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Abstract: As the construction industry developed, the area of 

green area was reduced and the pavement was increased. As a 

result, the rainwater flow changes and problems occur. As a 

method of controlling the permeability of the permeable block, 

the permeability can be controlled according to the gradin of the 

upper layer aggregate. The properties of the upper aggregate 

grading were compared and analyzed. We also tried to improve 

the permeability by using the artificial permeable tube. The 

artificial permeable tube was used as the artificial aggregate, 

and the experiment was carried out according to the addition 

ratio.  Density, water uptake, porosity, coefficient of permeability 

and flexural strength were selected as test items. The comparison 

of the aggregate grading of the upper layer and the properties of 

the addition of the artificial permeable tube were analyzed. As a 

result, the density decreased and the water absorption decreased 

as the aggregate grading increased. Also, porosity increased, 

permeability increased, and flexural strength increased. As the 

addition rate of artificial permeable tube increased, the density 

and water absorption decreased. Porosity and coefficient of 

permeability increased and flexural strength decreased. If the 

addition rate of the artificial permeable tube is adjusted 

according to the environment in which the permeable block is 

installed, a permeable block having a function suitable for the 

environment may be installed. The use of artificial permable 

tubes reduced the strength of the binder and cementing power. In 

addition, if waste plastics are recycled, they can be used as 

environmentally friendly materials. 

 

Index Terms: Permeable block, Coefficient of Permeability, 

Artificial permeable tube, Flow of rainwater  

I. INTRODUCTION 

As the industry developed, the construction industry 

developed. Due to industrial development, the population 

became concentrated mainly in urban areas[1]. As the 

construction industry was concentrated in the city, large 

buildings increased and buildings became more compact. In 

addition, as the development of roads, the green area was 

reduced[2]. In road pavement, impervious asphalt pavement 

and concrete pavement are mainly used. In the case of the 

impervious pavement, drainage is not smooth when there is 

no drainage facility when the rain falls. It rains and creates a 

puddle on the road[3].  

 
Revised Manuscript Received on  May 23, 2019. 

Eun-Seok, Lee, Dept of Architectural Engineering, Hanbat National 

University, Daejeon, Korea. 

Won-Gyu, Lee, Dept of Architectural Engineering, Hanbat National 

University, Daejeon, Korea. 

Byeong-Yong, Yoo, Dept of Architectural Engineering, Hanbat National 

University, Daejeon, Korea. 

*Sang-Soo, Lee, Dept of Architectural Engineering, Hanbat National 

University, Daejeon, Korea. 

 

[Figure 1] shows the past and present of the Republic of 

Korea. In the past, there were a lot of green areas, but now the 

green areas have decreased a lot due to urban development. 

This changed the flow of rainwater in Seoul, Korea. In 1962, 

40% of rainwater was introduced into the ground, but in 2016 

23% of the rainwater flowed into the ground [4]. [Figure 2] is 

a schematic diagram of rainwater flow change. Water on the 

road surface causes traffic accidents and urban floods. In 

addition, rainwater is temporarily flowing into the river or 

sea through the sewer system. As a result, the amount of 

rainwater that has flowed into the groundwater in urban 

areas is reduced, leading to desertification in urban 

areas[5,6]. 

 

 
Figure 1. Comparison of Seoul’s past and present 

green area(source : Daum blog:JM Yoo)  

 

 
Figure 2. Changes in rainwater flow in 

seoul(source:chosun llbo) 

 

 In order to solve these problems, the ROK proposed a plan 

to create a 'water cycle city'. Water permeable blocks are 

installed to improve water circulation. However, existing 

permeable blocks lose their permeability due to pore clogging 

due to foreign matter. Also, there is a phenomenon of 

destruction or dropout due to differential settlement, 

resulting in inconvenience and accidents[7]. 

 

 

 

 

 

Properties of Permeable Block using Aggregate 

Grading and Artificial Permeable Tube 

Eun-Seok, Cho, Won-Gyu, Lee, Byeong-Yong, Yoo, Sang-Soo, Lee 



 

Properties of Permeable Block using Aggregate Grading And Artificial Permeable Tube 

773 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: H11290688S219/19©BEIESP 

The permeable block is different from the past pavement 

method, which uses impermeable pavemen as the basic 

design concept. Permeable block is installed to induce water 

infiltration through the pores of the block and to introduce 

the rainwater into the groundwater[8]. However, pitcher 

blocks are mostly packaged in places such as sidewalks, 

bicycle lanes, parks, and plazas. After a certain period of time, 

the pitcher's block will lose its function due to pollution and 

various foreign substances in the air[2,9]. 

Some foreign matter on the surface can be regenerated 

through cleaning and cleaning. However, there is a 

disadvantage of replacing the Permeable block because there 

is no way to remove foreign matter if foreign matter 

accumulates inside the Permeable block product. As the 

replacement period of the Permeable block is shortened, it is 

pointed out that traffic interference and economical 

efficiency are problems. Korea has been developing and 

researching many products in order to solve these problems, 

but it is not enough to overcome the shortcomings[10]. 

In this study, an artificial permeable tube(APT) was used as 

artificial light-weight aggregate(ALA) concept to improve 

permeability of permeable block. The permeable block is 

divided into an upper layer and a lower layer. In the lower 

layer, aggregate having a large particle size is used to obtain 

a large permeability. The aggregate of the upper layer is to 

make a pitcher block according to the grain size to control the 

permeability and strength. Experiments were carried out for 

the properties according to the APT and upper aggregate 

grading by fabricating a permeable block according to the 

upper aggregate grading.   

II. EXPERIMENTAL PLAN 

The upper layer of aggregate penetration was compared 

with A_aggregate(2 mm or less)and B_aggregate(3-5mm or 

less). Experiments were conducted according to the addition 

rate. The permeability block was fabricated and the physical 

properties were analyzed.  

In this study, it is experiment to compare the properties 

according to the aggregate grading of the permeable block 

and analyze the properties according to the addition rate of 

APT. The bottom layer of the permeable block was made of 5 

~ 8 mm of aggregate. To improve the permeability, artificial 

permeable tube made of plastic with spiral groove was 

prepared and mixed like artificial aggregate to form a lower 

layer. The addition ratio of APT is  0, 1, 2, 3, 4, 5 (%).  

In order to analyze the strength according to the upper 

layer aggregate grading, the experiment was conducted using 

A_aggregate and B_aggregate. The specimens were 

manufactured to meet the criteria of KS F 4419, and the 

flexural strength, density, water absorption, porosity and 

permeability coefficient were measured at 28 days. The 

experimental plan is shown in [Table 1]. 

 

Table 1: Experimental plan 

Experimental factor Experimental level  

Binder Cement 1 

W/B 35 (wt.%) 1 

Artificial permeable 

tube addition ratio 
0, 1, 2, 3, 4, 5 (wt.%) 6 

Upper later 

aggregate grading 
A(1~2㎜), B(3~5㎜) 2 

Curing conditions 
Relative humidity 80±5%, 

Temperature 20±2℃ 
2 

Test items 

Density, Water absorption, 

Porosity, Coefficient of 

permeability, Flexural 

strength 

5 

III. MATH 

If you are using Word, use either the Microsoft Equation 

Editor or the MathType add-on (http://www.mathtype.com) 

for equations in your paper (Insert | Object | Create New | 

Microsoft Equation or MathType Equation). “Float over 

text” should not be selected.  

IV. MATERIALS USED 

A. Cement 

The cement used was one kind of ordinary portland 

cement of Korean products according to KS L 5201 standard. 

The density of cement is 3.15g/㎤ and the fineness is 3,420㎠ 

[1,11]. CaO accounts for 62.9% of the chemical composition 

of cement followed by SiO2 by 21.1%. In addition, there are 

chemical components such as Al2O3, Fe2O3, MgO, and SO3. 

[Table 2] shows the chemical composition of cement and 

[Table 3] shows the physical properties of cement. 

 

Table 2. Chemical properties of cement 

Chemical composition (%) 

SiO2 
Al2O

3 

Fe2O

3 
CaO 

Mg

O 
SO3 TiO2 Cl- 

21.1 6.5 2.9 62.9 3.3 2.2 - - 

 

Table 3. Physical properties of cement 

Physical component 

Density fineness 

3.15 g/㎤ 3,420㎠ 

 

B. Arificial permeable tube(APT) 

[Table 4] show the properties of APT. APT has a low 

density of 1.5 g/㎤ and is made of plastic polypropylene. In 

addition, since there is a spiral groove, water can be smoothly 

discharged.  It can be used as a substitute for aggregate, and 

when used, it is possible to secure the pore of the permeable 

block[1,6]. [Figure 3] is a photograph of an artificial 

permeable tube.  
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Table 4. Properties of Artificial permeable tube(APT) 

Artificial permeable tube(APT ) 

Density 
Water 

absorption 
Size Texture Shape 

1.5 g/ ㎤ 0 % 20 mm Plastic 
Spiral 

cylinder 

 

C. Aggregate 

[Figure 4] is a photograph of permeable block according to 

the aggregate particle size. The upper layer was composed of 

A aggregate and B aggregate and the lower layer was 

composed of 8 ~ 10 mm aggregate. The aggregate used was 

crushed stone. 

 

 
Figure 3. Arificial permeable tube 

 

A_aggregate(1~2㎜)   B_aggregate(1~2㎜)   C_aggregate(1~2

㎜) 

Figure 4. Photo of each aggregate  

 

V. CROSS SECTION OF SPECIMEN 

 [Figure 5] is a cross-section photograph of the specimen. 

The permeable block is divided into an upper layer and a 

lower layer. The upper layers were compared using an 

aggregate grading 1 ~ 2 and 3 ~ 5 mm. The lower layer used 

8 ~ 10mm aggregate of crushed stone.   Also, it is expected 

that the porosity is increased and the coefficient of 

permeability is increased due to the permeable tube 

penetrating through using APT as artificial aggregate. 

 
Figure 5. Cross section of specimen 

VI. RESULTS AND ANALYSIS 

A. Density 

[Figure 6] is a graph of the density of the upper aggregate 

grading and the APT addition rate. As the size of the upper 

layer aggregate increases, the density tends to decrease. The 

larger the aggregate size, the more pores are formed and the 

density decreases. As the addition rate of APT increases, the 

density tends to decrease. It is considered that the density of 

the matrix decreases as the addition rate of the APT increases 

because the APT is less dense than the aggregate. 

 

B. Water absorption 

[Figure 7] is a graph showing water absorption. The larger 

the aggregate particle size, the smaller the absorption rate 

tends to decrease. As the size of the aggregate increases, the 

amount of aggregate used decreases, and the water 

absorption is also reduced[11]. Also, as the addition rate of 

the permeable tube increases, the absorption rate tends to 

decrease. It is considered that the APT is made of plastic 

material which does not absorb water, and the water 

absorption is decreased because APT with a lot of pores 

replaces aggregate. 

 

 
Figure 6. Density graph 

 
Figure 7. Water absorption graph 

C. Porosity 

[Figure 8] is a graph showing porosity. The larger the 

grading of the aggregate, the greater the porosity tends to 

increase. As the grading of the aggregate increases, pores are 

formed between the aggregates of the matrix. 

The porosity tends to increase as the addition rate of APT 

increases. It is considered that the APT with spiral grooves 

replaces the aggregate and secures the pore of the matrix. 
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Figure 8. Porosity graph 

D. Coefficient of permeability 

[Figure 9] is a graph showing coefficient of permeability. 

The larger the aggregation grading, the higher the coefficient 

of permeability. The coefficient of permeability tends to 

increase as the addition rate of the permeable tube increases. 

The porosity and the coefficient of permeability are analyzed 

to have a proportional relationship[11]. [Figure 10] shows 

the relationship between porosity, coefficient of permeability 

and flexural strength. The strength tends to decrease as the 

porosity increases, and the coefficient of permeability tends 

to increase with increasing porosity [12]. According to Korea 

KS F 4419, the permeability coefficient of the permeable 

block is 0.1㎝/s. The values derived from this experiment 

were analyzed to satisfy this criterion. 

 
Figure 9. Coefficiebt of permeability graph 

 
Figure 10. Proporional relationship of properties 

 

E. Flexural strength 

[Figure 11] is a graph showing flexural strength. Flexural 

strength was measured after 28 days aging. The larger the 

aggregate, the higher the strength. It is considered that the 

strength of the matrix increases as the bonding surface of the 

binder and aggregate increases. As the addition rate of APT 

increases, the intensity decreases. This is because the surface 

of the APT is smooth and the strength is decreased due to 

lack of binder and cementing power[13]. APT is replaced 

with aggregate and the strength is decreased and further 

study is needed to increase the cementing power of APT and 

binder. 

 
Figure 11. Flexural strength graph 

VII. CONCLUSION 

The larger the grading of the upper layer aggregate, the 

smaller the amount of aggregate used in the permeable block. 

As the weight of the permeable block decreases, the density 

decreases and the absorption rate decreases. The larger the 

aggregation grade, the more pore will be created inside the 

permeability block, resulting in higher porosity and a higher 

permeability coefficient. Also, the bending strength increases 

as the amount of joint between aggregate and binder 

increases. As the addition ratio of artificial permeable tube 

increases, the amount of artificial permeable tube increases 

in the permeable block. Because the density of the artificial 

permeable tube is lower than that of the aggregate, the 

density and water absorption of the permeable block are 

reduced. Due to the spiral groove of the permeate tube, the 

porosity is increased and the porosity is increased and the 

coefficient of permeability is increased. However, due to the 

smooth surface of the permeable tube, the cementing power 

decreases and the flexural strength tends to decrease. 

Utilizing the artificial permeable tube, you can control the 

performance of the Permeability to the field. If you use waste 

plastics as a artificial permeable tube material, it will be 

improved in terms of environment. 
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