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Abstract. The present work investigates the effect of the detergent 

content diluted in the washing water on the friction coefficient of bare 

foot sliding against marble tiles during walking. Two types of 

deodorizers as well as a disinfectant were used. The static friction 

coefficient of bare foot at wet and dry sliding conditions was 

measured. The tested detergent was added into water in concentration 

varied from 0 to 0.5 vol. %. The water was diluted by disinfectant of 

2.0 vol. % concentration before the tested tiles were replenished by 

the dilution. Experiments were carried out using a test rig designed 

and manufactured for these tests. Loads were applied up to 700 N. The 

normal and friction forces were measured to determine the static 

friction coefficient under wet and dry sliding conditions.  

Based on the experimental results, it was found that friction 

coefficient decreased with increasing the deodorizers content, where 

values of friction coefficient were relatively low so that the sliding 

conditions could be classified as unsafe walking. After drying, friction 

coefficient displayed relatively higher values than that observed by 

wet sliding. Besides, it was observed that friction coefficient 

decreased with increasing detergent content. The friction values were 

higher than that displayed by deodorizers. After drying, friction 

coefficient increased up to maximum then decreased with increasing 

detergent content. Diluting water by detergent and deodorizers 

showed drastic friction decrease for deodorizer (I). Significant friction 

increase was observed for deodorizer (II) at wet sliding condition. 

After drying, friction increased up to 0.7 at 200 N load.  

Keywords: Static friction coefficient, disinfectant, deodorizer, 

detergent, bare foot, marble flooring tiles. 



W. Y. Ali 58 

1. Introduction 

Low static friction coefficient related to bare foot sliding on flooring tiles 

has been hypothesized to be a major factor in occupational walking 

accidents. The static friction coefficient of bare foot and foot wearing 

socks walking against wet and dry marble floor tiles used in Tawaf yard 

and Massaa as well as in Halls, Entrances and Passages areas in Al-

Haram in Makkah was tested 
[1]

. Eight different types of detergent were 

used. It was found that tiles of Massaa displayed the highest friction 

values which reached 0.8, while tiles of the Halls displayed the lowest 

friction at dry sliding. For foot wearing cotton socks, it was noticed that 

the tiles of Massaa displayed the highest friction values followed by the 

tiles of Tawaf and Halls at dry sliding. The sliding condition ranged 

between very slip-resistant and slip-resistant. In the presence of water, 

friction coefficient displayed relatively higher friction values than that 

observed at dry sliding.  

There is an increasing demand to study the static friction 

coefficient displayed by bare foot walking against the flooring of Al-

Haram in Makkah. Due to the huge number of visitors during 24 hours a 

day, the cleaning, deodorizing and disinfecting processes are performed 

continuously to remove the fatty acids transferred from bare feet of the 

visitors as well as the dust accumulated on the flooring. Slip resistance of 

flooring materials is one of the major factors affecting bare foot walking. 

The effect of the detergent content on the static friction coefficient of 

bare foot walking against wet and dry marble floor tiles used in Tawaf 

yard (A) and Massaa (B) as well as in halls and passages (C) in Al-

Haram in Makkah was tested 
[2]

. The experimental results obtained under 

the selected applied normal loads showed that, at wet sliding of bare foot 

against (A) type tiles, friction coefficient decreased down to minimum 

then slightly increased with increasing detergent content. The highest 

friction values were displayed at 0.031 vol. % detergent content. After 

drying, friction coefficient increased up to maximum then decreased with 

increasing detergent content. Maximum values of friction coefficient 

were 0.72, 0.5 and 0.46 at normal loads of 200, 400 and 600 N, obtained 

at 0.25 vol. % detergent content.  

The effect of the cotton content of socks on the frictional behaviour 

of foot during walking was studied 
[3]

. The static friction coefficient 
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displayed by foot wearing socks of different cotton content under dry, 

water and water detergent mixture lubricated sliding conditions was 

investigated. Marble floor tiles used in Tawaf yard (A) and Massaa (B) as 

well as in halls and passages (C) in Al-Haram in Makkah were tested. 

Seven different socks made from the blend of cotton and polyamide were 

used in the measurements of the static friction coefficient. It was found 

that friction coefficient increased with increasing the cotton content in 

socks, where polyamide socks displayed the lowest friction and cotton 

socks displayed the highest one. The highest friction coefficient was 

displayed by Massaa flooring tiles followed by Tawaf and Halls tiles. For 

foot wearing socks, water lubricated sliding gave relatively higher 

friction values than dry sliding. It was concluded that appropriate shoes 

and insoles are not enough and attention must also be paid to socks
 [4, 5]

. 

Hosiery helps to remove perspiration from the skin, regulate foot 

temperature, provide pressure relief, and protect the skin from abrasion. 

The static and dynamic coefficients of friction between skin and socks 

and the effect of sock wearing on foot biomechanical response were not 

studied in terms of their frictional properties 
[6, 7]

. It is estimated that an 

individual takes about 8000 - 10,000 steps a day. During walking, foot 

presses and rubs against flooring materials. 

It was reported that 
[8, 9]

, the friction coefficient between skin and 

Teflon fabric can be as low as 0.04 while that between skin and cotton 

fabric is as high as 0.54. Wearing sock can reduce friction and allow the 

foot to slip on the flooring 
[10]

. Wearing sock with low friction against 

foot skin is more effective in reducing shear on the skin than the sock 

with low friction against the insole 
[11]

, hence is able to reduce the risk of 

developing blisters and ulcers. Friction between the insole, sock and foot 

has significant impact on the perception of comfort and the risk of injury 

of the wearers. Low friction allows the foot to move easily in the shoe. 

However, excessive movement can result in feeling of insecurity and 

may generate pressure and rubbing between the top and upper part of the 

foot and the shoe 
[12]

. Too low friction in the both interfaces may lead to 

excessive movement of foot in shoe and induces discomfort feeling of 

insecurity. It was found that the difference of friction coefficient among 

interfaces provide insight into where slip occurs 
[13]

. It was recommended 

to set low friction on one side to allow foot sliding, and high friction on 
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the other side to provide appropriate level of resistance to avoid 

excessive movement.  

It was found that wearing sock of low friction against the insole to 

allow more relative sliding between the plantar foot and footwear was 

found to reduce the shear force significantly 
[14]

. Socks are able to change 

the frictional properties between the foot–shoe interface. Abrasion of the 

foot skin can be avoided by reducing the shear between the contact 

interfaces with the use of socks made from textile fibers of low frictional 

coefficients 
[15]

. The mechanical effect of sock with different frictional 

properties on foot was investigated by finite element models 
[16, 17]

. 

Wearing sock can reduce friction and allow the foot to slip on the insole, 

hence to reducing the shear. It was reported that by using the Teflon fiber 

to the sock soles to impart an extremely low friction value, the socks 

reduced the occurrences of blister by around 90 vol. % in athletes 
[18]

. 

Shear is possibly a main mechanical risk factor of blister development. 

Therefore, reduction of shear is crucial in preventing the foot lesion 

development. 

Slip resistance of flooring materials is one of the major 

environmental factors affecting walking and materials handling 

behaviors. Floor slipperiness may be quantified using the static and 

dynamic friction coefficient 
[19]

. Certain values of friction coefficient 

were recommended as the slip-resistant standard for unloaded, normal 

walking conditions 
[20, 21]

. Relatively higher static and dynamic friction 

coefficient values may be required for safe walking when handling loads. 

Coefficients of friction were measured periodically over a period of 30 

months on the surfaces of five types of floor coverings in a new sport 

complex 
[22]

. The changes in the surface properties and frictional 

characteristics of floor coverings can be expected in practical use 

because they are subject to mechanical wear, ageing, soiling and 

maintenance 
[23]

. Surface changes through mechanical wear range 

from smoothing to roughening, depending on flooring material and 

surface characteristics. Surface roughness is known to be a key factor in 

determining the slip resistance of floors 
[24, 25]

.  

The effect of surface roughness of ceramic on the friction 

coefficient when rubber and leather are sliding against it was investigated 
[26]

. The test results showed that, friction coefficient decreased down to 
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minimum then increased with increasing the surface roughness of the 

ceramic surface. It was observed that, dry sliding of the rubber test 

specimens displayed the highest value of friction coefficient 
[27– 29]

. For 

water lubricated ceramics, the value of the friction coefficient decreased 

compared to dry sliding. For oil lubricated ceramic, friction coefficient 

decreased with increasing height of the grooves introduced in the rubber 

specimens. Besides, diluting oil by water displayed values of friction 

much lower than that observed for oil lubricated condition. As for 

ceramic lubricated by water and soap and contaminated by sand, friction 

coefficient increased significantly compared to the sliding conditions of 

water and soap only. In the presence of oil and sand on the sliding 

surface, the friction slightly increased.  

In the present work, the effect of content of the deodorizer as well 

as detergent diluted in the washing water on the friction coefficient 

displayed by bare foot sliding against marble tiles during walking is 

discussed. The static friction coefficient displayed by bare foot at wet and 

after drying sliding conditions was measured. 

2. Experimental 

Experiments were carried out using a test rig designed and 

manufactured to measure the friction coefficient between the foot and the 

tested flooring tiles through measuring the friction and normal forces 

(Fig. 1). The details of the test rig and the tested flooring tiles are 

illustrated, 
[1]

. The tested detergents and deodorizers (I) and (II) were 

added to the water in concentration varied from 0 to 0.5 vol. %. The 

disinfectant used in the experiments was added to water in concentration 

of 2.0 vol. %. The details of the disinfectants, deodorizers and detergents 

are illustrated in Table 1.  

 Table 1. The disinfectants, deodorizers and detergents used in 

the experiments. 

Type Characteristics 

A Anti Bacterial Anti Septic Disinfectant 

B Disinfectant Pine (Deodorizer I) 

C Highly Perfumed Cleaner (Deodorizer II) 

D Detergent for Fat and oil removal  
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Fig. 1. Arrangement of the test rig. 

The dilution was replenished on the tested flooring tiles, where the 

amount for each replenishment was 10 ml to form consistent water film 

covering the sliding surface. After the wet test, the tiles were air dried 

and the friction test was carried out. After each measurement, all 

contaminants were removed from the flooring materials using absorbent 

papers. The flooring materials were then rinsed using water and blown 

using hair dryer after the cleaning process. Every test was repeated five 

times and the average values were considered. Tests were carried out at 

different values of load exerted by foot. In the present work, the results of 

three selected values of load of 200, 400 and 600 N, which represent the 

average weights of the children, women and men, were considered. 

3. Results and Discussion 

The effect of the deodorizer (I) on the static friction coefficient 

displayed by bare foot sliding against wet marble tiles is shown in Fig. 2. 

Friction coefficient decreased with increasing the deodorizer content. The 

friction decrease may be attributed to ability of deodorizer molecules to 

adhere to the sliding surfaces and hence facilitate the sliding process. 

Furthermore, it was observed that as the load increased friction 

coefficient decreased due to the decrease of the hysteric component of 

friction due to the adhesive junctions stretch, rupture and relax. It is 

noted that values of friction coefficient were relatively low so that the 

sliding conditions can be hypothesized to be a major factor in 

occupational slip accidents. At 0.5 vol. % deodorizer content the values 

Load Cell 

Load Cell 

( l

Friction 

Force 

Normal 

Force 
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of friction coefficient were 0.21, 0.17 and 0.15 at 200, 400 and 600 N 

respectively. Those values indicate unsure walking.  

 

Fig. 2. Friction coefficient displayed by deodorizer (I). 

After drying, friction coefficient significantly increased (Fig. 3). 

Friction coefficient displayed relatively higher values than that observed 

by wet sliding. At load of 200 N, friction coefficient showed maximum 

value of 0.6 at deodorizer content up to 0.2 vol. %. It seems that a film of 

the deodorizer molecules adhered to the sliding surface preventing the 

contaminants to stick to the sliding surface. As the deodorizer content 

exceeded certain concentration (0.2 vol. %) the adherence process might 

be disturbed due the attractive forces between the molecules themselves 

and between the molecules and the sliding surfaces. It is clearly shown 

that the increase of friction coefficient offered by deodorizer was much 

effective after drying. Friction coefficient displayed by the sliding of bare 

foot against ceramics wetted by deodorizer (II), Fig. 4, showed similar 

trend like deodorizer (I).  

 

Fig. 3. Friction coefficient displayed by deodorizer (I) after drying. 



W. Y. Ali 64 

 

Fig. 4. Friction coefficient displayed by deodorizer (II). 

After drying at 200 N load (Fig. 5), friction coefficient increased up 

to maximum at deodorizer content of 0.05 vol. % then drastically 

decreased with increasing deodorizer content. The maximum friction 

values were 0.63, 0.47 and 0.43 at loads of 200, 400 and 600 N 

respectively. Those friction values were much higher than that displayed 

by wet sliding. As accident prevention and slip resistance point of view, 

those values of high friction guarantee safe walking. It seems that the 

deodorizer which is a formulation comprising essential constituents such 

as surface active agents reacted with the fatty acids of foot. The 

mechanism of action may be explained on the basis that when the 

deodorizer is dissolved or dispersed in a liquid is preferentially absorbed 

at the sliding surfaces, giving rise to the growth of a film of deodorizer 

molecules which absorb fatty acids and perspiration from the skin of bare 

foot so that the contact remains between foot and flooring. 

 

Fig. 5. Friction coefficient displayed by deodorizer (II) after drying. 
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The effect of the tested detergent on the static friction coefficient is 

shown in Fig. 6 – 11. Sliding of bare foot against the wet tiles showed 

that friction coefficient decreased with increasing detergent content (Fig. 

6). The friction values were higher than that displayed by the previous 

condition in Fig. 2 and 4. This increase in friction could be attributed to 

effectiveness of the Cleaner (I). After drying, Fig. 7, friction coefficient 

increased up to maximum then decreased with increasing detergent 

content. Maximum friction values were 1.05, 1.0 and 0.93 at detergent 

content of 0.125 vol. % at 200, 400 and 600 N respectively. 

 

 
 

Fig. 6. Friction coefficient displayed by detergent (B). 

 

 

 
 

Fig. 7. Friction coefficient displayed by detergent (B) after drying. 

 



W. Y. Ali 66 

 

Fig. 8. Friction coefficient displayed by detergent (B) and deodorizer (I). 

 

Diluting the water by the deodorizer (I), Fig. 8, showed drastic 

friction decrease compared to the condition shown in Fig. 6. Friction 

coefficient decreased with increasing detergent content at wet sliding. As 

accident prevention and slip resistance point of view, those values of 

relatively low friction are classified as unsafe walking. It seems that the 

presence of the deodorizer (I) reduced the influence of the detergent by 

disturbing the formation of the surface active agents that react with the 

fatty acids of foot. After drying, Fig. 9, friction coefficient increased, 

where maximum friction values were 0.66, 0.45 and 0.42 at 200, 400 and 

600 N respectively. Maximum friction was displayed at 0.1 vol. % 

detergent content. The friction increase might be attributed to two reason, 

the first the ability of the detergent to clean the surface, where detergents 

have hydrophobic or water-hating molecular chains and hydrophilic or 

water-loving components. The hydrophobic hydrocarbons are repelled by 

water, but are attracted to oil and grease. The hydrophilic end of the same 

molecule means that one end of the molecule will be attracted to water, 

while the other side is binding to oil. Then rinsing washes the detergent 

and soil away. The second reason is the formation of the film on the 

sliding surfaces consisting of detergent molecules and protecting the 

flooring tiles from the fatty acid and perspiration of the skin of bare foot. 
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Fig. 9. Friction coefficient displayed by detergent (B) and deodorizer (I) after drying. 

 

 

Fig. 10. Friction coefficient displayed by detergent (B) and deodorizer (II). 

 

 

Fig. 11. Friction coefficient displayed by detergent (B) and deodorizer (II) after drying. 
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Significant friction increase was observed for deodorizer (II), Fig. 

10, at wet sliding condition. At 200 N load, the minimum value of 

friction coefficient was 0.3. Based on the European standard, the sliding 

can be considered as very slip resistant. As the load increased to 400 and 

600 N friction values decreased to 0.2 and 0.17 respectively which 

represent unsure walking. After drying, friction increased at 200 N load, 

where the highest and lowest values were 0.7 and 0.6 respectively. The 

friction increase may be attributed to the absorption of the detergent at 

the sliding surfaces (bare foot and tiles), giving rise to the growth of a 

film of detergent molecules which absorb fatty acids and perspiration 

from the skin of bare foot so that the contact remains between foot and 

marble tiles. 

4. Conclusions 

The present experiments provided quantitative results on the static 

friction coefficient displayed by bare foot sliding against the tested tiles. 

Furthermore, the analysis of the measured data gave information about 

the effectiveness of the tested detergent, deodorizers and disinfectant. A 

better knowledge of the mechanism of action of the cleaning fluids that 

influence the measurement of friction coefficient would allow their 

proper selection for safe walking.  

Friction coefficient decreased with increasing the deodorizers 

content, where values of friction coefficient were relatively low so that 

the sliding conditions could be hypothesized to be a major factor in 

occupational slip accidents. After drying, friction coefficient displayed 

relatively higher values than that observed by wet sliding. Sliding of bare 

foot against the wet tiles showed that friction coefficient decreased with 

increasing detergent content. The friction values were higher than that 

displayed by deodorizers. After drying, friction coefficient increased up 

to maximum then decreased with increasing detergent content.  

Diluting the water by detergent and deodorizers showed drastic 

friction decrease for deodorizer (I). As accident prevention and slip 

resistance point of view, those values of relatively low friction are 

classified as unsafe walking. Significant friction increase was observed 

for deodorizer (II) of 0.05 % at wet sliding condition. After drying, 

friction increased up to 0.7 at 200 N load. Based on that observation, it is 

recommended to use deodorizer (II) of 0.05 % concentration. 
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