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Abstract 

Concrete is valued by designers and architects, because of the virtually unlimited ways in 
which it can be used to design space - complicated structures, composition with other 
materials. In many cases concrete structural elements are left without additional finishing, 
which results in increased expectations regarding its visual appeal. The development of 
concrete technology brought about a number of ways for creation of decorative surfaces. One 
of the techniques is to shaping by incorporation / bond (chemical bonds retardation). The 
texture obtained in this way exposes the aggregate. Taking into account the availability of 
freeze-resistant aggregates in combination with dyes and cements, it is possible to create 
numerous types of surface concretes of a different colours and texture according to needs and 
requirements. Concrete surfaces in Poland are enjoying a growing interest and, due to their 
advantages, should become more and more popular, becoming a true supplement to the 
available technologies – asphalt, pavements carried out with stones etc. Concrete with 
exposed aggregate surface is characterized by features of the standard surface concrete with 
added decorative effect. Is the concrete with exposed aggregate relevant? Do the additional 
treatments to expose the aggregate from the surface discourage contractors? Will the product - 
exposed aggregate concrete - be attractive enough to excite architects with its decorative 
texture? 

The paper is a trial approximation of the technology of surface forming by applying a 
setting time retardant, an indication of limits of material availability and a presentation of 
guidelines that should be valuable in production and processing. The presented paper aims to 
identify alternative solutions that, in the future, will enrich the portfolio of available 
technologies. 
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1. INTRODUCTION 
Modern concrete surfaces should meet a number of requirements, concerning its: 

durability, safety, comfort of use, cost-effectiveness of construction, and impact on 
environment and surroundings. Concrete is a new way to look at material used for paving 
promenades, walkways, bicycle lanes, pedestrian passages, parking spaces, bus bays and even 
road surfaces. Exposed aggregate concrete is an interesting alternative and complement to the 
existing solutions such as: paving stones, blocks or asphalt. The visual effect, the resultant 
quality and durability of such surface may prove interesting and encourage realization of 
interesting projects.  

2. SURFACE SHAPING 
Chemical bond retardation is in most cases achieved by placing a surface deactivator on 

the top surface of a poured concrete mix and later removed of the non-bonded layer by water 
jet or brushing. If high-pressure washers are used - the nozzle should be directed at 45 degree 
angle to the surface at a distance of about 20 cm and pressure of 4-6 BAR. Washing off the 
top layer, depending on atmospheric conditions and agents used should begin between 6 and 
24 hours from the moment the deactivator was placed.  
The proposed finishing may only show the outline of the used aggregate, or if penetration is 
deeper, it may present up to 2/5 of the actual size of the used grade. The depth of deactivation 
depends on the used chemical agent. The other factors impacting the depth are also: 

- the type of concrete used - with Portland cement the penetration is more shallow than 
with concretes with admixtures; 
- quantity of concrete (the higher the concrete content the shallower the penetration); 
- type and quantity of used mineral additions; 
- the W/C ratio (reduction of the water quantity makes the removed layer thinner); 
- admixtures impacting binding and heat treatment (decrease penetration depth); 
- ambient temperature during application (penetration depth: in summer - decreased, in 
winter - increased) 
- bleeding due to emission of water from the cement slurry or due to watery consistence, 
too much vibrations, or visible segregation (decreases penetration)." 
It is important to select proper penetration depth in relation to the aggregate grade utilized 

in the cement mix. In order to ensure proper durability, the grains should be immersed to a 
level of at least 3/5 of their diameter. This prevents against individual grains falling out. 

Aesthetic and interesting visual appeal is obtained by concretes utilizing mono-grade 
aggregate 0-2, 0-5, 2-5, 5-8, 8-11, 11-16 mm, however it is also possible to create surfaces 
with aggregate grades 2-8, 8-16, 2-16, 16-32 mm. 

In order to avoid mistakes, the size and type of exposed aggregate should be well 
researched, as its size (quantity and size of grains) strongly impacts the visual appeal of the 
surface.  

 
3. QUALITATIVE REQUIREMENTS FOR COMPONENTS OF EXPOSED 

AGGREGATE CONCRETE 
 

Properly designed and created exposed aggregate surface has numerous advantages. Some 
of these include: good resistance to load transmission, high load-bearing, good adhesion, low 
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abrasion (if proper aggregate is used), light colour (impacting the safety of vehicular 
movement and visibility), decrease in noise levels, good exploitation characteristics and low 
maintenance. 

As exposed aggregate concrete may be used for pavements, ramps, pedestrian passages, 
promenades, parking spaces, bus bays and road surfaces, the components of the cement mix 
and the hardened concrete must meet a number of requirements, depending on their intended 
use. 

Pavement concrete - the type used in construction of roads and communication 
infrastructure must be characterized by high quality, therefore it is designed using 
components of adequate quality. By using PN-EN 206-1 and assigning proper exposure 
classes to construction elements one can arrive at requirements concerning the minimal 
amount of cement, the W/C ratio, concrete class, air content, etc. Additionally, the designed 
cement mix must meet the requirements of the norm when selecting cement to a given 
concrete type and taking into consideration the realization of works, intended use for the 
concrete, maintenance conditions, size of the construction, environmental factors that the 
construction will have to withstand and potential reaction alkalies-aggregate. National 
reference documents - norms, ordinances and technical specifications - limit the ability for 
proper selection of cement. PN-EN 197-1, imposes usage of only CEM I low-alkali NA with 
determined mineral content. Another limitation is the assignment of cement strength class to a 
given concrete class.  

When following the national requirements, in each and every case the surface concretes 
should be designed using cement CEM I NA, granite or basaltic grit of proper parameters, pit 
sand or river sand of determined through and characteristics, and a W/C ratio no lower than 
0.5.  Additionally, when using aerating admixtures there is also an requirement to provide 
additional aeration of the concrete mix (Table 1), K3 consistency. Hardened concrete should: 
be resistant to frost (F150), meet the absorbability to 5%, be watertight (W8), in many 
instances it is required to have tensile strength at bending from 4.5-5.5 MPa, as well as be 
freeze-thaw resistant in presence of salts (meeting requirements of class TF2) and have a 
proper pore microstructure (A300 ≥1.5 %, L≤0.200mm) 

 
3.1 Requirements for pedestrian passages and road surfaces for bike traffic 

In case of use of a decorative concrete for surfaces for pedestrian and bike traffic we 
should relate requirements for components and the concrete itself to materials of similar use - 
i.e. setts, concrete paving slabs, guidelines for which are given in norm PN-EN 1338_2005 
Betonowe kostki brukowe - Wymagania i metody badań[Concrete paving stones - 
Requirements and test methods], PN-EN 1339_2005 Betonowe płyty brukowe – Wymagania i 
metody badań [Concrete paving slabs - Requirements and test methods]. 

In the referenced norms, for every material intended for external pedestrian passages and 
areas of bike traffic, defined was freeze-thaw resistance in presence of de-icing salts, 
absorbability, resistance to bending, resistance to grinding, slippage resistance of unpolished 
surface.   
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Table 1: Examples of characteristics and requirements for aggregates for exposed aggregate 
concrete 

 
 
3.2 Requirements for surfaces of cement concrete 

When analyzing the road surfaces, the exposed aggregate concrete should meet the 
requirements concerning materials and hardened concrete in the PN-EN 13,877 Nawierzchnie 
betonowe [Concrete surfaces], or PN-75/S-96015 PN-75/S-96015 Drogowe i lotniskowe 
nawierzchnie z betonu cementowego [Roads and airports surfaces from cement concrete] .  
Surface concrete should undergo freeze-thaw testing, and its freeze resistance in presence of 
de-icing salts should be classified according to prEN 12390-9. Another important 
characteristic is bending resistance at stretching. According to the Polish norms in force, the 
specification will impose detailed requirements concerning the utilized: cements, aggregates, 
absorbability, water-tightness, freeze resistance (according to PN-88/B-06250) 

4. DESIGNING OF SPACES INTENDED FOR PEDESTRIAN TRAFFIC 
Rules for designing exposed aggregate surfaces are similar to the ones for standard 

concretes. In order to achieve the required visual/aesthetic effect of proper durability, from the 
designed space should be separated spaces of size 25 m2 – 50 m2, where the length/width ratio 
will be  1 – 2.5 (D/S< 1÷2.5), and the length of the designed surface cannot be larger than 25 
times its thickness (Figure 1).  

4



 
Figure 1: Examples of joint systems and limiting walls 

 
4.1  Relations between dimensions of the designed surface 

In order to properly place the concrete mix, barriers should be placed to limit the spilling 
in form of plastic dilatation barriers, bricks, setts, wooden logs, etc. to match the concrete 
surface (Photo.1). 

 

 
Photo 1: Examples of dilatation barriers 

 
Depending on the amount of the traffic, the soil conditions and the type of soil , the 

thickness of the poured layer is designed. Concrete surfaces intended for pedestrian and low 
vehicular traffic may be of thickness lower than 17-27 (as given in the catalogue of rigid 
surfaces). In order to ensure proper durability of a concrete surface the dilatation gaps have to 
be properly planned. Cracks or self-dilatation of concrete is a natural phenomenon. By 
introduction of joints the cracks appear in advance and in a controlled manner. Joints lessen 
effects of concrete shrinkage and allow for movement of separated concrete slabs - less stress 
is generated.  Proper design of joints impacts the durability of the designed surface (Figure 2). 
The dilatations should also be created within the permanent obstacles and aim at surface 
shape devoid of sharp edges. 
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Figure 2: Relations between dimensions of the designed surface 

 
4.2 Examples of joint systems and limiting walls 

Exposed aggregate concrete, depending on the type of access to its final location may be 
designed in two ways: as pumpable concrete, focusing on consistence at expense of the visual 
effect or non-pumped which results in better dispersion of aggregate.  Before unloading, the 
substrate should be moistened, nets should be placed (if needed), the surrounding surfaces are 
to be secured, and a 2% decline of the designed surfaces.   

5. DESIGNING THE CEMENT MIX FOR EXPOSED AGGREGATE 
In exposed aggregate concretes the composition of components is the most crucial factor 

determining the final look of the surface. The indicators to be taken into consideration are the 
type and amount of traffic, the aesthetic effect, acoustic characteristics and durability. 
 
5.1 Coarse aggregate 

When the used technology results in individual grains being exposed, additional attention 
should be given to selection of aggregate that not only meets the quality requirements but is 
also characterized by proper grain size and shape. It is crucial to select a mono-grade 
aggregate 2-5, 5-8, 8-11 mm (road grade),  2-8 mm (in case of aggregate for standard 
concrete), or 2-16, 8-16, 16-22, 16-32 mm. A significant risk when utilizing discontinuous 
grade curves, i.e. 0-2 plus 8-16 is exposure of too much slurry, making the overall visual 
effect less appealing. Grain size up to 8 mm is recommended for surfaces where the key 
aspect, apart the quality requirements, is noise reduction. Due to high cost of mixture intended 
for exposed aggregate surfaces, the IFSTTAR Technology Centre has presented a concept of 
placing only a 3-4 cm layer on aggregate up to 8 mm with exposed aggregate, wet poured 
onto concrete that meets the durability requirements but not the aesthetic ones. Utilization of 
aggregate above 8 mm makes the surfaces noisier which limits its uses to access roads and 
private residences. In order to properly design the aggregate composition, a freeze-resistant 
aggregate should be used (gravel or grit depending on use), with high resistance to grinding, 
mono-grade, with continuous grain size in quantity of 1100 - 1350 kg/m3.  
 
5.2 Sand 

The sand used should be free of organic contaminants, with continuous grain size in order 
for the mortar to be as uniform as possible. The chosen material should meet the quality 
requirements (pit sand is most commonly used). Its content in the mix should be 550-700 
kg/m3 and usually depends on the required visual effect. 
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5.3 Cement 
As in case of most surfaces, the specification and the ordinances in force impose utilization 

of CEM I low-alkali or, under special circumstances, CEM III/A low-alkali and strength class 
42.5. The cement should be chosen in such a way as to meet the requirements concerning 
colour, when using a coloured mortar in the mix. The quantity of the cement is strongly 
dependent on the specified W/C or C/P ratio and the durability requirements for the surface 
concretes. Due to visual appearance it should not go above 350-380 kg/m3. In case of 
aggregate with grades up to 8 mm the content should be increased to 420 – 425 kg/m3. 
 
5.4 Water 

Tap water should be used. Every supplied batch of concrete mix should be characterized 
by the same W/C ratio. It is not recommended to use recycled water in production. The deeper 
the aggregate exposure, the lower the W/C ratio of the mortar must be. 
 
5.5 Additions and admixtures  

In order to achieve a mix of proper characteristics meeting requirements concerning freeze-
resistance (F150), freeze-resistance in presence of de-icing salts (FT2), absorptivity (up to 
5%), water-tightness (w8), flexural strength (4.5 - 5.5MPa), and proper macrostructure of air 
pores used should be mixes for: plasticization, flow, aeration.  In some cases for achieving 
concrete of lower porosity probable is utilization of metakaolin.  

An extremely important aspect when producing exposed aggregate concrete is proper 
dispersion of aggregate grains. To avoid segregation, bleeding and shrinkage - plastic cracks, 
synthetic fibres should be used (polypropylene). In order to increase the visual appeal of the 
surface the mortar may be coloured, using the dyes available in the marketplace. The visual 
effect will be increased if the colour of the mortar is selected to march the utilized aggregate. 
Every batch of concrete mix created should be characterized by the same W/C in order to 
keep the colour similar. Selection of quantity and form of the chosen dye depends on its 
content and intensity of dyeing, it is recommended not to use more than 6% of the cement's 
mass. When using dyes their impact on the W/C ratio and freeze-resistance should be tested. 
 
5.6 Deactivator - chemical retardation of bonding 

The retarding agent is a special layer - in form of a paste, lacquer, liquid or sheets of 
infused paper, that, when placed on the surface of concrete mix just after smoothing, 
penetrates the mix to a given, determined depth. The main objective of the deactivator is 
delaying or stopping the bonding process in the outer layer of the concrete mix so as to 
expose the aggregate when removing the top unbound layer. 
During the second phase the deactivator works as a finishing-protecting layer that, during the 
first 24 hours, keeps 80% of water in the mix. It secures the surface against rain and later acts 
as a protective layer during maintenance. 

Depending on the type and origin of the deactivator used it should be placed and washed 
off at different times. In most cases it is available as water solution that should be well stirred 
before use and then placed on the smoothed surface in form of a mist, covering all the surface. 
The placement may be realized using a garden sprayer or a different device used to spray 
liquid under pressure. For practical reasons, deactivators of different penetration depths have 
different colours. 
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Table 2: Examples of deactivators  
Recommended 
amounts of the 
components in 

the mixture 

Max size of 
aggregate 

[mm] 
Deactivators 

350 kg cement, 
1200 kg sand, 
600 kg 
aggregate 

4 

Green – 
Sanding 

effect    

6 

8 
350 kg cement, 
900 kg sand, 
900 kg 
aggregate 

4 

6 

350 kg cement, 
600-700 kg 
sand, 1100-
1200kg 
aggregate 

4 

  

Blue – 
fine 

wash out 

  

  

  

6 Violett – 
light and 
medium 
wash out 

  
8   

10 Yellow 
– 

medium 
wash out 

12   
14 

  
Pink – 
strong 

wash out 
16 

330 kg cement, 
500-600 kg 
sand, aggregate 

20   Grey – 
deep 

wash out 
25 

  30 
 
6. PROCEDURE FOR SURFACE PROCESSING OF PAVEMENT CONCRETE 

The technology of processing the surface by using a retarding agent, which allows for 
uncovering the aggregate hidden in the concrete is highly labour-intensive, requires high 
degree of precision and work quality. It is a time consuming, expensive solution that 
nevertheless provides a lot of satisfaction from the finished product. When creating an 
exposed aggregate concrete surface the indicated procedure should be closely followed. 

 
 Production of concrete mix and quality control; 

 
Photo 2: Production of concrete mix, transport and control 
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 Determination of proper concrete pouring zones  
 Impregnation of limiting surfaces, securing of surrounding surfaces 

 

 
Photo 3: Securing of auxiliary surfaces 

 
 Moistening the substrate and placement of reinforcement nets 
 Pouring of concrete mix 

 
Photo 4: Pumping of concrete mix 

 
 Creation of reference surfaces  
 Spreading of concrete mix 

 
Photo 5: Spreading of mix 
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 Smoothing of poured concrete mix 
 Placement of retarding agent 

 

  
Photo 6: Spraying of deactivator Photo 7: Deactivated surface 

 Washing off the retardant film by jet stream 

 
Photo 8: Washing off 

 
 Dilatation of resultant surface  
 Surface protection by impregnating agents 

 

  
Photo 9: Washed-off surface on aggregate up 
to 16 mm (granite grit) and brown-coloured 

mortar. 

Photo 10: Washed-off surface on aggregate 
8-16 mm (gravel) and black colouring. 
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Photo 11: Washed-off surface on aggregate 

w-8 mm (gravel), grey colouring 
Photo 12: Washed-off surface on aggregate 

2-8 mm (granite grit) and non-coloured 
mortar 

 
Photo 13:. Washed-off surface on aggregate 2-16 mm (granite grit) and black-coloured mortar 

7.  CONCLUSIONS  
Concrete surfaces are not prone to deformations such as: ruts and pits. This results in lower 

repair expenditures and thus increases safety and driving comfort. Surface concrete, 
depending on colouring of the mortar, may be a surface that is characterized by better 
visibility during the night hours. Thanks to this feature, the expenses for lighting of such 
spaces may be lower. It also decreases the amount of heat emitted to the atmosphere due to 
lower heat accumulation in comparison to asphalt surfaces. When analyzing concrete surfaces 
from the life-cycle standpoint we have to agree that in relation to the asphalt surfaces, 
concrete is characterized by lower level of depletion of natural resources and lesser 
environmental impact. To a lesser degree than asphalt roads, it adds to global warming, 
acidification, eutrophication, photo-chemical creation of ozone, decrease in ozone layer, 
human environment and quality of the natural environment. When comparing costs of 
construction and repair of concrete and asphalt surfaces during 30 years of exploitation, the 
total cost in case of concrete roads is lower.  

Apart all the benefits listed above, there is an additional one that the surfaces of exposed 
aggregate permanently increase the roughness of surface by strengthening its macro texture.  
Additionally, when aggregate of up to 8 mm is used the level of noise is reduced. Taking into 
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consideration the ability to use concrete with exposed aggregate when creating local roads, 
pedestrian passages, parking spaces, where the visual effect is important, it can serve as a 
great replacement or supplement to the previously used surfaces produced of fine elements.  

A wide selection of available aggregates and dyes as well as possibilities to create surfaces 
from elements of larger areas allows architects for much more freedom in design. 

Proper realization of surface utilizing exposed aggregate concrete allows for a range of 
uses not only due to its durability but also its aesthetic characteristics.  
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