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The recycled aggregate permeable concrete made of reused construction wastes is very 

important for realizing the sustainable development of the construction industry, it can 

alleviate the adverse impact of surface runoff during storm and the urban heat island 

effect. Therefore, this paper studied the mechanical properties and durability of recycled 

aggregate permeable concrete. At first, a few properties of the target material, including 

bulk density, moisture content, water absorption, compressive strength, and water 

permeability coefficient, were tested respectively. Then, based on the orthogonal test, the 

performance of the target material was analyzed, and the analysis steps of the range 

analysis method and the variance analysis method in the orthogonal test were given. At 

last, the mechanical properties and durability of the target material were tested via 

experiments, and the relevant test results and analysis were elaborated. 
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1. INTRODUCTION

As the urbanization progress is accelerating and the 

construction industry is developing rapidly, more and more 

concrete construction wastes have been produced, and burying 

them in nearby places has brought great burden to the 

ecological environment [1-4]. At present, the research topics 

of the re-use of concrete construction wastes, and the 

development and performance of the recycled aggregate 

permeable concrete have received wide attention from field 

scholars at home and abroad, which is of great significance for 

the sustainable development of the construction industry. In 

cities, the hard road pavement built by dense concrete is 

impermeable and airtight, which is the main reason for the 

surface runoff during storm and the urban heat island effect [5-

9]. The research on recycled aggregate permeable concrete 

meets the requirement of the times for low carbon emission, 

environmental protection, and sustainable development, and it 

has certain social, economic, and environmental benefits. 

The complex and random sources of recycled aggregates 

result in differences in the strength and other properties of the 

recycled concrete [10-17]. Ghorbel et al. [18] tested the 

mechanical properties of recycled concrete under the condition 

of double corrosion of salt and freezing, studied the mass loss 

of the concrete under different corrosion types and different 

corrosion times, and explored the variation law of the bonding 

of concrete and steel bars and its splitting and tensile 

properties. Ilango et al. [19] designed a loading test for natural 

aggregate concrete and recycled brick-mixed aggregate 

concrete, and analyzed their differences in loading process, 

fracture characteristics, ductility, and durability. Scholars 

Sunayana and Barai [20] tested the performance of recycled 

aggregate permeable concrete and natural aggregate concrete 

under small eccentric compression, and concluded that the two 

types of concrete had the same stress-bearing stages and 

different axial compressive strengths. Nematzadeh and 

Baradaran-Nasiria [21] explored the principle of water storage 

and release of the porous media inside the concrete based on 

the water transmission mechanism of concrete, and analyzed 

the influence mechanism of the core-shell structure and the 

outer coating layer of the aggregate on the water storage and 

release performance of the recycled aggregate. Ali and 

Qureshi [22] used the absolute volume method to test the 

water-cement ratio, aggregate-cement ratio, and degree of 

compaction of the recycled aggregate permeable concrete, and 

discussed the durability of the concrete under different 

aggregate conditions. Gonzalez-Corominas et al. [23] studied 

the load-freeze/thaw characteristics of coarse aggregate self-

compacting concrete under the combined actions of multiple 

degrading environmental factors, through freeze-thaw tests, 

they also analyzed the failure mode of concrete test pieces and 

the variation laws of the compressive strength, tensile strength, 

bending strength, maximum crack width, and axial 

compressive strength of the concrete test pieces.  

Existing researches mostly concerned about the design of 

the mixing ratio of certain aggregate in the concrete, or the test 

on the performance of ordinary permeable concrete in terms of 

mechanics, permeability, and frost resistance [24-29], and 

very few of them have paid attention to the basic properties of 

recycled aggregate permeable concrete made of reused 

construction wastes. To fill in such research gap, this paper 

studied the mechanical properties and durability of recycled 

aggregate permeable concrete. The main content of this paper 

includes the following aspects: the second part tested a few 

properties of the recycled aggregate permeable concrete, 

including bulk density, moisture content, water absorption, 

compressive strength, and water permeability coefficient. The 

third part analyzed the performance of the recycled aggregate 
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permeable concrete based on the orthogonal test, and gave the 

analysis steps of the range analysis method and the variance 

analysis method in the orthogonal test. The fourth part tested 

the mechanical properties and durability of the recycled 

aggregate permeable concrete via experiments, and gave the 

experimental results and analysis.  

 

 

2. PERFORMANCE TEST OF RECYCLED 

AGGREGATE PERMEABLE CONCRETE 

 

2.1 Bulk density 

 

In order to obtain accurate results of the bulk density of the 

recycled aggregate, in the test, the vibration time of the 

measuring cylinder filled with aggregate placed on the 

vibrating table was set to be 15 minutes, and the mass of the 

measuring cylinder was recorded every 5 minutes. 

Suppose: D represents the volume of the measuring cylinder, 

QCW represents the total mass of the measuring cylinder and 

water; Q1 represents the mass of the measuring cylinder, ζTT 

represents the density of water at the test temperature TT, then, 

the volume of the measuring cylinder could be determined via 

the following steps: first, clean debris inside the measuring 

cylinder, fill it up with water, and place it on the electronic 

scale; then, weigh the measuring cylinder, and record the value 

of QCW; at last, measure the water temperature and record it. 

The volume of the measuring cylinder D could be calculated 

by Formula 1: 

 

31 10CW

TT

Q Q
D



−
=   (1) 

 

Suppose Q2 represents the mass of the measuring cylinder 

filled up with recycled aggregate, then the natural bulk density 

ζ of the recycled aggregate can be calculated by Formula 2: 

 

32 1 10
Q Q

D


−
=   (2) 

 

Suppose ζP represents the tapped bulk density of the 

recycled aggregate, then for the recycled aggregate, its tapped 

bulk porosity ηG can be calculated by Formula 3: 
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 (3) 

 

2.2 Moisture content and water absorption 

 

During the design of the mixing ratio of the recycled 

aggregate permeable concrete, attentions should be paid to the 

mechanical properties, mixing performance and water 

consumption of the concrete test pieces, and these physical 

properties are greatly affected by the two parameters, the 

moisture content and water absorption of the recycled 

aggregate. Here are the measurement and calculation steps of 

the two parameters:  

Step 1: Prepare test tools and materials 

Test materials for the tests on moisture content and water 

absorption were: 4 piles of 1kg recycled aggregate samples 

with approximately equal masses. The test tools were: plastic 

boxes, self-made aggregate sieve, and an electronic scale. 

Step 2: Soak the aggregate in water and stand 

Put the recycled aggregate into the self-made aggregate 

sieve and hang it in the plastic box, then pour water into the 

plastic box until the water surface is about 25 mm above the 

aggregate in the sieve, after that, stir the aggregate with a 

wooden stick to release the bubbles in the aggregate, let stand 

for 1 day. 

Step 3: Measure the mass of the aggregate in water 

Measure and record the mass of the wooden stick hanging 

the self-made aggregate sieve, then add the recycled aggregate 

to the sieve immersed in water, extract part of the water to keep 

the water level unchanged, and record QCW, the mass of the 

aggregate in water. 

Step 4: Measure the mass of the surface-dry aggregate 

Take the recycled aggregate out of the water and the sieve, 

drain the excess water, rub it with dry towel and toilet paper to 

make the surface of the aggregate dry under the condition of 

no missing fine particles, then, measure QWD, the mass of the 

aggregate under such state, and record it.  

Step 5: Measure the dry mass of the aggregate 

Dry the surface-dry aggregate at 110℃±6℃, and then 

measure its mass, when the mass no longer changes, record the 

mass of the aggregate under this state as QD. 

After obtain the values of QWD and QD, the water absorption 

rate ξa of the recycled aggregate can be calculated by Formula 

4: 
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Suppose QA represents the mass of the water-soaked 

aggregate before drying, then the moisture content θ can be 

calculated by Formula 5: 
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And the additional water consumption rate ξT of the 

recycled aggregate can be calculated by Formula 6: 

 

T a  = −  (6) 

 

2.3 Compressive strength 

 

Suppose: G and S respectively represent the failure load and 

stress-bearing area of the recycled aggregate permeable 

concrete test piece, then the compressive strength RC of the test 

piece can be calculated by Formula 7: 

 

C

G
R

S
=  (7) 

 

The speed of the compressive load applied on the test pieces 

was set to 0.4 MPa/s, and the precise value of RC took 0.01 

MPa. The measurement tests were divided into 3 groups, each 

group contained 4 test pieces of equal volume and shape. After 

the measurement was completed, the average value of the 

compressive strength of all test pieces was taken as the 

measured value of the compressive strength of the recycled 

aggregate permeable concrete. 
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2.4 Permeability coefficient 

 

This paper chose to measure and calculate the permeability 

coefficient of the recycled aggregate permeable concrete based 

on Darcy's law. The specific steps are given below: 

Step 1: Seal the test container and place the test piece 

Take a sealed steel cylinder and a permeable steel cylinder 

(the two cylinders have a same radius) and a concrete test piece, 

place the concrete test piece into the bottom of the sealed steel 

cylinder and use silica gel and paraffin to seal the joints, then, 

place the connected sealed steel cylinder and the permeable 

steel cylinder into a glass container with a water outlet.   

Step 2: Inject water and maintain the balance of inlet water 

and outlet water 

Inject water into the sealed steel cylinder through the 

permeable steel cylinder, the water enters the glass container 

through the water permeation of the test piece; then, continue 

to inject water until there’s water flowing out from the water 

outlet of the glass container, and the amount of inlet water is 

equal to the amount of outlet water. 

Step 3: Measure water permeability 

Suppose: V represents the reference value of the water 

permeation volume of the concrete test piece, use a stopwatch 

to record the time h when the actual water permeation volume 

reaches V, and the water temperature TW. 

Suppose L and S respectively represent the thickness and 

area of the recycled aggregate permeable concrete test piece, 

w represents the water head, then the water permeability 

coefficient PETW of the recycled aggregate permeable concrete 

test piece can be calculated by Formula 8: 

 

 TWPE =V L / (S w h)    (8) 

 

In order to reduce the influence of water temperature on the 

dynamic viscous force and permeability of water, this paper 

uniformly converted the water permeability coefficients under 

different water temperature conditions into that under the 

standard temperature of 15℃, which had improved the 

comparability of the water permeability of the concrete under 

different working conditions. The conversion formula is 

PE15=λ×PETW, wherein λ is the correction coefficient of the 

conversion process. 

 

 

3. PERFORMANCE ANALYSIS OF THE RECYCLED 

AGGREGATE PERMEABLE CONCRETE BASED ON 

ORTHOGONAL TEST 

 

To better test the overall performance of the recycled 

aggregate permeable concrete, this study selected a few 

representative test combinations to perform the orthogonal test. 

Figure 1 gives a comparison of the cube grids of the traditional 

performance analysis method and the orthogonal test analysis 

method. As can be intuitively seen from the figure, the test 

points selected by the orthogonal test method are quite 

representative. The specific steps of the test are described as 

follows: 

Step 1: Clarify the purpose of the research on the 

mechanical properties and durability of recycled aggregate 

permeable concrete, determine the relevant qualitative and 

quantitative indicators, and comprehensively consider and 

determine as many static and dynamic factors as possible; 

Step 2: Evaluate the importance, relevance, and change 

level of all factors, and delete factors with low importance and 

high relevance based on actual conditions; as for factors with 

high importance and low relevance, within a specified 

variation range, set more intervals to obtain more 

measurement results;  

Step 3: Based on the existing test tools and materials, predict 

the tests that can be completed and the possible test progress; 

Step 4: The number and importance of the selected factors, 

the mechanical properties of the recycled aggregate permeable 

concrete, and the precision requirements of durability test 

jointly determine the size of the selected orthogonal table. 

More factors, higher importance, and higher precision of the 

test require a larger-size orthogonal table; on the contrary, a 

smaller-size orthogonal table will be used;  

Step 5: Formulate a test plan for the mechanical properties 

and durability of the recycled aggregate permeable concrete, 

and carry out the tests according to the steps listed in the plan; 

Step 6: Analyze the parameters and indicators obtained 

from the test and calculation; use the range analysis method to 

rank the influence of various factors on the mechanical 

properties and durability of the recycled aggregate permeable 

concrete, then, use the variance analysis method to further 

judge the significance of the influence of each factor and make 

further judgement to obtain reasonable analysis conclusions. 

 

 
(a) 

 
(b) 

 

Figure 1. Comparison of the traditional performance analysis 

method and the orthogonal test analysis method 

 

Suppose: among the factors in the i-th column of the 

orthogonal table with randomly arranged table head, the sum 

of the indicators of the mechanical properties and durability 

test of the recycled aggregate permeable concrete 

corresponding to the j-th measurement interval is represented 

by SIij; the number of measurements within a specified 

variation range is represented by r, then, the arithmetic mean 

φij of SIij can be calculated by Formula 9: 
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SI

r
 =  (9) 

 

The range σi between the arithmetic mean φij corresponding 

to different measurement intervals of factors in the i-th column 

could be calculated by Formula 10: 

 

{ } { }i ij ijσ max min = −  (10) 

 

As can be seen from the above formula, σi describes the 

reasonableness of the measurement interval of factors in the i-

th column, to a certain extent, it also reflects the extent to 

which the measurement interval can faithfully reflect the 

actual variation details of the measurement results of the test 

indicator. Suppose: γ represents the conversion coefficient 

related to the measurement interval of a factor, s represents the 

number of repeated tests under the condition of each 

measurement interval for that factor, then the converted σ '
I 

value can be calculated by Formula 11: 

 

i id s  =  (11) 

 

The variance analysis method can make up for the defects 

of the range analysis method, it can compare and examine the 

deviations caused by condition change or accidental error 

through the statistics F, and then judge the significance of the 

effect of each factor. 

Suppose: there’re n static and dynamic factors that have 

been selected; for each factor, within the specified variation 

range, mL measurement intervals have been set; for each 

measurement interval, the test is carried out for s times, and 

the total number of tests is m, which satisfies m=n×mu×s; the 

measurement results of the test indicator are represented by a1, 

a2,……,am. The specific analysis steps are described as 

follows: 

Step 1: Solve the sum of squares of test deviations 

During the test, due to the difference in the factor 

measurement intervals and the existence of test deviations, 

there’re certain differences in the measurement results of the 

test indicators, and the sum of squares of the total deviation 

PSS increases with such difference. Formula 12 calculates the 

average value of the measurement results of the test indicators: 

 

1

1 m

l

l

a a
m =

=   (12) 

 

The calculation of PSS could be completed by Formula 13: 
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Suppose: WSS represents the sum of the sums of squares of 

the measurement results of the test indicators, O represents the 

average value of the sums of squares of the measurement 

results of the test indicators, then there is: 
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Then, PSS can be expressed as: 

SS SSP W O= −  (15) 

 

Step 2: Solve the sum of squares of the deviation of each 

factor 

Suppose: C is a factor that is randomly arranged in a certain 

column of the orthogonal table, PC represents the sum of 

squares of the deviation of factor C, and ajk represents the k-th 

test result of the j-th measurement interval of factor C, then 

there is: 
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The sum of squares of the deviation PC can be obtained 

based on the one-way analysis of variance shown as Formula 

16 below: 
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Suppose: WC represents the sum of the measurement results 

of test indicator corresponding to the j-th measurement 

interval, O represents the corresponding average value of the 

sum of squares, then, there is: 

 

 

(18) 

 

Then, PC can be expressed as: 

 

C CP W O= −  (19) 

 

As can be seen from the above formula, PC describes the 

size of difference in the measurement results of test indicators 

of factor C caused by the different measurement intervals.  

Step 3: Solve PW, the sum of squares of the deviation of test 

error  

The difference between the PSS and PSDS (the sum of PC of 

all factors), namely the sum of squares of the deviation of test 

error PW can be calculated by Formula 20: 

 

W SS SDSP P P= −  (20) 

 

Step 4: Calculate the degree of freedom of deviation and 

error 

The total degree of freedom of the test can be calculated by 

Formula 21: 

 

1totalg m-=  (21) 

 

The degree of freedom of each factor can be calculated by 

Formula 22: 

 

1SDS Lg m -=  (22) 

 

The degree of freedom of the test error can be calculated by 

Formula 23: 
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W total SDSg g - g=  (23) 

 

Step 5: Calculate the mean sum of squares of deviation H. 

Formula 24 gives the calculation result of HSDS, the mean 

sum of squares of the deviation of each factor: 

 

SDS

SDS

SDS

P
H

g
=  (24) 

 

Formula 25 gives the calculation result of HW, the mean sum 

of squares of the deviation of test error: 

 

W

W

W

P
H

g
=  (25) 

 

Step 6: Solve statistics F 

Formula 26 gives the ratio of HSDS to HW, namely the 

statistics F which can reflect the degree of influence of each 

factor on the measurement results of the test indicators: 

 

SDS

W

H
G

H
=  (26) 

 

Step 7: Significance test of factors 

Suppose: β represents the significance level that 

characterizes the rationality of the measurement interval, find 

the test critical value Fβ(gSDS,gW) from the distribution table of 

statistics F and compare the size, then, the degree of influence 

of this factor on the measurement results of the test indicator 

could be obtained. The condition for judging that a factor has 

a significant influence is that the value of statistics F is greater 

than F0.1(gSDS,gW); the condition for judging that a factor has a 

very significant influence is that the value of statistics F is 

greater than F0.05(gSDS,gW); the condition for judging that a 

factor has a highly significant influence is that the value of 

statistics F is greater than F0.01(gSDS,gW); under the rest 

conditions, it is considered that the influence is not significant.  

 

 

4. MECHANICAL PROPERTIES AND DURABILITY 

TEST RESULTS AND ANALYSIS 

 

The tests were carried out under the conditions that the 

replacement rate δ of the recycled aggregate was within the 

range of [0,1], the measurement interval was 0.3, and the 

particle size of the recycled aggregate was remained 

unchanged; when the water-cement ratio was within 

[0.29,0.38], the tests were performed with 0.03 as the 

measurement interval. The compressive strength values of the 

recycled aggregate permeable concrete under different water-

cement ratios and recycled aggregate replacement rates were 

measured and calculated to determine the relationship between 

water-cement ratio, recycled aggregate replacement rate, and 

compressive strength. The test factors and results are shown in 

Table 1. 

 

Table 1. Measured values of the compressive strength of test pieces 

 

No. 
Particle size of 

the aggregate 

Water-

cement ratio 

Compressive 

strength when δ=0 

Compressive strength 

when δ=0.3 

Compressive strength 

when δ=0.6 

Compressive strength 

when δ=0.9 

A4 4.72-9.6 0.29 6.19 5.23 3.92 3.25 

A7 4.72-9.6 0.32 7.18 5.76 4.65 4.12 

A10 4.72-9.6 0.35 6.45 6.47 6.32 6.38 

A8 4.72-9.6 0.38 6.13 4.61 4.08 4.06 

A2 9.6-17 0.29 6.79 5.82 4.49 4.31 

A6 9.6-17 0.32 7.42 6.25 5.37 4.62 

A1 9.6-17 0.35 6.57 6.37 6.72 6.98 

A11 9.6-17 0.38 6.51 6.29 5.81 5.42 

A3 17-21 0.29 5.43 3.75 2.53 2.19 

A5 17-21 0.32 7.52 5.04 3.19 2.18 

A9 17-21 0.35 6.27 5.31 4.05 4.37 

A12 17-21 0.38 6.55 5.21 3.85 4.09 

 
 

Figure 2. Compressive load-displacement curves of concrete 

test pieces 

 
 

Figure 3. Bending load-displacement curves of concrete test 

pieces 
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20 test pieces were subject to compression test and bending 

test, and the comparison of the test results showed that there’s 

no significant difference in the failure mode of the test pieces 

with different mixing ratios. Figures 2 and 3 respectively give 

the compressive and bending load-displacement curves. 

According to Figure 2, with the increase of the compressive 

load, cracks begin to show up from the margin of the surface 

of the test pieces and gradually grow to the center of the 

surface, then, as the compressive load continuous to increase, 

vertical cracks form and extend to the inside of the test pieces, 

the surface damage develop and become brittle damage. 

According to Figure 3, with the increase of the bending load, 

cracks begin to show up in the middle part of the lower surface 

of the test pieces and constantly extend to the margin of the 

surface and the inside of the concrete, also, the surface damage 

develop and become brittle damage.  

 

      
(a)                                                                               (b) 

      
(c)                                                                          (d) 

 

Figure 4. The influence of various factors on the bending strength of concrete 

 

Figures 4 (a), (b), (c), and (d) respectively show the 

influence of a few factors (including the replacement rate of 

the recycled aggregate, the ratio of cement aggregate, the 

water-cement ratio, and the ratio of sand) on the bending 

strength of the recycled aggregate permeable concrete. As can 

be seen from the figure, as the replacement rate of recycled 

aggregate increases, the bending strength of the recycled 

aggregate permeable concrete shows a fluctuated decreasing 

trend. When the replacement rate of recycled aggregate 

increases from 0 to 25%, the bending strength of the concrete 

gradually decreases; when the replacement rate of recycled 

aggregate increases from 25% to 48%, the bending strength 

gradually increases; when the replacement rate of recycled 

aggregate exceeds 48%, the bending strength keeps decreasing 

and drops to the lowest, indicating that when the mixing ratio 

of the recycled aggregate is at a low level, it has a certain effect 

on improving the bending strength of the recycled aggregate 

permeable concrete; however, when the mixing ratio of the 

recycled aggregate is at a high level, factors such as the ratio 

of the cement aggregate, the water-cement ratio, and the ratio 

of sand would bring greater adverse effects, so the 

improvement of the bending strength is not obvious. If the 

replacement rate of recycled aggregate is kept at a fixed value, 

then the bending strength of the concrete is less affected by the 

ratio of cement aggregate, the water-cement ratio, and the ratio 

of sand, and the fluctuations are not obvious.  

Figure 5 shows the curves of the cumulative permeated 

water volume and the increment of permeated water volume. 

As can be seen from the figure, the porosity and total pore 

volume of the concrete test pieces were relatively small. After 

the recycled aggregate was added, the total porosity and 

average pore size of the concrete increased, but the proportions 
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of harmful pores and very harmful pores increased significant 

as well. This is because the recycled aggregate is mixed into 

the concrete slurry as a waterproofing agent, after hydrolysis 

and condensation reactions, the generated hydrophobic groups 

would make the surface of the concrete slurry hydrophobic, 

and slow down the hydration of the concrete, resulting in an 

obvious increase in the proportion of harmful pores, and this 

phenomenon is consistent with the results of the test on the 

influence of various factors on the bending strength of 

concrete, the adding of recycled aggregate significantly 

reduced the compressive strength of the permeable concrete. 

Regarding the freeze-thaw durability of the recycled aggregate 

permeable concrete, the hydrophobic groups brought by 

recycled aggregate could act as the rigid waterproof layer of 

the test piece so the impermeability and the overall 

waterproofing ability of the test piece have been improved, 

water can hardly penetrate into the inside of the concrete, 

which would greatly reduce the degree of freeze-thaw 

deterioration of the concrete. 

(a) 

(b) 

Figure 5. Curves of cumulative permeated water volume and 

permeated water volume increment 

In order to further explore the degree of freeze-thaw 

deterioration and the freeze-thaw durability of the recycled 

aggregate permeable concrete, this study set a control group, a 

cement-based modification group, and a recycled aggregate 

modification group to compare the mass loss of the test pieces 

under different freeze-thaw cycles and explore the changes of 

the relative dynamic elastic modulus, see Figure 6 (a) and (b). 

(a) 

(b) 

Figure 6. Curves of mass loss and relative dynamic elastic 

modulus of test pieces 

With the increase of the number of freeze-thaw cycles, the 

mass loss of the three groups of test pieces increases 

continuously, while the relative dynamic elastic modulus 

decreases gradually. Among the three test groups, the change 

of the test pieces of the recycled aggregate permeable concrete 

was the smallest. When the number of freeze-thaw cycles 

reached about 250 times, the mass loss of the test pieces of the 

recycled aggregate permeable concrete test pieces exceeded 

36.4%, the relative dynamic elastic modulus increased by 

17.1%; compared with the test pieces of the control group, the 

mass loss exceeded 25.9%, and the relative dynamic elastic 

modulus increased by 9.41%, and the freeze-thaw durability 

of the concrete had been significantly improved. 

5. CONCLUSION

This paper studied the mechanical properties and durability 

of recycled aggregate permeable concrete. First, the paper 

gave the methods for testing the bulk density, moisture content, 

water absorption, compressive strength, and water 

permeability coefficient of the recycled aggregate permeable 

concrete; then, it gave the analysis steps of the range analysis 

method and the variance analysis method in the orthogonal test, 

and analyzed the performance of the recycled aggregate 

permeable concrete based on the orthogonal test; after that, 
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this study tested the mechanical properties and durability of 

the recycled aggregate permeable concrete via experiments 

and gave the corresponding test results and analysis. In the 

experiment part, this paper gave the measurement results of 

the compressive strength of the recycled aggregate permeable 

concrete under different water-cement ratios and different 

replacement rates of recycled aggregate, and plotted load-

displacement curves of the test pieces in the compression test 

and the bending test. Moreover, comparative experiments 

were performed to analyze the influence of various factors 

(including replacement rate of recycled aggregate, ratio of 

cement aggregate, water-cement ratio, and ratio of sand) on 

the bending strength of the recycled aggregate permeable 

concrete. At last, the plotted curves of cumulative permeated 

water volume, permeated water volume increment, mass loss, 

and relative dynamic elastic modulus proved that the method 

of adding recycled aggregate to improve the freeze-thaw 

durability of recycled aggregate permeable concrete is 

effective.  
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