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Abstract
In the case of fair-faced concrete surfaces the architect is responsible for defining the aesthetical 
requirements, the applicable examination methods and the conformity criterias. The surface 
quality can be defined by using the national or international standards and guidelines or by 
setting up specific evaluation aspects and methods. However, regarding the variety of these 
surfaces, the assessment can be very subjective in some cases and depends on the culture 
of the given country, especially when considering the discoloration. This paper presents an 
evaluation method for discoloration of the fair-faced concrete surfaces using digital image 
processing techniques. The program was written in Python, as a part of a more extensive project 
including further evaluation aspects of these surfaces. The method was tested on 24 concrete 
surfaces. Results show, that the changes in concrete composition or in the dimensions of the 
sample can be observed in the colour tone of the surface, however the automatic method should 
be supported by subjective evaluation to get the right classification.
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1. Introduction
The evaluation of fair-faced concrete surfaces is mainly 

subjective according to the current regulation, especially in 
the case of colour uniformity. The European standards and 
guidelines generally determine four surface classes based on 
different evaluation criterias. In Hungary, there is no dedicated 
standard for fair-faced concrete surfaces, the MSZ EN 24803-6:3 
Specifications for appearance of concrete and reinforced 
concrete structures [1] can be used for the evaluation. The 
criterias of the standard are categorized in two groups: the local 
surface conditions and shape conformity. The latter contains 
specifications for deterioration of surface quality, which can be 
assessed by comparing the surface to the previously accepted 
reference surface. The German Code of Practice on Fair-Faced 
Concrete [2] was published in 2004. It defines four concrete 
classes with more differentiated subclasses, although it does 
not provide evaluation methods compared to the Hungarian 
standard. The criterion of discoloration has three levels (FT1-
FT3), in which the staining due to rust or contamination 
is not allowed. The light or dark discoloration is permitted 
in the case of the lowest class (FT1), while in the case of 
FT3 only to a small extent. The classification of the Austrian 
ÖNORM B 2211 [3] standard is less structured, the aspect of 
discoloration has only two subclasses. Based on the standard, 
the Guideline of Formed Concrete Surfaces [4] clarifies the 
evaluation criterias and introduces new aspects as well. The 
discoloration is evaluated subjectively by using a grey colour 
chart (Fig. 1.): the guideline defines the maximal number of 
the present neighbouring colours for the three subclasses. In 

the case of the lowest class (FT1) the presence of 5 consecutive 
colour tones is allowed, and 3 for the highest class (FT3).

 Fig. 1 Grey colour chart according to the Austrian guideline
 1. ábra Az osztrák irányelv szerinti szürkeszín skála

The research of colour uniformity of fair-faced concrete 
surfaces is mainly focusing on the root causes of this 
phenomenon to facilitate its practical application. These 
research materials [5, 6, 7, 8, 9, 10, 11] are providing detailed 
information about the effect of the different factors on the 
colour uniformity of the surface such as the applied formwork 
material, the concrete composition, the release agent, the 
construction process or the environmental conditions. Based 
on the results, authors are developing useful proposals for 
the practice. The applied evaluation method depends on the 
type of the research material: the practical guidelines and 
summarizing literatures are using visual inspection [5, 6, 7, 8], 
while the scientific materials [9, 10, 11] are using professional 
tools, such as light microscopy, scanning electron microscopy, 
infrared spectrophotometry or dispersive X-Ray analysis. 
However, the visual inspection is mainly subjective, while the 
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latter tools are only applicable in laboratory environment. Only 
a few research materials [12, 13] are available in the topic of 
developing objective evaluation method that can be used on 
site as well. This paper presents a new assessment method for 
colour uniformity of fair-faced concrete surfaces based on 
digital image processing and using grey colour chart of the 
Austrian guideline.

2. Research method
For the investigations 12 fair-faced concrete samples were 

made (Fig.2.) by using 3 moulds of different sizes and 4 types of 
concrete mixtures presented in the authors’ former paper [14]. 
The formwork was made from layered plywood with melamine 
resin coating, and the applied sizes were the followings: 
10×50×50 (F-1), 20×50×50 (F-2) and 30×50×50 (F-3) cm. The 
four concrete compositions contained increasing amount of 
cement and water and decreasing amount of aggregate, which 
resulted in varying content of cement paste beside a constant 
water-to-cement ratio (v/c = 0.50). The first mixture was slightly 
oversatured with an excess of 76 l/m3 (1) cement paste beyond 
the cement paste demand of the aggreagate. After that, the 
saturation degree was increased for 101 (2), 126 (3) and 150 l/
m3 (4). The concrete was filled in 3 layers and it was compacted 
by using an internal vibrator in a net of 5 cm for 5 seconds in 
every point. The samples were kept in moulds for 3 days. 

 Fig. 2. A part of the samples
 2. ábra Az elkészített próbatestek egy része

Digital image processing method was used for the evaluation 
of the surfaces. Two images were made of both sides of the 
samples from equal distance (70 cm) by using a digital camera 
of the type SONY DSC-HX350. The images were made under 
the same lighting conditions at the same time using only the 
flash of the camera. Before the photography a scaling marker 
and two certificated grey colour chart was attached to the 
samples according to the Austrian guideline, which is the basis 
of the evaluation of discoloration (Fig. 3.). The exact colour 
of the different grey tones was determined on the greyscale 
images by using the GIMP software by averaging the values 
of the same tone on the upper and bottom colour chart. Based 
on the values of the 7 tones 8 intervals were determined for 
the evaluation: (1) darker pixels than the 1. colour tone, (2)-(7) 
pixels between the neighbouring colour tones, (8) lighter than 
the 7. colour tone.

 Fig. 3. Image made of the F-3-1 sample
 3. ábra az F-3-1 próbatestről készített fénykép

The program was written in Python 2.7 as a development 
of an existing program made by the authors [15], which can 
be applied primarily for the automatic evaluation of surface 
void ratio. The input data is the average value of the 7 colour 
tones and the greyscale image. The first step is to define the real 
size of the image and to calculate the factors of the pixel-mm 
conversion with the help of the marker. After that, a reference 
surface is cut out from the original image with a size of 50x50 
cm. The noise reduction is made by using a Gaussian blur with 
a kernel of 25x25 pixels, which was already a part of the original 
program. After this step, the program can read the previously 
determined grey tone values from an Excel file and defines the 
number of pixels of the given intervals. As a result, the areas of 
different colour intervals can be expressed as a percentage of 
the total surface area. With this small step the program is able 
to evaluate two main aspects of fair-faced concrete surfaces 
which are usually difficult to measure. 

3. Results
The results can be seen on Fig. 4-6 depending on the applied 

formwork size. The surfaces are signed in the following way: 
Formwork size (F-1-F-3) – Saturation degree of cement paste 
(1-4) – Site of the sample (1-2). It can be observed, that the 
dominant grey colour interval was between the second and 
fourth colour tones on the examined surfaces. In the case of 
the third and fourth concrete composition, the distribution of 
the colour intervals is shifted to the right side, which means 
that the increasing saturation degree of cement paste resulted 
in lighter surface colour. Furthermore, the covered colour 
intervals become narrower due to the increase in the formwork 
size and to the change in concrete composition as well. 

These trends can be seen in the curtosis and skewness values 
of the distributions as well (Fig. 7). Skewness is a measure of 
symmetry of a distribution, while kurtosis is a measure of the 
tailedness of a distribution relative to a normal distribution. If 
the skewness is positive, the distribution is shifted to the left side, 
while in case of a positive kurtosis the distribution has a higher 
peak than a normal distribution. Here, the graphs are asymmetric, 
which means that they are skewed to the right and have a peak 
around the second and third colour intervals, therefore both 
values are positive in all cases. Furthermore, the skewness and 
curtosis values become higher with increasing formwork size as 
well as with increasing saturation degree of cement paste.
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 Fig. 4 The surface area ratio of the grey colour intervals in the case of the F-1 
formwork

 4. ábra Szürkeszín intervallumok aránya a vizsgált felületeken az F-1 zsaluzat 
esetében

 Fig. 5 The surface area ratio of the grey colour intervals in the case of the F-2 
formwork

 5. ábra Szürkeszín intervallumok aránya a vizsgált felületeken az F-2 zsaluzat 
esetében

The observations are similar based on the subjective 
evaluation according to the German and Austrian guidelines. 
The increasing saturation degree results in more homogenous 
colour tone of the surfaces, while the increase of the formwork 
size has also a positive, but reduced effect on surface quality.  
It means that all of the samples made with the fourth concrete 
composition have reached the highest class according to the 
guidelines. Besides that, the samples made by the F-3 formwork 
have generally the highest surface quality. The classification 

was also made based on the automatic evaluation method. 
Here, those colour tones were taken into account, which have 
reached at least 2% or 5% of the surface area (Table 1.). Based 
on the results, there are 4 samples, whose classification is 
different from the subjective evaluation if the threshold of 2% 
was applied, and 5 samples, if the threshold of 5% was used.

 Fig. 6 The surface area ratio of the grey colour intervals in the case of the F-3 
formwork

 6. ábra Szürkeszín intervallumok aránya a vizsgált felületeken az F-3 zsaluzat 
esetében

 Fig. 7 Correspondences between the skew and kurtosis of the distributions
 7. ábra Az eloszlásfüggvények ferdeségi és csúcsossági együtthatóinak összefüggése

4. Conclusions
In this study, a quantitative aspect was introduced into the 

assessment of discoloration of fair-faced concrete surfaces 
with the help of digital image processing techniques. It can be

Sample Class according to the 
German guideline – 

subjective evaluation

Class according to the 
Austrian guideline – 

subjective evaluation

Class according to the 
Austrian guideline – 

automatic evaluation (2%)

Class according to the 
Austrian guideline – 

automatic evaluation (5%)

F-1-1 FT1 FT1 FT1 FT1

F-1-2 FT2 FT2 FT2 FT3

F-1-3 FT3 FT3 FT3 FT3

F-1-4 FT3 FT3 FT2 FT3

F-2-1 FT1 FT2 FT1 FT2

F-2-2 FT3 FT2 FT3 FT3

F-2-3 FT1 FT2 FT1 FT3

F-2-4 FT3 FT3 FT1 FT2

F-3-1 FT3 FT3 FT3 FT2

F-3-2 FT3 FT2 FT3 FT3

F-3-3 FT3 FT3 FT2 FT3

F-3-4 FT3 FT3 FT2 FT2

 Table 1 Classification of the samples according to the applied guidelines and the proposed method
 1. táblázat A felületek osztályba sorolása az alkalmazott irányelvek és a kidolgozott eljárás szerint
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concluded, that the effect of a change in concrete composition 
or formwork size can clearly be observed with the help of the 
grey colour intervals’ distribution. However, the classification 
made by the automatic evaluation method has different results 
from the subjective assessment in some cases, which draws 
attention to the importance of visual inspection. Therefore, 
the recommended evaluation method can be a useful tool 
for examination of the effect of different factors (concrete 
composition, applied materials, formwork sizes and materials, 
environmental conditions, etc.) on the colour uniformity of the 
surface, while in the case of classification it is recommended to 
combine it with subjective evaluation. The proposed method 
can be further developed to take into account not only the 
surface area of the different colour tones but also the position 
and extent of the strains, therefore a more nuanced evaluation 
of the discoloration would be possible. The developed program 
can also be extended to further evaluation aspects, such as 
the arrangement and formation of the formwork ties, the grid 
system of the joints or the forming of the edges. The digital 
image processing methods, as the applied Python and its 
OpenCV module, have several tools for detection of surface 
irregularities, which can lead to develop an effective and 
objective evaluation method for fair-faced concrete surfaces.
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