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1. SHORT DESCRIPTION OF THE RESEARCH AND PRELIMINARIES 
Slips, trip and falls are frequent and costly events. These kinds of accidents are the second 
leading cause of workplace accidents, so slip resistance of ceramic tiling and alteration in 
slipperiness is an existing and important problem. In Hungary there is no clear instruction, 
guide or unified testing method for determining slipperiness of ceramic tiles. Nonetheless 
slip resistance is one of the key characteristics prescribed by MSZ EN 14411:2016 standards 
for interior and exterior application of floorings. The standard does not define requirement, 
but that test is obliged to be performed for the purposes of CE marking. 
The selection of the materials is a basic step in the design of ceramic tiling, since it can 
significantly influence the achievement of a satisfactory compliance with the general 
requirements of safety in use in buildings. In our country slip-resistant covering has not been 
quantitatively determined yet, however surface properties are essential in the design of 
flooring.  
Slipping incidents result from one or more factors (Figure 1.) which can be: behaviour of 
pedestrian, action performed, environmental factors such as contamination (water, grease, 
frost, dust), distractions, temperature and lighting, and the characteristic of footwear and of 
the walking surface (Kim et al., 2001; Bowman, 2004). 

 
Fig. 1. Slip potential model (HSE, 2012) 

 
In order to determine slipperiness, it is necessary that these values can be measured. The 
review of Grönqvist (1995) concluded that the assessment of slip resistance is cumbersome 
due to the complex tribophysical phenomena at the shoe-floor interface.  
Some researchers have argued that slipperiness cannot be expressed in terms of friction 
directly, particularly when water or oil separates the surfaces. The concept of the coefficient 
of friction is still used generally. It is, for a given surface, not a unique number, but depends 
on the test method used to determine it. It was summarized based on studies regarding the 
comparison of many devices that no single machine or method is accepted as a definitive 
approach to the problem of slipping (Rowland, 1997). While products can often be ranked in 
different orders by different test methods, multiple indications of slip resistance can 
characterise better the slipping potential of tiles (Bowman et al., 2002a).  
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Numerous comparative studies of friction measurement devices and methods have been 
published, but there have been controversies among these studies. Picking a favourite test 
method to assess slip resistance and using a single result to select a product is no longer 
appropriate (Bowman, 2004). Based on the assessment of each test methods it is difficult to 
draw correlation not only because of the difference in design of test equipment, devices, but 
also the effect of size of various sliders in contact with the surface (Sengoz et al., 2012).  
There is no single threshold at which a transition occurs between safe (certain not to slip) 
and dangerous (certain to slip) conditions. The probability of slipping will change as the 
coefficient of friction changes, but is also a function of the activity being taken. The 
variability of test results is related to the surface texture of tiles (Chang et al., 2001; Bowman 
et al., 2002). Determination of roughness is an additional indicator of the slipping potential, 
that is to know and analyse how the surface structure is affected by the origin of the product 
(e.g. production, abrasion) and how it will affect its future behaviour (e.g. adhesion, friction).  

2. AIMS OF THE THESIS 

In the absence of the requirements for slip resistance of ceramic tiles I set the task to 
summarize foreign methods and results, to measure slipperiness of ceramic tiles with 
equipment widely used foreign practice, to make a comparative analysis of results, and to 
collect knowledge of my experience in expertise, testing and research. Criteria concerning 
the design of ceramic floors don’t even cover the requirements determined by using the 
correlation of surface microgeometry and cleanability, although the surface of a tile plays a 
decisive role in the understanding of the behaviour of the product. Based on my tests, I was 
looking for the relationship between slipping properties of samples, roughness and 
cleanability that affects slipperiness as an influencing factor.  

The aims of the research were the followings in accordance with the above: 
 to organize the regulatory environment and the installation conditions; 
 to summarize national and international literature of slip resistance testing; to detect 

unsolved or contradictory questions; 
 to measure surface roughness, to show correlation; 
 to analyse the effects of cleaning cycles with chemicals on ceramic tiles, alteration of 

slipperiness and roughness depending on repetitive cleaning; 
 to define the relationship between slip resistance, surface roughness and 

cleanability; 
 to prepare a classification based on own measurements taking into account the 

diversity in measure of slip resistance, providing proposal and functional relationship 
for evaluation; 

 to give decision support in the process of ceramic tile selection for the appropriate 
usage. 
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3. METHOD OF THE RESEARCH 

The development of a complex laboratory experiment for determining slip resistance, where 
more methods in combination known in Hungary are presented, was induced by the 
extensive literature survey concerning technical publications of the last 30 years.  
For the completion of tests 28 (14 unglazed and 14 glazed) different type of dry pressed 
ceramic tiles for internal and external use according to MSZ EN 14411:2016 standard were 
chosen showing diversity and variety in commercial products. Samples were supplied with 
identification, UG stands for unglazed, G stands for glazed surface texture. Fig. 2. shows the 
images of tested ceramic tiles.  

     
UG1 UG2 UG3 UG4 UG5 

     
UG6 UG7 UG8 UG9 UG10 

    

 

UG11 UG12 UG13 UG14  

     
G1 G2 G3 G4 G5 

     
G6 G7 G8 G9 G10 

    

 

G11 G12 G13 G14  
  Fig. 2. The images of the tested ceramic tiles in the research, representing a 5×5 cm area of their 

surface  
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The influencing factors of slipping properties of samples in the research were defined by 
using more methods in combination, their correlations and assessing test results measured 
by available equipment.  
Research programme therefore contains the analysis of surface roughness of tiles and 
cleanability of floors beside slip resistance tests.  

Slip resistance tests 

Ramp test: One of the most well-known methods. 
The angle of inclination of the panel (Fig. 3.) can 
be increased from 0° to 45°. The tiles were fixed 
and grouted onto the platform with a nominal 
area of 1000 × 500 mm The angle of inclination 
was measured where slip occurs while the test 
person walks back and forth on the panel. Testing 
on oily surface with safety boots according to the 
DIN 51130:2004 standard measured values are classified into 5 groups, the scale runs from 
R9 to R13 (Table 1). Samples in class R9 satisfy the lowest, while samples belonging to class 
R13 satisfy the highest requirements.  

Table 1. Classification according to the angle of inclination measured on oily surface 
Angle of inclination [°] Classification 

6 - 10 R9 (very bad) 
11 - 19 R10 (bad) 
20 - 27 R11 (average) 
28 - 35 R12 (good) 

> 35 R13 (very good) 

When the surface is contaminated with water, scale according to DIN 51097:1992 runs from 
A to C (Table 2), where requirements are getting higher from class A to C.  

Table 2. Classification according to the angle of inclination measured on wetted surface 
Angle of inclination [°] Classification 

12 - 17 A (bad) 
18 - 23 B (average) 

≥ 24 C (good) 

 

Pendulum test: The device operates by the 
principle of the Charpy pendulum (Fig. 4.), on 
the swinging arm the slider (slider 57) is allowed 
to fall down and it rubs against the surface that 
is being tested. The measured value is 
proportional to the absorbed potential energy of 
the slider. For the classification based on the 
Pendulum Test Value measured on wet surface 
SA HB 198:2014 gives guidance (Table 3). 

 

Fig. 3. Inclined plane 

 
Fig. 4. Skid-resistance tester  

(SRT) 
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Table 3. Classification according to PTV measured on wetted surface 

PTV 
(for Slider 57) Classification 

0 - 19 T1 (very bad) 
20 - 34 T2 (bad) 
35 - 44 T3 (average) 
45 - 54 T4 (good) 

55 - 150 T5 (very good) 
 
Floor friction test: The device (Fig. 5.) travels 
across the surface with a constant velocity      
(0,2 m/s) and pulls the measuring glider. Owing 
to an internal weight, the bearing load on the 
glider is (24 N). The glider generates a stress 
factor on the DMS bar which is measured and 
evaluated. Classification based on coefficient of 
friction Wuppertal Safety limit values           
(Skiba et al., 1986) in Table 4 was used.  

Table 4. Classification according to coefficient of friction measured on wetted surface 
Coefficient of 

friction 
Classification 

0,00 - 0,21 M1 (very bad) 
0,22 - 0,29 M2 (bad) 
0,30 - 0,42 M3 (average) 
0,43 - 0,63 M4 (good) 

≥ 0,64 M5 (very good) 
 
The variation of sliders and contaminants used in slip resistance test was summarized in 
Table 5.  

Table 5. Research programme for slip resistance test according to CEN/TS 16165:2012 

Description of test Slider Contaminant  Number of 
measurement 

Ramp test 

bare foot potable water 28 × 3 
bare foot 0,1 m/m% NaLS solution 23 × 3  
safety boots 
(Shore-A 72 ± 2) 

10W-40 type motor oil 28 × 3  

Pendulum test 

wide slider  
(Shore-A 55-61) 

- 28 × 5 × 5  
2 × 30  

potable water 28 × 5 × 5  
0,1 m/m% NaLS solution 6 × 5 × 5  
cca. 0,7 m/m% hypo solution 6 × 5 × 5  

narrow slider 
(Shore-A 55-61) 

- 6 × 5 × 5  
2 × 30  

potable water 6 × 5 × 5  
2 × 30  

Floor friction test plastic  
(Shore-A 85 ± 2) 

potable water 28 × 3 × 3  

 
Fig. 5. FSC 2000 Print portable device for 
determining coefficient of friction directly 
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Surface roughness test 

Profilometrous method: During measurement a 
diamond stylus (Fig. 6.) is moved horizontally on 
the surface with a specified force. It scans 
unevenness (peaks and valleys) of tiles. Table 6 
contains the details of surface roughness tests 
that were performed. 

 
Table 6. Research programme for surface roughness test according to MSZ EN ISO 4288:2000 

Description of test Étalon used State of surface Number of 
measurement 

Ra arithmetical mean 
deviation and Rz 
maximum height of the 
assessed profile 

Ra = 2,94 µm 

original, untreated 26 × 5  
2 × 30  

treated with concentrated 
hypo 

6 × 5  

treated with cca. 0,7 m/m% 
hypo solution 

6 × 5  

Ra arithmetical mean deviation by equation (1) and Rz maximum height of the assessed 
profile by equation (2) are calculated based on the roughness profile (Fig. 7.). 

dxxZRa 


 0

)(1
      (1) 





5

1

5

1 5
1

5
1

ii
ZvZpRz

     
(2) 

 
Fig. 7. Roughness profile – Zp peaks and Zv valleys of the surface (MSZ EN ISO 4287:2002) 

Tests of cleanability 

Cleanability of ceramic tiles means the determination of the resistance against various 
chemicals and staining agents. Chemical properties of ceramic tiles according to  
MSZ EN 14411:2016 imply the resistance against numerous chemicals (Table 7) and staining 
agent (Table 8).  

 

 
Fig. 6: Stylus of surface roughness-meter 
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Table 7. Research programme for chemical resistance test according to MSZ EN ISO 10545-13:1999 

Description of test Test solution Number of tested 
specimens 

visual inspection 

ammonium chloride solution, 100 g/l 28 × 5 
sodium hypochlorite solution, 20 mg/l 28 × 5 
hydrochloric acid solution, 3% (V/V) 28 × 5 
hydrochloric acid solution, 18% (V/V) 28 × 5 
citric acid solution, 100 g/l 28 × 5 
lactic acid solution, 5% (V/V) 28 × 5 
potassium hydroxide solution, 30 g/l 28 × 5 
potassium hydroxide solution, 100 g/l 28 × 5 

 
Table 8. Research programme for stain resistance test according to MSZ EN ISO 10545-14:2016 

Description of test Staining agent Number of tested 
specimens 

visual inspection 
standardized staining pastes 28 × 5 
iodine 28 × 5 
olive oil 28 × 5 

4. NEW SCIENTIFIC RESULTS 
Bold text indicate the new scientific conclusions, other parts introduce or interprete them. 

Theses 1: Comparison of slip resistance test methods and results of measurements  
[2, 5, 6, 7, 8, 9, 11] 
Thesis 1.1  
Among the applied methods coefficient of friction measured by floor friction test is the 
linkage, the angle of inclination of ramp tests by Eq. (3) (Wetzel, 2012) and PTV measured by 
pendulum friction test by Eq. (4) (Houlihan et al., 2009) can be represented in the form of 
the coefficient of friction (μ): 

μ = tgα        (3) 
μ = (110/PTV - 1/3)-1 ˙      (4) 

Fig. 8. shows the principle of frictional measurement and calculation of friction. 

 
Fig. 8. Principle of measuring friction (Wetzel, 2012) 
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Table 1-3 was completed by accepting the relationship detailed in Fig. 8. based on the 
equations (3) and (4) defined above. Limit values of each class were converted and 
expressed on the measuring range of the coefficient of friction.  
Fig. 9. shows the correspondence between individual methods.  
The classification when evaluating ramp test results is relevant just above a given angle of 
inclination (12°). Values not exceeding this limit belong to the non-qualified range. 

 
Fig. 9. Correspondence between classifications of different slip resistance methodsbased on the 

coefficient of friction measured by floor friction test 
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Correlation between test results measured by the 3 methods and the calculated coefficient 
of friction was analysed. For every test sample relationship between values and classes, and 
also between classes achieved by converting values into coefficient of friction was assessed. 
Based on the statistical analysis I have shown that conversion of results measured by 
individual methods eventuate alternation in values and classes. Coherent pairs of results 
measured on samples with different texture and chosen at random are separated irregularly 
in wide range, therefore clear conclusion cannot be drawn.  

I experimentally demonstrated that characterizing slipping properties the coefficient of 
friction calculated by μ = tgα from ramp test, and the coefficient of friction calculated by  
μ = (110/PTV - 1/3)-1 from pendulum friction test does not correspond to the coefficient of 
friction measured by floor friction test.  
 
Thesis 1.2  
Average values of samples with different surface texture have undergone further analysis, 
correlation between coherent pairs of angle of inclination measured by ramp test on wet 
and oily surface, and coefficient of friction measured by floor friction test shows matching by 
using Eq. (3) on wet surface with a probability of 25 %, by using Eq. (4) on oily surface with a 
probability of 10 % within a range of ± 5°.  

Based on my experimental results I defined that relationship between coefficient of 
friction measured by floor friction test and angle of inclination measured by ramp test on 
wet surface with μ = 1,6tgα (Fig. 10.), and angle of inclination measured by ramp test on 
oily surface with μ = 1,8tgα (Fig. 11.) can be estimated with a probability of 50 % within a 
range of α = ± 5°.  

Contaminants used during ramp test influence adversely the slip-resistant ability. Behaviour 
of ceramic tile surface is deteriorative in contact with oil. On the same sample coefficient of 
friction measured by floor friction test corresponds to a smaller angle of inclination 
measured by ramp test on oily surface than on wet surface.  
 

 
Fig. 10. Functional relationship between coefficient of friction and angle of inclination measured in 

wet state 
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Fig. 11. Functional relationship between coefficient of friction and angle of inclination measured in 

oily state 
 
Theses 2: Relationship between PTV measured with narrow and wide slider by pendulum 
friction test [1] 
Thesis 2.1  
Pendulum friction test is usually done by using wide slider, for the reading scale C is taken 
providing the Pendulum Test Value directly within a range of 0 - 150. On non-homogeneous 
surfaces where a plane test surface can only be achieved of sufficient size to use the narrow 
slider, reading on the scale F is taken within a range of 0,00 - 1,00. 
Relationship between PTV measured with narrow and wide slider was analysed taking into 
account measurements on ceramic tile samples. It was shown that surface texture has an 
impact on the relationship between PTV measured on wet surface with narrow and wide 
slider. Based on my experimental measurements I determined the fitted functional 
relationship between PTV readings using scale C and F measured by pendulum friction test 
with on wet surface. 

Based on my experimental results I determined that relationship between values of PTV 
using scale C and F measured by pendulum friction test on wet surface can be estimated 
by the equation PTV (C)/PTV (F) = 140 for glazed tiles, and by equation  
PTV (C)/PTV (F)= 205 for unglazed tiles.  

The graphical representation of fitted functional relationship between values of PTV using 
scale C and F measured on wet surface can be seen on Fig. 12. I have shown that the values 
of PTV measured by pendulum friction test using two different sliders can be compared 
directly with the given functions, thus PTV of ceramic tiles having different surface texture 
measured with wide slider can be converted from scale C to scale F in the absence of narrow 
slider.  
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Fig. 12. Relationship between PTV measured by pendulum friction test on wet surface 

 
Thesis 2.2 
Relationship between PTV readings taken from scale C and scale F measured on dry and wet 
surface was examined concerning measurements of ceramic tile samples. Measured values 
of dry surface using scale F were limited due to the maximum of its range (1,00). Based on 
my measurements individual values of 2 samples exceeded this upper limit, therefore the 
range of scale F was enlarged (0,00 - 1,20) concerning the linear interpolation of 
measurements taking into account the identity in drop heights according to  
MSZ EN 13036-4:2012 standard and coherent pairs were graphically represented (Fig. 13.). 

 
Fig. 13. Relationship between values of PTV taken from scale C and F measured on dry and wet 

surface by pendulum friction test 
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During linear regression analysis of measurement results the fitted lines on coherent pairs 
show strong correlation for wet surface (R2 = 0,6883) and for dry surface (R2 = 0,6705) within 
the enlarged range (0,00 - 1,20).  
Based on my experimental results I determined that the range of scale F can be enlarged 
to 1,20 for pendulum friction test measured on dry surface with narrow slider. 
 
Thesis 3: Relationship between PTV measured by pendulum friction test (scale F) and 
coefficient of friction measured by floor fiction test [1] 
Based on the identity in distribution, clustering and direction of ceramic tile results PTV 
taken from scale F measured by pendulum friction test with narrow slider and coefficient of 
friction measured by floor friction test have undergone further analysis. The ratio of 
coherent pairs was determined depending on Ra arithmetical mean deviation (Fig. 14.). 
 

 
Fig. 14. Change in the ratio of PTV taken from scale F measured by pendulum friction test with narrow 

slider and coefficient of friction measured by floor friction test depending on Ra arithmetical mean 
deviation 

 
Based on my experimental results relationship between PTV taken from scale F measured 
by pendulum friction test with narrow slider and coefficient of friction measured by floor 
friction test can be estimated by the following function within a range of Ra = 0,5 - 4,5 μm: 

µ = (-0,8Ra + 5,0) × PTV (F) 
 
On-site measurements of the two portable equipment can be directly compared by the 
means of conversion factor determined by laboratory results.  
 

Thesis 4: Relationship between surface roughness parameters [1, 2, 5] 
The surface roughness has a great influence on the tendency of slipping on floors. In the 
research roughness parameters were used for characterizing surface microgeometry. 
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Ra arithmetical mean deviation 
 represents the smoothness of surface, the alteration depending on production 

process, 
 serves for qualifying finished surface.  

Rz maximum height of the assessed profile illustrates the difference between peaks and 
valleys. 
My laboratory experiment results have shown that there is a strong correlation (R2 = 0,89) 
between Ra and Rz parameters (Fig. 15.) concerning surface of ceramic tile samples. 

 
Fig. 15. Relationship between Ra arithmetical mean deviation and Rz maximum height of the profile 

concerning ceramic tiles 
Based on my experimental results linear relationship between Ra arithmetical mean 
deviation and Rz maximum height of the profile can be estimated for polished, unglazed 
and glazed surfaces of ceramic tiles by the following function:  
a) for polished surface: 

Rz ≈ 11 × Ra, if Ra = 0,03 

b) for unglazed surface: 
Rz ≈ 10 × Ra, if Ra ≤ 1,5 
Rz ≈  6 × Ra, if 1,5 < Ra ≤ 3,5 
Rz ≈ 5 × Ra, if Ra > 3,5 

c) for glazed surface: 
Rz ≈ 6 × Ra, if Ra ≤ 1,5 
Rz ≈ 5 × Ra, if Ra > 1,5 

 
Thesis 5: Relationship between surface roughness and clenability, change in surface 
roughness parameters due to the effect of the cleaning process [1, 2] 
Floor is always exposed to stresses and wear, therefore frequent maintenance and effective 
cleaning is necessary. Sodium hypochlorite (NaOCl) is frequently used in Hungary as a 
disinfectant dissolved in water. Ceramic tiles were treated with concentrate and  
cca. 0,7 m/m% diluted solution of NaOCl and the effect on surface was examined. A total of 
15 cycles of treatment were applied on the surfaces. After successive cycles of normal and 
concentrated treatment surfaces of samples were cleaned with potable water, then after 
drying each value of Ra and Rz was determined on 5 different locations of the sample. 
Geometry of the surface texture is influenced by the cleaning cycles (Fig. 16. and Fig. 17.).  
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Fig. 16. Distribution in % of the increase in Ra 

arithmetical mean deviation after 1, 2, 3, 4, 5, 10 
and 15 times of concentrated NaOCl treatment 

Fig. 17. Distribution in % of the decrease in Ra 
arithmetical mean deviation after 1, 2, 3, 4, 5, 10 
and 15 times of concentrated NaOCl treatment 

Based on my experimental results I demonstrated that values of Ra arithmetical mean 
deviation and Rz maximum height of the profile of glazed and unglazed ceramic tiles are 
different in cleaning cycles due to the effect of the cleaning process, but the change does 
not exceed 25 % in the examined cases.  
The alteration has an impact on the surface quality and the lifetime of ceramic tiles. 
Although 15 cycles of treatment is not significant concerning service life of ceramic floor, 
even so the cleaning experiment shows the effect of each treatment on surface quality of 
floor.  
 
Theses 6: Relationship between slip resistance, surface roughness and cleanability, change 
in PTV measured by pendulum friction test due to the effect of the cleaning process  
[2, 4, 10] 
The required and specified slip resistance can be maintained by frequent effective cleaning 
with appropriate detergent and cleaning tools. Floors made of different materials do not 
behave the same way against various chemicals, therefore the tendency to staining and the 
cleanability are diverse. Ceramic tiles were treated with concentrated and cca. 0,7 m/m% 
diluted solution and PTV was measured by floor friction test (Fig. 18.).  
 

 

 
a) 

 
b) 

Fig. 18. Change in PTV taken from scale C measured by pendulum friction test on wet surface after 5, 10 
and 15 times of treatment with 

a) diluted solution of NaOCl, b) concentrated NaOCl 
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Thesis 6.1 
Based on my experimental results I demonstrated that PTV measured by pendulum 
friction test on wet surface changes in cleaning cycles of concentrated and cca. 0,7 m/m% 
(cca. 4.2 m/m% NaOCl solution diluted with water in 1:5 volume proportion) diluted 
solution of NaOCl, but the change does not depend on the concentration of the cleaning 
agent, and also independent from the glazed and unglazed nature of the surface. 
 
Thesis 6.2 
Based on my experimental results I demonstrated that classification based on PTV 
measured by pendulum friction test gives variant result in different lifecycles due to the 
change of the profile, and rating is more favourable especially for glazed ceramic tiles, 
than for unglazed ceramic tiles (Fig. 19. and Fig. 20.). 
 

 
Fig. 19. Change in the classifiction of PTV measured by pendulum friction test on wet surface after 

successive cycles of cca. 0,7 m/m% diluted solution of NaOCl treatment  
(rating goes from T1 (lowest to T5 (highest) class) 

 

 
Fig. 20. Change in the classifiction of PTV measured by pendulum friction test on wet surface after 

successive cycles of concentrated solution of NaOCl treatment  
(rating goes from T1 (lowest) to T5 (highest) class) 
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Thesis 7: Development of a new classification system [3] 
Based on the laboratory experiences I determined that available test equipment and 
methods are not considered to be ideal separately, but using them in combination 
slipperiness of a surface can be represented better.  
The aim of my study was to show the alteration of results, to analyse the variety of data and 
the effect of conversion. Rating based on different methods can mislead, it is difficult to deal 
with various range (Pendulum test value (0 - 100), average angle of inclination (0 - 45°) and 
coefficient of friction (0,00 - 1,00)) and classification shows significant deviation. 

Based on my experimental results I developed a new classification system named CFSC 
(Ceramic Floor Slipperiness Classification: CFSC1 - CFSC5) for ceramic floor covering, that 
can be evaluated by pendulum friction test, ramp test and floor friction test at the same 
time (Fig. 21.). 

 
Fig. 21. System of Ceramic Floor Slipperiness Classification (CFSC) 

 
The advantage of this classification is that the uncertainty of conversion can be eliminated, 
as the 3 test results together characterize the slip resistance of the surface. The scale of CFSC 
classes is 0,00 - 3,00. Regarding the fact that surface of ceramic tile behave differently in 
contact with oil and water, there are two ranges of CFSC (Table 9 and 10).  
 

Table 9. CFSC for wet surface 
Classification Range 

CFSC1 0,00 - 0,61 
CFSC2 0,62 - 0,96 
CFSC3 0,97 - 1,28 
CFSC4 1,29 - 1,55 
CFSC5 1,56 - 3,00 

 
Table 10. CFSC for oily surface 

Classification Range 
CFSC1 0,00 - 0,59 
CFSC2 0,60 – 1,00 
CFsC3 1,01 - 1,36 
CFSC4 1,37 - 1,83 
CFSC5 1,84 - 3,00 
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Fig. 22. shows the divergence in slip resistance of ceramic tiles participating in this research 
and thus the CFSC classes for wet surface. 
 

 
Fig. 22. CFSC classes of ceramic tiles measured in the research 

 
For the application of the new classification system threshold levels of wear, load, cleaning 
and contamination were established (Table 11). With the new classification system products 
can be classified, categorized together regarding regulations according to an intended use.  
 

Table 11. Guidance for use of CFSC class 

Classification Wear / Traffic Load Cleaning Contamination 

CFSC1 rare low rare little 

CFSC2 average 
(<10 persons/day) moderate occasional slight 

CFSC3 frequent 
(10-100 persons/day) general periodic moderate 

CFSC4 regular  
(100-250 persons/day) high daily heavy 

CFSC5 during long time, repeated 
(>250 persons/day) extreme frequent intense 

 
The algorithm of determining CFSC of a tile and/or flooring is presented in Fig. 23. 
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Fig. 23. Flowchart of Ceramic Floor Slipperiness Classification 

5. POSSIBLE APPLICATIONS OF NEW RESULTS 
Regarding the practical benefit of the study it provides information for designers, 
contractors, investors, distributors, also for testing and assessing professionals in the 
interpretation of slipping properties of ceramic tiles, and in the understanding of expected 
behaviour and condition of products used in floors. The building industry needs slip 
resistance test results in a format that allows their most sensible use. Ceramic tile 
manufacturers need test methods that will allow them to rapidly and reliably assess the slip 
resistance potential of tile and that may not misrepresent wet slip resistance. Correlation 
between each test methods and their evaluation was determined, thus if the results of in-
site measurements are available only, then by means of these results data of laboratory 
measurement can be predictable approximately. 
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The final aspect is the testing of floor covering in use, as slip resistance has a time-varying 
tendency regarding traffic and contamination. Regular inspection of flooring test means the 
control of the efficiency of maintenance. I suggest repeating of tests periodically. 

6. OUTLOOK AND FUTURE WORK 
Floors are mostly identified with covering, and flooring materials are chosen mainly for 
aesthetic reasons, however in design and construction of floors it is important to specify 
precisely the influence which the structure is exposed to considering load levels. 

New fields of research based on laboratory results are: 
• ways of damage concerning floor covering layers, especially in the subject of safety 

and accessibility in use, 
• slip resistance test of special floors, particularly resin coatings, also other materials 

(such as natural stones), 
• aspect of cleanability of coverings and coatings exposed to high chemical and 

mechanical impact, 
• application and extension of the developed slip resistance classification for other 

covering materials, 
• effect of waterproofing deficiencies and defects on floors. 
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NOTATIONS, ABBREVIATIONS AND GLOSSARY 
 
Notations 

E water absorption of ceramic tiles [m%] 

α angle of inclination [°] 

μ coefficient of friction [dimensionless] 

PTV Pendulum Test Value [dimensionless] 

Ra arithmetical mean deviation [μm] 

Rz maximum height of the assessed profile [μm] 

R2 correlation coefficient 
 
Abbreviations 

CE-marking: (Conformité Européenne) European conformity, a mandatory conformity 
marking for certain products sold within the European Economic Area (EEA) since 1993. 
Product with this mark indicates that it meets the concerning requirements, regulations  

HSE: Health and Safety Executive in Great Britain 

NaLS: sodium-lauryl-sulfate (chemical formula: CH3(CH2)11(OCH2CH2)nOSO3Na). Anionic 
detergent and surfactant compound. 

Hypo: cca. 4.2 m/m% concentration, technical grade, household disinfectant/bleaching 
agent. The active agent is sodium hypochlorite (NaOCl) 

CFSC: (Ceramic Floor Slipperiness Classification) Classification system for determining slip 
resistance properties of ceramic tiles, that simultaneously takes into account all test results 
of several methods 
 
Glossary 

Friction: resistance to relative motion between two bodies in contact. The frictional force is 
the force acting tangentially in the contact area 

Slip/skid resistance: property of the trafficked surface which limits the relative movement 
between the contact patch of pedestrian footwear or a vehicle tyre and the surface 
 


