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Abstract  

Permeable concrete is an interesting supplement to solutions available on the market, 
involving concrete, vibropressed or prefabricated concrete blocks. It enables us to shape our 
environment with a particular emphasis on sustainable construction. A properly designed and 
constructed permeable concrete surface or sub-base has many advantages. One of the most 
important advantages is the speed of draining the rainwater from the outer surface, which 
minimizes the risk of slipping.  

In permeable concretes, the composition of ingredients is the most important part of the 
whole project. Application of aggregate without a constant gradation curve, or even with 
mono-fraction porosity, adequately durable and resistant to densification is very complicated 

The most important feature parameters of permeable concrete include porosity and water 
conductivity. These two factors determine the choice of the aggregate (in terms of quality and 
quantity), and the quantity and quality of the slurry. 

The proper construction of a permeable concrete surface allows for its wider application, 
not only because of its durability but also because of environmental aspects. 
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1. INTRODUCTION 
Modern concrete surfaces should meet a number of requirements, such as durability, 

safety, comfort of use and economy of construction, or cost-effectiveness and impact on the 
environment and surroundings. Concrete is an interesting alternative to complement the 
existing range of products enabling the construction of local roads, bicycle paths, pedestrian 
streets, parking places in parking lots and drainage layers for each type of surface. Permeable 
concrete is an interesting supplement to solutions available on the market, involving concrete, 
vibropressed or prefabricated concrete blocks. It enables us to shape our environment with a 
particular emphasis on sustainable construction.   

2. SHAPING THE SURFACE 
Permeable concrete consists of carefully selected quantities of ingredients which allow you 

to create a structure with high porosity. A small amount of water, in combination with a 
binder, has to produce an optimum volume of paste of adequate liquidity. You have to ensure 
that the paste precisely covers every granule of the aggregate, does not run off, and thereby 
firmly combines the other components. The use of a minimum amount of slurry results in the 
formation of a system of voids between the granules of the aggregate. Thus, water can freely 
migrate from the concrete surface to the lower-lying layers. Not every type of porous concrete 
is permeable because this specific drainage system is not created by all such voids. 
Typically, permeable concrete should have about 15-25% of voids, although the optimum 
value seems to be over 20%. 

The factor determining the creation of the appropriate system of voids in hardened 
concrete is the type and shape of applied aggregate. The aggregate has a major impact on the 
quality and durability of the resulting concrete. 

3. QUALITY REQUIREMENTS FOR PERMEABLE CONCRETE 
COMPONENTS  

A properly designed and constructed permeable concrete surface or sub-base has many 
advantages. One of the most important advantages is the speed of draining the rainwater from 
the outer surface, which minimizes the risk of slipping. 
Due to the possibility of application of permeable concrete in all types of local roads, internal 
roads, pavements, driveways, pedestrian paths, bicycle paths, pedestrian streets, parking 
places, bus lay-bys and drainage roadsides, both the components of the concrete mixture and 
the hardened concrete itself must fulfil a number of requirements depending on the 
application. 

It is impossible to disregard a number of guidelines related to the type of applied concrete 
with fixed mineral composition [ PN-EN 197-1 Cement – Part 1: Composition, specifications 
and conformity criteria for common cements], selection of components in accordance with 
concrete standard [ PN-EN 206  Concrete - Specification, performance, production and 
conformity] or national requirements. In order to be able to use permeable concrete as the 
outer surface, you have to adapt to the requirements for the components and those related to 
the parameters for hardened concrete, i.e. resistance to frost (F150), absorption (up to 5%), 
water tightness ( W8 ). In many cases, concrete is required have appropriate flexural tensile 
strength (4.5 – 5.5 MPa), meet the requirements related to freezing and thawing in the 
presence of salts (requirements for class FT2) and have the appropriate pore microstructure 
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(A300 ≥1.5 %, L≤0.200mm). Unfortunately, a lot of these requirements cannot be fulfilled due 
to the specific nature of concrete, namely its permeability. 

 
3.1 Requirements for pedestrian streets and roads for vehicular traffic  

When using permeable concrete for surfaces designed for pedestrian and bicycle traffic, in 
terms of components and hardened concrete, we should refer to the requirements for materials 
of similar application, i.e. concrete paving blocks or concrete paving flags (slabs), specified in 
the following standards: PN-EN 1338_2005 Concrete paving blocks – Requirements and test 
methods, PN-EN 1339_2005 Concrete paving flags – Requirements and test methods. 

Permeable concrete is a type of framework, where aggregate must be the most durable part, 
which is why, despite its failure to meet the absorption or watertightness parameters, concrete 
must be sufficiently durable to survive the most hazardous of all factors, i.e. cyclic freezing 
and thawing in the presence of de-icing salts.  
 
3.2 Requirements for cement concrete surfaces 

With regard to road surfaces, permeable concrete should meet the requirements imposed 
on materials and hardened concrete, i.e. standard PN-EN 13877 Concrete pavements, or PN-
75/S-96015 Road and airfield pavements with cement concrete, and PN-88/B-06250 Ordinary 
concrete. 
 
3.3 Requirements for substructures (sub-bases) 

Permeable concrete is an ideal base for subsequent layers of surfaces of roads, bicycle 
paths, pedestrian streets and pavements. Undoubtedly, the advantage of this type of concrete, 
in its hardened form, is its resistance to deformation, and thus, its permeability. Of course, 
depending on the application, it should meet the requirements of relevant guidelines, 
specifications and legal provisions. The basis of such requirements is provided by the 
following standards: PN-S- 96012 Automobile roads. Substructure and improved substrate of 
soil stabilised with cement, PN-S- 96013 Automobile roads. Substructure of lean concrete. 
Requirements and testing, PN-S 96023 Road constructions. Substructure and superstructure 
with crushed stone. Increasingly, there are references to mixtures with hydraulic binders, i.e. 
PN-EN 14227-1 Hydraulically bound mixtures. Cement bound mixtures, WT-5 
Specifications. Hydraulically bound mixtures for roads.  
 
3.4 Requirements for open-graded (pervious) concrete  

The most appropriate classification of permeable concrete is provided by its comparison to 
open-graded (pervious) concrete, and the application of identical guidelines, such as PN-91/B 
06263 Lightweight aggregate concrete. Permeable concrete is an improved version of open-
graded concrete, with modified composition and more precisely verified quality. Depending 
on the ingredients used, you can control both its strength, permeability and evenness of the 
surface. With these advantages, the application of permeable concrete is almost unlimited. 

4. DESIGNING SPACES INTENDED FOR PEDESTRIANS 
Design principles for surfaces made of permeable concrete are comparable to those 

applicable to standard concretes. For the purpose of zones with declared durability, you 
should separate areas of 25 m2 – 50 m2 from the designed space, where the ratio of length to 
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width ranges between 1 – 2.5 (D/S< 1÷2.5), and the length of the designed surface cannot be 
greater than 25 times its thickness (Figure 4).  

For the purpose of proper distribution of the concrete mixture, you can create barriers to 
limit the distribution, in the form of expansion joints, bricks, paving stones, logs, etc., 
harmonizing with the concrete surface. 

The thickness of the surface and the sub-base depends on operational factors and factors 
related to soil and water properties. Depending on the application, you should select the 
proper type of permeable concrete. Pavement durability does not only involve durability of 
the concrete itself but the longevity of the solution attributable to proper care, expansion 
joints and operation. The proper design of joints affects the durability of the designed surface 
(Figure 5). You should always apply expansion joints around fixed obstacles and try to shape 
the surface in a manner preventing occurrence of any sharp edges. 

Expansion joints may be cut in a conventional manner - just after the concrete has achieved 
the required durability. Another way is to form grooves in the fresh mixture with the use of a 
special cutting knife (Figure 6). Permeable concrete is supplied to the installation location in a 
concrete mixer truck, and the mixture is not pumped but administered through a funnel. Prior 
to unloading, you should moisten the substrate, and lay geotextile, if required, secure the 
adjacent surfaces and ensure a 2% inclination of the designed surface.  

5. DESIGNING THE COMPOSITION OF PERMEABLE CONCRETE 
MIXTURE 

In permeable concretes, the composition of ingredients is the most important part of the 
whole project. Application of aggregate without a constant gradation curve, or even with 
mono-fraction porosity, adequately durable and resistant to densification is very complicated. 
The amount of slurry must be carefully chosen in order to enable it to surround each granule 
and prevent it from running off and thus gluing the system of permeable pores. The mixture 
of such composition must be delivered to the place of installation and properly laid, in order 
to ensure its durability and proper aesthetic effects (Figure 7). 
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Figure 7: Permeable concrete design schame 

 
5.1 Coarse aggregate 

If you opt for permeable concrete, you should spend more time in order to find aggregate 
meeting both quality requirements, as well as those related to the size and shape of granules. 
It is very important to select the right type of mono-fraction aggregate, i.e. 2-5, 5-8, 8-11 mm 
(road fractions),  2-8 mm (in the case of aggregates used for standard concretes), or 2-16, 8-
16, 16-22, 16-32 mm. In the case of application of granulation of 2-8 or 2-16, the risk is 
associated with the packing, namely, if the aggregate has been packed too densely, there is a 
risk of gluing the voids. For the purpose of adequate design of aggregate stack, you should 
use frost-resistant aggregate (depending on the application: either broken gravel or grit), with 
good resistance to abrasion, mono-fraction and diverse granulation, in the amount of 1500 - 
1800 kg/m3. One of the most important parameters of selected aggregate is its perviousness. 
In selecting it, we should pay attention to the following parameters: distribution, size and type 
of aggregate, and the influence of these parameters on its permeability, compactibility and 
resistance to compression (Table 1). 
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Table 1: Proces doboru kruszywa ( aggregate selection process ) 

 
 
5.2 Sand 

The sand used in the mixture should be free of organic contaminants and have a constant 
gradation curve, in order to ensure the highest level of homogeneity of the mixture. You 
should use materials meeting quality requirements (mining sand is the most popular type). 
The content of sand in the mixture will vary between 0 -180 kg/m3 and usually depends on the 
type of application (drainage concrete or surface concrete).  
 
5.3 Cement 

The existing specifications and regulations require the use of CEM I low-alkali type of 
cement, and in special cases, Portland cement, with strength class 42.5. With regard to 
permeable surface concrete, the best option is the application of cement with rapid increase in 
R strength, in the amount ranging between 260 – 330 kg/m3, and W/C ratio of 0.25 - 0.30. In 
the case of drainage concrete, the class or type of applied cement is of no importance. 
However, you should bear in mind that migrating water may elute adverse substances. 
According to German guidelines, Draenbetontragschichten (DBT), the amount of cement 
should range between 8-12% of the aggregate mass, i.e. 150 – 220 kg/m3. The amount of 
cement depends on the quality, quantity, shape and fineness of applied aggregate.  
 
5.4 Water 

You should use tap water. Each batch of delivered concrete mixture should have the same 
W/C (water to concrete) ratio. Usage of recycled water is not recommended for production as 
it may have negative influence on the aeration of the slurry and its durability.  
 
5.5 Additives and admixtures   

In order to arrive at a mixture with proper parameters, fulfilling the requirements in terms 
of frost resistance (F150), frost resistance in the presence of de-icing salts (FT2), and the 
proper pore macrostructure, you should use plasticisers, liquidisers, aeration admixtures, 
polymer dispersions and fibres. Obtaining slurry with the right parameters is extremely 

Permability Compactibility Compressive Strenght

≤2 + + -

>2 - - +

<4 - - 0

≥4 + + 0
Crushed + 0 +
Round 0 0 0

Flat/Elongated 0 + -
L≤1.5 Width + 0 +
L>1.5 Width 0 + -

FeatureStep
Impact On

Distribution 
Dmax/Dmin

Size Dmin

Type

Lenght

1

2

3

4

Evaluation
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complicated. The slurry must have proper liquidity and, at the same time, proper viscosity and 
thickness, in order to prevent it from running off the aggregate granules.   
 
5.6 Characteristics of the slurry 

The key to success is to design the proper mixing ratio of aggregate and to select the 
adequate amount of slurry with proper parameters. Properly designed paste has adequate 
viscosity, which may be verified by using an O Funnel (individually performed test Figure 8-
9), and adequate consistency, which may be verified by using a mini cone (individually 
performed test Figure 10-11). The whole procedure has been summarised in Table 2. The 
optimum amount of the slurry, designed in the manner described above, is on the surface of 
each aggregate granule – it does not form a rigid glue but a structure of skeleton-like 
connections.(Table 3) 
 
5.7 Conditioning agent 

Immediately after laying the concrete mixture, its surface must be protected from drying 
out. Due to the fact that the mixture will have the optimum amount of slurry with a low W/C 
(water to concrete) ratio, it will be susceptible to rapid evaporation of water. The first step is 
to secure the surface with a foil barrier preventing excessive evaporation of water. 
Alternatively, you may apply a non-wax conditioning agent.  
 
Table 2: Charaketerystyka zaczynu ( Paste characteristics ) 

 
 
Table 3: Ilości składników dla podbudów zgodnie z DBT (The amounts of ingredients for 
substructures in accordance with DBT) 

 

Badanie ( Test ) 
Charaketrystyka zaczynu                       
( Paste characteristics )

Rekomendowane wartości      
( recommended values )

Mini O-funnel 12 - 18 [sec] 12 sec

Mini Slump 260 - 300 [mm] 280 mm

Składnik ( Component ) Udział w % masy ( Amount in % mass )
Udział w kg/m3          

( Amount in kg/m3)
Cement ( Cement )               8 - 12 % kruszywa ( aggregates ) 150 - 220

Woda ( Water )
3 - 6 % cementu + kruszyw ( cement + 

aggregates )
60 - 90

Piasek 0/1, 0/2 mm ( 
Sand )

10% kruszywa ( aggregate ) 150 - 180 

Kruszywo łamane 8/22, 
8/32 ( Crushed 

aggregates )
90% kruszywa ( aggregate ) 1500 - 1600
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Figure 1: Difference in 

permeability with the same 
porosity 

Figure 2: Optimal porosity 
 

  

 
 

Figure 3: Pervious concrete conception Figure 4: Scheme of designed 
dimensions 

 

 

 
Figure 5: Joint system Figure 6: Joint cutter Figure 8: Mini O-lejek (Mini O-

funell) 

   
Figure 9: Mini O-lejek (Mini 

O-funell) 
Figure 10: Mini stożek  

(Mini Slump ) 
Figure 11: Mini stożek ( Mini 

Slump ) 
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6. PROCEDURE DURING CONCRETE LAYING 
The technology of permeable concrete laying is very complex because the small amount of 

slurry forces the operator to perform laying and compaction very quickly, preferably without 
vibration. The concrete mixture must be laid on a properly prepared substrate, with adequate 
density and moisture, and complete with barriers (boundary surfaces). After the quick 
distribution of the mixture, the surface is initially levelled by using patches and secured with 
foil against excessive evaporation. Afterwards, depending on your assumptions, you should 
commence with pre-compaction. The purpose of pre-compaction is to ensure better 
distribution of the concrete mixture and the proper arrangement of the outer layer of 
aggregates, in order to prevent it from being pulled out.  In order to minimize the risk of 
slurry runoff, a few methods of concrete laying and compaction have been tested – depending 
on the required final durability. Below, you will find descriptions of some of the simplest 
methods of concrete laying: 

-  manual paving – if only permeability parameter is required, and durability is less 
important (Figure 12) 

-  paver for concrete surfaces (Figure 13) 
-  mechanical compacting of the surface (Figure 14) 
-  mechanical compacting of the surface with the use of vibration patches (Figure 15) 
-  compacting of the surface with the use of a hand-roll (Figure 16) 

 

 
  

Figure 12: Manual Paving 
 

Figure 13: Placing the 
concrete paver 

Figure 14: Mechanical 
compacting 

 

 

 

 
Figure 15: Mechanical 

compacting with vibration 
patch 

 Figure 16: Compacting 
with hand-roll 
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7. CONTROL OF PERMEABLE CONCRETE PARAMETERS  
The most important feature parameters of permeable concrete include porosity and water 

conductivity. These two factors determine the choice of the aggregate (in terms of quality and 
quantity), and the quantity and quality of the slurry. Depending on the application and 
requirements to be met by permeable concrete, you can freely decide on the arrangement of 
components so as to achieve the best effect.  

7.1 Water permeability  
A water permeability test involves measuring the time of the flow of a certain amount of 

water through a designated element. The measure of this parameter is K – vertical 
permeability [mm/s]. 
 

604
2 ∗∗= t

M

Dh
LK

π
 

 

7.2 Porosity 
A porosity test involves measuring the volume of all the voids created in the already 

hardened concrete. The value of this parameter is determined by p – total porosity [%]. 
 

p = [ 1 - ( V1 - V2 ) / V ] x100 

7.3 Segregation resistance 
The purpose of a segregation resistance test is to verify the correctness of the design of the 

slurry. It is a measure of the amount of paste which will run off the aggregate granules under 
the influence of vibration. This value must not exceed 5% of the total mass of tested concrete. 
(Figure 17) 
 

 
Figure 17: Segregation test scheme 

 

Entonnoir 
 

Tamis de 2,5 mm 
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8. CONCLUSIONS  
Permeable concrete has a wide range of applications, depending on the ingredients used. It 

is a very interesting material both for the sub-base and the top layer of local roads, pedestrian 
streets, pavements, bicycle paths and roadside drainage surfaces. It can be freely used as a 
layer for draining water from tennis courts, inverted roofs or a layer for filtrating rainwater to 
underground tanks.   

The wide range of available aggregates, dyes and possible designs of durable yet 
permeable surfaces allows for a wide spectrum of action.   

The proper construction of a permeable concrete surface allows for its wider application, 
not only because of its durability but also because of environmental aspects (Multi-criteria 
Building Grading Systems). 
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