2.3190 0.9971 0.9913 
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0.6 k =−0.0020m+2.2290 0.9930 0.9790 

0.8 k =−0.0012m+1.8508 0.9883 0.9651 

2 

0.2 k =−0.0021m+2.2019 0.9985 0.9955 

0.4 k =−0.0020m+2.1631 0.9790 0.9378 

0.6 k =−0.0021m+2.2250 0.9948 0.9844 

0.8 k =−0.0014m+1.8958 0.9909 0.9729 

3 

0.2 k =−0.0019m+2.0743 0.9977 0.9930 

0.4 k =−0.0022m+2.1914 0.9980 0.9939 

0.6 k =−0.0020m+2.1226 0.9987 0.9961 

0.8 k =−0.0014m+1.7296 0.9990 0.9971 

4 

0.2 k =−0.0020m+2.1144 0.9961 0.9883 

0.4 k =−0.0021m+2.1809 0.9953 0.9860 

0.6 k =−0.0020m+2.1289 0.9981 0.9942 

0.8 k =−0.0012m+1.7296 0.9943 0.9830 

As shown in Table 2, when the pH value of the sulfuric acid solution and the aggregate 
gradation remain unchanged, the permeability of permeable concrete decreases linearly with the 
increase of cement content. When the Talbot index is n=0.8, 0.6, 0.4, and 0.2, the permeability 
decreases by 8%, 11%, 12%, and 13% respectively with increasing cement content; When pH=4, 3, 2, 
and 1, the permeability decreases by 8%, 9%, 10%, and 8% respectively with increasing cement 
content. The Talbot index and the pH value of the sulfuric acid solution are constant because of the 
fixed mold size of the permeable concrete sample. The cement content increases, the solid volume in 
the sample increases, that is, the porosity of the sample decreases. It results in a decrease in 
permeability. 
Conclusion 

The permeability of recycled permeable concrete from construction waste decreases linearly 
with the increase of cement content. The Talbot index and the pH value of the sulfuric acid solution 
are constant, due to the fixed mold size of the permeable concrete sample, as the cement content 
increases, and the solid volume in the sample increases. The porosity of the sample decreases, 
resulting in a decrease in permeability.  
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Nomenclature 

r - sample radius, [mm] H - sample height, [mm] 
Q -flow rate, [L/s] tP - upper pressure of the sample, [MPa] 

bP -under pressure of the sample, [MPa] A - sample cross-sectional area, [mm2] 
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G -hydraulic gradient, [MPa/m] 
µ -dynamic viscosity coefficient, [Pa·s] 

υ - seepage velocity, [mm/s] 
k - permeability, [m/s] 
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